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To the new generation of Angolan
students of biodiversity. May they stand
on the shoulders of giants: the founders
of Angola’s biodiversity science

Friedrich Martin Josef Welwitsch (1806—1872)
José Vicente Barbosa du Bocage (1823-1907)
José Alberto de Oliveira Anchieta (1832—1897)
Johannes (John) Gossweiler (1873—1952)

Contributors to this volume record with
sadness the passing of William Roy (Bill)
Branch (1946-2018) - herpetologist,
indefatigable field researcher and mentor
of young Angolan scientists



Foreword

His Excellency the President of the Republic of Angola, Jodo Manuel Gongalves Lourengo

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 rainforests of Maiombe of Cabinda to the vegetation-less 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.

It was in Angola that one of the most extraordinary plant species Welwitschia
mirabilis was discovered and described — the enigmatic ‘living fossil’ of the desert.
It even puzzled Charles Darwin, who compared its evolutionary importance in the
plant kingdom to that of the Duck-billed Platypus in the animal kingdom.
Considering real fossils, Angola’s history goes back hundreds of millions of years,
to the earliest known living organisms, the bacterial stromatolites of the limestones
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viii Foreword

of Bembe and Humpata. Angola’s fossils range in size from microorganisms to the
gigantic dinosaur — Angolatitan adamastor — recently discovered in the sediments
of the Bengo coastline. Yet, despite this globally significant natural wealth, Angola
remains one of the least well-documented countries in the world in terms of its bio-
diversity. This situation is about to change.

Angolan scientists have collaborated with over 40 colleagues from 7 countries to
produce a new synthesis of knowledge of Angola’s remarkable biodiversity. They
have produced a magnificent volume that seeks to review all what is known about
Angola’s biodiversity, especially that which has been revealed through studies
undertaken in the twenty-first century. For several decades, field studies were ren-
dered nearly impossible because of the disruptions of war. But since peace was
achieved in 2002, a new generation of research has been made possible, bringing
many foreign specialists into partnerships with Angolan scientists and institutions
and introducing new technologies that have helped stimulate an unprecedented
wave of research activity.

Angola’s indigenous knowledge acquired over millennia provided the founda-
tions to the information documented and materials collected by visiting researchers
from the eighteenth to twenty-first centuries. Many detailed accounts have been
published over the past century and more, but often in scientific journals and official
reports that have been lost with the passage of time. More important, the knowledge
that does exist is fragmentary and largely inaccessible to Angolan students and
researchers. Much is published in foreign languages, and thus the inexistence of a
comprehensive synthesis of studies on Angola’s fauna, flora and ecosystems is a
challenge for young researchers. Angolan students, researchers and government
officials have very limited access to data sources where they can find a reliable,
science-based and up-to-date summary of that which has been recorded on the
country’s biodiversity.

It was the need for an integrated ‘state-of-knowledge’ summary, recognised dur-
ing the past decade by many Angolan university and government colleagues, that was
the catalyst that stimulated this important project. From humble beginnings by a few
Angolan and foreign partners, the effort expanded into the present volume of over
500 pages of authoritative accounts on our landscapes, seascapes, vegetation, flora
and fauna, its past and future. Most importantly, this work identifies the exciting
opportunities for research and conservation that Angolan scientists, conservationists,
government officials and the general public can embrace as the country moves for-
ward to an ever greater and more prosperous and environmentally sustainable future.

It is a pleasure to endorse this valuable contribution to the new wave of Angolan
scientific and conservation literature, a source of inspiration to our students and a
reminder to all our leaders, young and old, of our responsibility to treasure and
safeguard Angola’s unsurpassed, but vulnerable, biodiversity and natural resources.

President of the Republic of Angola Joao Manuel Gongalves Lourenco
Luanda, Angola
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Chapter 1 )
Angolan Biodiversity: Towards a Modern e
Synthesis

Brian J. Huntley and Nuno Ferrand

Abstract Angola possesses an unusually rich diversity of ecosystems and species,
but this natural wealth is poorly documented when compared with other countries in
the region. Both colonial history and extended wars challenged progress in biodiver-
sity research and conservation, but since peace was achieved in 2002 a rapidly
increasing level of collaboration between Angolan and visiting scientists and institu-
tions has seen a blossoming of biodiversity research. The absence of comprehensive
reviews and syntheses of existing knowledge, often published in extinct journals and
inaccessible official reports, necessitates a modern synthesis. This volume brings
together the existing body of scientific results from studies on Angola’s landscapes,
ecosystems, flora and fauna, and presents an outline of opportunities for biodiversity
discovery, understanding and conservation as well as collaborative research.

Keywords Africa - Biomes - Collaborative research - Conservation - Ecoregions

Background and Context

Angola is a country of unusually rich physiographic, climatic and biological diver-
sity. It occupies only 4% of the terrestrial area of Africa, yet it possesses the highest
diversity of biomes and is second only to mega-diverse South Africa in terms of the
number of ecoregions found within its borders. However, scientific literature on its
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biodiversity is extremely limited when compared with most African countries.
Much of that which has been published is difficult to access or out of print. This
volume seeks to redress this situation.

Here we present a review of what is known about Angola’s biodiversity. Much of
the existing literature dates from the nineteenth and early to mid-twentieth centu-
ries. Following independence in 1975, field studies were curtailed by the instabili-
ties of an extended civil war. It was not until after the peace settlement of 2002 that
a new wave of research has been possible. Initial attempts to establish collaborative
field expeditions were frustrated by visa and permit restrictions, but these chal-
lenges were gradually overcome and by the 2010s a vibrant programme of joint
projects has evolved. Today many foreign specialists work in partnership with
Angolan researchers and institutions, producing a new flow of scientific results of
which many are presented in this volume.

For any comprehensive synthesis, both temporal depth and spatial breadth is
necessary. An historical perspective is presented in each chapter. Angolan indige-
nous knowledge has contributed to the insights and materials that have informed
visiting researchers from the eighteenth century to the present day. The pioneering
studies and exhaustive botanical collections of the Austrian botanist, Friedrich
Welwitsch (1806—1872), the zoological collections of the indefatigable Portuguese
naturalist Jos€é Anchieta (1832—-1897) and the Swiss botanist John Gossweiler
(1873-1952) set benchmarks for later work (Swinscow 1972; de Andrade 1985).
Each succeeding student of Angola has added to the description of its biological
diversity. While botanists such as Romero Monteiro (1970) and zoologists such as
Crawford-Cabral (1983) have summarised available biogeographic information
within a national context, no comprehensive synthesis of studies on Angola’s fauna,
flora and ecosystems has yet been undertaken. The need for an integrated account
has become evident in the past decade, as increasing numbers of expeditions and
collaborative projects have evolved as part of the country’s ‘peace dividend’.

Approach and Purpose of This Synthesis

A modern synthesis is not easily achieved. Much of the early literature on Angola’s
biodiversity resides in publications and reports that are difficult to source. This
review attempts to reference these important but sometimes elusive accounts, in
order to provide students with access to what information is available. While focus-
ing on papers in peer-reviewed journals, some topics need to draw on unpublished
reports filed in government departments. It also seeks to bring together the findings
of recent, post-independence studies, many of which are still in progress or in press.
It is intended to serve the new generation of Angolan students by providing a com-
prehensive but focused synopsis of what is known on the biomes, landscapes, flora
and fauna of Angola. It should also bring Angola to the attention of researchers
across Africa and beyond, revealing the great diversity of life, and the multiple
questions on the structure and functioning of Angola’s biodiversity that await explo-
ration, examination and explanation.
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In structuring this book, this introduction leads through synopses on the coun-
try’s terrestrial and marine biogeography, paleontological record, recent landscape
evolution and land transformation, to chapters on its flora and vegetation. The main
body of this volume is devoted to accounts of its fauna — selected invertebrate groups
that have promise as indicators of environmental stress, and all vertebrate groups. In
each treatment, the need for increased conservation measures for threatened taxa
and habitats is a recurrent theme, while research opportunities are highlighted.
While general inventories and checklists are progressing well, the state of ecologi-
cal knowledge remains rudimentary. Topics as fundamental as ecological processes
such as the flows of energy, water and nutrients; the ecological impacts of phenom-
ena such as fire, invasive species, herbivory, droughts and frosts; community struc-
ture, plant-animal interactions and the impacts of land-transformation and of climate
change are yet to be researched in Angola. This volume’s content is limited by the
availability of information. It is therefore opportunistic, covering those taxonomic
groups and those features and processes for which a critical mass of information is
available. The focus is primarily on the terrestrial ecosystems and biota of Angola,
but the importance of the marine environment is described in accounts on marine
biodiversity and ocean dynamics, and on the richness of the whale, dolphin and
marine turtle faunas of Angolan waters.

In comparison with similar reviews for other African countries with long and
strong traditions of research into their biodiversity and ecology, and for which com-
prehensive syntheses of the state of knowledge are available (e.g. Namibia: Barnard
1998; Southern Africa: Davis 1964; Werger and van Bruggen 1978; Huntley 1989;
Tanzania: Sinclair 2012), this account reveals both the strengths and weaknesses of
the research agenda of the colonial era, and the challenges of the recent past. While
institutions such as the Instituto de Investigacdo Cientifica de Angola and the
Instituto de Investiga¢do Agrondémica de Angola undertook very important studies
on many taxa, and on vegetation, soils and agronomy, and the Museu do Dundo
amassed and distributed a vast series of collections of the animal species of the
Lundas, the coverage of disciplines and of the remote regions of Angola was weak.

Biodiversity Surveys: Historical Synopsis

The history of scientific exploration and biological collection in Angola is relatively
modest. Whereas South Africa, by 1975, had over three million herbarium speci-
mens collected by some 2500 botanists since the late eighteenth century (Gunn and
Codd 1981), Angola had less than 300,000 specimens collected by just 300 bota-
nists during the same period (Figueiredo and Smith 2008). Despite the relatively
limited coverage of Angolan collections, the great botanist Francisco Mendonga
was occasioned to state in his preface to Gossweiler and Mendonga (1939):
We are happily able to confirm that the flora of Angola is the best known in tropical Africa,

due to the attention given by the state towards the botanical exploration of the colony, and
the great interest and zeal of scientists in its study.
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The Swiss zoologist, Monard (1935), had been less sanguine:

A regrettable fact about the Natural History of Angola is the scarcity of concrete informa-
tion about the nature, distribution, and habits of the large game. The Boers ... never com-
municated their observations. The Portuguese hunters ... did not write reports on their
hunts, or if they did, did so in newspapers or magazines that never enter the scientific litera-
ture. The observations remain, in this way, lost to the naturalist who is not able to locate
such work.

In truth, during the colonial era, investment in research on the country’s biodiversity
was limited. The achievements of early pioneers such as Friedrich Welwitsch, José
Anchieta and John Gossweiler were quite remarkable, and those of more recent
agronomists, botanists and zoologists such as Castanheira Diniz, Romero Monteiro,
Grandvaux Barbosa, Brito Teixeira, Crawford-Cabral, Rosa Pinto, Barros Machado,
etc., were equally laudable, indeed amazing.

The war years from 1975 to 2002 saw very few researchers venturing into the
field. Most activities were limited to brief searches for remnant populations of giant
sable (Estes 1982), marine turtles (Carr and Carr 1991), birds (Giinther and Feiler
1986a, b; Hawkins 1993), and a countrywide assessment of the state of wildlife
populations (Huntley and Matos 1992). The Southern African Botanical Diversity
Network (SABONET) project attempted to stimulate botanical studies in Angola
from the mid-1990s (Huntley et al. 2006), while the Kissama Foundation funded a
vegetation survey of the northern extreme of Quigama (Jeffrey 1996) and intro-
duced a mixed assemblage of antelope and ostriches into the park in 2000 (Walker
2004). The last decades of the twentieth century were aptly described as a period of
confusdo — confusion (Maier 2007). In brief, from Angola’s independence in 1975,
until the twenty-first century, cooperative field research over most of the country
was challenged by the impacts of war. But dramatic and positive change came with
the dawn of the new millennium.

Research Collaboration in the Twenty-First Century

From 2000, especially after the peace agreement of April 2002, field activities
expanded rapidly. Most notably, Vaz Pinto has focused on a long-term study on
giant sable in Cangandala (Walker 2004; Vaz Pinto 2018), Morais (2017) has led
surveys of marine turtles along the Angolan coast, and Mills (2010, 2018) has
undertaken field studies on birds across the country.

International support for environmental conservation and research strengthened
from 2001, when the Global Environment Facility, through the United Nations
Development Programme, initiated a multidisciplinary project to develop a trans-
boundary diagnostic analysis of hydro-environment threats within the Okavango
River Basin, known as the Environmental Protection and Sustainable Management
of the Okavango River Basin Project (EPSMO). The project’s aim was to facilitate
the protection of the Basin’s aquatic ecosystems and biological diversity (OKACOM
2009, 2011). The project included participation from Angola, Botswana and
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Namibia and provided a strong impetus to future multi-national projects in the
Basin. A further initiative, the Integrated River Management Project, was funded by
USAID/Southern Africa between 2004 and 2009 and provided both institutional
and management planning support to the national partners (OKACOM 2009). The
EPSMO project was succeeded by the SAREP project described below.

The OKACOM projects were focused on major water management needs and
did not embrace detailed biodiversity surveys. Indeed, until 2009, biodiversity
research activities in Angola had been essentially individual efforts, with limited
funding. Difficulties experienced in obtaining visas to visit, and permits to collect
specimens in Angola were a continuing challenge faced by foreign scientists. With
the signing of an agreement between the South African National Biodiversity
Institute (SANBI), the Angolan Ministry of Environment and the Instituto Superior
de Ciéncias da Educagdo (ISCED), Lubango, in 2009, more ambitious cooperative
biodiversity projects became possible. Initially designed as training exercises, the
series of Rapid Biodiversity Assessments, in Huila/Namibe (Huntley 2009), Lunda-
Norte (Huntley 2011; Huntley and Francisco 2015) and across western Angola
(Rejmanek et al. 2017), brought over 40 scientists from 14 countries to Angola to
work with local students and researchers.

By the early 2010s, a wide diversity of major cooperative programmes had
developed, including those of the Southern African Regional Environmental
Programme (SAREP), the Southern African Science Service Centre for Climate
Change and Adaptive Land Management (SASSCAL) (Revermann et al. 2018), the
National Geographic Okavango Wilderness Project (NGOWP 2018), and conserva-
tion initiatives of NGOs such as Elephants without Borders, Panthera, Peace Parks
Foundation, the Kavango-Zambezi Transfrontier Conservation Area (KAZA) proj-
ect and several others. Collaboration between foreign museums and universities and
Angolan counterparts stimulated additional specialist interests, collectively gaining
momentum until the present. In October 2012, CIBIO (Research Centre in
Biodiversity and Genetic Resources) at the University of Porto, Portugal, and
ISCED-Huila (Lubango) established a collaborative research, capacity building and
advanced training project — the ISCED/CIBIO TwinLab initiative. The initiative
was soon replicated in South Africa, Mozambique, Namibia and Zimbabwe, and the
whole network of TwinLabs now forms a UNESCO Chair Life on Land, awarded at
the end of 2017.

For much of the post-independence period, biodiversity research efforts had been
un-coordinated and opportunistic. With the establishment of the Instituto Nacional
de Biodiversidade e Areas de Conservacdo (INBAC) in 2011, the opportunity arose
for a greater level of coordination and priority setting. The Plano Estratégico da
Rede Nacional da Areas de Conservacdo de Angola (GoA 2011), provided a stimu-
lus to studies in key biodiversity hotspots such as Mount Moco, Mount Namba,
Serra da Neve, Serra Pingano, Cumbira, Lagoa Carumbo, and to the vast and very
poorly researched catchments of the Cuando Cubango. While a greater level of
inter-institutional collaboration is still possible, the momentum developed over the
past decade has been unprecedented since 1975. The successes of the recent past are
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presented in this volume, often drawing on work that is still in progress, is unpub-
lished, or is in press.

Chapter Outlines

Angola is a large country, and as emphasised throughout this volume, it has a rich
diversity of landscapes, seascapes and associated biomes and ecoregions. The his-
tory of biodiversity research in Angola stretches over 200 years. The spatial, tempo-
ral and taxonomic scales embraced in this book results in it being structured in five
parts. Part I, Chap. 1 (Huntley and Ferrand this chapter) provides an introduction to
the book and its content. Chap. 2 (Huntley 2019) outlines the country’s biogeogra-
phy, drawing on the long history of geomorphological and landscape analysis in
Angola, and describes the diversity of seven terrestrial biomes, 15 ecoregions and
32 vegetation types. In Chap. 3 Kirkman and Nsingi (2019) synthesise the findings
of recent multi-national research activities on the Benguela Current Large Marine
Ecosystem project and other studies on Angola’s coastal and marine systems. The
long history of the evolution of Angola’s biota is introduced by Mateus et al. (2019)
in Chap. 4, where the exciting recent discoveries in Angola’s fossil record, most
especially that of the Cretaceous, is described. A highlight was the discovery of the
sauropod dinosaur Angolatitan adamastor, the first dinosaur to be found in Angola
(Mateus et al. 2011). These authors emphasise the fact that for very long periods —
hundreds of millions of years — the absence of fossiliferous rocks in Angola excludes
the possibility of tracking animal and plant evolution in Angola over such long
periods.

Part II presents an historical and contemporary analysis of our understanding of
the country’s flora and vegetation and on curious patterns and evolutionary pro-
cesses in some typical Angolan plant communities. In Chap. 5 Goyder and Gongalves
(2019) note that the vascular flora now totals 6850 species, with 14.8% of these
being endemic. The two early vegetation maps of Angola, prepared by the pioneers
Gossweiler and Mendonga (1939) and Barbosa (1970), having served the country
for many decades, now deserve renewed mapping efforts at a finer scale, using mod-
ern remote sensing and numerical analysis approaches, as recommended by
Revermann and Finckh (2019) in Chap. 6. Of the many intriguing features of
Angolan vegetation, the patterns of plant community/soil/animal associations, such
as the ‘fairy circles’ of the Namib (Juergens 2013; Cramer and Barger 2013), “fairy
forests’ of the miombo, and the influence of coastal fog on desert vegetation and
fauna; are of special interest to ecologists. Few of these phenomena have been ade-
quately interpreted, but Zigelski et al. (2019) in Chap. 7 presents recent studies on
the ‘underground forests’ of the chanas de ongote of the Angolan plateau. The land-
scapes of Angola are not static, being subject to multiple processes of transforma-
tion. In Chap. 8, Mendelsohn (2019) uses results from satellite technologies and
ground surveys to describe the dramatic impacts of deforestation, fires, mining and
agricultural activities on vegetation, soils and water quality at landscape scales.
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Part III details the results of surveys that have advanced rapidly over the past two
decades on two invertebrate groups — dragonflies and butterflies. These colourful
and taxonomically distinctive insects are known to be sensitive to subtle changes in
environmental conditions, such as forest cover and water quality, and serve as effec-
tive indicators of change in environmental health. The chapters (9 and 10) on but-
terflies (Mendes et al. 2019) and on dragonflies (Kipping et al. 2019) have enriched
Angola’s knowledge of these important ecological groups. Prior to 2009, for exam-
ple, only 158 species of dragonflies and damselflies were known from Angola. By
2018 this number had increased to 260. The butterfly checklist now stands at 792
species and subspecies, up by over 220 species and subspecies since the turn of the
millennium. In contrast to the encouraging progress in these taxa, key environmen-
tal engineers — ants and termites — remain poorly documented and await study.

A major component of this volume has been devoted to the vertebrate taxa that
have enjoyed the attention of scientists active in Angola since the mid-nineteenth
century. Part IV presents detailed accounts of the pioneering work of such luminar-
ies as Anchieta, Bocage, Boulenger, Machado, Rosa Pinto and Crawford-Cabral,
but also of the very many other contributors to the inventory of Angola’s vertebrate
fauna. Skelton (2019), Chap. 11, provides a concise summary of what is known of
Angola’s ca. 358 species of freshwater fishes (of which 22% are endemic), and also
presents a model of post-Cretaceous biogeography of Angola and the roles of
regional tectonics and river capture on the speciation and distribution of the fish
fauna. Baptista et al. (2019), Chap. 12, cover the amphibian fauna, noting that the
group clearly deserves further survey given that thus far only 111 species have been
recorded (compared to 128 species for similar-sized but much drier and cooler
South Africa). In Chap. 13, Branch et al. (2019) offer a comprehensive account on
the 278 species of Angolan reptiles and their patterns of diversity and endemism,
documenting key reptile hotspots deserving further exploration. They predict that as
many as 75 new species of lizards await discovery in Angola. Both Branch and
Baptista demonstrate the value of molecular phylogenetics in clarifying taxonomic
complexes in reptiles and frogs.

Angola, with ca. 940 bird species recorded, has in recent years become a favoured
destination of ecotourists searching for the country’s 29 endemic bird species, and
Dean et al. (2019) provide in Chap. 14, a chronology of ornithological surveys, a
listing of endemics and near-endemics, and sites of special interest to bird enthusi-
asts, both professional and amateur. They emphasise, as highlighted by Hall (Hall
1960), the faunistic importance of the Angolan Escarpment, and also of the relict
Afromontane forests of the highlands (Vaz Silva 2015), as areas of critical impor-
tance to understanding the evolution of Africa’s avifauna. These isolated, frag-
mented and rapidly declining forests merit the highest level of protection to secure
their futures as evolutionary fingerprints of the past.

A team of ten mammal specialists, coordinated by Beja et al. (2019), present a
major synthesis (Chap. 15) on Angola’s 291 mammal species. This chapter fills a
need felt since Hill and Carter’s (1941) benchmark study, and the more recent
coverage of ungulates by Crawford-Cabral and Verissimo (2005). With 73 species
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of bats (one third of the bat species known for Africa) Angola has the highest num-
ber of species for southern Africa, despite the comparatively limited intensity of
surveys undertaken to date. The most diverse mammal group, rodents, has 85 spe-
cies listed for Angola, of which 13 are endemic or near-endemic. While the number
of endemic mammal species is modest, the vulnerability of many species to extinc-
tion within Angola is high and deserves urgent conservation measures. Less well
known to Angolans than the terrestrial mammals is the country’s unusually rich
marine mammal fauna. The 28 species of cetaceans (whales and dolphins) found off
Angola’s coast have been the subject of surveys and research undertaken by Weir
(2019) since 2003. As noted in Chap. 16, the possible presence of a further seven
species of cetaceans in Angolan waters makes the country globally important for
marine mammal conservation.

The Angolan mammal that has enjoyed national and international attention is the
Giant Sable Antelope, which has been the subject of an intense research and conser-
vation project since 2002 (Chap. 17), led by Vaz Pinto (2019). The successful rescue
and rehabilitation of this national icon, from the brink of extinction, is a conserva-
tion model for which Angola can justifiably be proud. The success of the Giant
Sable Project needs replication for the many mammal species that are known to
have been reduced to very low numbers, or have been hunted to extinction in Angola.
These include most large carnivores — Cheetah, Lion, Wild Dog, plus many herbi-
vores — Black-faced Impala, Red Hartebeest, Lichtenstein’s Hartebeest, Tsessebe,
Southern Lechwe, Puku, Forest Buffalo, Giraffe, Black Rhino, Western Gorilla,
Chimpanzee, Forest Elephant and Manatee.

The final section of this volume (Part V) presents an overview of the country’s
conservation history and current opportunities for action, Chap. 18 (Huntley et al.
2019); and an introduction to the importance of natural history museums and her-
baria in the country’s biodiversity science and conservation agenda, Chap. 19
(Figueira and Lages 2019). What is abundantly clear, as expressed in the concluding
chapter, (Russo et al. 2019), is that Angola is alive with research and conservation
opportunities, stimulated by recent initiatives led by the Angolan government and
supported by the international community.

This volume provides a first synthesis of what is known and published about
Angola’s diverse landscapes, biomes and ecosystems and the species that inhabit
them. It is a humble attempt by its 46 contributors to place this knowledge before
researchers and conservationists in Angola and beyond, especially those who might
be stimulated to strengthen the imperfect understanding and vulnerable state of
Angola’s biodiversity. It is the fervent hope of this book’s editors that this volume
will provide an entry point for many young Angolan students to study the literature,
be inspired by the dedication, tenacity and wisdom of the early pioneers and con-
temporary explorers, and enter careers in field-based biodiversity research and con-
servation in Angola.
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Chapter 2
Angola in Outline: Physiography, Climate
and Patterns of Biodiversity

Check for
updates

Brian J. Huntley

Abstract Angola is a large country of 1,246,700 km? on the southwest coast of
Africa. The key features of the country’s diverse geomorphological, geological,
pedological, climatic and biotic characteristics are presented. These range from the
ultra-desert of the Namib, through arid savannas of the coastal plains to a biologi-
cally diverse transition up the steep western Angolan Escarpment. Congolian rain-
forests are found in Cabinda and along the northern border with the Democratic
Republic of Congo, with outliers penetrating southwards along the Angolan
Escarpment, or up the tributaries of the Congo Basin. Above the escarpment, high
mountains rise to 2620 m above sea level, with isolated remnants of Afromontane
forests and grasslands. Extensive Brachystegia/Julbernardia miombo moist wood-
lands dominate the plateaus and peneplains of the Congo and Zambezi basins, and
dry woodlands of Colophospermuml/Acacia occur in the southeast towards the
Cunene River, with Baikiaea/Burkea/Guibourtia woodlands dominating the
Kalahari sands of the endorheic basins of the Cubango and Cuvelai rivers. Rainfall
varies from lower than 20 mm per year in the southwest to over 1600 mm in the
northwest and northeast. At a regional scale, Angola is notable for having represen-
tatives of seven of Africa’s nine biomes, and 15 of the continent’s ecoregions, plac-
ing Angola second only after South Africa for its diversity of African ecoregions.

Keywords Afromontane forest - Biogeography - Biomes - Climate change -

Congolian forest - Ecoregions - Namib - Kalahari Basin - Zambezian savannas

Introduction

This chapter presents a general outline of the physical geography and biodiversity
characteristics of Angola, as background to the chapters that follow. It draws on the
work of the great Portuguese agro-ecologist Alberto Castanheira Diniz, who
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synthesised the diverse drivers of Angola’s ecological systems and agricultural
potential, based on his many decades of fieldwork in the country (Diniz and Aguiar
1966; Diniz 1973, 1991, 2006). Colonial records of climatic variables (Silveira
1967) are used in the absence of recent time series. The pioneer studies on Angolan
vegetation by Gossweiler and Mendonga (1939) and Barbosa (1970) are fundamen-
tal to any account on Angola biodiversity. Surveys of Angola’s protected areas and
biodiversity ‘hotspots’ (Huntley 1974a, b, 2010, 2015, 2017) provide conservation
context. This outline also draws on the recent regional geographies of Angola by
Mendelsohn and co-workers (Mendelsohn et al. 2013; Mendelsohn and Weber
2013, 2015; Mendelsohn and Mendelsohn 2018). The chapter is also strengthened
by material detailed in the specialist papers that form the core of this volume.

Location and Extent

As a large country of 1,246,700 km? on the southwest coast of Africa, Angola is
roughly square in outline, lying between 4° 22" and 18° 02’ south latitude, and 11°
41" and 24° 05’ east longitude. It is bounded to the west by an arid 1600 km coast-
line along the Atlantic Ocean; to the north by the moist forest and savanna ecosys-
tems of the Republic of Congo and the Democratic Republic of Congo (DRC); to
the east by the moist savanna and woodland ecosystems of the DRC and Zambia;
and by arid woodlands, savannas and desert along its 1200 km southern border with
Namibia.

