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North-South cooperation through
BIOTA:an interdisciplinary
monitoring programme in arid and
semi-arid southern Africa

C.B.Krug™, KJ.Esler’, M.T. Hoffman", J. Henschel,
U. Schmiedel and N. Jiirgens*

South collaboration has many advan-

tages: mutualisms evolve, synergies are
created and spin-offs emerge. The BIOTA
South (Biodiversity Monitoring Transect
Analysis in southern Africa) programme,
with its long-term vision to generate knowl-
edge of biodiversity along a north-south
transect in southern Africa, is providing
opportunities for research, technology trans-
fer and capacity building while focusing on
potential solutions for critical challenges that
face this environmentally vulnerable part of
the subcontinent.

CONNECTING DISCIPLINES IN A NORTH-

The need for long-term ecological
research

A significant proportion of the biodi-
versity-rich arid and semi-arid regions of
western South Africa and eastern Namibia
has been transformed over the last 250
years by land-use practices such as mining,
cultivation and grazing by large numbers
of domestic livestock."™ The likely expan-
sion of these activities in the coming de-
cades, coupled with the predicted effects
of climate change, will not only affect the
biodiversity of the region” but also the
lives of its inhabitants. The extent, magni-
tude and direction of change needs close
monitoring to ensure ecological and
economic sustainability, which is best
achieved through long-term, interdisci-
plinary programmes.” !

A formal, co-ordinated approach to
long-term ecological observation is nothing
new to international research programmes
on global environmental change. Meteo-
rological observation networks, the IGBP
programme, GTOS, DIVERSITAS with its
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bioDISCOVERY programme, ILTER"
and, recently, GEOSS all address changes
in ecosystems over both space and time.
Monitoring at fixed sites (to determine
spatial variation) over long time periods
(decades to centuries) to detect temporal
variation assists in the understanding of
long-term ecological processes (such as
changes in species assemblages over
seasons or years), as well as the detection
of episodic changes and rare occurrences
(for instance, the effect of an uncommon
rainfall event in an arid area)."** Compar-
isons across space and time on local,
regional and global scales'” bring site-
based data into spatial context. With
greater understanding of ecosystems and
their ecological processes, the foundation
is laid for the successful management and
restoration of threatened ecosystems.'>*>

The need for long-term monitoring in
southern Africa is recognized, which is
why SAEON (South African Environ-
mental Observation Network) was set up
in 2002 within the ILTER (International
Long-term Environmental Research)
framework. Namibia established a long-
term observation programme in 1999
(NaEON, the Namibian Environmental
Observation Network), and both South
Africa and Namibia are members of
ELTOSA (Environmental Long-term
Observation network of Southern Africa),
which was founded in 2001."

BIOTA in southern Africa

In the 1990s, the German government
strongly supported international science
programmes on global environmental
change (such as the WCRP, IGBP,
DIVERSITAS and IHDP). In that spirit, a
proposal to develop a global biodiversity
observation system in close cooperation
with African countries was drawn up.'*®
Based on recommendations of the National
Committee on Global Change Research
(www.nkgcf.org), the German Federal
Ministry of Education and Research
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(BMBEF) initiated the BIOLOG (Biodiversity
and Global Change) programme, funded
primarily by the ministry. The primary
aim of this programme is to promote
research on the sustainable use of bio-
diversity, with the research focus on
Europe (BIOLOG Europe) and Africa
(BIOLOG Africa, or BIOTA, for BIOdiver-
sity Monitoring Transect Analysis in
Africa). These continents were selected to
investigate the impact of land-use and
climate change on biodiversity, as they
differ considerably in respect of biodi-
versity, the availability of skilled people,
knowledge and expertise, and face differ-
ent threats to their respective environ-
ments.”” Within Africa, BIOTA research is
conducted in three regions: BIOTA West,
covering Ivory Coast, Burkina Faso and
Benin; BIOTA Eastin Kenya and Uganda;
and BIOTA South, where research is
pursued in Namibia and South Africa. All
three BIOTA programmes are interdisci-
plinary, spanning the natural and social
sciences, and involve German and local
African researchers and students. Partici-
pating institutions are equal partners in
the programme, which has an overall
budget of €7.5 million (R60 million).”
However, southern African researchers
receive not only monetary support. Ger-
man partners provide the observatory
infrastructure (weather stations, enclo-
sures) as well as logistic and administra-
tive assistance. In exchange, southern
African partners bring their expertise and
insights to the problems and use local
resources, infrastructure and networks
on behalf of the programme.

