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Aim: To influence the development and implementation of 
international ecosystem service payment schemes (e.g. 
REDD+) in the interests of poverty alleviation. 







Shrub Fallow

Tree Fallow

Herbaceous 
Fallow

Still used for farming

Grassland
Abandoned

Primary
Forest

Secondary 
Forest

Ala Lany
Reforestation with extensive wood extraction

Aty Ala
Primary forest

Ala Ordinaire
Secondary Forest

Savoka Mody
Regenerated tree fallow

Vadikatana
First fallow after deforestation

Savoka
Mature shrub fallow

Dedeka
Immature shrub fallow

Savoka Matoy

Dedeka

Ramarasana

Ramarasana

Ramarasana

Tany Maty

Roranga

Dedeka

R
e

st
o

ra
ti

o
n

D
e

g
ra

d
a

tio
n

CUT

CUT / BURNT

CUT / 
BURNT

B
U

S
IN

E
S

S
 A

S
 U

S
U

A
L

 (B
A

U
) S

A
M

P
L

E
S

IN
T

E
R

V
E

N
T

IO
N

 S
A

M
P

L
E

S

Styger et al., (2007). Agriculture, Ecosystems and Environment 119: 257–269

CUT / 
BURNT

CUT / 
BURNT

CUT / BURNT

CUT / BURNT

CUT / 
BURNT

CUT / 
BURNT

Slash & Burn Agriculture in E Madagascar



Vadikatana Savoka / Dedeka Roranga Tany MatyAla
Indigenous 
Category:

Fallow cycles 
after deforestation:

1st 2nd 3rd 4th 5th 6th 7th

Forest
Tree 

Fallow
Shrub

Fallows
Herbaceous

Fallows
Grassland

0

0.4

0.8

1.2

1.6

U
p

la
n

d
 R

ic
e

 Y
ie

ld
s 

 t
/h

a

Styger et al., (2007). Agriculture, Ecosystems and Environment 119: 257–269

Slash & Burn Agriculture in E Madagascar



Vadikatana Savoka / Dedeka Roranga Tany MatyAla
Indigenous 
Category:

Fallow cycles 
after deforestation:

1st 2nd 3rd 4th 5th 6th 7th

Trema (T) 

Harungana (T) 

Solanum (S)

Rubus (S/V) 

Lantana (S/V) 

Aframomum (H) 

Ferns

Imperata (G)

Psiadia (S)

Aristida (G)

Forest
Tree 

Fallow
Shrub

Fallows
Herbaceous

Fallows
Grassland

0

0.4

0.8

1.2

1.6

Styger et al., (2007). Agriculture, Ecosystems and Environment 119: 257–269

Slash & Burn Agriculture in E Madagascar
U

p
la

n
d

 R
ic

e
 Y

ie
ld

s 
 t

/h
a



Shrub Fallow

Tree Fallow

Herbaceous 
Fallow

Still used for farming

Grassland
Abandoned

Primary
Forest

Secondary 
Forest

Ala Lany
Reforestation with extensive wood extraction

Aty Ala
Primary forest

Ala Ordinaire
Secondary Forest

Savoka Mody
Regenerated tree fallow

Vadikatana
First fallow after deforestation

Savoka
Mature shrub fallow

Dedeka
Immature shrub fallow

Savoka Matoy

Dedeka

Ramarasana

Ramarasana

Ramarasana

Tany Maty

Roranga

Dedeka

R
e

st
o

ra
ti

o
n

D
e

g
ra

d
a

tio
n

CUT

CUT / 
BURNT

CUT / BURNT

CUT / BURNT

CUT / 
BURNT

CUT / 
BURNT

CUT / BURNT

CUT/BURNT

CUT / BURNT

B
U

S
IN

E
S

S
 A

S
 U

S
U

A
L

 (B
A

U
) S

A
M

P
L

E
S

IN
T

E
R

V
E

N
T

IO
N

 S
A

M
P

L
E

S

Styger et al., (2007). Agriculture, Ecosystems and Environment 119: 257–269

Slash & Burn Agriculture in E Madagascar



10



11

Ampahitra

Antevibe -
Ambodivoangy

Sahavazina

Amporoforo

ZOI 4

ZOI 3

ZOI 2

ZOI 1

Mantadia

Study sites

ZOI1   Carbon Only

ZOI2   11/21 sites 

ZOI3    9/9 sites 

ZOI4    0/15 sites
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WP2: Hydrology Sampling



WP4: Carbon Sampling



WP3: Biodiversity Sampling



Site Level Sampling Design



Hydrological Variables
▪ Transect aspect Degrees

▪ Transect slope Degrees

▪ Hydraulic Conductivity (Ksat) 0 0-10cm [mm/hr]

▪ Bulk density [g/cm³]  12.5 to 17.5 cm

▪ Porosity [%] 12.5 to 17.5 cm

▪ Moisture content at field capacity [%]  12.5 to 17.5 cm

▪ Drainable porosity [%]  12.5 to 17.5 cm

▪ Root/litter layer cm above the soil surface

▪ Max. rooting depth cm below the soil surface
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Biodiversity

CarbonHydrology

CC       TF           SF          Deg

Land Use Codes
CC   = Closed Canopy
TS   = Tree Fallow
SF = Shrub Fallow
Deg = Degraded
RF = Reforested
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When we have a lot of variables, 
we can use Multi-variate statistics
to explore relationships between variables.



