Erythrina fusca — stargrass Cynodon
plestoctachyus silvopastoral system
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Gliricidia sepium
cut-and-carry
fodder bank

Harvest, and sun
drying of Gliricidia
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Silvopastures enhance landscape con ity




In summary, we propose that

The mainstreaming of silvopastoral systems in degraded
tropical landscapes can simultaneously address
environmental and productive issues, making cattle
ranching part of the solution rather than the problem.






Bayesian networks for the analyses
of tree functions trade-offs Iin

tropical agro-silvopastoral systems

C.P. Carmona, G.M. Rusch, D.N. Barton,
M. Diouf, C. Armas, D. Fall and H. Guerin
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»

I Ecosystem services (ES)

» Resources and processes produced by natural
systems

» Contribute to human wellbeing
» Linked together - Covariation
» Management practices?
» Trade-offs between ES?

} http://funcitree.nina.no/ F\'NC‘ITR;EE


Presenter
Presentation Notes
Ecosystem services are resources and processes produced by natural systems that contribute to human well-being.

These services are frequently linked together, resulting in positive or negative covariation between different services

However, despite the great importance of these services, very little is known about its regulation, 
about the effect that different management alternatives can have on the provision of ES, 
Or about the trade-offs between different ES.



»

I Objectives

1) To represent the effect of different functional
groups of trees on three service provision
functions (grassland productivity and soil
properties under the trees and fodder quality of
trees) in agroforestry systems.

2) To assess the existence of trade-offs among
these functions.

Approach based on:
» Bayesian Networks

» Functional traits
} http://funcitree.nina.no/ F‘NCTEEE


Presenter
Presentation Notes
The objective of this work was to…

In order to achieve these objectives, we used an approach based on Bayesian Networks and the functional traits of the tree species.
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I What is a Bayesian Network?

» Nodes = Variables.
» Arcs = Relationships.

» CPT = Probability of each state, given the
states of the parent nodes
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Presenter
Presentation Notes
Bayesian Belief Networks are matematical models in which each variable is presented as a node.
	-Nodes are linked by arcs, that simbolize dependent relationships between variables
	-Each node contains a Conditional Probability Table (CPT), that indicate the degree of belief (expressed as probabilities) that the node will be in a particular state given the states of the parent nodes. 
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I What is a Bayesian Network?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

| Parent nodes

LOSSES Children node
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Presenter
Presentation Notes
In this example, we see a bayesian network that represent the causes that can leave a tree to loose its leaves. 
	-The farmer knows that if there is a drought, the tree is dry, which causes the tree to lose their leaves.
	-On the other hand the losing of leaves can be an indication of a disease. 
	-The situation can be modeled by the bayesian network presented in the figure. The network consists of three nodes: 
Sick, Dry, and Loses
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I What is a Bayesian Network?

Dy Notdry

0.1 0.9 0.1 0.9

LLOSSeS

Sick Not sick ick Not sick
yes  0.95 0.85 '
not 0.05 0.15
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Presenter
Presentation Notes
Evidence can be entered into BN by substituting the a priori beliefs of one or more nodes with observation or scenario values.
Then, the a priori probabilities of the other nodes are updated using Bayes’ Theorem. 
It is interesting to note that not only the probability distributions of the children given the values of the parents can be calculated, but also the distribution of the parents given the values of their children.
For example, if we knew that the tree is losing leaves, then there is a 49% probabilities that it is sick



Why a Bayesian Network?

» It is possible to treat uncertainty explicitly
» Suitable for small and incomplete data sets

» The consequences of different decisions can be studied, not
only from the perspective of expected values, but also with
regard to the risks of undesirable outcomes.

» Simplify the processes of engaging stakeholders in
participatory processes

» Interactions between variables
» New information = Easy to update

} http://funcitree.nina.no/ F\'NC‘ITR;EE


Presenter
Presentation Notes
Bayesian networks have a series of advantages compared with other modelling strategies:

-It is possible to treat uncertainty explicitly.
-They are suitable for small and incomplete data sets.
-The consequences of different decisions can be studied not only from the perspective of expected values, but also with regard to the risks of undesirable outcomes.
-They simplify the processes of engaging stakeholders in participatory processes of environmental management.
-The models can easily deal with Interactions between variables.
-They Conditional Probability tables are easy to update when more information becomes available.
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I Functional trait-based approaches

Aspect

Function

Effects of disturbances and environment
Ecosystem processes
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Presenter
Presentation Notes
The other main characteristic of our approach is that it is based on functional traits.