The main focus of BIOTA Africa is
sustainable management of biodiversity
in the continent, integrated in a long-term
observation system. As with SAEON and
NaEON, changes are monitored at fixed
sites (biodiversity observatories) over a
long period, with initial BIOTA funding
for the first nine years. These observato-
ries are arranged along a transect follow-
ing a land-use, landscape or climate
gradient (Fig. 1). In BIOTA West, the
transect follows an aridity gradient from
the sub-Saharan savanna to coastal rain
forest, BIOTA East pursues an altitudinal
gradient from the lowlands to the cloud
forests; within BIOTA South, the transect
tracks a rainfall gradient from the winter
rainfall region of the Western Cape prov-
ince of South Africa to the summer rainfall
areas of northern Namibia, crossing the
hyper-arid Namib Desert along the way.
Along each large-scale ecological gradient,
the effect of contrasting land use on
biodiversity is investigated, and the impact
of the different land-use types on people’s
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Fig. 1. Position of the BIOTA and BIOTA South transects. In total, 26 observatories along a S-N transect were established in 2001; nine further observatories along a
W-E transect in Namibia were added to BIOTA South in 2003.

livelihoods is determined. The main
objective in Phase I (2000-03), the pilot
phase of BIOTA, was to collect informa-
tion on abiotic conditions and to record
biodiversity on various taxonomic levels
along the transect. The patterns, processes
and functions of biodiversity were also
documented as were the land-based live-
lihoods of people living in the region.
Knowledge gained in this phase provided
the research base for subsequent investi-
gations. In Phase II (2004-06), the
programme’s focus is to understand the
drivers and mechanisms of changes in
biodiversity and livelihoods. Knowledge
about the direction and predictions of
change, the interventions needed, and
policy- and decision-making proposals
will be generated. Their implementation

will form the focus of the third and final
phase (2007-09).

The programme currently consists of 12
subprojects, which incorporate more
than 20 German, South African and
Namibian research institutions spanning
ecological, social and economic disciplines,
as well as other bodies and government
departments (Tables 1 and 2 in online
supplement). To promote and maintain a
more formal interaction between the
partners, the South African BIOTA Steer-
ing Committee (SABSC) and the BIOTA
Namibia Steering Committee (BIONaSC)
have been established, with liaison offi-
cers as the main links between the partici-
pating institutions (see Table 3 in online
supplement). Researchers are encour-
aged to stimulate trans-disciplinary

research. This is achieved by holding
regular meetings and workshops, where
research results are exchanged, and
opportunities for discussion and interac-
tion on all levels are provided.”

The first phase of this ‘flagship’research
programme captured the attention of both
German and South African governments
and led to reference to the BIOTA project
in the joint communiqué of the Fourth
Session of the South Africa-Germany
Bi-National Commission, which was
drawn up at the presidential guesthouse
in Pretoria, South Africa, on 30 October
2003. In Namibia, two agreements, con-
cerning technical and cultural coopera-
tion between the governments of
Namibia and Germany, have been
in place since 1991. To boost the South
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African contribution to the project, the
Department of Science and Technology
committed a further R3 million over a
three-year period. The aim of these funds
is to contribute to local and regional
capacity building by supporting post-
graduate and undergraduate students
and to strengthen the participation of
South African researchers.

A monitoring protocol

Interdisciplinary research within BIOTA
South focuses on 26 observatories along a
south—north transect, and nine observato-
ries situated on a west—east transect (Fig. 1)
and their immediate surroundings. In
some cases, observatories are paired to
provide a land-use contrast. The observa-
tories are 1-km? sites where standardized
research methods are adopted (Fig. A in
online supplement).””** This allows for
meaningful comparisons at various scales
within and between observatories, the
validation of observed patterns and pro-
cesses along the transect and the long-
term monitoring for detecting change.
The scale and size of individual research
sites within and beyond the borders of the
observatories depend on the research
question, organisms investigated and the
landscape studied.