Geomorphology and Landscape Evolution

The general topography of Angola is illustrated in Fig. 2.1. In summary, coastal
lowlands lying below 200 m altitude and of 10-150 km breadth occupy 5% of the
country’s land surface area, 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 on
Mount Moco.

The ecological importance of the major physiographic divisions in Angola was
recognised as early as the 1850s by the pioneer Austrian botanist Friedrich Welwitsch
who categorised the 5000 plant species that he collected in Angola within three
regions: regido litoral, regido montanhosa, and regido alto-plano (Welwitsch 1859).
Besides his remarkable contribution to the founding of Angolan botany, Welwitsch
prepared detailed geological profiles across the landscapes inland of Luanda and
Mogamedes (Albuquerque and Figueirda 2018), probably the first such analyses in
western Africa (Fig. 2.2). His understanding of the patterns and relationships of
geology, physiography and vegetation set a strong ecological tradition that has been
followed by successive students of Angola’s biodiversity.
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Fig. 2.1 Topography of Angola, indicating provincial boundaries and capitals. The coastal low-
lands, western escarpments, central highlands and plateaus, and the major drainage basins of the
Cuanza, Congo and Zambezi rivers are clearly revealed

A further detailed and indeed classic study of Angola’s geomorphology and local
ecology was that of the German geographer Otto Jessen (1936). Jessen undertook a
series of 11 transects from the coast inland, traversing the escarpment to the interior
plateau from Moc¢amedes and thereafter at intervals northwards to Luanda.
Describing, illustrating and mapping selected vegetation communities, geological
exposures, landscapes, landuse and ethnological features of the country, Jessen’s
Angolan work remains unique in its diversity of interest and originality. He recog-
nised five major erosional planation surfaces in western Angola at a time when
geomorphology was evolving as a discipline, and he was recognised by King (1962)
as one of the founders of peneplanation theory. Geomorphological studies in Angola
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Fig. 2.2 Geological profile from Luanda to Quisonde, scanned from the original manuscript pro-
duced by Friedrich Welwitsch during his expeditions between 1853 and 1860. The lower profile is
a redrafted version of the upper profile adapted from Choffat (1888), and reproduced with permis-
sion from Albuquerque and Figueirda (2018) and of the Museums of the University of Lisbon
Historical Archives

continued from the 1950s to 1970s by Portuguese researchers, including Marques
(1963), Feio (1964) and Amaral (1969), whose work is summarised by Costa
(20006).

More recent research, in particular that on the evolution and of the major tectonic
and erosional patterns across southern Africa (Cotterill 2010, 2015; Cotterill and De
Wit 2011) and on the biogeography of the freshwater fishes of Angola (Skelton
2019) provide a picture of a very dynamic landscape since the breakup of Gondwana
in the late Cretaceous. These and other authors are providing an improved under-
standing of the processes of uplift, back-tilting, down-warping, deposition, erosion
and river capture on the evolution of the Kalahari Basin. The impacts of sea-level
fluctuations and of the flow of the Congo River on coastal waters and on the ero-
sional forces of the Congo Basin as it impacts on the Zambezi Basin are guiding our
interpretation of the dramatic events shaping the faunal and floral patterns of today.
Cotterill (2015) presents a synthesis of hypotheses on the evolution of the Kalahari
from the late Mesozoic into the early Cenozoic, events which were followed by the
later overlying suite of younger Kalahari sediments — the world’s largest sandsea.
The interplay of geological and paleoclimatic drivers described by Cotterill (2010,
2015), through the pulsing of hot wet and cool dry episodes during the Plio-
Pleistocene, was accompanied by the expansion and contraction of forest and
savanna habitats responding to climatic and fire regimes.



2 Angola in Outline: Physiography, Climate and Patterns of Biodiversity 19

The role of fire in shaping the landscapes of Angola — and particularly of the
dominant miombo moist savanna biome — has become a topic of discussion in recent
years (Zigelski et al. 2019). Maurin et al. (2014) provide evidence based on the
dated phylogenies of 1400 woody species to support the proposal that the ‘under-
ground forests’ (White 1976) that are so prominent across the moist miombo savan-
nas and woodlands of the south-central African plateau, evolved in response to high
fire frequency. They suggest that moist savannas pre-date the emergence of anthro-
pogenic fire and deforestation, becoming a prominent component of tropical vegeta-
tion from the late Miocene (ca. 8 Ma). Maurin et al. (2014) conclude that the
evolution of geoxyles (‘underground trees’) that characterise these moist savannas
define the timing of the transition to fire-maintained savannas occurring in climates
suitable for and previously occupied by forests. The further interpretation of these
key drivers of evolution processes is fundamental to an improved understanding of
the biogeography of Angola.

A major contribution towards an ecological understanding Angola’s contempo-
rary landscapes and natural regions, and their agro-forestry potential, was that of
Castanheira Diniz. Diniz (Diniz and Aguiar 1966, Diniz 1973, 1991) provides a
series of maps illustrating the key features of Angola’s topography, geomorphology,
geology, climate, soils, and phyto-geographic and bio-climatic zones. Diniz’s 11
‘mesological’ units (Fig. 2.3) provide a useful framework for discussions on
Angola’s ecology and biodiversity. Indeed his mesological concept closely corre-
sponds with current perceptions of ecoregions. He also delineated and described 32
agro-ecological zones (Diniz 2006). Although some of his 11 mesological units
need more rigorous and objective definition and delineation, they have become
widely adopted within Angola. Important aspects of these 11 broad units will be
summarised here, integrating these with insights from other sources.

1. Coastal Belt (Faixa litoranea sensu Diniz). This is a mostly continuous plat-
form at 10-200 m above sea level, broken occasionally by broad river valleys.
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 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. In places as nar-
row 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. The coastal plains are
composed mostly of fossiliferous marine sediments of the Cabinda, Cuanza,
Benguela and Namibe geological basins. The northern coastal platforms are
covered by deep red Pleistocene sands (ferras de musseque) of former beaches.
Lying below the sands, and exposed over large areas, are Cretaceous to Miocene
clays, gypsipherous marls, dolomitic limestones and sandstones. Important
beds of Cretaceous fossils occur at Bentiaba and Iembe, the latter including the
sauropod dinosaur Angolatitan adamastor (Mateus et al. 2011, 2019). The
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Fig. 2.3 Main geomorphological and landscape units of Angola. (After Diniz 1973)

southernmost segment of the Coastal Belt includes the mobile and mostly
vegetation-less dunes of the Namib Desert.

2. Escarpment Zone (Faixa subplanaltica sensu Diniz; regido montanhosa sensu
Welwitsch). A broad transition belt lies between the coastal plains and the inte-
rior plateaus — variable in breadth and gradient. Over much of the zone, the
transition advances up several steep steps of between 400 and 600 m. In the
south, between Mo¢amedes and Lubango, the escarpment of the Serra da Chela
is very sharp, rising 1000 m 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
(also referred to as the Western Angolan Scarp) includes very hilly country,
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with mountainous belts in the north, and some major inselbergs in the south, the
most important of which is Serra de Neve, which rises to 2489 m from the sur-
rounding plains and low hills. The Angolan Escarpment has long been recog-
nised for its biogeographic importance (Humbert 1940, Hall 1960a, Huntley
1974a) and has been the centre of interest of many recent studies (Hawkins
1993, Dean 2000, Mills 2010, Caceres et al. 2015, 2017).

3. Marginal Mountain Chain (Cadeia Marginal de Montanhas sensu Diniz).
Residual mountain lands, mostly at 1800-2200 m, underlain mostly by
Precambrian rocks such as gneiss, granites and migmatites, lie at the western
margin of the extensive interior plateau, and are known as the Benguela,
Huambo and Huila Highlands. The highest peaks rise to 2420 m on Mount
Namba, 2582 m on Serra Mepo and 2620 m at Mount Moco. 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 (Humbert 1940; Hall 1960b; Hall and Moreau 1962; Huntley and
Matos 1994; Dean 2000; Mills et al. 2011, 2013; Vaz da Silva 2015).

4. Ancient Plateau (Planalto Antigo). This extensive plateau 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 scattered granitic inselbergs. It drops from 1800 m
in the west to 1400 m in central Angola.

5. Lower Cunene (Baixo Cunene). This is a rather artificial unit, leading imper-
ceptibly 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.

6. Upper Cuanza (Alto Cuanza). The upper catchments of the Cuanza and its trib-
utary the Luando, at altitudes between 1200 and 1500 m, form a distinct basin
of slow drainage feeding extensive wetlands during the rain season.

7. Malange Plateau (Planalto de Malange). A gently undulating plateau at 1000—
1250 m, dropping abruptly, on its northeastern margin, 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) that
deserve investigation. To the west, the plateau is drained by the 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 (formerly Duque da Braganca
Falls).

8. Congo Peneplain (Peneplanicie do Zaire). This is a vast sandy peneplain,
drained by the northward flowing tributaries of the Cassai/Congo Basin, and
stretching 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 1100-800 m, are being aggressively dis-
sected 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
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frontier with the Democratic Republic of Congo. The southern boundary of this
Congo Peneplain is defined imperceptibly by the watershed between the
Zambezi and Congo basins, lying at ca. 1200 m.

9. Cassange Basin (Baixa de Cassange). A wide depression, 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 geological substrate comprises Triassic Karoo Supergroup sediments of
limestone, sandstone and conglomerates. Within the Basin, several large table-
lands — remnants of the old planation surface — rise above the depression as
extensive plateaus flanked by sheer, 300 m escarpments, exemplified by Serra
Mbango, which awaits biological survey.

10. Zambezi-Cubango Peneplain (Peneplanicie do Zambeze-Cubango). 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. Within this extensive
peneplain, the Bulozi Floodplain occupies an area in excess of 150,000 km? in
Angola and Zambia.

11. Upper Zambezi Massif (Macico do Alto Zambeze). The Calunda Mountains of
eastern Moxico, composed of Precambrian schists and norites, dolorites, sand-
stones 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.

Rivers and Hydrology

Angolan river systems fall into two categories. First, coastal rivers drain the central
and western highlands and flow rapidly westwards where they have penetrated the
steep escarpment to the Atlantic Ocean. Most of these coastal rivers are relatively
short, are highly erosive and carry high sediment loads. Backward erosion by some
of these has produced minor basins, such as the amphitheatres of the upper Queve
and Catumbela. The biogeographic importance of the river captures associated with
these systems, especially the Congo, Cuanza, and Cunene, have been profound, as
described by Skelton (2019). Most of the coastal rivers south of Benguela are
ephemeral.

The second major category of river systems is that of the vast interior plateaus.
Drained by nine large hydrographic basins, seven of which are transnational, Angola
serves as the ‘water tower’ for much of southern and central Africa. 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
endorheic Cubango (Okavango) basins. These rivers drain the vast and deep Kalahari
sands, are slow moving and due to the filtering action of the sands, are crystal clear
and nutrient poor. A separate ephemeral, endorheic system, the Cuvelai Basin,
drains southwards into the Etosha Pan.



2 Angola in Outline: Physiography, Climate and Patterns of Biodiversity 23

The conservation importance of the Angolan river systems is of great signifi-
cance, feeding as they do two wetlands (Okavango and Etosha) of global impor-
tance, and the still under-researched Bulozi Floodplain of Moxico. This 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 (Mendelsohn and Weber
2015).

Geology and Soils

The geological history and soil genesis of Angola is complex and interrelated, and
influenced by rainfall, drainage, evaporation and wind. Mateus et al. (2019) provide
a map and stratigraphic profile of the geology of Angola which summarises the
major geological features of the country. The predominance of a broad belt of
Precambrian systems along the western margin of the country, with Cenozoic sys-
tems occupying most of the eastern half, is striking. Over three-quarters of the coun-
try (Fig. 2.4) is covered by two main soil groups arenosols and ferralsols — an
understanding of which provides an essential introduction to Angolan pedology. For
simplicity, soils will be described with reference to their geological substrate.

First, Angola’s main soil groups are the sandy arenosols (solos psamiticos) that
cover more than 53% of the country. These sands are dominant features of three
major landscapes: the dunes of the Namib Desert; the red ‘terras de musseque’ of
the coastal belt northwards from Sumbe; and the vast Kalahari Basin. The great
majority of the arenosols lie to the east of approximately 18° longitude — the aeolian
sands of the Kalahari Basin which cover nearly 50% of Angola and hides nearly all
of the underlying geological formations. The Kalahari Basin, extending across
2500 km from the Cape in the south to the Congo Basin in the north, and up to
1500 km in breadth, is reputedly the largest body of sand in the world. The sands
have been deposited by wind and water over the past 65 million years. Composed of
quartz grains that hold no mineral nutrients, and with very little accumulated organic
matter, they are thus of very low fertility and water-holding capacity. Waters passing
through the vast catchments of the Congo, Cubango and Zambezi basins that drain
the Kalahari are therefore extremely pure.

Second, the higher ground of the western half of Angola (the Ancient Massif) is
dominated by ferralsols (solos ferraliticos) derived from underlying rocks (gneisses,
granites, metamorphosed sediments of the Precambrian Basement Complex; and
schists, limestones and quartzites of the West Congo System). Ferralsols cover
approximately 23% of Angola. The soils are mostly of low water-holding capacity.
Because they are heavily leached in higher rainfall areas, the loss of mineral nutri-
ents and organic matter results in low fertility. They are characteristically reddish
due to the oxidation of their high iron and aluminium content, which also accounts
for the presence in many areas of ferricrete hardpan horizons a metre or two below
the surface, impeding root and water penetration and resulting in the formation of
extensive areas of laterite.
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Fig. 2.4 Outline of the main soil types of Angola (from Jones et al. 2013), illustrating the pre-
dominance of arenosols in the eastern half of the country, and ferralsols across the western and
central plateaus

These two low-fertility soil groups (arenosols and ferralsols) cover over 76% of
the country, thus despite the adequacy of rainfall over most of Angola, agricultural
production faces the challenges of low soil fertility (Neto et al. 2006; Ucuassapi and
Dias 2006). The natural vegetation types that cover both arenosols and ferralsols —
predominantly miombo woodlands — are well adapted to these soil conditions and
the untransformed landscape gives the appearance of great vitality and luxuriance.

The next soil grouping in terms of landcover, occupying 6% of Angola, are the
shallow regosols (/ifosolos) of rocky hills and gravel plains, most extensive in the
arid southwest. Other important soil types include luvisols, calcisols and cambisols
(solos calcdrios, solos calcialiticos), which provide fertile loam soils for crops
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(including the ‘coffee forests’ of the Escarpment Zone); alluvial fluvisols (solos
aluvionais) in drainage lines with high organic content and high water retaining
capacity, suitable for crops if not water-logged; gleysol clays (solos hidromérficos),
typically acidic and waterlogged and occasionally very extensive — as on seasonally
flooded plains such as Bulozi Floodplains.

Climate and Weather

The diverse climatic and weather conditions experienced across Angola result from
many atmospheric, oceanic and topographic driving forces.

First, the geographic position of Angola, stretching from near the Equator to
close to the Tropic of Capricorn, across 14 degrees of latitude, accounts for the
overall decrease in solar radiation received and thus annual mean temperatures
experienced from north to south. The latitudinal decrease in mean annual tempera-
ture 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 (Mocamedes: 20.0 °C; Cuangar: 20.7 °C).

Secondly, both temperature and precipitation are influenced by altitude. The
decrease in mean annual temperature can be illustrated from sites below the Chela
escarpment to the highest weather station in the country: i.e. from Chingoroi: alti-
tude 818 m, mean annual temperature 23.1 °C; Jau: altitude 1700 m, mean annual
temperature 18.0 °C; and finally Humpata-Zootécnica: altitude 2300 m, mean
annual temperature 14.6 °C.

Thirdly, and of greatest importance to the rainfall patterns that determine vegeta-
tion and habitat structure, are the influences of the atmospheric systems which dom-
inate central and southern Africa. Circling the globe near the Equator is a belt of low
pressure where the trade winds of both Northern and Southern Hemispheres con-
verge, creating strong convective activity which generates the dramatic thunder-
storms that characterise the inter-tropics. Known as the Inter-tropical Convergence
Zone (ITCZ), the belt moves southwards over Angola during summer, and then
returns northwards to the Equator as winter approaches. The rainfall season that is
triggered by the ITCZ passes across northern Angola from early summer, reaching
southern Angola in late summer. The climate is strongly seasonal, with hot wet sum-
mers (October to May) and mild to cool dry winters (June to September). Some
stations in northern Angola receive two peaks of rainfall, early summer and late
summer, often with a short drier period in mid-summer.

Moving in tandem with the ITCZ are two high-pressure systems — over the
Atlantic and over southern Africa —the South Atlantic Anticyclone and the Botswana
Anticyclone. In simple terms, these two anticyclones block the southward move-
ment of moist air from the ITCZ during winter (preventing cloud formation) and as
the high-pressure cells move southwards in summer, the conditions required for
cloud formation return. This pulsing of rainfall systems is clearly illustrated in the
series of rainfall maps prepared by Mendelsohn et al. (2013) from weather satellite
imagery (Fig. 2.5).
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Fig. 2.5 The impact of the southwards and northwards pulsing of the Inter-tropical Convergence
Zone on rainfall seasonality across Angola during 2009/2010. (From Mendelsohn et al. 2013)

During winter and early summer, the Botswana Anticyclone generates strong
winds that blow across Angola from east to west, with impacts on micro-relief over
much of the country. In the southwest, the winds pick up dust from the arid lands
and create hot, choking dust storms that feed the sand dunes of the Namib. The
winds are also notorious in the north, where they desiccate the grasslands of the
Lundas. In the east, the winds and their sand deposits account for dune formation
across the Bulozi Floodplain (Mendelsohn and Weber 2015).

Rainfall and temperature seasonality and other climatic parameters are illus-
trated by the climate diagrams in Fig. 2.6. The distribution of mean annual rainfall
across Angola is summarised in Fig. 2.7.

Fourthly, as noted above, altitude and seasonality determine temperature condi-
tions. However, an anomaly to this general rule occurs in the coastal belt of Angola,
especially in the far south, through the influence of the temperature inversion cre-
ated by the cold, upwelling Benguela Current. The Benguela Current has a stabiliz-
ing effect on the lower atmosphere and prevents the upward movement of moist,
cloud-forming air off the ocean, accounting for the evolution of the Namib Desert.
Its impact also extends as far north as Cabinda, where a narrow belt of arid savanna
woodland and dry forest, of acacias, sterculias and baobabs, flanks the rainforests of
the Maiombe.

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 win-
ter. The fog belt is most pronounced between Mog¢amedes and Benguela, where epi-
phytic lichens reach great abundance in an otherwise desertic 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
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Cabinda (20m) 2s0°c  Uige (824m) 21.7°C Dundo (776m) 24.3°C
1941-85 805mm  1941-85 1631mm  1941-85 1591mm

Luena (1357m) 206°C Lobito (3m) 235°C  Mogamedes (45m)20.5°C
1941-85 1193mm  1941-85 259mm  1941-85 47mm

Fig. 2.6 Climate diagrams illustrating rainfall and temperature seasonality and other climatic
parameters. Note weak bimodal rainfall maxima for stations in northern Angola and unimodal
maxima in central and southern Angola

sharp relief of the escarpment creates conditions for orographic rainfall along most of
this zone, supporting the ‘coffee forests’ of Seles, Gabela, Cuanza-Norte and Uige.

Attempts to synthesise climatic characteristics into simple formulae or graphics
have resulted in a wide range of classification systems. A synthesis of climatic data
provided by the widely used Koppen and Thornthwaite classification systems was
undertaken by Azevedo (1972) to map and quantify, at a national scale, the climatic
regions of Angola, based on the substantial data set available at that time.
Interestingly, despite some of its shortcomings, the Azevedo map provides a closer
fit with general features of Angola’s bio-climatic patterns than a much more recent
map (Peel et al. 2007). The latter map is based on a global synthesis and review of
the Koppen system, and draws on a very limited data set for Angola (5 stations for
temperature; 16 stations for precipitation). The northern region of Angola is typical
of Koppen’s Tropical Wet Savanna (Aw) group, the plateau of the Temperate
Mesothermal (Cw) group, and the southwest and coastal plain the Dry Desert and
Semi-desert (Bsh, Bwh) group.

Mean annual rainfall and mean monthly temperatures for hottest and coldest
months illustrate a few climatic characteristics of the Koppen regions (Table 2.1).
The absence of data on extreme minimum temperatures and of frost occurrence is
regrettable, as these factors, in tandem with fires and herbivory, play significant
roles in the floristic composition and physiognomic structure of Angolan vegetation
(Zigelski et al. 2019).
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Fig. 2.7 Mean annual rainfall in Angola
Climate Change

Studies on the climate of Angola have been frustrated in recent years by the collapse
of the extensive network of weather stations maintained during the colonial era by
the then Meteorological Services of Angola. The publication by Silveira (1967) of
recordings from 184 stations across all 18 provinces provides an invaluable record
of the country’s climate. According to the Ministry of Environment’s Initial National
Report to the UNFCCC (GoA 2013) the weather recording network collapsed from
225 ‘climatological posts’ in 1974 to zero posts in 2010, while synoptic stations
decreased from 29 in 1974 to 23 operational stations in 2010, 12 being automatic
and 11 conventional. The network has since been strengthened by 22 automatic
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Table 2.1 Representative climatic data following the Képpen climate classification system

Koppen Altitude | Precipitation Mean of hottest | Mean of coldest
symbol Station (m) (mm) month °C month °C
Aw Belize 245 1612 26.7 222

Aw Saurimo 1081 1355 23.8 20.3

Bsh Ondgiva 1150 577 26.4 16.7

Bsh Cuangar 1050 596 24.6 15.0
Bsh’ Chitado 1000 405 274 19.2

Bsh’ Luanda 44 405 27.0 20.1

Bwh Mocamedes | 44 37 24.2 15.5

Bwh Tombwa 4 12 242 14.5
Bwh’ Benguela 7 184 26.3 18.0
Bwh’ Caraculo 440 123 26.4 17.2
Cwa Menongue | 1348 965 234 14.5
Cwa Luena 1328 1182 22.7 17.0
Cwb Huambo 1700 1210 20.6 15.7
Cwb Lubango 1760 802 20.7 15.3

Data from Silveira (1967)

stations established by the Southern African Science Service Centre for Climate
Change and Adaptive Land Management (SASSCAL).

The poor national coverage and reliability of climatic data collected over the past
four decades is a challenge for climate change research. However, a recent study
(Carvalho et al. 2017) provides the first analysis and comparison of a set of four
Regional Climate Models (RCMs) with data from 12 meteorological monitoring
stations in Angola. Scenarios of future temperature and precipitation anomaly trends
and the frequency and intensity of droughts are presented for the twenty-first cen-
tury. While there is a difference in the performance of the four RCMs, in particular
for precipitation, 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 north-
ern coastal areas and highest for the southeast. In contrast to temperature rises,
precipitation was projected to fall over the century, with an average of —2% across
the country. Again, the strongest change was projected for the southeast, with
decreases of up to —4%. Due principally to the projected increase in Sea Surface
Temperatures by approximately 3 °C over the Atlantic during the twenty-first cen-
tury, the central coastal region is expected to have a slight increase in
precipitation.

Carvalho et al. (2017) highlight the extreme climate vulnerability of Angola, as
previously noted by other studies (Brooks et al. 2005; Cain and Cain 2015). They
conclude that climate change in Angola will bring stronger and more frequent
droughts through the century, with impacts on water resources, agricultural produc-
tivity and wildfire potential. These factors will no doubt play out in negative ways
on the current trends of land transformation and degradation as described by
Mendelsohn (2019).
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Biogeography, Biomes and Ecoregions

Overview

Angola’s geographic location, geological history, climate and physiography account
for its rich biological diversity. The comparative paucity of research focused on or
within Angola explains the dependence of descriptions of the country’s biogeogra-
phy on broader regional reviews. While a full synthesis and interpretation of the
evolution of the country’s fauna and flora awaits development (Cotterill 2010,
2015), recent workers have advanced towards consensus on the main patterns, as
discussed in general terms for terrestrial biota in this chapter, for marine systems by
Kirkman and Nsingi (2019) and Weir (2019), and for freshwater fishes by Skelton
(2019) in other chapters of this volume.

In brief, three marine ecoregions (Spalding et al. 2007) are within or overlap with
Angola’s marine environment, namely the Guinea South, Angolan, and Namib
Ecoregions, the first two of which belong to the tropical Gulf of Guinea biogeo-
graphical province whereas the latter is part of the Benguela biogeographical prov-
ince (Kirkman and Nsingi 2019). Most of Angola’s EEZ falls within the Benguela
Current Large Marine Ecosystem, with only Cabinda in the far north being included
in the Guinea Current Large Marine Ecosystem.

The freshwater ecoregions of Africa have been classified and mapped by Thieme
et al. (2005) and the eight ecoregions found within Angola are described in this
volume (Skelton 2019). Skelton (2019) provides an elegant biogeographic model to
explain the patterns and dynamics of freshwater fish faunas of Angola. Neither the
floral nor vegetation patterns reflect the complexities and subtleties embedded in the
ichthyological zoogeography of Angola, given the mobility of terrestrial plant dis-
semination. Here I will confine discussion to the terrestrial biota and ecosystems.

Angola lies between and within two major terrestrial biogeographic regions: the
moist forests and savannas of the Congolian region; and the woodlands, savannas
and floodplains of the Zambezian region. These two major divisions occupy over
97% of Angola. Gallery and escarpment forests of Congolian affinity penetrate
southwards into the Zambezian savannas and woodlands of the Angolan planalto
along deeply incised tributaries of the Congo Basin, and form a broken chain of
forests southwards along the western escarpment. In the south, the extensive
Brachystegia/Julbernardia miombo woodlands that occupy most of central Angola
transition to Baikiaea/Guibourtia/Burkea savannas and woodlands. In the southwest,
the arid Acacia/CommiphoralColophospermum savannas, dwarf shrublands and
desert of the Karoo-Namib region are found, penetrating northwards as a narrowing
wedge along the coastal lowlands to Cabinda. The smallest of Africa’s centres of
botanical endemism — the Podocarpus Afromontane forests and montane grass-
lands — are represented by extremely restricted, relict patches in the mountains of
the Benguela, Huambo and Huila highlands.



2 Angola in Outline: Physiography, Climate and Patterns of Biodiversity 31
Early Studies

Beyond general agreement on the above brief outline, botanists and zoologists have
described and debated as many systems of biogeographic classification and of ter-
minologies for Angola and for Africa as there are authors of the papers on the topic
(Werger 1978). The pioneering works of Welwitsch (1859); Gossweiler and
Mendonga (1939) and Barbosa (1970) provided the basis for several subsequent
attempts to integrate the vegetation of Angola within a regional framework (Monteiro
1970; White 1971, 1983; Werger 1978). Zoogeographic classifications (Chapin
1932; Frade 1963; Monard 1937; Hellmich 1957; Crawford-Cabral 1983) are, with
some minor exceptions, compatible with the overall systems of botanists (Werger
1978; Linder et al. 2012), (but see Branch et al. 2019, for comments on lizards). The
Africa-wide synthesis of White (1983) is particularly useful in considering Angola’s
floristic (and in general terms, zoological) patterns and affinities. In broad terms,
and following White’s terminology, Angola includes representation of four ‘regional
centres of endemism’. They comprise the following centres with estimates of the
percentage of their total area in Angola from Huntley (1974a, 2010):

e Guineo-congolian regional centre of endemism - mosaics of forests, thickets, tall
grass savannas — 25.7% (This is Linder et al.’s Congolian Region and includes
their Shaba sub-region);

e Zambezian regional centre of endemism — moist woodlands, savannas, grass-
lands and thickets — 71.6% (The Zambezian Region sensu Linder et al.);

e Karoo-Namib regional centre of endemism — desert, shrublands, arid savannas,
woodlands and thickets — 2.6% (Most of this is placed in Linder et al.’s Southern
African Region as their Southwest Angola sub-region); and

e Afromontane archipelago-like regional centre of endemism — forests, savannas
and grasslands — 0.1%. (This is related to Linder et al.’s Ethiopian Region).

