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Goal:  to produce a documented 
knowledge-based forecasting tool called 
the WILDlife Potential Habitat 
ForeCASTing Framework (WILDCAST).
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This is the simplest way to depict what we want to model in WILDCAST.  
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Here is a more refined version of this influence diagram…
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…and here we add areas of uncertainty.
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In the bottom right, we also consider a feedback look, whereby “key ecological functions” of wildlife species – that is, their ecological roles – can alter environmental attributes and habitat suitability for other species.  



Goal:  to produce a documented 
knowledge-based forecasting tool called 
the WILDlife Potential Habitat 
ForeCASTing Framework (WILDCAST).

Presenter
Presentation Notes
So let’s now consider some basic questions pertinent to this goal.



•
 

to describe some pattern
•

 
to compare a pattern with some goal

•
 

to explain the pattern (mechanisms)
•

 
to predict outcomes in other geographic 
areas

•
 

to predict outcomes in future time periods
•

 
to diagnose problems

•
 

to identify best parameters for monitoring
•

 
to identify best parameters for conservation

•
 

(others)

General Purpose of the 
WILDCAST Tool?
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Presentation Notes
There are many possible purposes for the WILDCAST tool.  No one model will be able to meet all of these.



•
 

ourselves, to guide further research
•

 
other researchers

•
 

managers in land management agencies
•

 
politicians

•
 

the general public
•

 
local people

•
 

the courts
•

 
attorneys

•
 

(others)

Who is the Audience for 
the WILDCAST Tool?

Presenter
Presentation Notes
It may be helpful to identify the intended audience(s) for the WILDCAST tool.  Some of these audiences abhor uncertainty and want answers in black and white terms; you can figure out which audiences there may be!



Goal:  to produce a documented 
knowledge-based forecasting tool called 
the WILDlife Potential Habitat 
ForeCASTing Framework (WILDCAST).

Presenter
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So our overall WILDCAST goal specifies a “forecasting” tool, which I presume means projecting future conditions.



What do we want to forecast (to 
future time periods)?

•
 

climate change
•

 
influence of climate change on 
vegetation & land cover types

•
 

wildlife response

Forecasting

Presenter
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But let’s also be clear what we want to forecast, specifically.



1.  How accurate do we have to be?
 - predicting direction of change

Forecasting

climate
vegetation, 
land cover wildlife 

habitats
wildlife 
species
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There are several key questions to answer regarding forecasting for WILDCAST.  First, how accurate do we have to be?  Would forecasting just the direction of change be enough?



Examples of “horsetail”

 

graphs predicting future events

Human population growth Population viability analysis Wild horse population growth

Future oil depletion

Future 
oil 
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Future oil 
production Future world 

average GDP
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Many other forecasting models produce what we can call “horsetail” graphs, in which the range of future possible conditions spreads out further over time.  This spread represents increasing uncertainty (variance, confidence, etc.) the further into the future we do the forecasts.  This horsetail pattern is evident in many kinds of forecasting, as shown here … 
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Human population growth Population viability analysis Wild horse population growth

Future oil depletion
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production Future world 
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… and you also see it spatially, too, as with hurricane “cones of influence” projects.  



1.
 

How accurate do we have to be?
 - predicting direction of change

2.
 

How precise do we have to be?
 - acceptable levels of habitat & species 

occurrence, abundance, & distribution

Forecasting
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Second, how precise do our forecasts have to be?  



1.
 

How accurate do we have to be?
 - predicting direction of change

2.
 

How precise do we have to be?
 - acceptable levels of habitat & species 

occurrence, abundance, & distribution

3.
 

What scales should we address? 
- levels of spatial or temporal resolution

Forecasting

Presenter
Presentation Notes
Third, what are appropriate scales and levels of resolution for the forecasts?



Ways to solve difficult problems …
 

that is, problems 
that are analytically intractable:

Presenter
Presentation Notes
There are a number of rules of thumb, or tips & tricks, to solving analytically intractable problems.
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Ways to solve difficult problems …
 

that is, problems 
that are analytically intractable:

1.
 

decompose the problem to tractable sub-problems 
(split the model)

 - build, test, and update the submodels

2.
 

make best estimates for state variables and their 
relationships (functions)

 - can use range of values, different functions 
- it’s ok to have more than one plausible model!

3.
 

use a combination of information sources
 - can use methods of expert paneling, combining 

information, meta-analysis, traditional knowledge



Some approaches for building the 
WILDCAST tool and models



Influence diagrams

Presenter
Presentation Notes
One simple but useful approach is to build influence diagrams … 



Influence diagrams –

“Concept maps”
“Concept diagrams”

“Cognitive maps”
“Mental maps, Mind maps”

http://intraspec.ca/cogmap.php

http://www.cs.joensuu.fi/~marjomaa/Knowledge_Representati 
on/doc/Knowledge_Representation-56.htm
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.. known by many other names.

http://intraspec.ca/cogmap.php
http://www.cs.joensuu.fi/~marjomaa/Knowledge_Representation/doc/Knowledge_Representation-56.htm
http://www.cs.joensuu.fi/~marjomaa/Knowledge_Representation/doc/Knowledge_Representation-56.htm


Source:

Marcot, B. G., et al. 
2001. Forest Ecology 
and Management 
153(1-3):29-42.