Example similarity matrix (20 sites x 20 sites)
Envl = Eclidian Distance 
Bio = Bray Curtis Distance



Principal Component Analysis (PCA)

Determining principal components of the variation
within individual multi-variate data sets

NOT A TEST OF SIGNIFICANCE



Principal Component Analysis Carbon (4 Variables)
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Principal Component Ordination (PCO)

CAN USE PERMANOVA TO TEST 
FOR DIFFERENCES BETWEEN GROUPS 
AND INTERACTIONS



Principal Component Ordination Carbon (4 Variables)

PERMANOVA

RESULT

Source df SS MS Pseudo-FP(perm)

Unique 

permutati

ons P(MC)

ZOI 0 0 No test

Site 4 35.08 8.77 14.14 0.024 998 0.052

LU 1 15.23 15.23 4.243 0.026 999 0.03

ZOI x Site 0 0 No test

ZOI x LU 0 0 No test

Site x LU 4 14.36 3.589 5.785 0.065 991 0.077

ZOI x Site x LU 0 0 No test

Res 1 0.62 0.62

Total 19 171.1



PERMANOVA 

RESULT

Source df SS MS Pseudo-FP(perm)

Unique

permutati

ons P(MC)

ZOI 0 0 No test

Site 4 37.368 9.3419 5.7199 0.023 998 0.039

LU 1 3.1892 3.1892 0.38237 0.864 999 0.832

ZOI x Site 0 0 No test

ZOI x LU 0 0 No test

Site x LU 4 33.362 8.3405 5.1067 0.0575 991 0.078

ZOI x Site x LU* 0 0 No test

Res 1 1.6332 1.6332

Total 19 171

Principal Component Ordination Hydrology (9 Variables)



PERMANOVA 

RESULT

Source df SS MS Pseudo-FP(perm)

Unique 

permutati

ons P(MC)

ZOI 0 0 No test

Site 4 2186 546.5 3.352 0.226 999 0.234

LU 1 89.39 89.39 0.877 0.515 997 0.519

ZOI x Site 0 0 No test

ZOI x LU 0 0 No test

Site x LU 4 407.9 102 0.625 0.763 993 0.775

ZOI x Site x LU 0 0 No test

Res 1 163.1 163.1

Total 19 7023

Principal Component Ordination Biodiversity (17 Variables)



Exploring relationships between 
two multi-variate data sets

A) Test (“Relate”) Patterns in 2 Similarity Matrices



Example similarity matrix (20 sites x 20 sites)
Envl = Eclidian Distance 
Bio = Bray Curtis Distance



Exploring relationships between 
two multi-variate data sets

A) Test (“Relate”) Patterns in 2 Similarity Matrices
B) Distance Based Linear Models of 

Biological Data from Physical Data



SOC-0-30cm

ABG & SOC-0-100cm
Sapling

Distance Based Linear Model:
Relationship between Biodiversity and Carbon

Three variables identified as significant individual predictors
Variable SS(trace) Pseudo-F P Prop.
Sapling 2820.8 2.911 0.027 0.13921
SOC 0-30 4072.3 4.5274 0.005 0.20097
SOC 0-100  2830.2 2.9224 0.027 0.13968
ABG 543.79 0.49639 0.765 0.026837
Best model is a 1 variable model including 
SOC 0-30 Trial  AIC=138.63 

Spearman’s Rank Correlation
Rho 0.267 (weak)
Significance 0.04% (significant)



Distance Based Linear Model: 
Relationship between Biodiversity and Hydrology

Only one of 9 variables identified as significant 
individual predictor
Max. rooting depth cm below the soil surface P=0.003
Best model is a 2 variable model including 
Bulk density [g/cm³]  12.5 to 17.5 cm
Max. rooting depth cm below the soil surface AIC =115.19

Spearman’s Rank Correlation
Rho 0.224 (weak)
Significance 1.2% (significant)

Root 
depth

Bulk density   

Bulk density
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Annual Report: The importance of soils 
and soil processes is being recognised in 
a growing number of projects.
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Species loss as a driver of global 
environmental change
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Next steps

▪ Include more sites (from 20 to 45)

▪ Account for spatial autocorrelation

▪ Split sites into degrading/recovering

▪ Explore above <> below ground relationships

▪ Include more carbon variables (e.g. dead wood)

▪ Higher resolution on biodiversity (meta-genomics)

▪ Functional diversity 
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