-A functional trait is a feature, measurable at the individual level, which impact fitness indirectly via its effects on growth, reproduction and survival.
-While the approaches based on taxonomy can give us information about the identity of the species that are present in a given community and how they are affected by environment or disturbances, the approaches based on functional traits are more general and allow for the comparison between ecosystems with different species. These approaches give us information about:
	-How the organisms look like
	-What are the functions of the organisms 
	-Which traits are selected or eliminated by disturbances or environmental changes
	-Besides, many studies in the last years have revealled that some functional traits are important determinants of ecosystem processes.
	-Finally, given that the adaptation of organisms to the environment is determined by the values of their functional traits, they can give important information on community assembly processes.
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I Plant Functional Groups (PFG)

» Similar response to environmental factors, or
» Similar effect on ecosystem functioning.

» PFG are based on functional traits that influence
(or are influenced by) the studied ecosystem
process.

» Plants within the same PFG have similar suites
of functional traits.

} http://funcitree.nina.no/ F\'T\IC‘IEEE


Presenter
Presentation Notes
In this context, plants can be classified into Plant functional groups which are groups of plants that present a similar response to environmental factors
- Or a similar effect on ecosystem functioning.
- Plant functional groups are calculated based on functional traits which influence the studied ecosystem processes (or which are influenced by the studied environmental factor).
- Therefore, plants within the same PFG have similar suites of functional trait values.
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I Methods

» Senegal.

» 106 individual trees.

» 23 species.

» ’salty’ (harsh) and 'non-salty’ (benign) soils.

} http://funcitree.nina.no / F‘NCTTliEE


Presenter
Presentation Notes
We used data from the traits and effects from Senegal, where 106 individual trees belonging to 23 different species were surveyed.
These individuals were sorted according to whether they were in harsh environmental conditions (‘Salty Soils’) or in more benign environmental conditions (‘Other’).
In those trees, we picked functional traits that we expected to influence the effect of interest , which was the performance of the understory vegetation
. 



I Effect of trees on services: grassland
productivity and soll properties

Under the canopy and outside the canopy:

» Understorey above ground net primary productivity
(ANPP)

» Species richness
» % Cover

» Soil Nitrogen

» Soil Carbon

gu—

1) Rl <-0.2
Parameter, .. - Parameter,, i ce 2) -0.2 <RIl <-0.05
RIll= 7] 3) -0.05 <RIl <0.05

Parameter,. + Parameter,, e 4) 0.05 <RIl <0.2

5) RIl > 0.2
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I Effect of trees on services: fodder
quality

» Animal preference for each species
» 3 animal species: cattle, sheep and goat
» 3 preference levels: low/intermediate/high

} http://funcitree.nina.no/ F\'NC‘ITR;EE



I Method

Fodder provision

Intraspecific
variability
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Presenter
Presentation Notes
The parameters selected for subsequent analyses were 

Leaf Area Index (LAI): An indicator of the light intercepted by the tree crown. LAI was measured in July, August and November 2010 and in February and April 2011.
Using the temporal series of LAI allowed the estimation of different functional traits such as:
Leaf Phenology: a trait that indicates the season at which the LAI of each tree reaches its annual maximum value. 
We assigned a value of 1 for this trait to those trees in which LAI reached a maximum in the wet season (August or November), 
a 0 to trees in which maximum LAI was reached in the dry season (February or April) 
and 0.5 to those in which LAI reached a maximum in the transition season (July).
Maximum LAI value. 
Minimum LAI value.
Annual range of LAI values (i.e. Maximum - Minimum). This trait is an indicator of the degree of deciduousness. 



I Methods

» Hierarchichal cluster
» Plant functional groups (PFG)
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The Network
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Grassland productivity PFG
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» LAI
» Phenology

» Resource use strategy
and litter quality:SLA
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Presenter
Presentation Notes
The different features of the trees in the different PFGU had important implications in their abundances on the two studied environmental conditions. For example, the deciduous strategy of trees in the PFG4U as well as their low SLA values allowed these trees to undergo the rough environmental conditions associated to salty soils, with a 41% of the trees in salty soils classified in PFG4U, while less than 10% of the trees in other soils belonged to this group. On the other hand, the conditions of trees in the PFG3U, which keep a high canopy cover during the dry season, and of those in the PFG2U, with high SLA values, makes them to be much more abundant in benign conditions, where 31.7% of trees belong to PFG2U and 24.1% to PFG3U than in salty soils (12.1% and 5.7%, respectively).



Grassland productivity PFG
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Presenter
Presentation Notes
The different features of the trees in the different PFGU had important implications in their abundances on the two studied environmental conditions. For example, the deciduous strategy of trees in the PFG4U as well as their low SLA values allowed these trees to undergo the rough environmental conditions associated to salty soils, with a 41% of the trees in salty soils classified in PFG4U, while less than 10% of the trees in other soils belonged to this group. On the other hand, the conditions of trees in the PFG3U, which keep a high canopy cover during the dry season, and of those in the PFG2U, with high SLA values, makes them to be much more abundant in benign conditions, where 31.7% of trees belong to PFG2U and 24.1% to PFG3U than in salty soils (12.1% and 5.7%, respectively).