Statistical Regionalisation

Attempts have recently been made to use the massive databases of species distribu-
tion records held by museums and herbaria to bring objectivity and consistency to
the classification of Africa’s floral and faunal regions. A major step towards such
regionalisation is provided by the statistical definition of biogeographical regions of
sub-Saharan Africa by Linder et al. (2012). Using data for 1877 grid cells of one-
degree resolution, the study included data for over a million records of 1103 species
of mammals, 1790 species of birds, 769 species of amphibians, 480 species of rep-
tiles and 5881 species of vascular plants. The databases were analysed using cluster
analysis techniques to define biogeographical units that “comprise grid cells that are
more similar in species composition to each other than to any other grid cells”
(Linder et al. 2012). They proposed seven biogeographical regions for sub-Saharan
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Africa: Congolian, Zambezian, Southern African, Ethiopian, Somalian, Sudanian
and Saharan. Their analyses demonstrated that patterns of richness and endemism
are positively and significantly correlated among plants, mammals, amphibians,
birds and reptiles and with the overall biogeographical regions revealed by the sum
of the data sets.

The use of modern cluster analysis techniques was taken further, at an Angolan
level, by Rodrigues et al. (2015). Based on a cluster analysis of data for 9880 records
of 140 species of ungulates, rodents and carnivores at a quarter degree resolution,
the study found general congruence with that of Linder et al. (2012) and the earlier
divisions of Angola’s biogeography (Beja et al. 2019). Rodrigues et al. (2015) iden-
tify 18 indicator species for their four main divisions, which agree with the group-
ings based on field surveys undertaken in the 1970s (Huntley 1973) that also
included the enclave of Cabinda, which was not included in the Rodrigues et al.
(2015) analyses.

Both of the above very detailed and objective cluster analyses confirmed the
general patterns of biogeographical regionalisation used for many decades across
Africa, as described at the head of this section, even though terminology and detail
of boundaries and transitions between regions differ from one author to the next.
While objective, it is possible that the cluster analysis approach lacks the subtlety
and flexibility of scale that classical expert systems permit. A particular challenge is
the paucity of geo-referenced data for Angolan taxa, as experienced in a recent
botanical analysis at inter-tropical scale (Droissart et al. 2018). Both cluster analy-
ses and expert systems remain works in progress.

Biomes and Ecoregions

The chorological studies of White (1983) and statistical analyses of Linder et al.
(2012) capture some of the evolutionary history and relationships of Africa’s flora
and fauna, but they do not fully reflect the continent’s diversity of biomes, habitats
and ecosystems — which are based on structural and functional rather than evolu-
tionary relationships. The most comprehensive recent synthesis on African habitats
(Burgess et al. 2004) has been widely adopted as a basis for conservation planning
and is of use for any study of African biomes, ecoregions and habitats (MacKinnon
et al. 2016). At the first level, a global classification and map of the world’s ecore-
gions (Olson et al. 2001) was used to identify the nine biomes of Africa’s three main
biogeographic divisions (Palearctic, Afrotropical and Cape). The biome concept
used was defined as “vegetation types with similar characteristics grouped together
as habitats, and the broadest global habitat categories are called biomes” (Olson
et al. 2001). Of the nine biomes recognised, seven are represented in Angola — the
largest range of biomes represented in any African country. These are:

* Tropical and subtropical moist forests;
* Montane grasslands and shrublands;
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* Tropical and subtropical grasslands, savannas, shrublands, and woodlands;
* Tropical and subtropical dry and broadleaf forests;

¢ Deserts and xeric shrublands;

e Mangroves; and

* Flooded grasslands and savannas.

Within the biomes, Burgess et al. (2004) defined a total of 119 terrestrial ecore-
gions for Africa and its islands. Ecoregions are defined as “large units of land or
water that contain 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). It is impressive to note that
based on the Burgess et al. (2004) assessment, Angola has not only the largest diver-
sity of biomes, but also the second largest representation of ecoregional diversity in
Africa (Table 2.2, Fig. 2.8).

Figure 2.8 (Burgess et al. 2004) provides a useful framework for the understand-
ing of Angola’s biodiversity patterns. Despite its coarse grain, it allows a general
synthesis to be refined as new information becomes available. The relationship
between biomes and ecoregions (sensu Burgess et al. 2004) and the vegetation types
of Barbosa (1970) is summarised in Table 2.3. The very brief notes on key genera
found within the Barbosa vegetation units provide an idea of the floristic composi-
tion that characterises the ecoregion. The photos presented in Fig. 2.9 provide
examples of the main vegetation types and habitats

The Biological Importance of the Angolan Escarpment

While the classification of White (1983) and Linder et al. (2012) are useful at a
continental scale, a more detailed and subtle analysis of the major biomes and habi-
tat groupings is needed at a national scale for both research and conservation

Table 2.2 Representation of biomes and ecoregions in southern African countries

Country Biomes | Ecoregions number and total (T) T

Angola 7 8,32,42, 43,49, 50, 51,55, 56, 63, 81, 82, 106, 109, 116 15

Botswana 3 54,57, 58, 63, 68, 105

Congo 3 8,12,13,43,116 5

Republic

D.R. Congo 5 8,13, 14, 15,16, 17, 42, 43,49, 50, 73, 116 12

Mozambique 3 21,22, 52,53, 54,64,76, 117 8

Namibia 3 51, 55, 58, 67, 105, 106, 107, 108, 109, 110 10

South Africa 5 22,23,24,54,57,58,77,78, 79, 80, 89, 90, 91, 105, 108, 110, |17
117

Zambia 4 32, 50, 53, 54, 56, 63, 74 7

Zimbabwe 2 51, 53, 54,57, 58,76

From Burgess et al. (2004)
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Fig. 2.8 Ecoregions of Angola

8 Atlantic Equatorial Coastal Forest ¢ 32 Zambezian Cryptosepalum Dry Forest ¢ 42 Southern
Congolian Forest-Savanna Mosaic * 43 Western Congolian Forest-Savanna Mosaic ¢ 49 Angolan
Miombo Woodland ¢ 50 Central Zambezian Miombo Woodland ¢ 51 Zambezian Baikiaea
Woodland ¢ 55 Angola Mopane Woodland ¢ 56 Western Zambezian Grassland ¢ 63 Zambezian
Flooded Grasslands * 81 Angolan Scarp Savanna and Woodland ¢ 82 Angolan Montane Forest-
Grassland Mosaic * 106 Kaokoveld Desert « 109 Namib Escarpment Woodlands ¢ 116 Central
African Mangroves. (After Burgess et al. 2004, map used with permission)
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Table 2.3 African biomes and ecoregions (as defined by Burgess et al. 2004) and Angolan
vegetation types (Barbosa 1970) with indicative genera

Ecoregion Barbosa n°, name and key
n° Biome Ecoregion genera
8 Tropical and Subtropical | Atlantic Equatorial 1,2. Closed Forest
Forest Coastal Forest Gilbertiodendron, Librevillea,
Tetraberlinia
32 Tropical and Subtropical | Zambezian 4. Closed Forest
Cryptosepalum
Dry Broadleaf Forest Dry Forest Cryptosepalum, Brachystegia,
Erythrophleum
42 Tropical and Subtropical | Southern Congolian | 8. Forest-Savanna Mosaic
Grasslands, Savannas, Forest-Savanna Marquesia, Berlinia, Daniella,
Shrublands and Woodlands | Mosaic Hymenocardia
43 Tropical and Subtropical | Western Congolian 3. Closed Forest
Grasslands, Savannas, Celtis, Albizia, Celtis
Shrublands and Woodlands | geqe Savanna 13. Thicket-Forest Mosaic
Mosaic Annona, Piliostigma,
Andropogon, Hyparrhenia
49 Tropical and Subtropical | Angolan Miombo 16, 17, 18. Woodland
Grasslands, Savannas, Woodland Brachystegia, Julbernardia,
Shrublands and Woodlands Guibourtia, Burkea,
Pterocarpus
50 Tropical and Subtropical | Central Zambezian 17, 19. Woodland
Grasslands, Savannas, Miombo Woodland Brachystegia, Julbernardia,
Shrublands and Woodlands Cryptosepalum
51 Tropical and Subtropical | Zambezian Baikiaea |25. Tree and Shrub Savanna
Grasslands, Savannas, ‘Woodland Baikiaea, Guibourtia,
Shrublands and Woodlands Pterocarpus, Combretum
55 Tropical and Subtropical | Angola Mopane 20. Woodland
Grasslands, Savannas, ‘Woodland Colophospermum, Croton,
Shrublands and Woodlands Combretum, Sclerocarya,
Acacia
56 Tropical and Subtropical | Western Zambezian | 31. Grasslands
Grasslands, Savannas, Grassland Loudetia, Monocymbium,
Shrublands and Woodlands Tristachya, Parinari, Syzygium
63 Flooded Grasslands and Zambezian Flooded | 31. Grasslands
Savannas Grasslands Loudetia, Echinochloa, Oryza
81 Montane Grasslands and Angolan Scarp 10, 11, 22, 23. Forest-
Shrublands Savanna and Savanna-Woodland-Thicket
Woodland Mosaic
Adansonia, Acacia, Albizia,
Celtis, Piliostigma
82 Montane Grasslands and Angolan Montane 6, 32. Relict Forest,

Shrublands

Forest-Grassland
Mosaic

Grasslands

Podocarpus, Apodytes,
Pittosporum, Protea, Erica

(continued)
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Table 2.3 (continued)

Ecoregion Barbosa n°, name and key
n° Biome Ecoregion genera
106 Deserts and Xeric Kaokoveld Desert 28, 29. Desert, Steppes
Shrublands Welwitschia, Zygophyllum,
Stipagrostis, Odyssea
109 Deserts and Xeric Namib Escarpment 27. Steppes
Shrublands Woodlands Acacia Commiphora,
Colophospermum,
Sesamothamnus, Rhigozum
116 Mangroves Central African 14 A. Mangroves
Mangroves Rhizophora, Avicennia,
Raphia, Elaeis

planning in Angola (Revermann and Finckh 2019). What is equally important in
biogeographic analysis is the detection of patterns of endemism and diversity at
dispersed scales — such as the Angolan Escarpment Zone — described by Hall
(1960a) and subsequently recognised by many workers as of great biodiversity and
evolutionary importance (Huntley 1973, 1974a, 2017; Hawkins 1993; Mills 2010;
Clark et al. 2011). Indeed, each taxon-based account in this volume, on plants
(Goyder and Gongalves 2019), odonata (Kipping et al. 2019), lepidoptera (Mendes
et al. 2019), fishes (Skelton 2019), birds (Dean et al. 2019), amphibians (Baptista
et al. 2019), reptiles (Branch et al. 2019) and mammals (Beja et al. 2019) draws
attention to the importance of the Angolan Escarpment as a centre of endemism and
speciation. Hall (1960a) explained her recognition of the importance of the Angolan
Escarpment as the major speciation hotspot for birds in Angola by it: (i) creating a
barrier between arid-adapted species of the coastal plains and of the miombo wood-
lands of the plateau, (ii) creating a steep ecological gradient, and (iii) functioning as
a refuge for moist forest specialists that were isolated here during the dry periods of
the glacial cycles. Dean et al. (2019) note that 75% of Angola’s endemic birds are
found in this zone.

The Angolan Escarpment and the remote, isolated and fragmentary remnants of
Afro-montane forests of the Angolan Highlands offer ideal testing grounds for bio-
geographic models, as recently explored by Vaz da Silva (2015). The Angolan
Escarpment biogeographic unit awaits clear definition, description and demarca-
tion, but its scientific importance is matched only by the vulnerability of its threat-
ened forest habitats (Caceres et al. 2015). Linder et al. (2012) similarly recognise
the importance of the Angolan Escarpment, and that of the transition from Congolian
to Zambezian regions along the northern border of Angola (which they place in their
Shaba sub-region). High species replacement values are found across these biologi-
cally rich areas, emphasising the urgency for their protection.
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Fig. 2.9 Examples of some of the Ecoregions of Angola with numbering as per map in Fig. 2.8
and summary in Table 2.3. 8. Maiombo Forest, Cabinda; 42. Congolian gallery forest and moist
miombo woodlands and savanna grasslands, Lunda-Norte; 49. Brachystegia/Julbernardia wood-
land Luando Strict Nature Reserve, Malange; 51. Baikiaea/Guibourtia Woodland Mucusso,
Cuando Cubango; 56. Wetlands of the Bulozi Floodplain, Moxico; 81. Angolan Escarpment at
Serra da Chela, Tundavala, Huila; 82. Remnant patches of Afromontane forest in ravines on Mount
Moco, Huambo; 106 Grasslands of the intermontane plains of central Iona National Park, Namibe.
(Photos: Bulozi — JM Mendelsohn, others by BJ Huntley)
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Conclusions

This brief outline of the biogeography of Angola demonstrates the country’s unusual
diversity of landscapes, climates and ecoregions, with Angola embracing the high-
est number of biomes represented within any African state.

The many classifications and terminologies applied to Angola’s biogeographic
units over the past century have not yet resulted in a nationally adopted nomencla-
ture for its biomes and habitats. This situation prevails despite the existence of
strong traditions in Angola’s ethnic groups of indigenous taxonomies for habitats,
such as those of the Chokwe of the Lundas, that are as perfect and detailed as mod-
ern systems (Redinha 1961; Huntley 2015). Furthermore, while many vernacular
terms (mato de panda, anharas do alto, floresta cafeeira, muxitos, mulolas, chanas
da borracha, etc.) enjoy wide use, they are imprecise and inadequate for Angola’s
great diversity of biomes and habitats.

The absence of a uniform system of nomenclature limits the use of information
attached to biological collections, which in most cases provide only site locality
data, and more recently, geo-referencing. Several southern African countries have
nationally accepted biome and vegetation maps (e.g. South Africa, Lesotho and
Swaziland — Mucina and Rutherford 2006) with clear descriptors for each biome
and vegetation unit, facilitating communication between researchers and conserva-
tion planners. As Angola re-assesses its biodiversity wealth, and the need to protect
and sustainably utilise these resources, the development of a new map of its vegeta-
tion, ecosystems and biomes becomes a high priority. Equally urgent but similarly
daunting is the study of the evolutionary processes and relationships of the biota of
the Angolan Escarpment and Afromontane forests, and the effective protection of
these fingerprints of the past.
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Chapter 3
Marine Biodiversity of Angola:
Biogeography and Conservation

Stephen P. Kirkman and Kumbi Kilongo Nsingi

Abstract Some major physical and oceanographic features of the Angolan marine
system include a narrow continental shelf, the warm, southward flowing Angola
Current, the plume of the Congo River in the north and the Angola-Benguela Front
in the south. Depth, substrate types and latitude have been shown to account for
species differences in demersal faunal assemblages including fish, crustaceans, and
cephalopods. The extremely narrow shelf between Tombwa (15°48’'S) and Benguela
(12°33’S) may serve as a barrier for the spreading of shelf-occurring species
between the far south, which is influenced by the Angola-Benguela Front, and the
equatorial waters of the central and northern areas. A similar pattern is evident for
coastal and shallow-water species, including fishes, intertidal invertebrates and
seaweeds, with species that have temperate affinities found in the far south and
tropical species further to the north. In general the fauna and flora of the littoral zone
appears to be consistent with a pattern of relatively low diversity of the shore and
near-shore areas, that is characteristic of West Africa, but paucity of data for Angola
may make such comparisons of diversity with other areas inappropriate at this stage.
The Congo River delta and many features that are interspersed along the coast such
as estuaries and associated floodplains, wetlands, lagoons, salt marshes and
mangroves, support a rich suite of species, many of which are rare, endemic,
migratory, and/or threatened, and provide important ecosystem services. While the
ecological value of many areas or features is recognised, lack of any legal protection
in the form of marine protected areas (MPAs) has been identified as one of the main
challenges facing conservation and sustainable use of Angola’s marine and coastal
biodiversity and habitats, in the face of multiple threats. A current process to identify
and describe ecologically or biologically significant marine areas (EBSAs) could
provide a foundation for designating some MPAs in future.
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Physical and Oceanographic Context

The coastline of Angola, which is approximately 1650 km long, consists of sandy
and rocky stretches of coastline, punctuated by numerous coastal features such as
estuaries, mangroves, coastal lakes, wetlands and tidal flats (Harris et al. 2013).
Between Rio Bero (north of Mocamedes) in Namibe Province and to the north of
Rio Coporolo in Benguela Province are rocky shores; the rest of the coastline is
predominantly sandy although there are some scattered rocky shores further north
of Lobito (Harris et al. 2013). The continental shelf, which extends to about 200 m
depth, is relatively narrow especially near the south where it is as little as 6 km wide
and very steep in parts of Namibe and Benguela, but it widens further north to
33 km width near the mouth of the Congo River, and in the south it widens a little
between Tombwa and Cunene (Figure 1, Bianchi 1992). The neritic zone (i.e. waters
overlying the continental shelf) covers about one third of Angola’s Exclusive
Economic Zone (EEZ), which also includes extensive bathyal and abyssal zones,
with depths up to 4000 m in the latter (Nsiangango et al. 2007).

Hutchings et al. (2009) describe the marine system of Angola’s continental shelf
area as a subtropical transition zone between the Equatorial Atlantic to the north and
the Benguela’s wind-driven upwelling system to the south. The conspicuous,
dynamic but relatively shallow Angola-Benguela Front at 17°S in the south of
Angola forms the boundary with the upwelling system, and the boundary to the
north is near the plume of the Congo River. Seasons are well-defined and there is
intermediate productivity; moderate to weak upwelling occurs year-round in the
south and all along the coast in winter with strengthening of southeast trade winds.
The major oceanographic feature of the system is the warm (>24 °C) Angola
Current, which flows southward along the shelf and slope as an extension of the
South Equatorial Counter-current, extending down to 200 m depth and with a mean
flow at 50 m depth of 5-8 cm s™! (Kopte et al. 2017). During winter and spring the
Angola Current tends to retreat to the northwest and is replaced by slightly cooler
waters; this is linked to the intensity of wind-driven upwelling off the Namibian
coast (Meeuwis and Lutjeharms 1990; O’ Toole 1980).

Other important drivers of the system are Kelvin waves propagating from the
Equatorial Atlantic and the South Equatorial Counter Current (Florenchie et al.
2004; Shillington et al. 2006), as well as southward flow of brackish water with high
nutrient loads from the Congo River outflow and solar heating (Veitch et al. 2010),
Both result in stratification of the water column (Kirkman et al. 2016), with thermo-
cline depth ranging from 10 m in the north down to about 50 m off central Angola
(Bianchi 1992). Another feature of the Angolan system is the cold water Angola
Dome, found offshore of the Angola Current. This is a cyclonic eddy that causes
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doming of the thermocline, centred near 10°S and 9°E (Lass et al. 2000). The
Angola Dome has lower salinity and concentrations of oxygen than surrounding
waters, but it does not exist in winter and its width and extension depend on the
intensity and horizontal shear of southeasterly trade winds (Signorini et al. 1999).
Phytoplankton production associated with the Angola Dome strongly influences the
shelf ecosystem throughout northern Angola (Monteiro et al. 2008).

Biodiversity and Biogeography

There is a high diversity of demersal species in Angola relative to the temperate
Benguela Ecosystem to the south, with species richness greatest at about 100 m
depth according to research surveys (Kirkman et al. 2013). Demersal fish stocks are
exploited by a multispecies bottom trawl fishery extending from southern to northern
Angola, that exploits over 30 species of fish belonging to the families Sparidae
(seabreams), Scianidae (croakers), Serranidae (groupers), Haemulidae (grunts) and
Merlucidae (hakes). Some of the most commercially important species include
Benguela Hake Merluccius polli and demersal sparid fish such as Dentex spp.
(Kirkman et al. 2016); there is also bottom fishing for crustaceans, most importantly
deep-sea crab Chaceon maritae and shrimps Aristeus varidens and Parapenaeus
longirostris (Japp et al. 2011; Kirkman et al. 2016). The most important fish targeted
by small pelagic fisheries include Kunene Horse Mackerel Trachurus trecae and
Sardinella species, with most large pelagic fishing (tuna spp.) taking place in the
south (Japp et al. 2011, Kirkman et al. 2016). Several of the above stocks are targeted
both by industrial and artisanal fisheries (Duarte et al. 2005; Japp et al. 2011). The
Angolan fisheries are described by Hutchings et al. (2009) as being of moderate
intensity with stocks generally declining. There is also a rapidly growing local and
foreign recreational shore-fishery sector in southern Angola targeting mainly
Leerfish Lichia amia, West Coast Dusky Kob Argyrosomus coronus and Shad
Pomatomus saltatrix (Potts et al. 2009).

Bianchi (1992) and later Nsiangango et al. (2007) studied the structure of demer-
sal assemblages of the continental shelf and upper Angolan slope, including fish,
crustaceans and cephalopods, based on trawl surveys. It was shown that thermal,
depth-dependent stratification explained the main faunal groupings, with certain
species generally restricted to waters shallower than where the lower limit of the
thermocline meets the shelf, and others usually occurring in deeper waters than this.
Species such as Shallow-water Croaker Pteroscion peli, Red Pandora Pagellus bel-
lotti, Lesser African Threadfin Galeiodes decadactylus and Grunt Pomadasys inci-
sus dominated in the shallower demersal water (coast to 100 m), with some sea
breams in low densities, whereas deeper waters of the shelf and upper slope were
dominated by such species as Splitfin Synagrops microlepis, Atlantic Green-eye
Chlorophthalmus atlanticus, Angolan Dentex D. angolensis and M. polli. Within
the different depth strata, substrate type and latitudinal gradients were the main
factors affecting the composition of species assemblages, and a major latitudinal
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shift both in shallow- and deep-water assemblages was shown to occur in southern
Angola between Tombwa and Cunene where the shelf widens and where Large-
eyed Dentex D. macrophthalmus dominated the catches. Bianchi (1992) related the
shift to the southern limit of warmer equatorial waters, the presence of the Angola-
Benguela Front where there is year-round upwelling and cooler waters, and the
extremely narrow shelf to the north of Tombwa (up to Benguela), which may serve
as a barrier to the spreading of northern species to the south and vice versa.

While deep-water coral reefs have been documented for Angola’s continental
slope (Le Guilloux et al. 2009), shallow-water coral reefs are absent and in general
the fauna and flora of littoral zone seems to be consistent with the pattern of
relatively low diversity of the shore and near-shore areas of West Africa (John and
Lawson 1991). Factors that could account for this include the lack of hard substrata
(most of the shoreline being sandy), upwelling of cooler water in areas, high
turbidity and sediment input from a massive river such as the Congo, or loss of
species associated with reductions in sea-temperatures that considerably reduced
the tropical zone during Pleistocene glaciations (van den Hoek 1975; John and
Lawson 1991). However, while recent studies (e.g. Hutchings et al. 2007; Anderson
et al. 2012) have added to the existing species lists (e.g. Lawson et al. 1975; Penrith
1978 and others) for coastal fishes, sandy beach macrofauna, rocky shore
invertebrates and seaweeds, at this stage the paucity of information in Angola may
not make comparison with other areas appropriate. In general the data that exist
both for coastal and estuarine fishes (Whitfield 2005; Hutchings et al. 2007) but also
offshore fish species (Kirkman et al. 2013; Yemane et al. 2015) of Angola show
decreasing species richness from north to south, seemingly supporting the
established trend of decreasing diversity with latitude as one moves polewards from
tropical regions (e.g. Rex et al. 2000; Willig et al. 2003).

Based on the latitudinal distributions of intertidal fauna of rocky shores (Kensley
and Penrith 1980), the southern limit of tropical biota has previously been reported
to be around the border of Angola and Namibia. Lawson (1978) on the other hand,
based on analyses of seaweed flora, considered Angola to be intermediate in nature
between tropical and temperate. Results of surveys of intertidal invertebrates and
seaweeds by Hutchings et al. (2007) however, showed that although there was a
marked discontinuity between the biota of Angola and that of northern Namibia,
which supports a cool-temperate intertidal flora up to nearby the Cunene River (Rull
Lluch 2002), a number of taxa found in the south of Angola had temperate affinities.
This led the authors to suggest that the inshore biota of the south of Angola may be
intermediate in nature, and that of the north truly tropical. This is confirmed by
Anderson et al. (2012) who conclude that the overall affinities of the Angolan
seaweed flora is Tropical West African, but with a well-developed temperate element
in southern Angola (from about 13°S) comprising mainly cooler-water species.
Broadly, this supports the division of the Angolan coast into at least two sub-areas,
with the more temperate south influenced by the cooler waters of the Angola-
Benguela Front. This is similar to the division between demersal assemblages of
north and south (Bianchi 1992) and also congruent with a break in the pelagic
ecosystem of the inshore as determined from classification of key oceanographic
variables and depth (Lagabrielle 2011). It also ties in with global mapping classifi-
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Fig. 3.1 Delineations of marine ecoregions (Spalding et al. 2007) and large marine ecosystems
(Sherman 2014) that coincide with Angola. The ecoregions extend from the coast to the shelf edge.
Also shown are recognised marine and coastal biodiversity areas and the approximate situations of
important oceanographic processes

cation of coastal and shelf areas based on species distributions and levels of ende-
mism of benthic and pelagic biota (Spalding et al. 2007; Briggs and Bowen 2012),
that puts the divide between the temperate Benguela Province and the tropical Gulf
of Guinea Province, near Mo¢amedes (Fig. 3.1). Spalding et al. (2007) situate the
majority of the Angolan EEZ in the Angolan ecoregion of the Gulf of Guinea
Province, but include the area north of 6°30’S in the more tropical Gulf of Guinea
south ecoregion. This is slightly incongruent with the mapping of large marine eco-
systems (LMESs) of the world (which is expert- rather than data-derived), whereby
most of Angola is included in the Benguela Current LME bounded to the north by
the Angola Front (ca. 5°S), and only Cabinda in the far north included in the Guinea
Current LME (Sherman 2014).