Within the subprojects, research is
conducted in terms of four integrative
themes: 1, natural dynamics and processes
of biodiversity in space and time;*¥ 2,
human use, values and impact in space
and time;*®* 3, interventions (tools,
techniques, instruments) for sustainable
use and management of biodiversity;® 4,
policy implications at local, national and
international levels.* For a detailed publi-
cations list, see the BIOTA Africa website
at www.biota-africa.org.

Research nuggets

At a seminar on the status of BIOLOG
held in Wiirzburg, Germany, in November
2005, team leaders and students were
given the opportunity to highlight nuggets
of research made possible through the
programme. Transdisciplinary links are
being forged to understand dynamics,
impacts and interventions across scales
and taxa. The established system of 26
biodiversity observatories in combination
with other archives generates detailed
information on the change of biodiversity
and underlying dynamics and processes.
For example, multi-temporal LANDSAT
imagery has allowed researchers working
on biological soil crusts to span spatial
and temporal scales, resulting in the first
analysis of the disturbance, destruction
and recovery of lichen communities along
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the arid Namibian coast.”*® Spatially
explicit simulation models have allowed
integration of processes across disciplines
and scales to understand how climatic
changes can influence species dynamics
and diversity** and how communal and
commercial farming influence large-scale
vegetation dynamics®* — the ultimate
goal here is to develop economic decision
models to aid end users. The large data
sets generated over the BIOTA South
transect are also proving their worth. For
example, insights into how rainwater
infiltration is limited by pedodermal soil
properties explain why certain land-
scapes either shed or retain water. This in-
formation has practical spin-offs, such as
understanding how to activate restora-
tion efforts. Repeated monitoring of sites
has already provided a glimpse of the
consequences of a changing climate. For
instance, temporal monitoring of the life
cycles of pollinators and flowering plants
at Paulshoek has suggested that synchrony
of this reproductive dance is disrupted
during years of extreme drought.*” The
spectre of rapidly increasing climatic
variability and drying trends might well
lead to an unravelling of the threads that
tie these communities together.

Capacity development

Skills development on a number of
levels is an important aspect of the BIOTA
South programme; a capacity building
programme has been built into Phase II.
Through the financial, logistic, and
infrastructural support base, southern
African researchers conduct biodiversity
research in their own countries. Each of
the 12 subprojects provides bursaries for
students at undergraduate and postgrad-
uate level, which contributes greatly to
skills development in the natural and social
sciences, leading to future researchers.
Currently, 40 southern African students at
B.Sc., M.Sc. and Ph.D. levels are registered
at tertiary institutions in the three coun-
tries (Table 4 in online supplement), and
contribute to research throughout all sub-
projects (Table 1in online supplement). Of
these, about 40% are women.

Capacity development within BIOTA
Africa is not restricted to skills develop-
ment at research institutions. As the over-
all aim of BIOTA is the sustainable use of
biodiversity, the involvement of local
stakeholders is critical. This involvement
is achieved in two ways: first, through
workshops where researchers and students
interact with local stakeholders and
exchange relevant information with land
and conservation managers; second,
through a ‘para-ecologist’ training pro-
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gramme implemented in 2004 at the start
of Phase II.

In the latter programme, BIOTA South
employs and trains members of local
communities as para-ecologists (ecologists
who have not received formal, academic
training but are trained on the job and via
courses in biodiversity research). The aim
of the programme is to integrate local
communities into the research activities
on the BIOTA observatories, to increase
participation by empowering the para-
ecologists to take over substantial parts of
the biodiversity monitoring tasks which
were previously carried out by academic
scientists, and to promote ownership of
the research results by local communities.
Eight individuals (3 women, 5 men) have
been selected from South African and
Namibian communities along the BIOTA
South transect by researchers and local
institutions (national parks, nature con-
servation agencies, agricultural research
stations), and are employed full-time for
the duration of Phase II, with the possibil-
ity of further employment in Phase III
Each para-ecologist is mentored and
supported by a BIOTA South researcher,
and receives training through workshops
while conducting field work with the
researchers. Table 5 in online supplement
outlines aspects of the training programme.
The para-ecologists monitor a range of
ecological processes (such as the phenology
of selected plant species), interview
land-users about stock numbers or local
knowledge of special organisms, set up and
maintain research infrastructure, and
function as contact persons and multipliers
in the local communities. For the para-
ecologists the programme provides a job
which goes beyond the learning and
applying of methods and also helps to
develop self-confidence (Fig. B in online
supplement). The vision of BIOTA South
is that the availability of experienced, lo-
cal para-ecologists will continue the mon-
itoring of biodiversity along the transect
after the German funding of the project
comes to an end, and southern African in-
stitutions take over the programme’s in-
frastructure.

