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1. Soil as a part of ecosystem analyses and observation in BIOTA

2. Results of soil diversity in Biota South

3. Scales and future aspects of soil monitoring 

Outline



1. Soil as a central part for ecosystem analyses and observation 

Source: Millenium ecosystem Assessment

soil diversity!

Role of soil in linkages in ecosystem components and services



0 1 2 3 4 5 6 7 8 9

0 40 19 38 25 13 92 57 35 82 84

1 8 48 16 59 90 98 72 41 99 51

2 95 54 71 7 18 69 78 9 22 64

3 15 63 74 83 34 73 93 4 79 75

4 5 44 46 91 10 80 62 96 67 97

5 61 49 30 29 6 77 42 31 56 100

6 52 14 17 87 89 24 28 36 94 33

7 66 58 55 23 47 60 39 68 27 45

8 20 3 70 21 65 32 81 1 86 88

9 43 11 37 26 12 53 2 76 85 50

2. Results of soil diversity

20 - 25 Soil profiles / obs.

Methodology for soil diversity assessment



Namibia

South 

Africa

Botswana
22 observatories

> 1000 soil profiles 

> 4000  analysed samples

classification by

World Reference Base for Soil Resources 
(FAO 1998, 2006)

Derived dataset in BIOTA South

2. Results of soil diversity
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2. Results of soil diversity
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Variability of soil parameters along the transect

Northern Namibia Namaqualand Cape
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2. Results of soil diversity

Approaches to derive integrative pedodiversity indices
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2. Results of soil diversity

Pedodiversity along the transect
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2. Results of soil diversity

Petersen et al. (2008) Geoderma. in press

Pedodiversity along the transect



3D parametric space
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2. Results of soil diversity

Correlation of pedo- and phytodiversity



3. Scales and future aspects of soil monitoring

Monitoring of soils  WHY and HOW?

• structural soil diversity rules a major part of biodiversity

• monitoring of abiotic site properties has to consider this 
structural soil diversity 

• land use changes often starts with subtle changes in soil 
conditions (e.g. organic carbon)

• changes in soil conditions depend on different time 
scales which requires suitable monitoring concepts
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3. Scales and future aspects of soil monitoring

dynamic scales of soil properties

• highly dynamic (change from hours to months)

• meta-stable (change from years to decades) 

• stable (change from decades to centuries)



4 EasyTest TDR Probes

Acacia 

thicket

Bare 

patch

Old termite

mount

Single

Acacia

Grass

Imko TDR Probes

and 

Watermark Gypsum Probes

Weather 

station

50m

Logger

Profile

Dwarf

shrub 

patch

Shrub 

patch

0

4

8

12

16

20

24

15.12.2007 05.01.2008 26.01.2008 16.02.2008 08.03.2008 29.03.2008

0
5

10
15
20
25
30

0

50

100

 TDR 1 Acacia

 TDR 4 Open

 TDR 5 Grass

 TDR 7 Termite mount

 TDR 10 Shrub

W
a

te
r 

c
o

n
te

n
t

 [
V

%
]

 

R
a

in
fa

ll 
[m

m
]

 WM 1 Transect 20cm depth

 WM 2 Transect 20cm depth

 WM 1 Profile 20cm depth

 WM 2 Profile 40cm depth

 WM 3 Profile 60cm depth

 WM 4 Profile 80cm depth

 

W
a

te
r 

T
e

n
s
io

n
 

[c
e

n
ti
b

a
r]

3. Scales and future aspects of soil monitoring

Setup of a soil moisture monitoring site

= process analyses

Time series for causality analyses and modelling approaches 

e.g. Generic Savannah model (Meyfarth et al.)

Relevant for: bush encroachment, climate change effects

Example: highly dynamic
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3. Scales and future aspects of soil monitoring

Summer rainfall
Winter rainfall600

400

200

0

Example: Meta stable, organic carbon

Northern Namibia Namaqualand Cape



3. Scales and future aspects of soil monitoring

Example: change of stable soil conditions

Observatory Koeroegabvlakte, 
Richtersveld RSA
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3. Scales and future aspects of soil monitoring

Example: change of stable soil conditions



3. Scales and future aspects of soil monitoring

High resolution remote sensing data provide an important future tool for 
observation of structural diversity and monitoring of soil erosion

Changes in the observatory Koeroegabvlakte

200 m 1938 2007



Soil diversity of southern African drylands is strongly 
correlated with biodiversity

Pedodiversity analysis comprises both a comprehensive 
ecosystem assesment and a sound data basis for future 
monitoring

Soil monitoring aspects are indispensable for the detection of 
land-use impact

4. Conclusion



Further analyses of relationship of pedo- and 
biodiversity, also in regional subsets

Carbon & Nitrogen flux analyses   carbon sequestration is a key 

element for detection of changes by land use and climate change 

Ecohydrology  Analyses of soil water fluxes to improve modelling

Termites as a key species and ecosystem engineer for nutrient 
fluxes and diversity of savannah ecosystems

4. Outlook

IPCC 4AR (2007) highlight the lack of dryland soil 
information regarding fluxes of Carbon and Nitrogen

Baseline studies for assessment of degradation
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