Marine and Coastal Biodiversity Hotspots, Threats
and the Need for Protection

Whereas the Angolan coastal and shallow habitats are considered to be relatively
low in biodiversity, coastal features such as the Congo River Delta, estuaries such as
the Cuanza, Catumbela, Longa and Cunene, and associated floodplains, wetlands,
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lagoons, salt marshes and (north of Lobito) mangroves support a rich suite of
species, often in high abundance (Hughes and Hughes 1992; van Niekerk et al.
2008; Harris et al. 2013). This includes several rare, endemic, migratory, and/or
threatened fauna such as the African Manatee Trichechus senegalensis, turtle species
and diverse waterbird species. Recognised ecosystem services of such features
include (amongst others) providing habitat for important food-fish and crustacean
species and their critical life stages (e.g. performing important nursery functions for
many marine fishes) or providing plant species that are useful for medicinal,
subsistence or construction purposes (Hughes and Hughes 1992; van Niekerk et al.
2008). While Angola is not currently a contracting party of the Ramsar Convention,
some coastal wetland sites have been identified as being potential Ramsar sites,
including Quicama National Park between the Cuanza and Longa Rivers (Fig. 3.1),
which is also a confirmed Important Bird and Biodiversity Area (IBA). Other
confirmed coastal IBAs in Angola include Mussulo just south of Luanda and the
Tona National Park in the south between the Cunene and Curoca Rivers. These IBAs
are important for numerous waterbirds and are frequented by wintering seabird
species that breed further south on the sub-continent such as Cape gannet Morus
capensis (IUCN Red List — Endangered) and Damara tern Sternula balaenarum
(Vulnerable) (Birdlife International 2002), the latter of which is known to also breed
in the Tona National Park (Simmons 2010).

While the ecological value of these and other areas is recognised, the lack of
formal protection of key biodiversity areas or features in Angola’s marine and
coastal environments has been noted as a concern (e.g. Tarr et al. 2007). As part of
a regional systematic conservation planning (SCP) project involving all three
member states of the Benguela Current Convention (BCC; a legally constituted
collaborative mechanism representing Angola, Namibia and South Africa), Holness
et al. (2014) showed that Angola is particularly poorly off in terms of spatial
protection of its marine systems, with 102 out of 133 identified ecosystem types
having no protection at all. Whereas some legislative protection of coastal ecosystem
types in the Cuanza, Cunene and Tombwa areas may be afforded by terrestrial
national parks (Quicama and Iona) or reserves (Namibe Partial Reserve), this may
have value for conservation of the adjacent marine areas if effective management of
these areas is achieved through the provision of increased human and financial
resources. Holness et al. (2014) therefore opined that a programme of rapid
expansion of protected areas for the Angolan marine systems is urgently required,
and the ultimate product of their study was the prioritisation of sites for protection
(ideally within a MPA network).

The current lack of marine protected areas (MPAs) was described by Tarr et al.
(2007) as amongst the main challenges facing conservation and sustainable use of
Angola’s marine and coastal biodiversity and habitats, in light of multiple threats to
the ecosystem that are likely to worsen over time. These threats include (but are not
limited to) rapid, unplanned coastal urbanisation causing habitat destruction and a
severe problem with waste management along the coast, particularly in the area of
Luanda; escalation in over-exploitation of living marine resources related to rapid
urbanisation and human migration to the coastal nodes, especially since the end of
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the civil war; industrial pollution caused e.g. by deposition of industrial wastes in
catchment areas or cleaning of ships; offshore oil exploitation in the north, with
potential for oil spills; loss of mangroves, which includes threats from pollution and
wood collection for firewood and construction; rapid growth of the tourism industry;
and impacts of climate change (Tarr et al. 2007; Heileman and O’Toole 2009).

With such threats in mind, Angola, like the other two member states of the BCC,
has committed to implementing ecosystem-based management (EBM) of the marine
environment to address responsible use of its ocean and its resources and put in
practice the principles of sustainable development (BCC 2014). EBM is an
integrative approach to management that takes into account all interactions in the
ecosystem (including those involving human activities) and their cumulative
impacts in space and time (Long et al. 2015). To be able to assist EBM with regard
to the allocation and siting of ocean uses or protection measures, there is an initiative
to implement marine spatial planning (MSP) in Angola and the other countries of
the region (Kirkman et al. 2016). A pilot area for an experimental MSP project,
covering an area of approximately 107,000 km? between south of Palmerinhas and
the Tapado River mouth (GNC-OEM 2018), has recently been identified. A key
element of the process is to identify and describe a network of Ecologically or
Biologically Significant Marine Areas (EBSAs) - geographically or
oceanographically discrete areas that have been identified as important for the
services that they provide and for the healthy functioning of oceans (Dunstan et al.
2016) and to include these in marine spatial plans.

Currently, only two Angolan EBSAs have been described and subsequently
endorsed by CBD (CBD 2014), namely the Ramiros-Palmerinhas Coastal Area
which partly adjoins the Mussulo Peninsula south of Luanda, and the Cunene-
Tigres EBSA which overlaps with northern Namibia and is adjacent to the Iona
National Park on the Angola side (Fig. 3.1). The former includes estuaries with
mangroves and salt marshes and has special importance for bird aggregations and
breeding turtles. The latter includes the Cunene estuary and associated wetland as
well as the Bafa dos Tigres Island-Bay complex to the north of it, and has special
importance for migratory birds and in terms of its nursery function for many marine
species. Both of these areas have undergone thorough assessment processes with a
view to expanding their areas in order to include other relevant features such as
estuaries, sensitive coastline, canyons and seamounts.

Currently Angola is in the process of describing new potential EBSAs, in coastal
and offshore areas, as part of a collaborative regional project with Namibia and
South Africa, coordinated by the BCC (http://www.benguelacc.org). Currently, five
new areas have been proposed as EBSAs which include coastal and offshore areas
in the provinces of Cabinda, Zaire, Luanda, Cuanza-Sul and Namibe. Although
EBSA status itself does not carry any conservation or protection interventions, legal
protection is among the management measures that can be applied to secure the
persistence of these special features and their ecosystem services. Therefore the
process of expanding the EBSA network could provide a foundation for initiating a
network of MPAs in Angola. In this regard, there is a recent project proposal for the
establishment of the first MPA in Angola in the offshore area adjacent to the Iona
National Park.
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Perspective

Octavio Mateus, Pedro M. Callapez, Michael J. Polcyn, Anne S. Schulp,
Antoénio Olimpio Gongalves, and Louis L. Jacobs

Abstract This chapter provides an overview of the alpha paleobiodiversity of
Angola based on the available fossil record that is limited to the sedimentary rocks,
ranging in age from Precambrian to the present. The geological period with the
highest paleobiodiversity in the Angolan fossil record is the Cretaceous, with more
than 80% of the total known fossil taxa, especially marine molluscs, including
ammonites as a majority among them. The vertebrates represent about 15% of the
known fauna and about one tenth of them are species firstly described based on
specimens from Angola.
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Studies of Paleobiodiversity

The study of paleobiodiversity, i.e., the development of biodiversity through geo-
logical time, is challenging at multiple levels. In addition to the issues and biases
affecting the study of the diversity of modern life, understanding paleobiodiversity
faces extra challenges, mostly because of the dependency on the fossil record.
Glimpses of entire ecosystems and clades may never reach the paleontologist’s eyes
if appropriate rocks of that exact time and space were not formed, or if formed, did
not preserve fossils, or are eroded away or otherwise inaccessible (see Jackson and
Johnson 2001; Crampton et al. 2003).

The study of life’s diversity in the past is filtered by the remains that can leave
traces and fossilize, remains that actually fossilized, fossils existing today, fossils
accessible today, fossils collected (number of fossils accessible to scientists), and
species recognised (Fig. 4.1). Moreover, the definition and discrimination of species
in the fossil record can be problematic.

Angola has no known fossiliferous rocks from the Paleozoic (541-251 Ma — mil-
lions of years ago) nor the Jurassic (199-145 Ma) leaving only windows to life in
the territory during the Triassic (251-199 Ma), Cretaceous (145-66 Ma), and
Cenozoic (66 Ma -Present) (Fig. 4.2). The chances of finding Paleozoic or Jurassic
fossils from Angola are essentially zero. Thus, within the last 550 Ma, the known

/ 1. Life diversity \
/2. Life remains that can leave traces and fossilize \

/ 3. Remains that actually fossilized

[ 4. Fossils existing today and rock outcrops

5. Fossil accessibility

6. Fossil collection

— =~

Fig. 4.1 The seven layers of filters of uneven preservation in the fossil record that obscure accu-
rate reconstruction of paleobiodiversity
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Fig. 4.2 The geological record of Angola, in a stratigraphic log (left) and geological map (right),
leaves more than 350 Ma of blank geological record. Map extracted after Africa Geological Map
1:30.000.000 by U.S. Geological Survey, 2002 available at www.uni-koeln.de/sfb389/e/el
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rocks of Angola represent less than 196 million years of geologic time, leaving more
than 354 million years (64% of the time) with no known fossil record.

Despite the incompleteness of the fossil record and consequent limitations to the
study of the paleobiodiversity, cooperative research and modern databases can,
however, improve approximation of the estimated number of species in the fossil
record. The PaleoBiology Database (paleobiodb.org) is, by far, the most compre-
hensive database of fossils, which, together with the scientific literature and our own
research, contributed to the Supplementary Material and its summary in Table 4.1
that compiles the list of the fossil taxa in Angola, with updated taxonomy, geologi-
cal age, locality, and references. The fossil record can be used as a lower limit for
the alpha paleobiodiversity for specific times and locations in Angola, although it is
likely an underestimate of true paleodiversity in the vast majority of cases. The total
of all fossil species is a gross underestimation of paleodiversity for the full extent of
the time involved, exacerbated by missing intervals of fossiliferous rocks. However,
the pattern through time can inform an understanding of general trends.

Fossil collecting in Angola has been conducted since the nineteenth century with
Friederich Welwitsch, José de Anchieta (1885), Freire de Andrade, Augusto Eduardo
Neuparth and others (Brandao 2008, 2010; Silva and Geirinhas 2010; Callapez et al.
2011; Masse and Laurent 2016). Numerous paleontologists have contributed to the
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understanding the paleobiodiversity of Angola, since the first explorations and stud-
ies: Fernando Mouta, Paul Choffat, Carlos Teixeira, Carlos Freire de Andrade,
Edgard Casier, A Jamotte, M Leriche, Heitor de Carvalho, E Dartevelle, Miguel
Telles Antunes, Alexandre Borges, Philippe Brebion, Gaspar Soares de Carvalho,
Louis Dollo, Henri Douvillé, Otto Haas, Manuel Mascarenhas Neto, Arménio
Tavares da Rocha, Gumerzindo Henriques da Silva, LF Spath, Anténio Ferreira
Soares, Maurice Collignon, among many others (see bibliography compiled by
Nunes 1991). In vertebrate paleontology the work of Miguel Telles Antunes and
co-authors is noteworthy. Today, various researchers work on the paleontology of
Angola, among them is the team of the Projecto PaleoAngola (paleolabs.org/paleo-
angola), with regular yearly scientific expeditions since 2005 (Jacobs et al. 2006,
2016).

A Brief Geological History and Context of Angola

The most significant geological event governing the paleogeography of Angola is
the opening of the South Atlantic Ocean, in which Africa and South America rifted
apart beginning in the Early Cretaceous Epoch about 134 million years ago and the
subsequent drifting apart of these continents as the South Atlantic grew (Guiraud
and Maurin 1991; Buta-Neto et al. 2006; Quirk et al. 2013; Pérez-Diaz and Eagles
2017). After about 120 million years ago, marine deposition along the coast began
to preserve fossils. Africa’s place in Gondwana prior to this time resulted in the lack
of a marine record for the entire Paleozoic Era and the consequent lack of a fossil
record for that time.

As the South Atlantic opened it was colonised by species moving in from the
southern ocean and, as a connection between the North Atlantic and South Atlantic
oceans developed, from the north. Sea turtles (Angolachelys mbaxi) and mosasaurs
(Angolasaurus bocagei and Tylosaurus iembeensis), with relatives to the north, first
occur at about 88 million years ago. Along with them were plesiosaurs, probably
with southern affinities. Washed into the sea and found with marine creatures, is the
sauropod dinosaur Angolatitan adamastor, which is probably a remnant of a more
broadly distributed Gondwanan dinosaur assemblage. At that time, coastal Angola
lay approximately 10-12 degrees further south than today.

Geologic uplift along the coast resulted in the erosion of rock and loss of the fos-
sil record from effected strata. Permian and Jurassic uplift eliminated those intervals
from the terrestrial fossil record. Early and Late Cretaceous uplift also occurred,
prior to burial of the remaining Cretaceous with up to 1.5-2 km of sediments, since
removed by erosion accompanying mid-Cenozoic uplift beginning around 30 Ma
and 20 Ma (Green and Machado 2015). Uplift from as young as 45,000 years ago
also has been recorded along the Angolan coast (Walker et al. 2016), resulting in a
large diversity of fossiliferous raised-beach deposits, frequently associated with
pre-historic shell-middens with Paleolithic industries.
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The Precambrian — The First Fossils

Precambrian Era (geologic time since the formation of Earth and prior to 541 Ma)
rocks worldwide are mostly devoid of fossils as life was unicellular for most time
and only macroscopic in the last stages. The shale-limestone series of the Bembe
System in Angola includes dolomitic limestones, mostly devoid of fossils, but con-
taining levels with concentrations of coalescent stromatolites (structures due to cya-
nophilic activity) attributable to the genera Collenia and Conophyton in Mavoio,
Alto Zambeze, and Humpata (Vasconcelos 1951; Antunes 1970; Duarte et al. 2014).
In Angola, no fossils are known from the Paleozoic (Cambrian through Permian
periods), which represents a time gap of more than 290 million years (Fig. 4.2).

The Triassic — Inner Basins

The Triassic is a geological period stretching from about 250 to 200 Ma. The begin-
ning and end of this interval are both marked by mass extinction events, the older
Permian-Triassic extinction event, concomitant with the Siberian Magmatic event,
marking the initiation of the Triassic Period. The vast supercontinent Pangea existed
until the Triassic, after which it gradually began to break-up apart, separating the
two masses of land, Laurasia to the north and Gondwana to the south. The global
climate during the Triassic Period was warm and dry, with deserts covering much of
the interior of Pangea. The end of the Triassic was marked by another major mass
extinction related with the Central Atlantic Magmatic Province and the early open-
ing of the North Atlantic. Therapsids (a large group containing mammals and their
extinct relatives) and archosaurs (dinosaurs, birds, crocodiles and their relatives)
were the major terrestrial vertebrates during this time. The dinosaurs first appeared
in the Triassic. The first true mammals, which are derived therapsids, evolved dur-
ing this period, as well as the first flying vertebrates, the pterosaurs.

Triassic outcrops of Angola are restricted to the Baixa de Cassange (Cassange
Depression) in Malanje and Lunda-Norte in rocks referred to the Karoo Supergroup
geological unit.

Plants and Invertebrates

The Triassic paleoflora of Angola includes the extinct genera Glossopteris,
Sphenopteris, and Noeggerathiopsis (Teixeira 1948a, 1961). A few fossils indicate
a freshwater environment and a Triassic age. These include the coleopteran
Coptoclavidae insect Coproclavia africana and 12 conchostracan crustaceans:
Estheriella moutai Leriche 1932, E. cassambensis Teixeira 1958, Estheria anchietai
Teixeira 1947, E. (Echinestheria) marimbensis Marliére 1950, E. (Euestheria) man-
galiensis Jones 1862, Palaeolimnadiopsis reali Teixeira 1958, Palaeolimnadia
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(Palaeolimnadia) wianamattensis (Mitchell), P. (Grandilimnadia) oesterleni Tasch
1987, P. (G.) africania Tasch 1987, Gabonestheria gabonensis (Marliére 1950),
Cornia angolata Tasch 1987, and Estheriina (Nudusia) cf. rewanensis Tasch 1979.

Vertebrates

The only Triassic vertebrates known from Angola are fishes, including the
Elasmobranchii Lissodus cassangensis, the paleoniscoids Perleidus lutoensis
Teixeira 1947, Palaeonisciformes canobiid Marquesia moutai, Halecostomi
Angolaichthys lerichei Teixeira, the ray-finned Teffichthys lehmani and T. lutoensis,
and the Sarcopterygii lungfish Microceratodus angolensis.

This faunal assemblage indicates a freshwater environment with insects and a
nearly exclusively endemic fauna. Based on the fishes, a Lower Triassic age (252—
247 Ma) is indicated for Lunda and Baixa de Cassange rocks (Murray 2000; Antunes
et al. 1990). No tetrapods have been collected so far.

The Early Cretaceous — The Opening of South Atlantic

Most of the fossils and outcrops of Cretaceous age in Angola are in Mesozoic-
Cenozoic basins of coastal Angola: the Cabinda, Zaire, Cuanza, Benguela, and
Namibe sedimentary basins (Antunes 1964; Séranne and Anka 2005; Guiraud et al.
2010), bordered by basement rocks. Almost all formations are mostly marine except
for the ichnofauna from the Catoca mine (Marzola et al. 2014; Mateus et al. 2017),
in Lunda-Sul. The oldest fossiliferous Cretaceous formations seen in outcrop seem
to be Barremian to Aptian lacustrine deposits that contain unidentified gastropods
(Ceraldi and Green 2016).

Plants, Protists and Invertebrates

Cretaceous plant remains in Angola seem to be rare (see Supplementary Material),
but several examples of unstudied field contexts with transitional facies, namely
above the Cuvo units, might come to reveal new fossil sites. The same situation is
likely for palynomorphs and dinoflagellates of Early Cretaceous and more recent
ages. Plants are known from pollen taxa such as Classopolis sp. and Eucommiidites
sp. Pachypteris montenegroi Teixeira 1948 is a Ginkgophyta Umkomasiaceae from
Early Albian lagoonal sediments of the Cuanza Basin (Teixeira 1948b; Antunes
1964; Neto 1970; Nunes 1991) and first found in Angola. One species of Chlorophyta,
one Cycadophyta, one Rhodophyceae, one Ginkgophyta, and two Pinophyta have
been reported from Cabinda, Benguela and Cuanza Basin (Antunes 1964; Neto
1970; Nunes 1991; Aradjo and Guimaraes 1992; Tavares 20006).
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More than 200 foraminifera taxa were identified in the Cretaceous of Angola,
and many indicate an Albian age, such as Globotruncana ventricosa (Rocha 1984;
Antunes and Cappetta 2002; Antunes 1964; Jacobs et al. 2006).

Crustaceans are known from the Decapoda Parapirimela angolensis Van Straelen
1937 from the Albian of Iela beach, Benguela Basin (Ferreira 1957; Van Straelen
1937; Antunes 1964) and the ostracods Chloridella angolia and Petrobrasia tenui-
striata longinsuela from Quigama, Cuanza Basin, (Berry 1939; Antunes 1964) and
Cabinda (Aratijo and Guimaraes 1992), respectively.

The Early Cretaceous of Angola yielded fossils of seven species of Scleractinean
corals, one of brachiopod and eight crustaceans.

Of the more than known 600 species of molluscs from the Cretaceous of Angola,
the vast majority are ammonites, many are unique to Angola and received related
specific epithets such as the Anisoceras teixeirai, Durnovarites autunesi Collignon
1978, Durnovarites netoi, Elobiceras lobitoense Spath 1922, Hamitoides angolanus
(Tavares 2006), followed by bivalves such as Neithea angoliensis Newton 1917, and
gastropods such as “Cerithium” monteroi Choffat. By far, the ammonites are the
most relevant portion of the Cretaceous biodiversity of Angola (Tavares et al. 2007,
Haas 1942, 1943) and also age-indicators for geologists and paleontologists. Haas
(1942) described and reported many ammonites from the Albian, some as new spe-
cies including Hysteroceras falcicostatum Haas 1942 and H. intermedium Haas
1942. See the Supplementary Material for the complete list.

Echinoderms, mostly echinoids, are remarkably common in the Early Cretaceous
of Angola, with about 50 taxa known, but that number depends on the validity and
synonymisation of the taxa addressed (see the Supplementary Material for the com-
plete list). A few echinoderms received names after Angolan toponyms and research-
ers such as the Douvillaster benguellensis Loriol 1888 and D. carvalhoi Loriol 1888
and Epiaster catumbelensis Loriol 1888, and Holaster domboensis Loriol 1888
from the Lower Cretaceous of Dombe Grande, Catumbela and Praia da Hanha
(Loriol 1888; Ferré and Granier 2001; Tavares 2006; Tavares et al. 2007).

Vertebrates

In the Catoca Diamond Mine, in Lunda-Sul Province, mammaliamorph, crocodylo-
morph, and sauropod tracks were discovered in Early Cretaceous crater lake sedi-
ments. One sauropod track has skin impressions preserved. These are the only fossil
vertebrate tracks known in Angola. The most surprising feature is the unexpectedly
large size of the mammaliamorph footprints considering the age (Mateus et al.
2017). The Catoca Diamond Mine has an eruption age of around 118 Ma (Aptian;
Robles-Cruz et al. 2012). A fragment of a caudal vertebra of a sauropod dinosaur
was recovered from Tzimbio, in northern Namibe, from strata that are likely Albian
in age.
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The Late Cretaceous — Marine Reptiles Flourish

The Late Cretaceous is the time of the Cretaceous Period between 100.5 Ma and 66
million years ago. It is subdivided into the Cenomanian, Turonian, Coniacian,
Santonian, Campanian and Maastrichtian ages, from the oldest to the most recent.
The climate was warmer than present, although with a cooling trend throughout the
period. In the oceans, where the sea-level was much higher than today, mosasaurs (a
group of marine lizards) suddenly appeared and underwent a spectacular evolution-
ary radiation (Polcyn et al. 2014). Modern grade sharks also appeared and plesio-
saurs diversified. These predators fed on the numerous teleost fishes, which in turn
evolved into new advanced and modern forms (Neoteleostei). Ichthyosaurs and
pliosaurs (a group of short-necked plesiosaurs), on the other hand, became extinct
during the Cenomanian-Turonian anoxic event (Schlanger et al. 1987) and are not
known from Angola. The end of Cretaceous is marked by the mass extinction of
some three-quarters of plant and animal species on Earth, known as the Cretaceous-
Paleogene (K/Pg) event (Archibald et al. 2010).

Protists and Invertebrates

The Late Cretaceous Foraminifera of Angola were studied by various researchers
including Ferreira and Rocha (1957), Lapao and Simdes (1972), Rocha (1984) and
Blake et al. (1996) who list more than 180 taxa. Foraminifera are known from 15
taxa of Granuloreticulosea, such as the Gavelinellidae Anomalia berthelini from the
Aptian to Cenomanian of Cabinda, Cuanza and Benguela Basins (Aratjo and
Guimariaes 1992; Rocha 1984).

Molluscs of the Late Cretaceous count more than 240 known taxa, mostly ammo-
nites (see Supplementary Material for the full list). Some were named after Angolan
toponyms or after paleontologists that worked in Angola (Borges 1946; Carvalho
1961; Haas 1943; Howarth 1965; Cooper 1972, 1982; Cooper and Kennedy 1979):
Acera choffati Rennie 1945, Axonoceras angolanum Haas 1943, Didymoceras cf.
angolaense Haughton 1924 (Howarth 1965), Eutrephoceras egitoense Miller and
Carpenter 1956, Kitchinites angolaensis Howarth 1965, Libycoceras dandense
Howarth 1965, Lucina egitoensis Rennie 1945, L. angolensis Rennie 1929,
Mammites mocamedensis Howarth 1966, Nostoceras mariatheresianum Haas 1943,
Oiophyllites angolaensis Spath 1953, Prionocyclus carvalhoi Howarth 1966,
Protacanthoceras angolaense Spath 1931, Prohysteroceras hanhaense (Haas
1942), P. angolaense (Boule et al. 1907), Protocardia moutai Rennie 1945,
Pseudocalycoceras angolaense (Spath 1931), Pseudomelania salenasensis Rennie,
Pterotrigonia borgesi Rennie 1945, Mortoniceras (Angolaites) stolikzcai (Spath
1922), Mortoniceras (?) rochai Collignon 1978, M. (Deiradoceras) reali Collignon
1978, Collignoniceras (Selwynoceras) reali Collignon 1978, and Solenoceras
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bembense Haas 1943. The ammonites are found in almost all Upper Cretaceous sec-
tions, including those of the Quissonde Formation from the beaches of Quimbala,
Chamure, Cabega da Baleia, Egito in Benguela Basin, Teba, Bembe in Cuanza
Basin, Bentiaba and Salinas in Namibe, and Iembe in Bengo Province (Segundo
et al. 2014).

Rennie (1945) describes ten species of gastropods and bivalves from Cabeca da
Baleia, Egito-Praia: Trigonia (Scabrotrigonia) borgesi, Lucina egitoensis,
Protocardia moutai, Pseudomelania egitoensis, Confusiscala angolensis, Acirsa
(Plesioacirsa?) egitoensis, Dicroloma (Perissoptera) o’donnelli, Paleopsephaea
o’donnelli, Acera choffati, and Ringicula moutai (Lapao and Pereira 1971).

More than ten echinoderm taxa are known from the Late Cretaceous of Angola,
mostly echinoids, some received Angola-related names, such as the Toxasteridae
Epiaster angolensis Haughton 1924, collected 150 m below the Itombe Formation
at Zenza do Itombe, and E. carvalhoi Dartevelle 1953 (Haughton 1924; Kier and
Lawson 1978; Néraudeau and Mathey 2000), Leiostomaster angolanus Greyling
and Cooper 1995, Palacostomatidae and Tholaster carvalhoi Greyling and Cooper
1995, and Holasteridae from the Middle Campanian of Egito Praia, near Quimbala.

Vertebrates

In Angola, a peak of vertebrate paleobiodiversity is observed in the Late Cretaceous,
with more than 100 taxa recognised (Antunes 1964; Antunes and Cappetta 2002;
Jacobs et al. 2006, 2009, 2016). This peak is in comparison with other time intervals
and is likely an artifact of the inadequacies of the fossil record rather than a state-
ment of biological reality. Most known Late Cretaceous sedimentary rocks from
Angola are marine, thus the fossil assemblage also reflects this ecosystem. Non-
marine organisms are occasionally drifted into a marine setting, including the sau-
ropod dinosaur Angolatitan adamastor Mateus et al. (2011) from Iembe, in Bengo
Province, originally considered Turonian in age but following the discovery of the
ammonite Protexanites sp. at lembe, it is now considered Coniacian. Pterosaurs are
known from the Maastrichtian marine sediments of Bentiaba, in Namibe Province.
Angolatitan adamastor is the first dinosaur found in Angola. Its generic name means
‘Titan of Angola’ and the specific name refers to Adamastor made famous by Luis
de Camdes in the Lusiadas. It was 13 m long and lived in an arid environment
(Mateus et al. 2011). A number of bones of large flying reptiles, pterosaurs, col-
lected in the marine sediments of the Maastrichtian of Bentiaba are the only know
pterosaur remains in sub-saharian Africa for this stage.

The fossil record of chondrichthyans shows a peak in Late Cretaceous deposits
with 64 species known, including taxa only known in Angola or with Angolan top-
onyms such as Angolabatis angolensis, A. benguelaensis, Chlamydoselachus graci-
lis, Cretascymnus quimbalaensis, and Echinorhinus lapaoi named by Antunes and
Cappetta (2002). The diversity of chondrichthyans includes representatives of most
of the Cretaceous lineages: Hexanchiformes, Squaliformes, Rajiformes, Orectolo-
biformes, Odontaspidida, Lamniformes, Carcharhiniformes, and Squaliformes
(Antunes and Cappetta 2002).
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In contrast to the diversity of chondrichthyans, the Late Cretaceous bony ray-
finned fish from Angola are represented by ten taxa only, most likely due to the
difficulty of identification of isolated remains, in comparison with the abundance of
shark and ray teeth. The teleost genus Enchodus is known from various species
(Enchodus bursauxi, E. crenulatus, E. elegans, E. faujasi and E. libycus). Other
teleosts include Eodiaphyodus lerichei, Pseudoegertonia bebianoi, and Stephanodus
libycus from the Late Campanian and Maastrichtian in Benguela and Namibe prov-
inces (Antunes and Cappetta 2002) (Fig. 4.3).