Grassland productivity PFG
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The Network
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Soll fertility PFG
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Soll fertility PFG
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Soll fertility PFG

» Trees increased
Rl Classes Carbon soil Nitrogen and
Carbon content,
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The Network
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Function: forage quality
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I Fodder quality PFG

PFG fodder quality

—

# EDIPUIT SNPULELUE]
1 ¥ sisuajebauas™ snuajfepy

¥ wnjenones ewbysolid
¥ eiopn sidosoud

# wnsounn B wnsiquon

—— ¢ sisusjebauss elosog
—— ¢ eoedABee"saliueleg
— | |eBeauss eloeY

—— | OO EIDEDY

7’ | [BAas eloBDY

W Z eloyiBaisye)
T si|jioy eloeay

¢ ejeybip eluosuepy

—— Z eauqg efieocolsng

—— 7 sisus|efeuas euouuy

—— Zeuenunew snydiziz

L 7 susosajni” Bluyneg

Z epigie eIqIaypley

FONC I REE

} http://funcitree.nina.no/



Fodder provision PFG
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The Network
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The Network
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I Trade-offs? Synergies?

Study of the covariation of services

A Trade-off looks And this is a
like this: synergy.

Service B
Service B

Service A Service A

Dataset with 10,000 simulated trees based on the BN
values

> FONCIIREE
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I Conclusions

BN approach combined with the use of PFG seems
adequate to study the interactions between
environmental characteristics and trees and how
they affect ES

The PFG present in a given site are strongly
determined by their environmental characteristics.

Different PFG can have different effects on ES
depending on environmental characteristics.

We found no important trade-offs or synergies
between different provision ES.
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I OUTLINE

» Introduction

» Research and development issues
» Material and Methods

» Results

» Discussion
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INTRODUCTION

» High climate variability and drought
» Demographic growth
» Crop field expansion; high pressure on land
» Ecosystems :
» Degradation of agroforestery parklands
» Tree density globally decrease (Boffa, 2000)
» Low regeneration; diversity loss (Rouxel et al.. 2005)

» Soil fertility loss
} http://funcitree.nina.no/ mcmEE



RESEARCH AND DEVELOPMENT ISSUES

» Sustainable Management of Agroforestry Systems
» Taking into account local stakeholders needs

» Diversity of stakeholders, uses and perceptions

» Management engineering of agroforestry systems

» How to help regeneration of trees and ecosystem Sservices ?

} http://funcitree.nina.no/ If"i\l Cm E E



MATERIAL AND METHODS

» Soudano-sahelian zone (
»  600-800Mm -

» Agrosylvopastoral

i =N I
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MATERIAL AND METHODS

» Surveys : Functions and traits

» 15 7/ 35 villages
1. Focus groups (farmers, livestock F, Women,...)
2. 21 semi-structured interviews
- Crop farmers : 4
- Livestock farmers : 2
- FruitG : 3
- Nurserymen : 3
- Blacksmith : 3
- Carpenter : 2
- Tradi-therapist : 4
» Tree inside and outside the fields