BIOTA South — The future

Halfway through Phase II, planning for
Phase I1I is already well under way. Here
the main objective is the development of
successful interventions and manage-
ment to conserve the biodiversity of a
unique region, while at the same time
providing sustainable livelihoods to the
local people. This will be achieved by
moving the focus from discipline-based
subprojects to integrative, question-driven
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research themes. Emphasis will be placed
on interdisciplinary research projects,
synthesis of research results, application
of management interventions and decision
making. A prerogative of this phase
will have to be successful translations of
research achievements into applicable
tools forland and conservation managers.
This requires close involvement of local
stakeholders and decision-makers.
Several challenges face BIOTA South.
Now that the baselines are largely in
place, a synthetic, hypothesis-driven
theoretical underpinning is required.
This ambitious objective obliges those
involved to navigate across cultural,
language and disciplinary barriers. Se-
curing a guarantee for sustainability
remains key to the BIOTA South long-
term vision. Sustainability demands
continuation of key activities at selected
observatories and a secure but accessible
home to realize the full potential of a
well-collated data set from this large-scale
ecological transect.
We thank Richard Knight, Anthony Mills, Sue Milton
and Michael Samways for commenting on the manu-
script. The BIOTA project is sponsored by the German
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Table 1. List of subprojects within BIOTA South, with number of workpackages (individual projects or tasks), German, South African and Namibian institutions involved,
and number of researchers (including post-doctoral researchers) and students (Ph.D./M.Sc./B.Sc./B.Tech.) working in each subproject (some researchers are involved in

more than one subproject).

Sub-project no. Subproject title Institutions involved Work packages Researchers/ Students
principal
investigators
SO01 Remote sensing and GIS-based survey of German Aerospace Centre 5 8 7
spatial and temporal biodiversity dynamics Max Planck Institute for Meteorology
and analysis of biodiversity and geodiversity Universitat Wirzburg
interrelationships ARC-Range and Forage Institute
South African National Biodiversity Institute
University of Cape Town
University of the Western Cape
National Botanical Research Institute, Namibia
Polytechnic of Namibia
S02 Edaphical diversity and biodiversity in mutual Universitat Hamburg 5 5 5
dependence Stellenbosch University
S03a Mycocoenoses of the soil, their species Eberhard-Karls-Universitat Tbingen 4 3 0
diversity and functions
S03b Biodiversity of rust fungi in southwestern Eberhard-Karls-Universitat Tubingen 3 1 1
Africa: Species monitoring, database and
data analysis
S04 Development of a storage and retrieval Staatliches Museum fir Naturkunde, Karlsruhe 2 2 0
system for lichenological biodiversity data Universitat Bayreuth
National Herbarium, Pretoria
Polytechnic of Namibia
S05 Biological soil crusts (BSCs): biodiversity, Universitat Hohenheim 7 5 9
functional diversity, their environmental Universitat Kaiserslautern
determinants and role in the ecosystem Universitéat Leipzig
Staatliches Museum fiir Naturkunde, Karlsruhe
University of Limpopo
S06 Towards sustainable use of phyto-diversity: Universitat Hamburg 6 13 22
analysis of the mechanisms which control the South African National Biodiversity Institute
changes caused by human land use and Stellenbosch University
climate change University of Cape Town
University of Pretoria
University of the Western Cape
Western Cape Department of Agriculture
National Botanical Research Institute, Namibia
Polytechnic of Namibia
S08 Effects of anthropogenic changes on the Padagogische Hochschule Karlsruhe 5 6 4
diversity of Namibian Odonata: modelling on Tierérztliche Hochschule Hannover
differentgeographical scales Technische Universitat Braunschweig
National Museum of Namibia
S09 Structural, functional and species diversity Philips-Universitat Marburg 5 10 13
in semiarid savannas of southern Africa: Universitat Potsdam
scaling-up and modelling-based integration Universitat Regensburg
Universitat Tlbingen
University of Cape Town
University of Pretoria
S10 Arthropods as ecosystem engineers: the Universitat Wirzburg 2 2 3
impact of ants, termites and tenebrionids on Desert Research Foundation of Namibia
soil properties and vegetation Gobabeb Training and Research Centre
S11 Socio-economics of biodiversity management: Justus-Liebig-Universitat Giessen 6 7 14
Policy, institutions and land use concepts Philipps-Universitat Marburg
Universitat Hamburg
University of Cape Town
University of Zululand
Desert Research Foundation of Namibia
University of Namibia
S12 Zoological diversity in transformed landscape Stellenbosch University 4 4 3
of the Western Cape, South Africa
Total 54 66 81