Two Upper Cretaceous fossil localities from Angola are remarkably rich in large
reptiles: Iembe in Bengo Province (Fig. 4.4) of Coniacian age (~88 Ma), and
Bentiaba in Namibe (Maastrichtian). The Coniacian provided the bizarre duropha-
gous cryptodiran turtle Angolachelys mbaxi Mateus et al. (2009) that justified the
erection of its own clade Angolachelonia, and the sauropod dinosaur Angolatitan
adamastor. Indeterminate plesiosaur remains have also been recovered from this
region. Mosasaurs are represented by Angolasaurus bocagei (Fig. 4.3), Tylosaurus
iembeensis Antunes (1964) and an indeterminate halisaurine.

The richest vertebrate locality in Angola is near Bentiaba in Namibe province
(Strganac et al. 2014, 2015a, b). The reptile list includes the cheloniid turtles
Euclastes sp., Protostega sp. and Toxochelys sp. Terrestrial reptiles include isolated
remains that allow undetermined large pterosaurs, an undetermined sauropod based
on a metapodial, and a possible hadrosaur based on an isolated phalanx (Mateus
et al. 2012). The squamate mosasaurs are, by far, the most abundant and speciose
group of tetrapods, and include Globidens phosphaticus, Prognathodon kianda,
Halisaurus sp., Mosasaurus sp., Phosphorosaurus sp., and ‘Platecarpus’ ptychodon
(Polcyn et al. 2007, 2010, 2014; Schulp et al. 2006, 2008, 2013). The plesiosaur

Fig. 4.3 The mosasaur Angolasaurus bocagei skull and anterior postcrania (Museum of Geology,
Universidade Agostinho Neto). (Photo: Hillsman Jackson, Southern Methodist University)
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Fig. 4.4 Reconstruction of the fauna during the Late Cretaceous, based on the Coniacian fauna of
Iembe. Illustration using acrylic painting with brush by Fabio Pastori

Elasmosauridae are also abundant at Bentiaba where two taxa are known:
Aristonectinae indet. and Cardiocorax mukulu (Aradjo et al. 2015a, b).

The Paleogene — Mammals Take Over

The Paleogene Period begins at the end of the Cretaceous (66 Ma) and lasted until
the Neogene Period 23.03 Ma. The Paleogene is the interval of Earth’s history in
which mammals diversified and flourished after the K/Pg mass extinction, when
most large reptiles, and belemnites and ammonites went extinct. There is a dearth of
terrestrial vertebrates, especially mammals, from the Paleogene of Angola. During
the global Paleocene-Eocene Thermal Maximum (PETM), 55.8 million years ago,
there occurred a sudden change of the climate that marked the end of the Paleocene
and the beginning of the Eocene, one of the most significant periods of climate
change in the Cenozoic era (Zachos et al. 2005). The best known Paleogene geo-
logic section in Angola is that of Landana in Cabinda Province. A recent study of
the Paleocene and Eocene biota and strata of Landana indicated that the PETM is
missing from that section, either because the event was too short to be recorded at
the sampling interval used or that it falls within one of the several stratigraphic gaps
documented in the Landana section (Solé et al. 2018).
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Protista and Invertebrates

Among the protists, foraminifera stand out as the most important and well-known
taxonomic group in the Angolan marine series of Paleogene age, due to their impor-
tance for biostratigraphic correlations in offshore oil drilling and their equivalence
with landward outcrops. Important works include those of Rocha (1973) and Kender
et al. (2008), which include many Eocene and Oligocene characteristic taxa such as:
Cyclammina cf. compressa, Nonion centrosulcatum, Cassidulina subglobosa,
Globigerina ampliapertura, Bolivina cf. pygmaea, Bulimina alsatica, B. kackso-
nensis and B. nkomi.

In the Paleogene of Angola, molluscs remain the most speciose clade of inverte-
brates, comprising at least three nautiloids, 14 bivalves, and 21 gastropods (see
Supplementary Material). The bivalves are mainly known from the Eocene
(Lutetian) Quimbriz Formation along the Luculo River (Tavares et al. 2007) and
include Leda africae, Noetia veatchi, ‘Cardium’luculensis, ‘C.’ sandigii, Crassatella
schoonoverae, Lucina cf. landanensis, Macrocallista palmerae, Metis olssoni, Pitar
quimbrizensis, P. quipayensis, Protonoetia nigeriensis, Raetomya schweinfurthi,
Venericardia angolae, and V. heroyi (Tavares et al. 2007). The three nautiloids are
Cimomia landanensis, Deltoidonautilus caheni, Hercoglossa diderrichi from the
Danian of Cabinda Basin, Landana (Soares 1965), and the gastropods are also
mainly known from the Eocene, Lutetian of Luculo River (Tavares et al. 2007):
Ficula roscheni, Fulguroficus harrisi, Pleurotoma angolae, P. rebeccae, Polinices
(Neverita) angolae, Ringicula hughesae, Sinum dusenberryi, Surcula cf. ingens,
and Turricula (Knefastia) angolensis.

Other groups such as Anthozoa, Arthropoda and Echinodermata, exist but are
low in numbers (Dartevelle 1953).

Vertebrates

Paleogene marine sediments have been studied mostly in the Benguela Basin and in
Cabinda. Adnet et al. (2009) recognized a new species of Eocene lamniform shark,
Xiphodolamia serrata, from Benguela. Sharks and bony fishes from Cabinda have
been listed by Sol€ et al. (2018), and Taverne (2016) has provided new information
about osteoglossid fishes from Landana. The tetrapods from the Paleogene of
Angola are mostly from the fossil sites of Landana (Sol€ et al. 2018) and Malembo
in Cabinda. The section begins with Lower Paleocene strata at Landana. Reptiles
comprise the dyrosaurid crocodylomorph Congosaurus bequaerti, and indetermi-
nate crocodilians (Jouve and Schwarz 2004; Schwarz 2003; Schwarz et al. 2006),
the turtles Taphrosphys congolensis, a toxochelyid, and Cabindachelys landanensis
(Myers et al. 2017). Along the Chiloango River, Cabinda, a vertebra of the snake
Palaeophis was reported by Antunes (1964).

The youngest portion of the Cabinda section is at Malembo Point, south of
Landana, which was originally considered Miocene. The Malembo mammal fauna
is comparable to the Early Oligocene fauna of the Fayum, Egypt because of the
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presence of the embrithopod Arsinoitherium, hyracoids such as Geniohyus aff.
Mirus and Bunohyrax aff. Fajumensis, the proboscidean cf. Phiomia or
Hemimastodon, the sirenian Halitherium, and a reported anthropoid canine (Hooijer
1963; Pickford 1986; Jacobs et al. 2016). Recent findings by Projecto PaleoAngola
in Malembo include a ptolemaiidan molar more similar to Kelba from the Miocene
of Songhor, Kenya (19.5 Ma) than to Fayum Pfolemaia, and an isolated premolar
tooth of a large primate comparable in size to that of a female gorilla, likely an
undescribed taxon (Jacobs et al. 2016), and not representing any of the numerous
Fayum primate taxa. In addition, Arsinoitherium is now known from the latest
Oligocene of Kenya. The presence of a Kelba-like ptolemaiadan, a unique primate,
and Arsinoitherium may indicate a latest Oligocene or even earliest Miocene age for
Malembo Point. The assemblage certainly has differences from the Fatum fauna and
may indicate the presence of a lowland West Africa faunal province near the
Paleogene-Neogene boundary in age and distinct from other regions such as the
East African Rift Valley or the Fayum.

The Neogene — The Founding of Modern Biodiversity

The Neogene began about 23 Ma and extends until the Pleistocene (1.8 Ma). It is
divided into Miocene (23 Ma to 5.3 Ma) and Pliocene (5.3 Ma to 2.6 Ma), from the
oldest to the more recent. This period saw the expansion of the large mammals, and
the appearance of hominids. In the Miocene the climate warms again and grasslands
and savannas spread. In the Pliocene, the Earth had become similar to the one we
know today.

Protists and Invertebrates

The Neogene foraminifera of the Angolan coastal basins, including those from the
Miocene Quifandongo series of the Cuanza Basin, are known from a diversity of
planktonic and benthic taxa widely used in oil industry offshore correlations or as
palaeoenvironmental indicators. Rocha (1957), Graham et al. (1965), Mcmillan and
Fourie (1999) and Kender et al. (2009), among others describe the essentials of
these West African foraminiferal assemblages, which include planktonic taxa such
as Globigerina praebulloides, Globigerinella obesa, Globigerinoides bisphericus,
G. immaturus, G. trilobus, Globorotalia peripheroronda and Orbulina bilobata.
Invertebrates are surprisingly poorly known and comprise, at least, the nautiloid
mollusc Aturia luculoensis, the decapod crustacean Callianassa floridana from the
Miocene Burdigalian of Cabinda Basin (Newton 1917), several taxa of Miocene
echinoid echinoderms such as Clypeaster borgesi, Echinolampas antunesi, Rotula
deciesdigitata, Rotuloidea vieirai, Amphiope neuparthi, and Plagiobrissus sp.
(Loriol 1905; Dartevelle 1953; Gongalves 1971; Kroh 2010; Silva and Pereira 2014;
Pereira and Stara 2018), and two species of anthozoan corals Flabellum extensum
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and Stylophora raristella (Chevalier 1970). Nevertheless, bivalve and gastropod
molluscs are undoubtedly the most diverse and abundant invertebrate taxa of the
marine Neogene of Luanda, Benguela and Namibe, with several rich fossil sites,
some of them presently in course of study. The molluscan faunas of these coastal
basin areas, including new species such as Pereiraea africana, Clavatula loandensis
or Chlamys silvai Antunes (1964), were the focus of Douvillé (1933), Keller (1934),
Dartevelle (1952, 1953), Dartevelle and Roger (1954), Soares (1961, 1962), Silva
(1962), Silva and Soares (1962), Antunes (1964), and more recently Antunes
(1984), Lozouet and Gourgues (1995), among others.

Vertebrates

Mammals are known from Benguela and the Cuanza provinces where Projecto
PaleoAngola collected skulls of fossil baleen whales. An odontocete has also been
found from Barra da Cuanza.

In Angola the most abundant group of Neogene vertebrates are the
Elasmobranchii chondrichthyans (18 taxa; see Supplementary Material). The
following taxa are from the Pliocene of Farol das Lagostas (Cuanza Basin):
Aetobatus, Carcharhinus egertoni, Carcharhinus priscus, Carcharias taurus,
Carcharocles megalodon, Carcharodon carcharias, Galeocerdo cuvier,
Hemipristis serra, Isurus benedeni, Isurus oxyrinchus, Mitsukurina, Myliobatis,
Negaprion brevirostris, Paragaleus, Pristis, Pteromylaeus bovina, Rhinoptera
brasiliensis, and Sphyrna zygaena (Antunes 1964). Five bony fishes are known,
the actinopterygians Cybium, Sparus, Sphyraena barracuda, Tachysurus, and
Tetrodon.

The Quaternary — The Dominance of Humans

The Quaternary (2.6 Ma to present, including the Pleistocene and Holocene) is the
third geological period of the Cenozoic era and the most recent in the geological
time scale. This period is characterised by the return of glaciations at higher eleva-
tions and latitudes, the dominant role of the genus Homo in all terrestrial habitats
and the extinction of much of the megafauna.

Invertebrates

In Angola, the Quaternary biodiversity is again marked by the high number of mol-
lusc taxa (73 or more), of which 29 are bivalves such as Arcopsis afra, Barbatia
complanata, Cardium indicum, Chama crenulata, Glycymeris concentrica, Lutraria
senegalensis, Noetiella congoensis, Ungulina cuneata from the Middle Pleistocene
of Pipas (Namibe Basin) and 44 gastropods mainly known from Namibe Basin,
such as Cantharus viverratus, Columbella adansoni, Conus babaensis, Siphonaria
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capensis, and Terebra senegalensis (Miller and Carpenter 1956; Sessa et al. 2013).
Other invertebrates such as corals, arthropods and echinoderms are known but
reduced to a handful of known taxa, such as Cladangia carvalhoi from the
Pleistocene of Salinas de Bero, Saco, Namibe (Wood 1973). In most situations they
occur in a variety of raised-beach and lagoonal deposits related to coastal uplift and
major sea-level changes (Carvalho 1961). The post-glacial Holocene is marked by
the accretion of sand-spits and deltaic facies with rich coquinas, including the
bivalve Senilia senilis as a typical species (Dinis et al. 2016). See Supplementary
Material for the updated list.

Vertebrates

A remarkable fossilized jaw (dentary bone) of Blue Whale Balaenoptera musculus
present in the Museu Nacional de Historia Natural in Luanda measuring nearly
seven meters in length is not only the largest known fossilized bone but also one of
the largest whales, thus animals, ever recorded. Large land mammals, including
Bubalus, Syncerus cf. nanus Boddaert; Phacochoerus sp., Equus, Hippotigris cf.
zebra have been reported from the site called Cemitério dos Ossos, north of Luanda
(Antunes 1961).

The caves of Humpata, in Huila Province, in southern Angola, are formed in
Chela Dolomite that hosts fossiliferous caves and fissures (Amaral 1973; Antunes
1965; Arambourg and Mouta 1952; Franga 1964; Mouta 1950). Pickford et al.
(1990, 1992, 1994) listed taxa of mammals from the Humpata Caves. These include
the insectivore Crocidura, a Macroscelididae, the chiropteran Rhinolophus,
Miniopterus, Nycteris, 19 genera of rodents (Uranomys, Acomys, Dasymys,
Aethomys, Thallomys, Zelotomys, Mus, Pelomys, Malacomys, Praomys,
Grammomys, Dendromus, Steatomys, Petromyscus, Tatera, Otomys, Cryptomys,
Graphiurus, and Hystrix), the lagomorph Serengetilagus, Mustelidae, Viverridae,
Canidae, and the Hyaenidae cf. Chasmoporthetes, the Hyracoidea Gigantohyrax
and Procavia, Rhinocerotidae, Equidae, Suidae Metridiochoerus andrewsi and the
Bovidae Hippotragini and Connochaetes.

The most thoroughly studied of the Humpata fossils are those of the extinct
baboon. Cercopithecid primates from Humpata caves include Soromandrillus qua-
dratirostris, cf. Theropithecus sp., and Cercopithecoides sp. (dated as ca. 2.0-
3.0 Ma) (Minkoff 1972; Jablonski 1994; Jablonski and Frost 2010; Gilbert 2013).

Pleistocene deposits in Namibe provided remains of fossilized ostrich Struthio
eggshells, artiodactyl bones and numerous human artifacts - including Acheulean
hand axes (amygdaloid bifaces) suggesting the presence of early humans, such as
Homo ergaster or H. erectus, whereas bones of early humans are not known in
Angola.
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Final Remarks on the Fossil Record and Paleobiodiversity

Measuring paleobiodiversity is challenging due to the sparse and limited availabil-
ity of data, compared with modern extant faunas. The paleobiodiversity of Angola
is mostly known from Cretaceous and Cenozoic fossils that comprise 90% or more
of all known fossil records of Angolan taxa (see Table 4.1 and Supplementary
Material). The vast preponderance of the fossil taxa is marine which is consistent
with the geological settings and paleogeography, related to the opening of the South
Atlantic and repeated inundation of the Angolan continental margin.

For this study, we compiled a list of taxa using species, genus or the lowest
known taxonomical clade reported in the scientific literature for Angola (see
Supplementary Material). Of the resulting list of more than 1300 fossil taxa, many
may require systematic revision and the final number will depend on the validity of
the taxonomy.

By far the most speciose group are the molluscs (about 61% of taxa, more than
half being Cretaceous ammonites) and Cretaceous foraminiferans (16%), followed
by vertebrates with about 15% of taxa. Chondrichthyes and mammals represent 6%
and 5% of taxa, respectively.

About 10% of vertebrate taxa listed are unique or were first recognised in Angola,
most of them receiving species names after localities in Angola or of geologists that
worked in the country. According to current knowledge, at least 67 taxa (6.1%) of
invertebrates are endemic or were first mentioned from Angola.
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Chapter 5
The Flora of Angola: Collectors, Richness
and Endemism

Check for
updates

David J. Goyder and Francisco Maiato P. Gongalves

Abstract Angola is botanically rich and floristically diverse, but is still very
unevenly explored with very few collections from the eastern half of the country.
We present an overview of historical and current botanical activity in Angola, and
point to some areas of future research. Approximately 6850 species are native to
Angola and the level of endemism is around 14.8%. An additional 230 naturalised
species have been recorded, four of which are regarded as highly invasive. We draw
attention to the paucity of [UCN Red List assessments of extinction risk for Angolan
vascular plants and note that the endemic aquatic genus Angolaea (Podostemaceae),
not currently assessed, is at high risk of extinction as a result of dams built on the
Cuanza river for hydro-electric power generation. Recent initiatives to document
areas of high conservation concern have added many new country and provincial
records and are starting to fill geographic gaps in collections coverage.
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History of Botanical Exploration in Angola

It appears that the earliest extant botanical collections from Angola date from either
1669 (Exell 1939; Martins 1994) or more probably 1696 (Dandy 1958; Exell 1962;
Mendonga 1962; Figueiredo et al. 2008), and were made by Mason in the Luanda
region, and by John Kirckwood in Cabinda. These reached Hans Sloane whose
plant and insect collections formed the core of the British Museum (now the Natural
History Museum), London, via James Petiver who encouraged surgeons on English
ships to send him natural history collections from their overseas travels. Other Pre-
Linnean collections from Angola in the Sloane Herbarium were made by Gladman
and William Browne (Fig. 5.1). The earliest known Portuguese collector was the
naturalist Joaquim José da Silva, who collected along the Angolan coast and the
western escarpment between 1783 and 1804. This material was taken from Lisbon
to Paris, where it now resides, in 1808 during the Napoleonic Peninsula War
(Mendonca 1962; Figueiredo et al. 2008).

Mendonga (1962) presents a historical account of plant collectors in Angola, giv-
ing helpful insights to the itineraries of a number of early expeditions. A more com-
plete list of collectors is given by Figueiredo et al. (2008), which volume also
includes a useful listing of references relevant to the study of the flora of Angola.

Fig. 5.1 One of the
earliest herbarium
specimens collected in
Angola, in 1706 or 1707,
by W Browne and now
housed in the Sloane
Herbarium at the Natural
History Museum in
London. The New World
starch crop — cassava
Manihot esculenta
(Euphorbiaceae)
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Most eighteenth and early nineteenth century explorers visited only coastal
regions of Angola, but by the 1850s, botanists and explorers were starting to
document plants from more elevated parts of the interior. Friedrich Welwitsch, who
spent 6 years in Angola, amassed over 8000 collections of plants representing
around 5000 species, of which around 1000 were new to science (Albuquerque
2008; Albuquerque et al. 2009; Albuquerque and Figueirda 2018). He spent his first
year in Angola in the coastal zone between the mouth of the Rio Sembo (‘Quizembo”)
just north of Ambriz, and the mouth of the Cuanza. In September 1854 he embarked
on a three-year excursion, initially following the Bengo River and reaching Golungo
Alto (Cuanza-Norte). He based himself eventually at Sange from where he made
excursions to Ndalatando (‘Cazengo’) and the banks of the Luinha. In October 1856
he arrived at Pungo Andongo (Malange) where he was based for the next eight
months, making collections from Pedras Negras, Pedras de Guinga and localities
along the Cuanza River — the furthest point he reached upstream was Quissonde,
south of Malange. After an extended period back in Luanda, he headed south via
Benguela to Namibe (‘Little Fish Bay’) in June 1859, gradually extending his
journeys along the coast to Cabo Negro, the port of Pinda (probably Témbua) and
Bafa dos Tigres. In October 1859 he headed inland from Namibe, following the Rio
Giraul (‘Maiombo river’) to Bumbo on the slopes of the Serra da Chela. He was
based at Lopollo on the Huila plateau until 1860. In 1866, José Anchieta moved to
Angola and was based at Caconda on the Huila plateau. And by the 1880s,
missionaries such as José Maria Antunes and Eugeéne Dekindt, and collectors such
as Francisco Newton and Henry Johnston were also making significant collections
from this region.

Three nineteenth century German expeditions to the Congo travelled through
Angola — Pechuél-Losche’s 1873 Loango Expedition with Paul Giissfeldt and
Hermann Soyaux started from Cabinda; Pogge, Buchner and Wissmann’s Cassai
Expedition made collections from Malange and the Lundas (Mona Quimbundo,
Saurimo, Cuango River) in 1876; while Teucsz and Mechow’s Cuango Expedition
made collections from Dondo (Cuanza-Norte), Pungo Andongo and Malange
(Malange), and the Cuango river (Uige) in 1879-1881. A fourth German expedition,
the Kunene-Sambesi Expedition, left Namibe on 11 August 1899 and travelled east,
through present-day Cunene and Cuando Cubango provinces, reaching the Cuando
River in March 1900 before returning to Namibe in June of that year. Over 1000
collections were made on this expedition by the botanist Hugo Baum (Warburg
1903; Figueiredo et al. 2009b).

The first half of the twentieth century was dominated by the efforts of Kew-
trained Swiss botanist John Gossweiler who in the course of 50 years’ work collected
in all of Angola’s provinces, and amassed over 14,000 collections. His final 2 years’
collections, in 1946 and 1948, were from the remote northeast of the country, and
formed the basis of Cavaco’s Flora of Lunda (Cavaco 1959). Other significant
colonial era collectors included Portuguese and British participants of the Missées
Botanicas such as Luiz Carrisso, Francisco Mendonga, Arthur Exell and Francisco
de Sousa (as well as John Gossweiler), whose work formed the basis of early parts
of the Conspectus Florae Angolensis, and the first vegetation map of Angola
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Fig. 5.2 Time lapse of botanical collecting history across tropical Africa. The map represents the
date of the first botanical collection made within each 0.5° sampling unit. Dashed lines represent
the limits for tropical Africa as defined by Sosef et al. (Used with permission from Sosef et al.
2017: http://rainbio.cesab.org)

(Gossweiler and Mendonca 1939). There are too many other collectors from 1950—
1975 to list (see Figueiredo et al. 2008), but two specialist collections are here
noted — Hans Hess’s aquatic and wetland plants from many of the rivers of western
Angola in 1950-1952 are now housed principally in Zurich, and Larry Leach and
IC Cannell who travelled up the arid and semi-arid coastal plain between 1967 and
1973, focussed mostly on the succulent flora. After Angolan independence in 1975
and the commencement of the long-running civil war, collection of plants essen-
tially ground to a halt until the end of the twentieth century. Several recent collect-
ing programmes will be described in a later section of this paper. Despite Gossweiler
and his successor Brito Teixeira’s efforts to survey little known regions of Angola,
plant collection coverage and intensity is skewed heavily to the western half of the
country, and large parts of Moxico, Cuando Cubango, the Lundas and Uige are still
devoid of collections (Sosef et al. 2017: Fig. 5.2; http://rainbio.cesab.org).

Floristic Diversity and Endemism

Under the leadership of Estrela Figueiredo and Gideon Smith, thirty-two authors
from around the world compiled the first checklist of vascular plants for Angola
(Figueiredo and Smith 2008; Smith and Figueiredo 2017). A total of 6735 native
species were recorded with an additional 226 non-native species. The exotic flora of
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Angola was documented by Gossweiler (1948, 1949, 1950). Four of these alien spe-
cies pose particular threats as they are highly invasive in Angola (Rejmdanek et al.
2017). Forty-four additional species have been described or entered onto the
International Plant Names Index since publication of Figueiredo and Smith (2008),
and inventories in Lunda-Norte (see below) and elsewhere added a further 70 or so
species to the Angolan list. So the current estimate of the vascular plants native to
Angola is around 6850 species. Current accepted nomenclature for plants can be
checked on the African Plants Database (2018), and local plant names in Gossweiler
(1953) and Figueiredo and Smith (2012).

Figueiredo et al. (2009a) reported that 997 species (14.8%) are endemic to the
country. This percentage is considerably lower than the estimate of 27.3% by Exell
and Gongalves (1973) based on a limited sample of the flora, or studies of individual
families of plants where 19% of both Rubiaceae (Figueiredo 2008) and legume
species (Soares et al. 2009) were recorded as endemics. Several genera are endemic
to Angola, including Calanda K.Schum. and Ganguelia Robbr. (Rubiaceae);
Carrissoa Baker f. (Leguminosae); and Angolaea Wedd. (Podostemaceae) — the
latter now possibly extinct as it was described from the Cambambe rapids on the
now heavily dammed Cuanza River.

Legumes (934 spp.), grasses (526 spp.), Compositae (463 spp.) and Rubiaceae
(444 spp.) are the most diverse families in the flora, and Crotalaria L. and Euphorbia
L. each have more than 40 Angolan endemic species.

Two of the six tropical African centres of endemism identified by Linder (2001)
fall partially or entirely within Angola. A recent analysis of RAINBIO data
(Droissart et al. 2018) identifies the western Angolan highlands as a distinct floristic
bioregion, although the limited data preclude statements on the remainder of the
country. The Huila plateau consistently stands out as being rich in endemic species
(Exell and Gongalves 1973, Brenan 1978: 472, Linder 2001) and Soares et al.
(2009) record 83 endemic legumes from the province. For Rubiaceae, Cabinda has
the highest level of diversity with 175 species, but Huila possesses the most
endemics (Figueiredo 2008). Figueiredo (2008) also demonstrates that for
Rubiaceae, Huila is the most intensively collected province. However, our experience
is that many of these collections have not necessarily been well studied. Clark et al.
(2011) state that the western highlands of Angola comprise the least well-
documented stretch of the Great Escarpment of southern Africa.

The western margin of the Huila Plateau reaches its highest elevation along the
Lubango Escarpment of the Serra da Chela and runs in a southwesterly direction
from near Tundavala c. 15 km NW of Lubango to Bimbe c. 20 km NW of Humpata.
It reaches a height of just over 2200 m and Goyder et al. (in prep.) estimate around
200 species are endemic to this area. However, as other mountains further to the
north are surveyed botanically, some of these supposed local endemics may prove
to be more widely distributed than currently thought.

Linder’s (2001) second area of high species diversity and endemism, the
Zambezi-Congo watershed, encompasses eastern Angola, northern Zambia and the
Katanga region of the DR Congo. This area has not been well documented in
Angola.
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Biogeography, Regional Centres of Endemism and Vegetation

With its extremes of landform, climate and rainfall, Angola is host to six of White’s
(1983) phytochoria, or regional centres of endemism.

Outliers of the Guineo-Congolian forests in Cabinda, Uige and Cuanza-Norte
are progressively smaller in area to the south, ending in the isolated coffee forests of
Gabela and Cumbira in Cuanza-Sul. The northward-draining tributaries of the
Cuango and Cassai rivers in Uige and Lunda-Norte have fingers of pure Congolian
forest along them. However, much of northern Angola forms a transition zone
between Guineo-Congolian vegetation and Zambezian — the latter covers the rest of
the country with the exception of the fragmented Afromontane centre of endemism
at higher elevations, and the more arid Karoo-Namib and Kalahari-Highveld zones
in the southwest.