» AKT tool to complex
} http://funcitree.nina.no/ IE'NCTéEE



Results : Tiby database on tree functions and traits

Local knowledge about functions and functional traits of tree

species in the agroforestry parklands of Tiby area, Segou region,

Data collected by Pierre Clinquart from May to June 2010, Master

Tree species Organoleptic qualities Consi
N° | Common name (Bambara) Scientific name Bitter fruits| Acid fruits SW?EI IR Acid leaves IFRITED Wi | (RS Wi Fr_uns ity
fruits leaves few pulp |dusty pulp| firm pulp
1 Dogo iri Acacia colei 0 0 0 0 0 0 0 0
2 Boina Acacia nilotica 0 0 0 0 0 0 0 0
3 Patuku Acacia senegal 0 0 0 0 0 0 0 0
4 Zadjé Acacia seyal 0 0 0 0 0 0 0 0
5 Baki Acacia tortilis ssp. raddiana 0 0 0 0 0 0 0 0
6 Zira Adansonia digitata 0 0 1 0 0 0 ik 0
7 Yégéré Albizia chevalieri 0 0 0 0 0 0 0 0
8 Somo Anacardium occidentale 0 1 al 0 0 0 0 0
9 Toubabou Sunsu Annona squamosa 0 0 1 0 0 0 0 0
10 Galama Anogeissus leiocarpus 0 0 0 0 0 0 0 0
11 i','. ‘f'_'“l' '“'_" o Azadirachta indica 0 0 0 0 0 0 0 0
12 Zekené Balanites aegyptiaca 0 0 5 0 0 0 0 1
13 Gessemé, Shiflé irini Bauhinia rufescens 0 0 0 0 0 0 0 0
14 Diafarané Bixa orellana 0 0 0 0 0 0 0 0
15 Bumbu Bombax costatum 0 0 0 0 0 0 0 0
16  Sebé Borassus aethiopium 0 1 1 0 0 0 0 0
17 Fogo fogo Calotropis procera 0 0 0 0 0 0 0 0
18  Ndi Capparis sepiaria 0 0 0 0 0 0 0 0
19 Mandjé Carica papaya 0 0 0 0 0 0 0 0
20 Sinjan Cassia sieberiana 0 0 0 0 0 1 0 0
21 Bana, Bané Ceiba pentandra 0 0 0 0 0 0 0 0
22  Gamiah Celtis integrifolia 0 0 o 0 0 1 0 0
23 Leburu kumuni Citrus limon 0 1 0 0 0 0 0 0
24 Leburu ba Citrus sinensis 0 0 0 0 0 0 0 0
25 Irini blé, Tangara Combretum glutinosum 0 0 0 0 0 0 0 0
26  Golobé Combretum micranthum 0 0 0 0 0 0 0 0
27 Dugura Cordyla pinnata 0 0 0 0 0 0 0 0
28 Balembo Crossopteryx febrifuga 0 0 0 0 0 0 0 0
29 Toubabou Néré Delonix regia 0 0 0 0 0 0 0 0
30 Sunsu Diospyros mespiliformis 0 0 0 0 0 0 0 0
31  Matolatun irini Eucalyptus camaldulensis 0 0 0 0 0 0 0 0
32  Sinjiba Euphorbia balsamifera 0 0 0 0 0 0 0 0
33 Balanzan Faidherbia albida 0 0 0 0 0 0 0 0
34  Dijatigifa iri, Zeré, Zerenijé Ficus iteophylla 0 0 0 0 0 0 0 0
35 Gaba Ficus platyphylla 0 0 0 0 0 0 0 0
36 TOrO FILUD SYyLUIUIuS 5o5p. 0 0 0 O 0 O O O

P e 1 |
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Results : Relationship between functions and species

Production functions in ley (Clinquart et al, in prep)

] . ; Various Magic-

Production | Human | Animal | _. , Human Animal 2 o

: Firewood | Timber | Income ! . | domestic | religious
functions food feed pharmacopeia | pharmacopeia

uses uses

Number of

] 32 46 49 35 42 55 14 17 8

species
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Results : Relationship between functions and species

Support functions (Clinquart et al, in prep)

Support Improvement of | Antierosive . Biodiversity
- ¢ g - Shade Live fences Dead fences .
functions soil fertility action conservation
Number of
; 36 32 38 14 11 4
species
Socio-cultural functions
Socio-cultural functions Land mark Patrimony Esthetic
Number of species 21 10 2
D
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» Results : Multifunctionality of species

Sharing of species multifunctionality

35
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w 25
0
0
7}
& 20
(v
o
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)
0
£
Z M Least multifunctional species (31| species)
B Intermediate species (33 species)
B Most multifunctional species (I | species)
\2\\}

Functions
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Results : Relationship between functions and species

Unifunctional species (Clinquart et al, in prep)

Unifunctional species Function fulfilled
Acacia colei Firewood
Bixa orellana Domestic use (food condiment)
Carica papaya Human food
Delonix regia Shade
Gmelina arborea Timber
Maerua angolensis Human pharmacopeia
Maytenus senegalensis Human pharmacopeia
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» Results : Functional groups
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Results : ldentification of functional groups

Figure 5: Hierarchical classification resulting of the COA concerning production functions of tree species according to farmers in Tiby (Mali)
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Presenter
Presentation Notes
This a first example of analysis of functional groups of trees by P.Clinquart. It shows groups related to specific functions like timber/firewood, food/income, fodder, and an other group quite multifunctional.


Dimension 2

» Results :

Functional groups

Relations between traits and funtions and functional groups

Points des objets étiquetés par Nombres d'observations

Dimension 1

Mormalisation principale de la variable.

} http://funcitree.nina.no/
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CONCLUSION : FUNCTIONAL GROUPS ACCORDING TO
FARMERS PERCEPTIONS OF TREE SPECIES AND THEIR TRAITS

Important and diversified local needs from trees

Many functions and multifunctional trees but some are more
looked for

Some functions relate on few species (cultural)
Change of species when overexploited
Relevant traits/functions need to be well understand

Integrate local knowledge in AF Ingeneering
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