Table 2. Disciplines represented within BIOTA South, and number of German, Namibian and South African
researchers working within the different disciplines. Researchers are listed only once, according to their main

discipline.

Discipline German Namibian South African Total
Economics & Social Sciences 4 3 0 7
Earth & Atmospheric Sciences 5 0 5 10
Biological & Life Sciences 17 2 12 31
Applied Sciences 0 1 2 3
Total 26 6 19 51

Table 3. Contact details for the German BIOTA South head office, and the Namibian and South African steering committee chairs and liaison officers.

Head Office BIOTA South

BIONASC

SABSC

Norbert Juergens

Biocentre Klein Flottbek and Botanical Garden

University of Hamburg
Ohnhorststr. 18
22609 Hamburg
Germany

Coordinator:

Ingo Homburg

Tel: +49 (0)40 428 16409

E-mail: ihomburg @botanik.uni-hamburg.de

BIOTA Namibia Steering Committee

Ibo Zimmermann (Chair) Patrick Graz (Co-Chair)

Agriculture Department
Polytechnic of Namibia
Private Bag 13388
Windhoek

Namibia

Liaison Officer:

Bertchen Kohrs

Tel: +264 (0)61 227 913
E-mail: bertchenk @iway.na

South African BIOTA Steering Committee
Nicky Allsopp (Chair)

ARC-Range and Forage Institute

c/o University of the Western Cape
Private Bag X17

Bellville 7535

South Africa

Liaison Officer:

Tessa Oliver

Tel: +27 (0)21 959 3381
E-mail: toliver@uwc.ac.za
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Fig. A. Design of the 1-km’ observatories. Biodiversity research focuses on a number of randomly selected hectares within the observatory; the number of hectare plots
investigated differs between subprojects. Soil, lichenological and botanical sampling plots are set on predefined, fixed points whereas other disciplines work outside of
these within each hectare sampled.



Table 4. Total number of southern African students at B.Sc., M.Sc. and Ph.D. level supported by BIOTA South at
South African, Namibian and German tertiary education institutions.

Institution Degree Female Male
Total PDI* Total PDI
University of Cape Town B.Sc.(Hons) 2 2
M.Sc. 3 1
Ph.D. 3(1) 1(1)" 1
University of the Free State Ph.D. 1(1)
University of Pretoria B.Sc.(Hons) 1(1)
M.Sc. 1 1
Ph.D. (1)
University of Stellenbosch B.Sc.(Hon) 1
M.Sc. 2
Ph.D. 2
University of the Western Cape B.Sc.(Hons) 1
M.Sc. 1
Ph.D. 1
Polytechnic of Namibia BTech 2 2 2 2
University of Namibia LLB 2 2 5 5
M.A. 1 1
Universitat Géttingen Ph.D. (1) (1)
Universitat Hamburg Ph.D. (1)
Total 16 6 24 10

*Previously disadvantaged students, i.e. as understood in contemporary South Africa (meaning black or mixed-race students, and
women). Only 10% of the South African students are drawn from these groups compared to 80% of the Namibian students.

'Brackets denote number of Namibians studying at South African or German institutions.

Table 5. Aspects of on-the-job training of the BIOTA South para-ecologist programme.

The courses and on-the-job training comprise the following:

a) general skills (e.g. to facilitate workshops, to conduct interviews, to share research activities and
objectives with local communities, to promote environmental awareness in the community, to develop
self-help);

b) the use of technical equipment (e.g. GPS, maps, cameras, computers);

c) collection and identification of plants and animals;

d) assessment and documentation of monitoring data on flora, fauna and soils;

e) assessment of socio-economic information;

f) the ecology of and threats to the respective ecosystems they work and live in.

Fig. B. Para-ecologists proudly displaying their certificates after successfully completing the training course
held at Gobabeb, Namibia, in October 2004.
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