Geologically, the eastern half of Angola is notable for its deep deposits of
Kalahari sand, while to the west crystalline rocks predominate. Marine sediments
and recent sands cover the coastal plain (Huntley and Matos 1994; Huntley 2019).
The coastal plain is arid in the south due to the cold, upwelling Benguela current,
and semi-arid further to the north. Most of the rainfall occurs on the escarpment and
the plateau, again with a steady increase to the north. Central Angolan headwaters
of major river systems drain into the Okavango (Cuito and Cubango), the Indian
Ocean (Cuando, Lungué Bungo and Zambezi) and the Atlantic (Cassai, Cuango,
Cuanza and Cunene).

The standard work for vegetation is Barbosa’s (1970) Carta Fitogeogrdfica de
Angola which recognises 32 vegetation types ranging from desert to moist evergreen
and swamp forests. Huntley and Matos (1994) present a concise summary. Barbosa’s
vegetation map built on the painstaking pioneering work of Gossweiler and
Mendonga (1939) — a major contribution that reached a wider audience through the
extended English summary by Airy-Shaw (1947).

Angola has a diverse seaweed flora and 169 species have been recorded (Lawson
et al. 1975; Anderson et al. 2012). Biogeographically, Angola’s marine algae group
with those of tropical West Africa, but with a well-developed southern element from
around 13°S comprising mainly cooler-water species from the Benguela Marine
Province of Namibia and western South Africa.

Recent Botanical Survey Initiatives

In 1968, Angola had only three National Parks (Quicama, Cameia and Iona) and
two Nature reserves (Mupa and Luando), plus a number of forest and game reserves
(Teixeira 1968a). Between 1971 and 1975 a programme of field surveys was
undertaken to identify areas of high importance for biodiversity conservation
(Huntley 1973, 1974; Huntley and Matos 1994). These were supplemented by
fieldwork in Huila, Namibe, Cuanza-Sul and Huambo (Huntley 2009; Mills et al.
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2011), and synthesised into an °‘Angolan Protected Area Expansion Strategy —
APAES’ (Huntley 2010). The APAES report was submitted to the Angolan Ministry
of Environment in 2010, and formed the basis for the proposals approved by the
Angolan Conselho do Ministros on 28th April 2011 (GoA 2011).

Much of the recent botanical activity in Angola has focused on the eleven areas
highlighted in this conservation planning document. The areas proposed for
protection were: Maiombe (Cabinda), Serra do Pingano (Uige), Lagoa Carumbo
(Lunda-Norte), Serra Mbango (Malange), Gabela and Cumbira Forests (Cuanza-
Sul), Morro Namba (Cuanza-Sul), Morro Moco (Huambo) Serra da Neve (Namibe),
Serrada Chela (Huila) and Luiana (Cuando Cubango). A listing of post-Independence
botanical collectors in Angola is given in Appendix, following the format used for
earlier collectors used by Figueiredo et al. (2008).

A collaborative Rapid Biodiversity Assessment and training expedition to the
Huila Plateau and to Iona National Park, with 30 scientific participants from 10
countries and with 15 Angolan students, was convened in 2009. Over 2700 botanical
collections were made and deposited in the National Herbarium, Pretoria with
duplicates deposited in the ISCED-Huila Herbarium in Lubango (Huntley 2009).

In northern Angola botanical surveys have been initiated in the moist coffee for-
ests of Serra do Pingano, and more widely in Uige Province, by a team from Dresden
in cooperation with the Universidade Kimpa Vita (Lautenschldger and Neinhuis
2014; Neinhuis and Lautenschldager 2014). These have resulted in a revised list of
bryophytes for Angola (Miiller 2014; Miiller et al. 2018), the description of new
species of vascular plant (Abrahamczyk et al. 2016), and ethnobotanical assess-
ments (Gohre et al. 2016; Mawunu et al. 2016; Heinze et al. 2017; Lautenschlédger
et al. 2018). In total, about 820 species were identified; several of these are new
records for Angola.

Lagoa Carumbo and the Luxico, Luele and Lovua valleys were surveyed by a
team from Kew, the Ministry of the Environment and Agostinho Neto University,
Luanda in 2011, and again in 2013, trebling the known flora of Lunda-Norte as
compared to Cavaco (1959) — the combined report documents 752 taxa including 72
additions to the flora of Angola, and 22 potential new species (Darbyshire et al.
2014; Cheek et al. 2015). This part of Lunda-Norte has Congolian swamp forest in
the river valleys, moist miombo woodland on the slopes, and Zambezian savanna
grasslands on the plateau.

The isolated patch of Guineo-Congolian forest at Cumbira was the subject of a
rapid botanical assessment with more than a hundred botanical specimens collected,
including new Guineo-Congolian records for Angola and species potentially new to
science (Goncalves and Goyder 2016).

Plants collected from Mount Namba are currently being studied by the Kew/
Lubango team — this work may inform studies on the Lubango Escarpment further
to the south. Both share a mosaic of Afromontane forest, grassland and miombo
woodland habitats, although most of Lubango’s woody vegetation is now heavily
degraded. Comparisons with the much better preserved vegetation on Mount Namba
might inform habitat restoration initiatives in the area.
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Serra da Neve and Serra da Chela were visited briefly in 2013 as part of a wider
floristic survey of the Angolan Escarpment led by a team from Rhodes University in
South Africa, ISCED-Huila in Lubango, and Kew. One or two new species have
been published from these collections (Hind and Goyder 2014), but wider analysis
of the flora is still on-going. Through the German-funded Southern African Science
Service Centre for Climate Change and Adaptive Land Management (SASSCAL)
project, researchers at the Lubango Herbarium are working on vegetation
classification of the woodlands of Huila Province, towards a new vegetation map for
the region (Chisingui et al. 2018). A checklist of the Huila flora is one of the expected
early outputs.

In addition to the Protected Areas Expansion Strategy sites mentioned above,
three cross-border initiatives have focused on the catchment of the Okavango system
in Angola, Namibia and Botswana in recent years. Botswana’s flagship wetland
ecosystem — the Okavango Delta — is dependent entirely on the two main Angolan
tributaries (Cuito and Cubango) for its hydrology. The Southern Africa Regional
Environmental Program (SAREP) and OKACOM organised fieldwork in Cuando
Cubango in 2013 with botanists from Kew and the University of Botswana. About
350 collections were made from the southeast corner of Angola, as far east as the
Cuando river, thus contributing to the documentation of the Luiana proposed
protected area. The Future Okavango (TFO) project led by a research team from
Hamburg focused on two research sites in Angola (Cusseque, Bié Province;
Caiundo, Cuando Cubango Province) both in the more westerly Cubango catchment,
one in Namibia (Mashare), and Seronga in Botswana. This project contributed
significantly to a better understanding of Angolan miombo and Baikiaea-Burkea
woodlands in terms of recovery following disturbance caused by shifting cultivation
(Wallenfang et al. 2015, Gongalves et al. 2018, Gongalves et al. 2017). A checklist
of woody species and geoxylic suffrutices in the grasslands of south-central Angola
was provided, documenting potential new species and new records for the country
(Gongalves et al. 2016; Revermann et al. 2017, 2018). Further vegetation and
ecological studies are published in Oldeland et al. (2013).

The easterly Cuito and Cuanavale catchment has been the focus of the National
Geographic Okavango Wilderness Project from 2015 onwards. Surveys in the upper
Cubango were initiated in 2017. To date, over 1300 plant collections have been
made by a Kew, South African and Angolan team, who have recorded 417 species
of vascular plant from the high-rainfall upper Cuito and Cuanavale drainage system,
and 176 from the lower rainfall zones further south (e.g., Fig. 5.3). Over 100 new
provincial records were reported for Moxico, with a further 24 for Cuando Cubango,
underlining how poorly documented and understood this vast and sparsely inhab-
ited part of Angola is, even now (Goyder et al. 2018). Baseline botanical collection
data such as these feed into wider biodiversity assessments of the area and provide
vital evidence in building a case to protect the headwaters of not only the Okavango
system, but other major river systems originating in central Angola (NGOWP 2018).
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Fig. 5.3 Some plants collected during recent fieldwork in central and eastern Angola as part of the
National Geographic Okavango Wilderness Project. Top to bottom, left to right: Protea poggei
subsp. haemantha (Proteaceae); Clerodendrum baumii (Lamiaceae); Erythrina baumii
(Leguminosae); Monotes gossweileri (Dipterocarpaceae); Gloriosa sessiliflora (Colchicaceae);
Raphionacme michelii (Apocynaceae). All photos: David Goyder
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Future Botanical Work

Almost every botanical survey made in recent years in Angola has revealed unde-
scribed species and new country or provincial records. Eastern and northern prov-
inces are in most need of collecting programmes and botanical documentation.
Most national parks lack basic botanical inventories. To give one example, Teixeira’s
(1968b) work on plant diversity in Bicuar National Park (Huila Province) resulted
in the recognition of six vegetation types in the park. But recent SASSCAL-funded
surveys revealed species unaccounted for by Figueiredo and Smith (2008),
underlining the need for more botanical surveys in both existing and newly proposed
areas of conservation concern.

Analysis of the collections from recent surveys is starting to reveal little-
documented areas of endemism. The Lubango Escarpment is one obvious focus, but
so too is the highly leached high-rainfall Kalahari sand system of Moxico Province
and adjacent area that has its own peculiar and little-understood flora.

Only 399 species of vascular plant in Angola have been formally assessed for
extinction risk through the [TUCN Red List system (IUCN 2018), and a mere 36 of
these appear in threatened categories. None of the genera listed in an earlier section of
this paper as Angolan endemics have been assessed. Much work is needed in this area.

Four Angolan institutions are listed in Index Herbariorum (Thiers, continually
updated), LUAI (ex-Centro Nacional de Investigacdo Cientifica (CNIC), Luanda),
LUA (Instituto de Investiga¢do Agronomica, Huambo), LUBA (Instituto Superior
de Ciencias da Educa¢do, Lubango), and DIA (Museu do Dundo). While the Dundo
Museum has been refurbished and reopened to the public in 2012, it appears that the
herbarium collections formerly housed there no longer exist. The LUA herbarium
contains 40,000 collections. It was evacuated to Luanda in 1995, and has now
returned to Huambo, but is in poor condition and funds are needed to employ well-
trained young staff to conserve, rehabilitate and work on this important collection.
LUAI contains 35,000 collections and LUBA around 50,000. There are ongoing
digitisation programmes at both institutions that will make these collections more
widely accessible.

Outside of Angola, Portuguese institutes in Coimbra (COI) and Lisbon (LISC,
LISU) hold the largest collections of Angolan plants, an estimated 90,000 collections
(Figueiredo and César 2008). 8700 of Gossweiler’s Angolan collections are housed
at COI and these are available online. The collections at LISC are also available
digitally, and are now being incorporated into the Lisbon University herbarium
LISU. Most other herbaria with significant Angolan holdings have only digitised
their type collections, although mass digitisation of entire national collections has
made material in the Paris Natural History Museum (P) and Leiden’s Naturalis (L,
WAG, U) accessible. In the UK, the Natural History Museum (BM) and Royal
Botanic Gardens, Kew (K) in London — both of which contain significant Angolan
holdings, and Royal Botanic Gardens, Edinburgh (E) have plans to follow suit. In
Germany, the collection of Technische Universitit Dresden (DR) comprises 2400
specimens, kept separately from the main herbarium. The Future Okavango project
has augmented Hamburg’s (HBG) Angolan collections by around 2000 numbers.
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Once these combined resources are available online, georeferencing the Angolan
material should be a priority. Such collections data could then be used in a variety
of projects or programmes. Georeferenced specimen data underpins ITUCN
conservation assessments, for example, and these in turn inform Important Plant
Area designations (Darbyshire et al. 2017) and other forms of conservation planning.
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Appendix

Post-Independence collectors in Angola. Entries follow a format developed from
Figueiredo et al. (2008).

Surname, first names (birth—death); C: period when collecting in Angola; H: her-
baria [abbreviations after Thiers, continuously updated; FC-UAN = Faculdade
de Ciéncias, Universidade Agostinho Neto, Luanda; INBAC = Instituto Nacional
da Biodiversidade e Areas de Conservacdo of the Ministério do Ambiente,
Luanda]; L: provinces abbreviated after Figueiredo and Smith 2008: principal
localities; B: biographical information.

Alcochete, Anténio (1963-)
C: 1991; H: K; L: CU HI NA; B: Angolan botanist, collected with Gerrard, Matos
and Newman.

Baragwanath, S.
C: 1994. H: PRE.

Barker, Nigel P.(1962-)

C: 2013, 2015, 2017; H: GRA, INBAC, K, LUBA, PRE; L: CC HI NA: Lubango
Escarpment, Mt. Tchivira, Serra da Neve, Mundondo Plateau, Okavango, Cuito
and Longa Rivers; B: South African Professor of Plant Science at University of
Pretoria, formerly at Rhodes University.

Bester, Stoffel Petrus (Pieter) (1969-)

C:2009, 2015; H: GRA, INBAC, K, LUBA, PRE; L: CC CU HI NA: Iona, Lubango
Escarpment, Bicuar, Okavango, Cuito and Longa Rivers; B: South African
botanist based at PRE.

Bruyns, Peter Vincent (1957-)

C:2006,2007; H: BOL, E, K, NBG, PRE; L: BE HI NA: Lubango Escarpment and
coastal plain; B: South African mathematician and botanist with particular
interest in succulent plants.
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Cardoso, Joao Francisco (1974-)
C: 2005, 2006; H: LISC, LUAI; L: HI NA: Serra da Leba, Virei, Caraculo, Cainde;
B: Agronomist with Agostinho Neto University.

Cheek, Martin Roy (1960-)
C:2012; H: K; L: CA; B: British botanist at Royal Botanic Gardens Kew, specialist
on West African flora.

Clark, Vincent Ralph (1977-)
C: 2013; H: GRA, K, LUBA, PRE; L: HI NA: Lubango Escarpment, Mt. Tchivira,
Serra da Neve; B: South African botanist.

Cooper, C.E.
C: 1997; H: PRE.

Crawford, Frances Mary (1981-)

C: 2009, 2011; H: INBAC, K, PRE; L: HI LN NA: Lucapa, Lagoa Carumbo, Iona,
Lubango Escarpment; B: British botanist, Curator of WIND herbarium, formerly
at Royal Botanic Gardens, Kew; collected with Darbyshire and Goyder in LN.

Daniel, José Maria (1943-2015)

C: 1964-2008; H: LUBA, LUA, LUALI, L: Collected in all Angolan Provinces; B:
Angolan botanist at Lubango Herbarium until his retirement; collected with
Huntley, Matos and Gongalves.

Darbyshire, Iain Andrew (1976-)

C: 2011, 2013; H: INBAC, K, LISC; L: LN: Lucapa, Lagoa Carumbo; B: British
botanist at Royal Botanic Gardens, Kew; collected with Crawford, Gomes,
Goyder & Kodo.

Dexter, Kyle Graham (1980-)

C: 2017—; H: E, COLO, LUBA, WIND; L: CU HI NA; B: Senior Lecturer at
University of Edinburgh and Associate Researcher at Royal Botanic Garden
Edinburgh.

Ditsch, Barbara (1961-)
C: 2013, 2015 H: DR, LUA; L: UI: Serra do Pingano, Municipality of Uige,
Kimbele, Damba, Mucaba; B: German botanist at Dresden Botanic Garden.

Finckh, Manfred (1963-)

C: 2011-; H: HGB, LUBA, WIND; BI CC HA HI MO: Chitembo (Cusseque),
Caiundo, Cachingues, Savate, Cuangar, Bicuar National Park, Cameia National
Park, Tundavala Observatory under TFO and SASSCAL Projects; B: Ecologist
at University of Hamburg, Germany.

Francisco, Domingos Mumbundu (1974-)

C: 2008—; H: LISC, LUAI, LUBA; L: CA CC LA MA NA ZA: Barra do Cuanza,
Iona, Cangandala, Quicama National Parks; B: Angolan botanist at Universidade
Agostinho Neto, Centro de Botanica, LUAI Herbarium.
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Frisby, Arnold.
C: 2016, 2017; H: INBAC, K, LUBA, PRE; L: BI CC: Cubango and Cuito Rivers;
B: South African botanist at University of Pretoria.

Gerrard, Jacqueline
C:1991; H: K; L: CU HI NA.

Godinho, Elizeth
C: 2013; H: INBAC, K, LISC; L: LN: Lagoa Carumbo; B: Angolan botanist at
INBAC; collected with Darbyshire, Goyder and Kodo.

Gohre, Anne (1990-).
C:2014-2016; H: B, BR, BONN, P; L: UI: Municipality of Uige, Kimbele, Damba,
Mucaba; B: German botanist at Dresden Botanic Garden.

Gomes, Amandio Luis (1971-).

C:2010—; H: FC-UAN, INBAC, K, LISC, LUAI, LUBA; L: BE BIBO CC CN CS
HA LN ZA: Lucapa, Lagoa Carumbo, Chitembo (Cusseque), Tundavala
Observatory under TFO and SASSCAL Projects; B: Angolan botanist at
Universidade Agostinho Neto, Luanda; collected with Crawford, Darbyshire and
Goyder in LN.

Gongalves, Francisco Maiato Pedro (1982-).

C: 2008—; H: HBG, INBAC, K, LUBA; L: BI CC CU CS HA HI LA NA MO:
Chitembo (Cusseque), Cumbira forest, Mt. Namba, Lubango Escarpment,
Okavango headwaters, Huila Province SASSCAL Project; B: Angolan botanist
at Lubango Herbarium, ISCED Huila, Lubango.

Goyder, David John (1959-)

C: 2011—; H: GRA, INBAC, K, LUBA, PRE; L: BI CC CS HI LN MO NA:
Cumbira, Mt. Namba, Serra da Neve, Lubango Escarpment, Mt. Tchivira,
Okavango headwaters, Lucapa, Lagoa Carumbo; B: British botanist at Royal
Botanic Gardens, Kew; collected with Crawford, Darbyshire, Godinho, Gomes
and Kodo in LN, with Barker and Clark on the western escarpment, with
Gongcalves in CS and Okavango headwaters, with Barker, Bester, Frisby and
Janks in CC.

Harris, Timothy (1982-)
C:2013; H: K, LUAI PSUB, WIND; L: CC: Okavango, Cuito and Cuando Rivers;
B: British botanist; collected with Murray-Hudson.

Heinze, Christin (1993-).
C: 2014-2017; H: DR, LUA; L: CN: all municipalities; B: German botanist at
Technische Universitit Dresden.

Janks, Matthew.
C: 2015; H: GRA, INBAC, LUBA, PRE; L: CC: Okavango, Cuito and Longa
Rivers; B: South African botanist; collected with Barker, Bester & Goyder.
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Jiirgens, Norbert (1953-)
C: 2008—; H: HGB, WIND, LUBA; L: CU HI NA; B: Professor at Institute for
Plant Science and Microbiology, University of Hamburg, Germany.

Kodo, Felipe
C: 2013; H: INBAC, K, LISC; L: LN: Lagoa Carumbo; B: Angolan botanist at
INBAC; collected with Darbyshire, Godinho and Goyder.

Lautenschliger, Thea (1980-)

C: 2012-2018; H: DR, LUA; L: UI: Municipality of Uige, Mucaba, Maquela do
Zombo, Quitexe, Milunga, Sanza Pombo, Kimbele, Ambuila, Songo, Bungo,
Bembe, Puri, Negage, Altocauale, Damba; B: German botanist at Technische
Universitédt Dresden.

Luis, José Camongua (1984-)
C: 2015-. H: K, LUBA; L: CS HI: Lubango Escarpment, Mt. Namba; B: Angolan
botanist.

Maiato, Francisco
See Gongalves, Francisco Maiato Pedro.

Manning, Stephen D.
C: 1986-1998.

Matos, Elizabeth (Liz), Merle (1938-)
C: 1975—; B: British botanist, founder and director of Angola’s National Plant
Genetic Resources Centre, Agostinho Neto University, Luanda. Retired in 2008.

Mawunu, Monizi (1973-)
C: 2013-2018; H: DR, LUA; L: UI, whole province; B: Angolan botanist at
Universidade Kimpa Vita.

Miiller, Frank (1966-)
C: 2015; H: DR, LUA; L: UI: Municipality of Uige, Songo, Mucaba; B: German
botanist at Technische Universitit Dresden.

Murray-Hudson, Frances

C:2013; H: K, LUAI PSUB, WIND; L: CC: Okavango, Cuito and Cuando Rivers;
B: Volunteer at Peter Smith University of Botswana Herbarium (PSUB);
collected with Harris.

Neinhuis, Christoph (1962-)

C: 2012-2018; H: DR, LUA; L: UI: Municipality of Uige, Mucaba, Maquela do
Zombo, Quitexe, Milunga, Sanza Pombo; B: German botanist at Technische
Universitit Dresden, director of the Botanical Garden TU Dresden.

Newman, Mark Fleming (1959-)

C: 1991; H: K; L: CU HI NA; B: British botanist at Royal Botanic Garden
Edinburgh. In 1991, at the Seed Bank, Royal Botanic Gardens, Kew; collected
with Alcochete, Gerrard and Matos, mainly for seeds, with herbarium voucher
specimens for identification.
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Rejmanek, Marcel (Marek/Marc) (1946-)

C:2014; H: LUBA, STE; L: BE BO CN CS HA HI MA NA UI; B: Czech botanist
based at University of California, Davis, working on biological invasions.
Conducted a rapid inventory of invasive plants in Angola in 2014 with Huntley,
Roux and Richardson.

Revermann, Rasmus (1979-)

C: 2011—; H: HGB, WIND, LUBA; L: BI CC HA HI: Chitembo (Cusseque),
Caiundo, Cachingues, Savate, Cuangar under TFO and SASSCAL Projects; B:
Ecologist at University of Hamburg, Germany.

Roux, Jacobus Petrus (Koos) (1954-2013)
C: 2001; H: PRE; B: South African Pteridophyte specialist.

Tripp, Erin Anne (1979-)
C:2017—; H: COLO, E, LUBA, WIND; L: CU HI NA; B: Researcher at Colorado
Herbarium, University of Colorado.

References

Abrahamczyk S, Janssens S, Xixima L et al (2016) Impatiens pinganoensis (Balsaminaceae), a
new species from Angola. Phytotaxa 261:240-250

African Plant Database version 3.4.0 (2018) Conservatoire et Jardin Botaniques de la Ville de
Genéve and South African National Biodiversity Institute, Pretoria. http://www.ville-ge.ch/
musinfo/bd/cjb/africa

Airy-Shaw H (1947) The vegetation of Angola. J Ecol 35:23-48

Albuquerque S (2008) Friedrich Welwitsch. Figueiredo E, Smith GF Plants of Angola/Plantas de
Angola. Strelitzia 22: 2-3

Albuquerque S, Figueirda S (2018) Depicting the invisible: Welwitsch’s map of travellers in
Africa. Earth Sci Hist 37(1):109-129

Albuquerque S, Brummitt RK, Figueiredo E (2009) Typification of names based on the Angolan
collections of Friedrich Welwitsch. Taxon 58:641-646

Anderson RJ, Bolton JJ, Smit AJ et al (2012) The seaweeds of Angola: the transition between trop-
ical and temperate marine floras on the west coast of southern Africa. Afr J Mar Sci 34:1-13

Barbosa LAG (1970) Carta Fitogeografica de Angola. Instituto de Investigagdo Cientifica de
Angola, Luanda

Brenan JPM (1978) Some aspects of the phytogeography of tropical Africa. Ann Mo Bot Gard
65(2):437-478

Cavaco A (1959) Contribution a 1'Etude de la Flore de la Lunda d'Apres les Récoltes de Gossweiler
(1946-1948). Publicagdes Culturais da Companhia de Diamantes de Angola 42, 230 pp

Cheek M, Lopez Poveda L, Darbyshire I (2015) Ledermanniella lunda sp. nov. (Podostemaceae)
of Lunda-Norte, Angola. Kew Bull 70:10

Chisingui AV, Gong¢alves FMP, Tchamba JJ et al (2018) Vegetation survey of the woodlands of
Huila Province. Biodivers Ecol 6:426-437

Clark VR, Barker NP, Mucina L (2011) The Great Escarpment of southern Africa: a new frontier
for biodiversity exploration. Biodivers Conserv 20:2543-2561

Dandy JE (1958) The Sloane Herbarium. An annotated list of the horti sicci composing it; with
biographical accounts of the principal contributors. British Museum (Natural History), London


http://www.ville-ge.ch/musinfo/bd/cjb/africa
http://www.ville-ge.ch/musinfo/bd/cjb/africa

94 D. J. Goyder and F. M. P. Gongalves

Darbyshire I, Goyder D, Crawford F, et al (2014) Update to the Report on the Rapid Botanical
Survey of the Lagoa Carumbo Region, Lunda-Norte Prov., Angola for the Angolan Ministry
of the Environment, following further field studies in 2013, incl. Appendix 2: checklist to the
flowering plants, gymnosperms and pteridophytes of Lunda-Norte Prov, Angola. Ministério do
Ambiente, Luanda

Darbyshire I, Anderson S, Asatryan A et al (2017) Important Plant Areas: revised selection criteria
for a global approach to plant conservation. Biodivers Conserv 26:1767-1800

Droissart V, Dauby G, Hardy OJ et al (2018) Beyond trees: biogeographical regionalization of
tropical Africa. J Biogeogr 2018:1-15

Exell AW (1939) Notes on the flora of Angola. IV. 1. Collections from Angola in the Sloane
Herbarium. J Bot 77:146-147

Exell AW (1962) Pre-Linnean collections in the Sloane Herbarium from Africa south of the Sahara.
In: Fernandes A (ed) Comptes Rendus de la Ve Réunion Pléniére de I'Association pour I'Etude
Taxonomique de la Flore d'Afrique Tropicale (Lisbonne et Coimbre, 16-23 Septembre, 1960).
Junta de Investigagdes do Ultramar, Lisbon, pp 47-49

Exell AW, Gongalves ML (1973) A statistical analysis of a sample of the flora of Angola. Garcia
de Orta, Série de Botanica 1:105-128

Figueiredo E (2008) The Rubiaceae of Angola. Bot J Linn Soc 156:537-638

Figueiredo E, César J (2008) Herbaria with collections from Angola/Herbdrios com colecgdes de
Angola. Strelitzia 22:11-12

Figueiredo E, Smith GF (eds) (2008) Plants of Angola/Plantas de Angola. Strelitzia 22:1-279

Figueiredo E, Smith GF (2012) Common names of Angolan plants. Inhlaba Books, Pretoria

Figueiredo E, Matos S, Cardoso JF et al (2008) List of collectors/Lista de colectores. Strelitzia
22:4-11

Figueiredo E, Smith GF, César J (2009a) The flora of Angola: first record of diversity and ende-
mism. Taxon 58:233-236

Figueiredo E, Soares M, Siebert G et al (2009b) The botany of the Cunene-Zambezi Expedition
with notes on Hugo Baum (1867-1950). Bothalia 39:185-211

GoA (Government of Angola) (2011) Plano Estratégico da Rede Nacional de Areas de Conservagao
de Angola. Direc¢do Nacional da Biodiversidade, Ministério do Ambiente, Luanda, 35 pp

Gohre A, Toto-Nienguesse AB, Futuro M et al (2016) Plants from disturbed savannah vegetation
and their usage by Bakongo tribes in Uige, Northern Angola. J Ethnobiol Ethnomed 12:42

