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Why mathematical models are not

suitable for ecology?

Classical Approach => mathematical model
building

Math models require numeric data of good
quality

But ecological data is not precise, incomplete
and fuzzy

In ecological data long-term observations are
required and experimentation with real
systemsis difficult

Ecologists need ways to make the knowledge
In their heads explicit.



Advantages of using qualitative
representation for ecology

It provides rich vocabulary for describing

- objects

- Situations

- relations and causality

- mechanisms of change

It is possible to derive conclusions with this
vocabulary without using numeric data

It enablesreusability by constructung libraries of
partial -behavior descriptions

- These libraries can be combined to explain the behaviour of
larger communities

It provide s causal explanations of system behavior



GARP

e A reasoning engine for qualitative modeling
which uses compositional modeling approach

£ It has somemain constructs:

- Scenarios specify initial situations to start behaviour prediction

- Library of Model Fragments: Contain knowledge of the
behaviour of parts and assemble states of behaviour

- Transition Rules : determine valid transitions between states of
behaviour

- Assumptions: To simplify the model or detail states of behaviour




Architecture of a Qualitative
Reasoning Engine
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Basic Processes

Compositional Modeling Approach => goal is constructin
model fragments that represent elementary behavioral units

Starting Point: General Growth Equation

Nof d number of individuals
B 0 birth rate

D d death rate

Im d immigration rate

E 0 emigration rate

Use causal dependencies to represent this conceptual
knowledge

- Direct Influences : I+, |-
- Indirect Influences : P+, P-



Ca HIDPI’)PI’I(JPI’I(I Capturing
atality as a Basic Process

Upper
Limit?

Intermediate
Landmark(s)?

* |+(Nof,B) => there is a flow B that causes Nof to increase

* P+(B,Nof) => changes in Nof in a direction causes B to change in the same
direction



Landmark Selection

e Determining meaningful qualitative values for landmarks is difficult
iIn models about population

e In physics, landmarks such as omelting pointo or oboiling pointo
define distinct substancebehavior

£ Thususe ominimum required variation:

- Build quantity spaces that enable generation of all distinct states important for
understanding the system and not anymore

o for a limit to the population growth

d for extinct or not existing population
o for the size between extreme points

- Sometimes QS = {zero,low, medium, high , maximumj}



Basic Processes and Their Quantity

Spaces
e 4 basic processes and their relations

- Natality {I+(Nof, B); P+(B, Nof)}
- Mortality {I-(Nof, D); P+(D, Nof)}
- Immigration  {l+(Nof, Im)}

- Emigration {I-(Nof, E); P+(E, Nof)}

- For representing values of these quantities use tuples
<mag der>

e Usually Nof QS = {zero, normal, maximum}
For B, D, Im, E:QS = {zero, plus}
For derivatives: QS = §, O, +}



Capturing Additional Knowledge

£ Distinction Is required between situations Iin
which population exists ( Nof > zerg and
doesnd exist (Nof = zerg

£ Natality, Mortality, Emigration are active, when

the model fragment 0 0lis
active; and do not become active if the
fragment O O Isactive.

£ Immigrationis active in both model fragments:
oexisting populationd => immigration process
ononexisting populationd => colonization
process



Growth Process

e Aggregate processes to get a single growth rate
- Inflow =B + Im
- Outflow=D + E

- Growth = Inflow o Outflow

e Model fragment population growth

- Causal Dependencidst+(Nof, Growth); P+(Growth, Nof)}
- QS of Growth= {minus, zero, plus}



Ambiguity

Possible Reason: A guantity is influenced by more
than one factors whose relative weights are not
known

It can lead to enormous state graphs predicting
arge number of possible behaviours

~orces the modeler to acquire additional
Knowledge which is sometimes unavailable

_ead to the use of simplifying assumptions:

- Ex: closed populatioassumptionlm=E=zero,
dim=dE=0)

- Otherwise: open population




Simulating Single-Population Behavior

£ Initial scenario:
- Objects biological entityand population
- Quantities: Nof, B, D, Im, E, Inflow, Outflow
and Growthwith no values assigned to them
- Simplifying assumption :B =D

£ 8initial states are produced:
{ <zeroD>; <zerq+>; <normal->; <normal0>;
<normd,+>; <max->; <max0>; <max+>}

e All possible transitions between statesare
generated ( value history diagram )




Simulation of a Population’s Behavior,

with Undefined Initial Values
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Qualitative Models of Interactions
between Two Populations

Interactions can be classified using symbols{-, O, +}

(-) means a change inopposite direction compared to change in
other population
(0) meansnot influenced from the change in other population

(+) means a change in thesamedirection compared to change Iin
other population

Base interaction models in ecology
- Neutralism (O, 0)

- Commensalism (0, +)

- Predation (+, -)

- Symbiosis (+, +)

- Competition ( -, -)



yase Model for Interactions between

Two Populations

( etfectZonl number_ ofl ]
-

* Simplifying Assumption Both populations are closed populations




Defining Interaction Types

Define the oEffect quantities that represent the
Interaction

- Ex. predation : oeffecto of the predator on the prey is
consumptiorand of the prey on the predator is supply

Establish ocausal linkso between Nof, Effect, Band
D for both population

Define oassumptionso between Nof, Effect, Band D

Represent condition for non-existing populations

- EX: predator population cannot survive when the
prey population goes extinct
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Example: Simulating Predation

Predation model (+, -)

Assumption 1: Supplyinfluences both natality
and mortality of predator

Assumption 2: Consumptionnfluences only
mortality of the prey

Assumption 3: Predator population cannot
become bigger than the prey population

Assumption 4. Im=E




Causal Model for Predation
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Simulation with the Predation Model
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C Start from Nof= < normal, ?> for both populations

C Initial Scenario: States 1, 2, 3 or 4

C Four typical behaviours:
- Balancedcoexistencei [2]
- Population to a maximum i [1-(11)-10]
- Population to extinction i [4-(5)-6]
- Predator to extinction i [3-(9/7) -8]



ication: Brazilian Cerrado

Vegetation

A 1D

)

It is not Amazon or a part of Amazon.
Communities range from open grassland to closed forests

Composition of communities determined by fire, soll fertility
and water availability
EX: fire frequency increases => woody components decrease

Cerrado succession hypotheses (CStépnls with the changes in
the composition of communities as determiners change

- Young plants of tree species survive in shaded, cold and moist
microenvironments.

- Grass species survive in brighter, warmer and dryer microenvironments.




A Cerrado communities consist of three populations: tree (T), shrub (S), grass (G)

A Different proportions of them characterize different types of cerrado communities
Ex: Campo Limpo i no trees, no shrubs, only grass
Ex: Cerradaoi dense forest, no grass, only tree and shrub populations

ATo capture diversity Nof QS={zero, low, medium, high, max}