Gongalves FMP, Goyder DJ (2016) A brief botanical survey into Kumbira forest, an isolated patch
of Guineo-Congolian biome. PhytoKeys 65:1-14

Gongalves FMP, Tchamba JJ, Goyder DJ (2016) Schistostephium crataegifolium (Compositae:
Anthemideae), a new generic record for Angola. Bothalia 46:a2029

Gongalves FMP, Revermann R, Gomes AL, et al (2017) Tree species diversity and composition of
Miombo woodlands in south-central Angola, a chronosequence of forest recovery after shifting
cultivation. Int J For Res 2017(Article ID 6202093), 13 pp

Gongalves FMP, Revermann R, Cachissapa MJ, et al (2018) Species diversity, population structure
and regeneration of woody species in fallows and mature stands of tropical woodlands of SE
Angola. J Forest Res. Published online 13 January 2018

Gossweiler J (1948) Flora exética de Angola. Nomes vulgares e origem das plantas cultivadas ou
sub-espontaneas. Agronomia Angolana 1:121-198

Gossweiler J (1949) Flora exdética de Angola. Nomes vulgares e origem das plantas cultivadas ou
sub-espontaneas. Agronomia Angolana 2:173-255

Gossweiler J (1950) Flora exética de Angola. Nomes vulgares e origem das plantas cultivadas ou
sub-espontaneas. Agronomia Angolana 3:143-167

Gossweiler J (1953) Nomes indigenas das plantas de Angola. Agronomia Angolana 7:1-587

Gossweiler J, Mendonga FA (1939) Carta Fitogeogréfica de Angola. Ministério das Col6nias,
Lisboa, 242 pp

Goyder DJ, Barker N, Bester SP et al (2018) The Cuito catchment of the Okavango system: a vas-
cular plant checklist for the Angolan headwaters. PhytoKeys 113:1-31. https://doi.org/10.3897/
phytokeys.113.30439


https://doi.org/10.3897/phytokeys.113.30439
https://doi.org/10.3897/phytokeys.113.30439

5 The Flora of Angola: Collectors, Richness and Endemism 95

Heinze C, Ditsch B, Congo MF et al (2017) First Ethnobotanical Analysis of Useful Plants in
Cuanza Norte North Angola. Res Rev J Bot Sci 6:44

Hind DJIN, Goyder DIJ (2014) Stomatanthes tundavalaensis (Compositae: Eupatorieae:
Eupatoriinae), a new species from Huila Province, Angola, and a synopsis of the African spe-
cies of Stomatanthes. Kew Bull 69(9545):1-9

Huntley BJ (1973) Proposals for the creation of a strict nature reserve in the Maiombe forest
of Cabinda. Report 16. Reparti¢io Técnica da Fauna, Servigos de Veterindria, Luanda,
Mimeograph report, 10 pp

Huntley BJ (1974) Ecosystem conservation priorities in Angola. Report 28. Reparti¢ao Técnica da
Fauna, Servigos de Veterindria, Luanda, Mimeograph report, 22 pp

Huntley BJ (2009) SANBI/ISCED/UAN Angolan biodiversity assessment capacity building proj-
ect. Report on Pilot Project. Unpublished Report to Ministry of Environment, Luanda, 97 pp,
27 figures

Huntley BJ (2010) Estratégia de Expansdo de Rede da Areas Protegidas da Angola/Proposals for
an Angolan Protected Area Expansion Strategy (APAES). Unpublished Report to the Ministry
of Environment, Luanda, 28 pp, map

Huntley BJ (2019) Angola in Outline: Physiography, Climate and Patterns of Biodiversity. In:
Huntley BJ, Russo V, Lages F, Ferrand N (eds) Biodiversity of Angola. Science & conserva-
tion: a modern synthesis. Springer Nature, Cham

Huntley BJ, Matos EM (1994) Botanical diversity and its conservation in Angola. Strelitzia
1:53-74

TUCN (2018) The IUCN Red List of Threatened Species. Ver. 2017-3. http://www.iucnredlist.org.
Downloaded on 27 March 2018

Lautenschlidger T, Neinhuis C (eds) (2014) Riquezas Naturais de Uige — uma Breve Introdugio
Sobre o Estado Atual, a Utiliza¢@o, a Ameaca e a Preservacido da Biodiversidade. Technische
Universitit Dresden, Dresden

Lautenschlidger T, Monizi M, Pedro M et al (2018) First large-scale ethnobotanical survey in the
province Uige, northern Angola. J Ethnobiol Ethnomed 14:51

Lawson GW, John DM, Price JH (1975) The marine algal flora of Angola: its distribution and
affinities. Bot J Linn Soc 70:307-324

Linder HP (2001) Plant diversity and endemism in sub-Saharan tropical Africa. J Biogeogr
28:169-182

Martins ES (1994) John Gossweiler. Contribui¢do da sua obra para o conhecimento da flora ango-
lana. Garcia de Orta, Série de Botanica 12:39-68

Mawunu M, Bongo K, Eduardo A et al (2016) Contribution a la connaissance des produits fores-
tiers non ligneux de la Municipalité d’Ambuila (Uige, Angola): Les plantes sauvages comes-
tibles [Contribution to the knowledge of no-timber forest products of Ambuila Municipality
(Uige, Angola): The wild edible plants]. Int J Innov Sci Res 26:190-204

Mendonca FA (1962) Botanical collectors in Angola. In: Fernandes A (ed) Comptes Rendus de
la IVe Réunion Pléni¢re de 1’Association pour 1'Etude Taxonomique de la Flore d’Afrique
Tropicale (Lisbonne et Coimbre, 16-23 septembre, 1960). Junta de Investigacdes do Ultramar,
Lisbon, pp 111-121

Mills MSL, Olmos F, Melo M et al (2011) Mount Moco: its importance to the conservation of
Swierstra’s Francolin Pternistis swierstrai and the Afromontane avifauna of Angola. Bird
Conserv Int 21:119-133

Miiller F (2014) About 150 years after Welwitsch — a first more extensive list of new bryophyte
records for Angola. Nova Hedwigia 100:487-505

Miiller F, Sollman P, Lautenschliger T (2018) A new synonym of Weissia jamaicensis (Pottiaceae,
Bryophyta) and an extension of the range of the species from the Neotropics to the Palaeotropics.
Plant Fungal Syst 63(1):1-5

Neinhuis C, Lautenschldger T (2014) The potentially natural vegetation in Uige province and its
current status — arguments for a protected area in the Serra do Pingano and adjacent areas.
Unpublished Report to Ministry of Environment, Luanda, 64 pp


http://www.iucnredlist.org

96 D. J. Goyder and F. M. P. Gongalves

NGOWP (National Geographic Okavango Wilderness Project) (2018) Initial findings from explo-
ration of the upper catchments of the Cuito, Cuanavale, and Cuando Rivers, May 2015 to
December 2016. Report prepared for and submitted to the Ministério do Ambiente of the
Republic of Angola, the Ministry of Environment, Wildlife and Tourism Botswana, and the
Ministry of Environment and Tourism of the Republic of Namibia. Available (as Report 1)
from: http://www.wildbirdtrust.com/owp-publications/

Oldeland J, Erb C, Finckh M, Jiirgens N (eds) (2013) Environmental assessments in the Okavango
region. Biodivers Ecol 5:1-418

Rejméanek M, Huntley BJ, le Roux JJ, Richardson DM (2017) A rapid survey of the invasive plant
species in western Angola. Afr J Ecol 55:56-69

Revermann R, Gongalves FM, Gomes AL et al (2017) Woody species of the miombo woodlands
and geoxylic grasslands of the Cusseque area, south-central Angola. Check List 13:2030

Revermann R, Oldenland J, Gongalves FM et al (2018) Dry tropical forests and woodlands of the
Cubango basin in southern Africa — First classification and assessment of their woody species
diversity. Phytocoenologia 48:23-50

Smith GF, Figueiredo E (2017) Determining the residence status of widespread plant species: stud-
ies in the flora of Angola. Afr J Ecol 55:710-713

Soares M, Abreu J, Nunes H et al (2009) The Leguminosae of Angola: diversity and endemism.
Syst Geogr Plants 77:141-212

Sosef MSM, Dauby G, Blach-Overgaard A et al (2017) Exploring the floristic diversity of tropical
Africa. BMC Biol 15:15

Teixeira JB (1968a) Angola. In: Hedberg I, Hedberg O (eds.) Conservation of vegetation in
Africa south of the Sahara. Proceedings of a symposium held at the 6th plenary meeting of
the “Association pour I’Etude Taxonomique de la Flore d’ Afrique Tropicale” (A.E.T.F.A.T.) in
Uppsala, Sept. 12th—16th, 1966. Acta Phytogeographica Suecica 54:193—-197

Teixeira JB (1968b) Parque Nacional do Bicuar. Carta da Vegetacgio (1* aproximagdo) e Memoria
Descritiva. Instituto de Investigacdo Agronémica de Angola, Nova Lisboa

Thiers B (continuously updated). Index Herbariorum: A global directory of public herbaria and
associated staff. New York Botanical Garden’s Virtual Herbarium. http://sweetgum.nybg.org/
science/ih/

Wallenfang J, Finckh M, Oldeland J et al (2015) Impact of shifting cultivation on dense tropical
woodlands in southeast Angola. Trop Conserv Sci 8:863-892

Warburg O (1903) Kunene-Sambesi-Expedition. Kolonial-Wirtschaftliches Komitee, Berlin

White F (1983) The Vegetation of Africa — A Descriptive Memoir to Accompany the UNESCO/
AETFAT/UNSO Vegetation Map of Africa. UNESCO, Paris 356 pp

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 licence and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons licence 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.


http://www.wildbirdtrust.com/owp-publications/
http://sweetgum.nybg.org/science/ih/
http://sweetgum.nybg.org/science/ih/
http://creativecommons.org/licenses/by/4.0/

®

Check for
updates

Chapter 6
Vegetation Survey, Classification
and Mapping in Angola

Rasmus Revermann and Manfred Finckh

Abstract Spatial information about plant species composition and the distribution
of vegetation types is an essential baseline for natural resource management plan-
ning. In Angola, the first countrywide vegetation map was elaborated by Gossweiler
in 1939. Subsequently, Barbosa published a revised map with much higher detail in
1970 and his work has remained the main reference for the vegetation of Angola
until today. However, these early maps were expert drawn and were not based on
systematic surveys. Instead, the delimitation of vegetation units was based on many
years of field observations and also incorporated results of local studies carried out
by other authors. In spite the rich history of the scientific exploration of Angola’s
vegetation in colonial times, quantitative and plot based studies were rare. After the
end of the armed conflict, new vegetation surveys making use of new methodologi-
cal developments in numerical approaches to vegetation classification in combina-
tion with modern remote sensing imagery have provided spatial information of
unprecedented detail. However, vast areas of the country still remain seriously
understudied. At the same time, sustainable land management strategies are urgently
needed due to the increasing pressure on natural resources driven by socio-economic
development and global change, thus calling for a new era of vegetation surveys that
will enable data-based landuse and conservation planning in Angola.
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Introduction

Knowledge on the spatial distribution of vegetation and its species composition is
paramount for any kind of natural resource management and conservation planning.
Vegetation serves as habitat for other organismic groups and is the source of energy
in the ecosystem. As such, vegetation integrates many ecological processes and
reflects patterns of topography, geology, soil, hydrology and climate. Thus, vegeta-
tion classification is ideal to provide an aggregated image of the landscape and its
ecological communities.

Historical Exploration of Vegetation Patterns in Angola

First reports on the vegetation of Angola were directly linked to the floristic explora-
tion of the country, as outlined by Goyder and Gongalves (2019). Scientific mis-
sions during colonial times in Angola served several purposes: on the one hand they
should chart the potential for economic exploitation and development while on the
other hand they may also have been used to demonstrate the supremacy of the colo-
nial power (Gago et al. 2016). The expedition by the geographer Jessen (1936)
provided a first sketch of the vegetation along the routes of his transects through
western Angola. Jessen’s work remains a classic as he was among the first to docu-
ment the landscape and ecosystem properties of the region. However, it is hardly
read today as it is only available in German.

The systematic descriptions of the vegetation of Angola started with Gossweiler
and Mendonga’s (1939) phytogeographical map of Angola. The often-cited English
summary by Shaw (1947) contributed much to the recognition of Gossweiler’s work
internationally. The map is based on the combined structural and ecological
approach to vegetation classification developed by Brockmann-Jerosch and Riibel
(1912) in Zurich. Thus, in a first level of classification they categorised the vegeta-
tion according to woodiness and persistence into the three categories Lignosa
(woody), Herbosa (herbaceous) and Deserta (land surfaces without permanent veg-
etation cover). The next step of the classification included climatic and edaphic
factors, as well as leaf traits, leading for instance to five sub-categories of woody
vegetation called Pluviilignosa, Laurilignosa, Durilignosa, Ericilignosa,
Aestililignosa and Hiemilignosa. Stand structure was the main criterion for the next
categories, dividing the afore-mentioned categories between tall forests (-silva) and
dense but low forests (-fruticeta) (e.g. Pluviisilva vs. Pluviifruticeta or Durisilva vs.
Durifruticeta). Below this third level we finally find floristically defined vegetation
units, albeit mostly named after one or two dominant species. Similar structural
criteria were used for the sub-classification of the Herbosa and Deserta.

The vegetation map used this rather rigid classification scheme for the 19 main
mapping units. However, the resulting map apparently did not fully satisfy the
authors, who then applied 29 additional symbols to indicate occurrence of small-
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scale vegetation units, of transition zones and of species that appeared to be of
special interest to the authors — a very nice real world example of dealing with rigid
mapping manuals. However, neglecting these small methodological inconsisten-
cies, the map by Gossweiler & Mendonca presented the first overall picture of the
vegetation of Angola, a first approach towards a systematic compilation of observa-
tions of phytogeographical patterns and a first attempt at ecological interpretation.
While many of the mapped polygons seem outdated in times of modern earth
observation, the number of observed details in remote parts of Angola is still sur-
prising for today’s botanists. The authors were probably the first to report for Angola
on invasive species, on seed dispersal by bats, on the morphological plasticity of the
genus Syzygium and on many other current scientific topics. Also quite astonishing
was the classification of the suffrutex grassland within the woody vegetation types
(Ericifruticeta), more than 30 years before White (1976) published the ground-
breaking paper on the ‘Underground forests of Africa’.

The next important integrating step towards a synthesis on the vegetation units of
Angola and their spatial distribution was Grandvaux Barbosa’s phytogeographical
map of Angola (Barbosa 1970). His work can be seen as a continuation and exten-
sion of the Gossweiler approach. The map clearly benefited from several regional
studies that had been carried out in the meantime (see below) and of course also
from Barbosa’s own knowledge gained during several field missions throughout the
country and his extensive experience of similar vegetation types found in
Mozambique. As ancillary information Barbosa included descriptions of the main
soil types and climatic zones of Angola.

The mapping approach adopted by Barbosa was to some degree harmonised with
the parallel efforts of the Flora Zambesiaca map and the UNESCO initiative map-
ping the vegetation of Africa. The first level of classification differentiates the veg-
etation based on the formation, i.e. deals with the physiognomy of the vegetation
such as closed forests, forest savanna mosaics, woodlands etc. and beyond that
includes azonal edaphic vegetation units such as mangrove stands and coastal dune
vegetation. In the second level of classification vegetation types are distinguished
according to dominant species. In total, the map by Barbosa displays 32 main veg-
etation types and the descriptive text accompanying the map provides details on
over 100 subordinate types (for a brief summary in English see Barbosa 1971).

The result was a good overview of the main vegetation types of Angola, in terms
of spatial patterns much superior to the first attempt by Gossweiler and Mendonca
(1939). Until today the vegetation units of the map by Barbosa (1970) constitute the
foundation for the Angolan part of most continental or global scale vegetation maps
(see below). However, due to Barbosa’s floristic rather than ecological emphasis,
the report on the vegetation units did neither contribute much to a better understand-
ing of the ecology of the main vegetation patterns, nor did it make use of a modern
classification concept based on plant communities.

Shortly after Barbosa’s vegetation map, Diniz (1973) published a monograph on
the physical properties of the agricultural zones of Angola. Included in this mono-
graph, are soil and vegetation maps for 36 agricultural zones, albeit in rather frag-
mented components and without an overall map of the country. The vegetation
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classification scheme he used is not clearly defined, somewhere in between those of
Gossweiler and Barbosa, but sometimes with more detail than Barbosa (1970). The
main achievement of Diniz (1973) is that he assembled sound environmental infor-
mation (with a focus on geology and soils) for all delimited agricultural zones.
However, due to the lack of a seamless map and his unclear classification approach
his contribution to the knowledge on the vegetation of Angola did not receive much
attention in the subsequent scientific literature and due to the violent conflicts
following Angola’s independence in 1975, Barbosa’s work has remained the main
reference on the vegetation of Angola.

Integration of the Vegetation Map of Angola
Within Continental Scale Maps

The next important step for a better understanding of Angolan vegetation was the
UNESCO/AETFAT/UNSO initiative for a Vegetation Map of Africa (UNESCO/
AETFAT/UNSO 1981), compiled and described by White (1983). For Angola the
continental map is largely based on the units supplied by Barbosa (1970) but they
were subject to further generalisation resulting in only 14 mapping units compared
to Barbosa’s 32 vegetation types. However, the important achievement of White’s
map lies in the fact that it inserted Angolan vegetation in a common conceptual and
methodological framework with the vegetation of neighbouring countries and the
African continent as a whole. As such, the UNESCO (UNESCO/AETFAT/UNSO
1981)/(UNESCO 1981) map and White’s (1983) description established the now
widely used term ‘miombo woodlands’ in our scientific and geographic frame-
works, allowing thus for the comparison of Angola’s ecosystems with similar veg-
etation types throughout Africa. Although Barbosa and White provided seamless
maps covering the entire country, the level of information supporting the mapping
units varies strongly and for some units, especially in the more remote eastern parts
of the country, barely any details are given. All these early maps are based on expert
knowledge and no quantitative data was involved in the process of map making.

The Vegetation Map of Africa then again was the main baseline for the WWF’s
approximation of the world’s terrestrial ecoregions (Olson et al. 2001) in so far as
the African continent was concerned. Although without a presentation of a system-
atic biogeographical database, the map of the terrestrial ecoregions currently consti-
tutes the most used baseline map for strategic conservation planning on a continental
and subcontinental scale (e.g. MacKinnon et al. 2016). The availability of modern
remote sensing techniques has allowed the generation of continental or global land
cover products, i.e. GlobCover, MODIS/Terra Land Cover, GlobLand30 or the map
of African ecosystems by Sayre et al. (2013). However, these maps display struc-
tural vegetation types only and provide no floristic information.
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Regional and Local Studies on Vegetation Composition

Early plot based studies were conducted by Ilse von Nolde on the Planalto de Quela
(von Nolde 1938a, b, ¢). Since the mid-1950s, several local studies based on mis-
sions assessing natural resources were carried out at the regional level in Angola.
Monteiro studied the forest resources in Moxico (Monteiro 1957), in the northern
Maiombe and Dembos forests (Monteiro 1962, 1965a, b, 1967), and in Bié
(Monteiro 1970a) contributing to our knowledge on species composition in the
respective forest types. Monteiro’s (1970a, b) work in Bié needs to be highlighted
as for Angola he implemented new methods in mapping the vegetation. His map of
the woody vegetation of the province of Bi€ is not drawn based on pure observations
but is based on quantitative vegetation plot data. He collected data on species com-
position in 144 vegetation relevés sized 30 m x 30 m that were subject to a vegeta-
tion classification based on vegetation tables. The mapping process was guided by
aerial photography, quite an advanced approach for its time. Menezes (1965, 1971)
undertook phytosociological studies and produced local vegetation maps in pastoral
ecosystems of the Cunene Province. Teixeira elaborated vegetation maps for two of
the main protected areas of Angola, the Quigama and Bicuar national parks (Teixeira
et al. 1967; Teixeira 1968). A few years later, Huntley produced a much more
detailed map of the Quigama National Park in 1972 at a scale of 1:100000 depicting
28 plant communities (Huntley 1972). Aguiar and Diniz (1972) mapped the vegeta-
tion of the western plateau of Cela. Coelho explored the potential of forestry in
Cuando Cubango and elaborated a classification of the lower Cubango Basin into 32
forestry zones (Coelho 1964, 1967). Santos (1982) used a transect approach, so
called ‘itinerdrios floristicos’, in order to generate an expert-drawn vegetation map
for Cuando Cubango Province (Fig. 6.1).

Modern Approaches to Vegetation Mapping and Classification

This early period of vegetation mapping and classification was followed by the
absence of any such activities for the coming decades due to the long-lasting armed
conflict in the country. During this period significant methodological advances were
made in vegetation ecology and phytosociology as well as in remote sensing tech-
niques. The advent of computers allowed the development of new methodological
tools to semi-automatically classify large amounts of multivariate vegetation plot
data based on objective criteria. As such, vegetation classification moved away from
the subjective assignments of vegetation types to more formalised data analysis.
Similarly, remote sensing imagery became readily available often at no cost and in
unprecedented temporal and spatial resolution. Thus, new numerical methods
together with modern remote sensing products have the potential to provide a much
more detailed and objective picture of vegetation and plant diversity patterns than
expert drawn maps and arbitrarily assigned vegetation types of earlier times
(Fig. 6.2).
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Fig. 6.1 Location of regional and local studies on vegetation composition, vegetation classifica-
tion or vegetation mapping approaches according to the year the study was published. The country-
wide maps by Gossweiler and Mendonga (1939), Barbosa (1970) and Diniz (1973) are not
depicted. (1) von Nolde 1938a, b, ¢ (2) Monteiro 1957 (3) Monteiro 1962 (4) Coelho 1964 (5)
Menezes 1965 (6) Teixeira et al. 1967, Huntley 1972 unpublished (7) Teixeira 1968 (8) Monteiro
1970a (9) Menezes 1971 (10) Diniz and Aguiar (1968) (11) dos Santos 1982 (12) De Bruyn and
Eberle 2001 (13) Cardoso et al. 2006 (14) Revermann and Finckh 2013a (15) Revermann et al.
2013, Schneibel et al. 2013, Gongalves et al. 2017 (16) Revermann and Finckh 2013b, Stellmes
et al. 2013 (17) Wallenfang et al. 2015 (18) Revermann 2016, Revermann et al. 2018a (19)
Chisingui et al. 2018. Furthermore, the six biodiversity observatories installed by the SASSCAL
project are shown: Espinheira (S71), Tundavala (S72), Candelela (S73), Cusseque (S74), Bicuar
National Park (S75), Cameia National Park (S76)
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Fig. 6.2 Maps for the Okavango Basin located in southeast Angola and extending into Namibia
and northern Botswana. (a) shows the ecoregions as defined by Olson et al (2001) which are
largely based on the vegetation maps of Barbosa (1970) and White (1983), (b) Vegetation map
produced for the same area by The Future Okavango project based on unsupervised classification
of land surface phenology metrics derived from 16—day MODIS EVI time series from the years
2000-2011 (Stellmes et al. 2013) and interpreted using the information of vegetation plots stored
in the vegetation database of the Okavango Basin (Revermann and Finckh 2013b; Revermann et al.
2016a). For an explanation of the vegetation units depicted in the maps please refer to the original
publications

Recent years have seen increasing activity in the investigation of vegetation pat-
terns at the local and regional scale. During the years 1995-2002 some vegetation
surveys were carried out in the Quicama National Park south of Luanda, for which
the map elaborated by Huntley in the year 1972 served as a baseline. The activities
aimed at gathering data for the re-establishment of the national park and to develop
management strategies (Jeffery et al. 1996). De Bruyn and Eberle (2001) studied a
small fenced of area in the north of the park where they collected 74 relevés and
identified four plant communities including eight subcommunities. Additional
quantitative data was collected to investigate grazing and browsing capacities.
Cardoso et al. (2006) studied the vegetation communities along the steep altitudinal
gradient of the Serra da Leba near Lubango.

Within The Future Okavango (TFO, www.future-okavango.org) project detailed
investigations have been carried out in the Okavango (Cubango) River Basin. The
project team assembled a vegetation database containing vegetation relevé data on
all terrestrial vegetation types within the Okavango Basin (Revermann et al. 2016a).
The plot design followed the standards implemented for woodland vegetation in the
southern neighbour countries, i.e. a nested plot design of one small 10 m x 10 m plot
in a large 20 m x 50 m plot (Strohbach 2001; Jiirgens et al. 2012). Based on this
data, classifications for local study sites based on numerical classification approaches
have been published (Revermann and Finckh 2013a; Wallenfang et al. 2015) and a
first classification of the terrestrial vegetation of the entire Cubango Basin was elab-
orated (Revermann et al. 2018a).
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The vegetation database of the Okavango Basin was also the foundation to pro-
duce a first vegetation map based on quantitative ground data for the Okavango
Basin (Fig. 6.2b Revermann and Finckh 2013b; Stellmes et al. 2013) and allowed
modelling the a-diversity of vascular plants for the same region (Revermann et al.
2016b).

Based on vegetation relevés various studies have investigated the impact of land
use on vegetation (Revermann et al. 2017) and studied the regeneration of the
vegetation after land use had ceased (Wallenfang et al. 2015; Gongalves et al. 2017,
2018).

Presently a number of vegetation classification and mapping initiatives are
underway in the framework of the research project SASSCAL (Southern African
Science Service Centre for Climate Change and Adaptive Land Management). For
a compilation of project outcomes see Revermann et al. 2018b, e.g. in the Huila
Province (Chisingui et al. 2018) and along the coastal plain from the Cunene River
to Benguela including Iona National Park (Jiirgens et al. in prep.). The same project
includes six newly implemented biodiversity observatories (http://www.sasscalob-
servationnet.org/), depicted on Fig. 6.1. The standardised monitoring of the 1 km?
sites (Jiirgens et al. 2012) will allow the long term monitoring of changes in plant
species composition and plant diversity. Zigelski et al. (2018) present first analyses
of the data gathered on such a biodiversity observatory in the Cameia National Park.

Outlook: A Call for a New Vegetation Survey of Angola

Vegetation and natural resources in general are under strong pressure from the
increasing demands of a growing population and the transition from traditional life-
styles to modern consumerism (cf. Propper et al. 2015). The main drivers of defor-
estation and degradation of woodlands and the general loss of pristine vegetation
cover in Angola are the clearing of new fields for shifting cultivation, industrialised
agricultural schemes and the production of charcoal (Cabral et al. 2010; Hansen
et al. 2013; Schneibel et al. 2013, 2016, 2018; Roder et al. 2015; Wallenfang et al.
2015; Mendelsohn 2019). Without adequate knowledge of the spatial distribution
and extent of vegetation types, their species composition and the environmental
drivers of vegetation patterns (climate, geology, soils, landuse) sound landuse man-
agement is not feasible. Thus, a nationwide vegetation survey based on quantitative,
plot level data is urgently needed. Combined with remote sensing data and ecologi-
cal modelling tools an accurate vegetation map can be produced serving the needs
of conservationists, planners, entrepreneurs and scientists alike. A successful vege-
tation survey however relies on good taxonomic knowledge, current flora compen-
dia and plant identification guides. Functioning and strengthened herbaria are also
of great importance building the capacity of the future generation of field ecologists
and environmental scientists.
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Chapter 7
Suffrutex Dominated Ecosystems
in Angola

Paulina Zigelski, Amandio Gomes, and Manfred Finckh

Abstract A small-scale mosaic of miombo woodlands and open, seasonally inun-
dated grasslands is a typical aspect of the Zambezian phytochorion that extends into
the eastern and central parts of Angola. The grasslands are home to so-called ‘under-
ground trees’ or geoxylic suffrutices, a life form with massive underground wooden
structures. Some (but not all) of the geoxylic suffrutices occur also in open woodland
types. These iconic dwarf shrubs evolved in many plant families under similar envi-
ronmental pressures, converting the Zambezian phytochorion into a unique evolu-
tionary laboratory. In this chapter we assemble the current knowledge on distribution,
diversity, ecology and evolutionary history of geoxylic suffrutices and suffrutex-
grasslands in Angola and highlight their conservation values and challenges.

Keywords Endemism - Geoxyles - Miombo - Phytochorion - Underground forests
- Vegetation

Introduction

Open grassy vegetation is a common aspect of Angolan landscapes and is a charac-
teristic part of the Zambezian phytochorion. Grasses are the most conspicuous ele-
ment of these landscapes towards the end of the rainy season, whereas at the onset
of the rainy season many woody species of so called geoxylic suffrutices or ‘under-
ground trees’ (Davy 1922; White 1976) dominate the aspect of the vegetation. Thus,
in vast areas of central and eastern Angola, the open ‘grasslands’ are de-facto
co-dominated by grasses and geoxylic suffrutices. Closely intertwined with miombo
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woodlands and with wetlands, suffrutex-grasslands constitute one of the main and
most particular ecosystem types of Angola. According to Mayaux et al. (2004), they
cover at least 70,080 km? or 5.6% of the Angolan territory (not including the small
scale woodland suffrutex-grassland mosaics of the central Angolan plateau).

The geoxylic suffrutex life form is marked by proportionally massive under-
ground woody organs, in literature often termed as lignotuber, xylopodia or woody
rhizomes. Annual shoots sprout readily from the buds on these perennial woody
organs, bearing leaves, inflorescences and fruits before they die back after the end
of the rainy season. Coexistence of grasses and suffrutices is made possible by
occupation of different ecological niches together with phase-delayed activity peri-
ods (i.e. main assimilation/flowering/fruiting time) that reduces competition.

Exploration of Geoxylic Grasslands

The first authors who indicated the distribution and ecological particularity of
suffrutex-grasslands in Angola were Gossweiler and Mendonga (1939), who classi-
fied them as heathland-like woodlands (‘Ericilignosa’). They already noted the
main differentiation between the Cryptosepalum spp. dominated suffrutex commu-
nities (‘Anharas de Ongote’) on ferralitic and psammoferralitic soils and the vegeta-
tion types characterised by Parinari capensis and the Apocynaceae Landolphia
thollonii and L. camptoloba on leached sandy soils (‘Chanas da Borracha’). They
had also already observed the strong thermic oscillations of which at least the
‘Anharas de Ongote’ are subject (see below) and commented on the generative
cycle of Cryptosepalum maraviense from flowering to fruiting in the dry season
(and thus, being inverse to the generative cycle of the C4-grasses).

Using a different mapping and classification approach, typical suffrutex-
grasslands mostly on sandy soils were again mapped and described by Barbosa
(1970) as ‘Chanas da Borracha’ (alluding to the presences of species of the genus
Landolphia), ‘Chanas da Cameia’, and ‘Anharas do Alto’. The Cryptosepalum spp.
dominated ‘Anharas de Ongote’ on ferralitic soils are described (but not depicted on
the map) as being inserted in the main miombo types of the Angolan plateau.
However, he describes the typical spatial pattern, i.e. how they appear close to the
headwaters of the small tributaries and then follow the watercourses in narrow or
broad fringes downstream. Gossweiler and Mendonca (1939) as well as Barbosa
(1970), treated these ecosystems as particular site specific plant communities
closely linked to woodland ecosystems, and not as grass-dominated savannas.

White (1983), however, mapped and described only the sandy ‘Chanas’ as
‘Kalahari and dambo-edge suffrutex grassland’ in the context of the “Zambezian
edaphic grassland’, but did not refer to the ‘Anharas de Ongote’ which constitute a
key (but small scale) element of the miombo ecosystems of the Angolan Plateau.
Even in his prominent suffrutex review, White (1976) focuses solely on the ‘Chanas’
in the range of the Zambezi Graben and neither mentions (psammo-) ferralitic
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‘Anharas’, nor lists their dominant key species Cryptosepalum maraviense and C.
exfoliatum ssp. suffruticans in his suffrutex list. He certainly recognises a transition
zone between Zambezian and Guineo-Congolian floras that spans over central and
northern Angola (where the ‘Anharas’ are included) (White 1983). However, he did
not recognise the importance and floristic singularity of the ferralitic suffrutex-
grasslands dominated by Cryptosepalum spp.

Suffrutex Flora and Endemism

The suffrutex life form appears in many different floristic groups and obviously
evolved convergently. A similar center of geoxyle diversity has been reported from
the Brazilian Cerrado. Today, 198 species from 40 families are listed for the western
Zambezian phytochorion (White 1976; Maurin et al. 2014, own data), but an even
higher number is expected as floristic exploration of the region is still poor and new
species might be found (see Goyder and Gongalves 2019). In some cases suffrutices
are considered a dwarf variety or subspecies of a closely related tree species (e.g.
Gymnosporia senegalensis var. stuhlmanniana, Syzygium guineense ssp. huillense)
and hence classified as such and not as one species, although the genetic relatedness
between tree and dwarf form is rarely investigated. On the other hand, not all dwarf
forms are obligate suffrutices; some can facultatively outgrow the dwarf state if
protected from environmental stressors (White 1976), for instance Oldfieldia dacty-
lophylla or Syzygium guineense ssp. macrocarpum (Zigelski et al. 2018).

Within the suffrutex communities of the Zambezian phytochorion, the Rubiaceae
have the highest number of described taxa (46), followed by Anacardiaceae (22) and
Lamiaceae (14). Table 7.1 lists all families with known geoxylic suffrutex taxa
occurring in Angola and gives examples of common geoxyles for each family.
Furthermore, Fig. 7.1 shows some examples and aspects of suffrutex species given
in Table 7.1. The unique Zambezian geoxylic flora with a high number of endemic
species (Brenan 1978; White 1983; Frost 1996) is a consequence of challenging
environmental conditions, as illustrated further below. According to Figueiredo and
Smith’s catalogue of Angolan plants (2008) and our list of suffrutices (Table 7.1),
121 of the 198 suffrutex species occurring in the Zambezian phytochorion are
known from Angola (61%). Of these 121 species 12 are endemic to Angola (10%).

Environmental Conditions of Suffrutex-Grasslands
Through the Year

The substrate strongly influences the species composition of the suffrutex-
grasslands. In Angola geoxylic suffrutices occur on (a) well-drained arenosols
which are found as seasonally flooded savannas in the Zambezi Graben of the
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Table 7.1 List of plant families with geoxylic suffrutices in the Zambezian phytochorion

Plant family

N°

Species common in Angola

Angolan endemics

Rubiaceae

46

Pygmaeothamnus zeyheri (Sond.) Robyns,
Pachystigma pygmaeum (Schltr.) Robyns

2, e.g. Leptactina
prostrata

Anacardiaceae

22

Lannea edulis (Sond.) Engl., Rhus arenaria
Engl.

3, e.g. Lannea
gossweileri

Lamiaceae 14 | Clerodendrum ternatum Schinz, Vitex
madiensis ssp. milanjensis (Britten) F.White
Fabaceae- 13 | Erythrina baumii Harms, Abrus 3, e.g. Adenodolichos
Papilionioideae melanospermum ssp. suffruticosus Hassk. mendesii
Proteaceae 11 | Protea micans ssp. trichophylla (Engl. & 1, Protea paludosa
Gilg) Chisumpa & Brummitt (Hiern) Engl.
Ochnaceae 9 | Ochna arenaria De Wild. & T. Durand,
Ochna manikensis De Wild.
Passifloraceae 7 | Paropsia brazzaeana Baill.
Fabaceae- 6 | Cryptosepalum maraviense Oliv., C.
Detarioideae exfoliatum ssp. suffruticans (P.A.Duvign.)
Apocynaceae 5 | Chamaeclitandra henriquesiana (Hallier f.) | 1, Landolphia
Pichon gossweileri
Ebenaceae 5 | Diospyros chamaethamnus Mildbr, Euclea
crispa (Thunb.) Giirke
Celastraceae 4 | Gymnosporia senegalensis var.
stuhlmanniana Loes.
Dichapetalaceae 4 | Dichapetalum cymosum (Hook.) Engl.
Fabaceae- 4 | Entada arenaria Schinz
Caesalpinioideae
Myrtaceae 4 | Syzygium guineense ssp. huillense, (Hiern)
F. White Eugenia malangensis (O.Hoffm.)
Nied.
Tiliaceae 4 | Grewia herbaceae Hiern
Combretaceae 3 | Combretum platypetalum Welw. ex M. A. 2, e.g. Combretum
Lawson argyrotrichum
Euphorbiaceae 3 | Sclerocroton oblongifolius (Miill. Arg.) Kruijt
& Roebers
Loganiaceae 3 | Strychnos gossweileri Exell
Annonaceae 2 | Annona stenophylla ssp. nana (Exell)
N. Robson
Apiaceae 2 | Steganotaenia hockii (C. Norman)
C. Norman
Chrysobalanaceae 2 | Parinari capensis Harv., Magnistipula sapinii
De Wild.
Meliaceae 2 | Trichilia quadrivalvis C.DC.
Moraceae 2 | Ficus pygmaea Welw. ex Hiern
Myricaceae 2 | Morella serrata (Lam.) Killick
Phyllanthaceae 2 | Phyllanthus welwitschianus Miill. Arg.
Ranunculaceae 2 | Clematis villosa DC.

(continued)
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Table 7.1 (continued)
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Plant family N° | Species common in Angola Angolan endemics
Achariaceae 1 | Caloncoba suffruticosa (Milne-Redh.) Exell
& Sleumer
Anisophyllaceae 1 | Anisophyllea quangensis Engl. ex Henriq.
Clusiaceae 1 | Garcinia buchneri Engl.
Dilleniaceae 1 | Tetracera masuiana De Wild. & T. Durand
Fabaceae- 1 | Bauhinia mendoncae Torre & Hillc.
Caesalpinioideae
Hypericaceae 1 | Psorosperum mechowii Engl.
Ixonanthaceae 1 | Phyllocosmus lemaireanus (De Wild. &
T. Durand) T. Durand & H. Durand
Lecythidaceae 1 | Napoleonaea gossweileri Baker f.
Linaceae 1 | Hugonia gossweileri Baker f. & Exell
Malpighiaceae 1 | Sphedamnocarpus angolensis (A. Juss.)
Planch. ex Oliv.
Malvaceae 1 | Hibiscus rhodanthus Giirke
Melastomaceae 1 | Heterotis canescens (E. Mey. ex Graham)
Jacq.-Fél.
Picrodendraceae 1 | Oldfieldia dactylophylla (Welw. ex Oliv.)
J.Léonard
Rhamnaceae 1 | Ziziphus zeyheriana Sond.
Urticaceae 1 | Pouzolzia parasitica (Forssk.) Schweinf.

N°: overall number of Suffrutex species in the Zambezian phytochorion; examples of species
occurring in Angola are given for each family. Compilation of families and species according to
White (1976), Maurin et al. (2014) and own data

Moxico province or as sandy alluvial deposits on fossil river terraces along the val-
leys of the southern slopes of the Angolan plateau (Fig. 7.2a); (b) on psammo- fer-
ralitic plinthisols as they frequently occur on the Bie Plateau in central Angola. The
suffrutex-grasslands on ferralitic soils mostly occur on mid- and foot-slopes and are
embedded within a matrix of miombo woodland (Fig. 7.2b).

Environmental conditions in suffrutex-grasslands change dramatically through-
out the year. The most perceived stresses are man-made fires in the dry season
(May—October) which are mostly deployed to induce resprouting for livestock fod-
der or to facilitate hunting (Hall 1984). Depending on fire intensity, which in turn
depends mostly on fuel load, ambient temperature and wind (Govender et al. 2006),
such fires can completely burn unprotected aboveground biomass.

Another abiotic stress occurring mostly in the early dry season (June—August) is
nocturnal frost, peaking immediately before sunrise. At this time of year masses of
cold dry air from southern latitudes intrude into south-central Africa (Tyson and
Preston-Whyte 2000). As depressions accumulate confluent cold air, the undulating
topography of the Angolan highlands facilitates frequent radiation frost especially
in valleys (Revermann and Finckh 2013; Finckh et al. 2016). Up to 44 frost events
per dry season (with a minimum temperature of —7.5 °C) were recorded by Finckh
et al. (2016), with a temperature span of up to 40 degrees within 12 h. Most woody



Fig. 7.1 Common Angolan suffrutex species. (a) Ochna arenaria (Ochnaceae), fruiting and grow-
ing on sandy sediments of the Bie Plateau. (b) Syzygium guineense ssp. huillense (Myrtaceae)
flowering in the dry season and growing on sandy soils of the Bie Plateau. (¢) Lannea edulis
(Anacardiaceae), bearing edible fruits, growing on Kalahari sands in southeast Angola. (d)
Hibiscus rodanthus (Malvaceae), growing on Kalahari sands in southeast Angola and flowering in
the rainy season. (e) Landolphia gossweileri (Apocynaceae), typical element of the ‘Chanas da
Borracha’, growing on sandy soils of the Bie Plateau and bearing edible fruits. (f) Phyllanthus
welwitschianus (Phyllanthaceae), growing on sandy soils of the Bie Plateau and flowering in the
rainy season. (g) Cryptosepalum exfoliatum ssp. suffruticans (Fabaceae — Detarioideae) with exca-
vated rootstocks, typical element of the ‘Anharas de Ongote’, growing on psammoferralitic soils of
the Bie Plateau. (h) Parinari capensis (Chrysobalanaceae), typical element of the ‘Chanas da
Borracha’, growing on slightly elevated termite mounds in flooded savannas of the Cameia
National Park, Moxico Province
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Fig. 7.2 Typical geoxylic suffrutex grasslands of Angola. (a) ‘Chanas da Cameia’ in the Cameia
National Park, Moxico Province, during dry season in June. The slightly elevated termite mounds
provide habitat for several geoxyle species that avoid the low-lying areas that are waterlogged from
January to May. (b) ‘Anharas de Ongote’ in the Sovi Valley on the southern slopes of the Bie
Plateau, in August. The mid- and footslopes are dominated by suffrutex-grassland with the charac-
teristic reddish and green patches of the fresh leaves of Cryptosepalum maraviense, whereas the
wetlands in the drainage lines are covered mostly by Cyperaceae (background, in dark green)
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species from tropical background (including geoxylic suffrutices) are sensitive to
frost, their leaves wilt or their shoots die-off entirely.

The geoxylic suffrutex species seem to be triggered by the destruction of their
shoots by frost and/or fire, as they readily resprout after these disturbances and in
most cases already start flowering in the dry season. The suffrutices therefore have
often already finished their generative cycle when the grasses start to cover them.

The suffrutex-grasslands of the sandy plains in eastern Angola are furthermore
subject to seasonal flooding in the late rainy and early dry season (January—May),
leading, for example, in the Cameia National Park to standing water up to 0.5 m
deep. Whereas grass species dominate the sites which are inundated for several
months, suffrutex species seem to avoid fully waterlogged sites and grow patchily
on slightly elevated termite mounds (Fig. 7.2a) or other well drained sites.

The dominant grass species seem to profit from inundation. Their tufts develop
massively in the middle of the rainy season and they flower and bear fruits through-
out the flooding season (own observations).

Knowledge Gaps on the Evolution of the Geoxylic Suffrutices
and the Formation of Suffrutex-Grasslands

A common observation within suffrutex ecosystems is the resemblance (Meerts
2017) and assumed close relatedness of suffrutex species to tree species that occur
in forests and woodlands. The indigenous people (e.g. the Chokwe in eastern
Angola) in many cases recognise the similarity and relatedness and use similar local
names for such pairs, for instance Muhaua and Mupaua for the tree and suffrutex
forms of Syzygium guineense Willd. DC. The striking fact that the suffrutex life
form was developed by several plant families independently and at roughly the
same time (Maurin et al. 2014) indicates a common driver that triggered its conver-
gent evolution.

Grassy biomes emerged in Africa in the late Miocene approximately 10 mya
(Cerling et al. 1997; Keeley and Rundel 2005; Herbert et al. 2016). This period is
characterised by global climatic fluctuations which led to cooler, drier conditions, to
a drop of atmospheric CO, concentrations and particularly to pronounced precipita-
tion seasonality (i.e. wet and dry seasons) in southern Africa (Pagani et al. 1999). As
a consequence, humid tropical forests retreated to more favorable sites further north
and were replaced by more open dry and seasonal tropical forest ecosystems like the
miombo (Bonnefille 2011). In parts where miombo landscapes prevail today, cano-
pies were disrupted and allowed the establishment of open ecosystems embedded in
woodland matrices. These open ecosystems were then rapidly occupied by light-
demanding C4-grasses and the evolving geoxylic suffrutices.

It is still an open discussion why open suffrutex-grasslands are able to persist
within the woodlands (or vice versa). It is however likely that rainfall seasonality
and the above described abiotic stresses that characterise the suffrutex-grasslands
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play a major role in their establishment and maintenance (Sankaran et al. 2005;
Staver et al. 2011).

Savanna ecologists tend to see fire as the main driver for grassland formation. On
the one hand frequent fires prevent tree establishment if saplings cannot outgrow the
reach of the flames and are destroyed therein. For woodlands in eastern South
Africa, a fire free time period of at least 5 years is necessary for many tree species
to escape the ‘fire trap’ (Sankaran et al. 2004; Gignoux et al. 2009). This time win-
dow, allowing for successful reestablishment of trees, is rarely achieved in Angolan
grasslands, at least nowadays (Schneibel et al. 2013; Stellmes et al. 2013).
C4-savanna grasses, however, respond positively to periodic burning and resprout
within weeks (Bond and Keeley 2005), thus being able to colonise seasonally burnt
sites.

Forest ecologists, on the other hand, attribute the frequent short duration frost
events in the dry season for preventing tree recruitment in the open areas (Finckh
etal. 2016). As the list of suffrutices (Table 7.1) shows, mainly (but not exclusively)
tropical families or genera evolved suffrutex life forms. Frost is deleterious to most
tropical tree taxa, as they have not developed physiological adaptations to this ‘un-
tropical’ stress factor, thus showing little or no frost tolerance (Sakai and Larcher
2012). As the suffrutex-grasslands are typically situated in particularly frost prone
sites (depressions), tree taxa that are not adapted to frost are being filtered out of
such environments.

In any case, a promising strategy to cope with seasonally returning thermic stress
(by frost or fire) is to protect sensitive organs (buds) by hiding them underground.
Tree species relocated their woody biomass and regenerative buds belowground at
the expense of growth height and were thus able to cope with frost and fire prone
sites (White 1976; Maurin et al. 2014; Finckh et al. 2016). Even shallow soil depths
of less than 10 cm are sufficient to alleviate thermic stresses (Revermann and Finckh
2013). The high number of tropical genera and families that contribute to the suf-
frutex flora show how successful this strategy is for frost sensitive and fire suscep-
tible taxa, in order to survive the adverse conditions of the open grasslands.

Concomitantly other evolutionary advantages of the geoxylic life form have been
discussed, for instance poor edaphic conditions, as favoured by White (1976). He
considered the low nutrient status of the leached and locally seasonal waterlogged
soils on Kalahari sands as a likely cause for the lack of regular trees and the suffru-
tication of them as means of compensation. However, trees as well as suffrutices
often grow on the same or similarly poor soils, with comparable physical and chem-
ical properties (Grongroft et al. 2013); forests and grasslands are not separated by
edaphic boundaries but follow topographic rather than edaphic logics.

The waterlogging argument on the other hand would imply that the woody
underground organs show adaptations to inundation, for instance aerenchymatic tis-
sue or adventitious roots (Parolin 2008). Anatomical analyses of the rootstocks of
four common suffrutex species however did not provide any support for aerenchy-
matic tissue nor other adaptations to inundation (Sanguino 2015). Moreover, in sea-
sonally flooded savannas suffrutices avoid inundated sites. This is even the case for
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Syzygium guineense ssp. huillense, a suffrutex closely related to a tree species that
grows along and in rivers and floodplains (Coates Palgrave 2002; Meerts and Hasson
2016).

To summarise, so far the main environmental driver for the astonishing radiation
of geoxylic suffrutices has not been conclusively identified. The emergence of the
suffrutex grassland at the end of the Pliocene and the peak of radiation at the begin-
ning of the Pleistocene is clearly related to climatic seasonality and pronounced dry
seasons. Dry seasons, however, did not only provide the necessary dry fuel for fire
but also provided the atmospheric conditions for nocturnal frost events — the season-
ality argument, thus, does not tip the balance toward fire or frost.

Conservation Value and Conservation Challenges

Various studies recognise the high floristic singularity of the Zambezian phytocho-
rion and suffrutex-grasslands with its unique life forms contribute prominently to its
high number of endemic species (Clayton and Cope 1980; White 1983). The high
degree of suffrutex-grassland endemics within the Zambezian phytochorion as well
as within Angola is a consequence of a unique setting of environmental drivers like
nutrient poor soils, frequent frosts and fires or precipitation seasonality in a small-
scale heterogeneous landscape (Linder 2001). Thus, the Zambezian phytochorion
can be seen as an evolutionary laboratory that promoted the evolution of many spe-
cialised plant species, e.g. suffrutices, orchids and grasses.

Suffrutex-grasslands are sometimes misunderstood as ‘degraded forests’, over-
looking their naturalness. Through this misconception they are listed as sites for
reforestation in order to recover presumably lost forests and to sequestrate atmo-
spheric CO, (Parr et al. 2014). However, the well-intentioned act of reforestation
would in fact destroy biodiverse natural ecosystems (Bond 2016). A lack of under-
standing, however, frustrates the development of appropriate conservation measures
for the suffrutex grasslands today and in the future. The rebuilding process in Angola
also has risks, happening at a rapid pace and shaping the landscape to human
demands with limited consideration for sustainable management (Propper et al.
2015). Flooded savannas in the Moxico Province for instance are targeted for large-
scale agro-industrial development (ANGOP 2017). Not even National Parks offer
adequate protection to ecosystems in this area, as the first rice schemes emerged
during 2016 within the limits of Cameia National Park (own observation).
Deficiencies in communication and cooperation between different ministries and
governance levels aggravate such problems.



7  Suffrutex Dominated Ecosystems in Angola 119

Outlook

Many questions still remain to be answered around the enigmatic life form of the
geoxylic suffrutices. In order to efficiently safeguard suffrutex-grasslands, we need
to understand the evolutionary drivers and evolutionary processes shaping these
ecosystems. For instance, a thorough understanding of the evolutionary drivers and
the response of suffrutices to them would help to assess how current environmental
conditions affect the Zambezian ecosystems and how landscape shaping processes
work. Moreover, investigations about genetic patterns of suffrutices and close tree-
relatives would give insight to speciation processes, means of propagation (clonal or
sexual) and evolutionary history. Also, ecophysiological or morphological measure-
ments would contribute another perspective from which to assess how suffrutices
react to environmental stresses and change processes. All these facets are currently
the subjects of incipient research.
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Chapter 8
Landscape Changes in Angola

John M. Mendelsohn

Abstract Landscape changes in Angola are dominated by woodland and forest
losses due to clearing for crops, bush fires (which convert woodland into shrubland)
and the harvesting of fuel (as wood and charcoal) and timber. Rates of clearing for
small-scale dryland crops are high over much of Angola as a result of poor soil fer-
tility. Erosion is also a severe problem, which has caused widespread losses of top-
soil, soils nutrients and ground water. Rates of erosion are greatest in areas with
steep slopes, sparse plant cover and high numbers of people, as well as around dia-
mond mines in Lunda-Norte. Patterns of river flow and water quality have been
changed, largely as a result of soil erosion and plant cover loss, as well as large
irrigation schemes and dams. High rates of urban growth and the production of
untreated urban waste have led to large concentrations of contamination around
towns. Further research is needed, for example to assess the environmental impacts
of the fishing and petroleum industries offshore, the effects of large volumes of
urban waste being washed into and down major rivers to the sea, and landscape
changes in an around areas of highland forests and grasslands that support popula-
tions of rare and endemic species.

Keywords Bushmeat - Charcoal - Deforestation - Fire - Land transformation -
Mining impacts - River flows - Shifting cultivation - Soil erosion - Urbanisation

Introduction

Angola is a developing country, its development occurring in multiple ways in dif-
ferent areas of the country and affecting a variety of natural resources. Some changes
and developments are likely to accelerate as the country seeks to diversify its econ-
omy and reduce dependence on revenues from oil and diamonds. It is also likely that
the changes will contribute to such global trends as loss of biodiversity and land
degradation.
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This brief review provides perspectives and information on changes to Angola’s
terrestrial landscapes, particularly in the southern half of the country. There are
three sections to the chapter, the first of which describes the major kinds of land-
scape change. The second is an account of conditions that drive changes, both ulti-
mately and proximately. Finally, areas most affected by major changes are identified
in the third part of the paper.

Major Changes

Woodland and Forest Loss

Losses of woodland are by far the most obvious and conspicuous of changes in
Angola. Much of this has been due to clearing for small-scale crop farming, particu-
larly of dry-land crops, and large-scale commercial agriculture (including relatively
small areas of exotic tree plantations). Other losses have come from the harvesting
of charcoal, wood fuel, timber production (both for commercial and domestic uses),
and runaway bush fires. On a smaller scale, swathes of riverine forest have been
removed to give miners access to alluvial diamonds in rivers in Lunda-Norte.

As a result of all these losses, large areas of forest and savanna are now grass-
lands or shrublands. For example, the greater part of Huambo and Angola’s central
planalto was originally wooded, and 78.4% of the province of Huambo was covered
in miombo woodland in 2002. In 13 years that figure had dropped in 2015 to 48.3%,
amounting to the loss of some 1.265 million ha, 63.2% of which was converted from
forest to crop land (Palacios et al. 2015). Similar losses in western Cuando Cubango,
eastern Huila and eastern Huambo have been documented by Schneibel et al.
(2013), and elsewhere in Huila and the Cuvelai drainage in Cunene (Mendelsohn
and Mendelsohn 2018).

A countrywide perspective on the loss of forest or tree canopy cover is presented
in Fig. 8.1. Several relevant features are visible in this image. First is the open,
deforested expanse stretching southwest to northeast across western Huila, south-
western Huambo and western Bié. Much of this area of highlands was cleared for
crops between the 1950s and 1970s, although grasslands (anharas do alto) probably
always dominated high altitude areas of the central planalto above about 1900 m
above sea level. Substantial areas were cleared at the same time in parts of Cuanza-
Norte, Cuanza-Sul and Malange, but their boundaries are not easily defined.

Second is the clearing of woodlands around urban areas. Many had already been
cleared of tree cover by 2000, after which clearings expanded as trees were removed
progressively further from the town centres, a trend illustrated by Schneibel et al.
(2018). Examples of recent clearings between 2000 and 2015 are conspicuous as
‘red bands’ around Dundo, Menongue, Luena, Malange, Cafunfo, Cubal and
Caimbambo in Fig. 8.1. Much of the deforestation is clear-felling for dryland 