Influence diagrams

Presenter
Presentation Notes
Here’s an influence diagram of key environmental correlates that influence the presence of populations of Townsend’s big-eared bats.
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Our previous WILDCAST model is an influence diagram.  



Influence diagrams – computer tools

-
 

Mindjet MindManager
 

Pro
-

 
Inspiration

-
 

Personal Brain
-

 
Netica

-
 

cMap
-

 
FreeMind

Presenter
Presentation Notes
There are many computer programs that can be used to build influence diagrams.  Some such as cMap and FreeMind are freeware.



Mindjet MindManager

 

Pro

 
http://www.mindjet.com

Presenter
Presentation Notes
Here’s an example of an influence process diagram I built for a hypothetical delisting decision for FWS.



Inspiration

 
http://www.inspiration.com/
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Here’s a influence diagram I built for considering potential factors that could affect exotic plant invasibility.



Personal Brian

 
http://www.thebrain.com/
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Here’s an influence diagram on a salamander’s environmental correlates.



From influence diagrams …
to models !



Source:

Woods, G. R., D. C. 
Guynn, W. E. Hammitt, 
and M. E. Patterson. 
1996. Determinants of 
participant satisfaction 
with quality deer 
management. Wildl. 
Soc. Bull. 24(2):318-

 

324. 

Path regression

 
…

 
Quality Deer 
Management 

(QDM)

Presenter
Presentation Notes
One step up from an influence diagram is to statistically denote the strength of the connections.  This example uses path regression analysis, where the values are partial correlation coefficients between the variables … * and ** denote significant and highly significant correlation levels, and U = uncertainty or unknown effects.



Source:

Hudson, R. J. 1995. 
Paths to conservation. 
Pp. 318-322 in:  J. A. 
Bissonette

 

and P. R. 
Krausman, ed. 
Integrating people and 
wildlife for a sustainable 
future. The Wildlife 
Society, Bethesda, 
Maryland. 715 pp.

Process model –

STELLA
http://www.iseesystems.com/
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Presentation Notes
Here’s an influence diagram turned into a process model using the STELLA modeling shell.



Process model –

STELLA
http://www.iseesystems.com/

Presenter
Presentation Notes
Process models produce time-based projections of various variables.



Two approaches for 
WILDCAST

Wildlife-Habitat Relationships 
Modeling

Bayesian Network Modeling

Presenter
Presentation Notes
Two approaches I want to focus on for the rest of this talk are wildlife-habitat relationships modeling and Bayesian network modeling.



Two approaches for 
WILDCAST

Wildlife-Habitat Relationships 
Modeling

Bayesian Network Modeling

Presenter
Presentation Notes
Let’s start with wildlife-habitat relationships modeling.
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Wildlife-habitat relationships modeling pertains to the bottom two segments of our WILDCAST influence diagram, that is, predicting species from habitats.



Wildlife-Habitat Relationships Matrix

SpeciesSpecies Habitat Habitat 
AA

Habitat Habitat 
BB

Habitat Habitat 
CC

Habitat Habitat 
DD

VoleVole HH HH LL LL

LoonLoon LL MM MM MM

WolfWolf MM MM MM HH

Presenter
Presentation Notes
A very typical wildlife-habitat relationships model consists of tables or matrices denoting presence or strength of relation between species and various habitat conditions.



Wildlife-Habitat Relationships Matrix

SpeciesSpecies Habitat Habitat 
AA

Habitat Habitat 
BB

Habitat Habitat 
CC

Habitat Habitat 
DD

VoleVole HH HH LL LL

LoonLoon LL MM MM MM

WolfWolf MM MM MM HH

source of information 

-expert judgment

-anecdotal observations

-field studies

-literature reviews

Presenter
Presentation Notes
How are wildlife-habitat relationships matrices built?  You can use multiple sources of information.



Wildlife-Habitat Relationships 
Modeling:

Species-Habitat Relationships in 
Washington and Oregon

fish, amphibians, reptiles, birds, 
mammals

Presenter
Presentation Notes
Here’s an example of an actual WHR matrix system from Washington and Oregon that I helped develop.



Species-Habitat Relationships in 
Washington and Oregon

Presenter
Presentation Notes
The parts of the WHR model are many … 



Species-Habitat Relationships in 
Washington and Oregon

Presenter
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… but we’ll focus first on the tables that relate wildlife species to broad categories of wildlife habitats.  



Presenter
Presentation Notes
Here’s the list of wildlife habitats in WA and OR.



Activity:
F=Feed
R=Reproduce
B=Feed & Reproduce
O=Other

Association:
C=Closely Associated
A=Associated
P=Present

Confidence:
1=low
2=medium
3=high

Presenter
Presentation Notes
And here’s part of a large table that lists the relationship of each species to wildlife habitats.  Note also the codes for activity, association, and confidence (the degree to which we have empirical scientific data on the relationship).



Habitat 15 = Eastside Grassland 
Assoc C = closely associated

Presenter
Presentation Notes
So here’s a simple query of the WHR database showing a list of species closely associated with eastside grassland habitats.



Species-Habitat Relationships in 
Washington and Oregon

Presenter
Presentation Notes
In hierarchical form, wildlife habitats can be further described in terms of their structural or successional stages.



Presenter
Presentation Notes
Here are the 26 structural states pertinent to forest habitats.  



The forest structural conditions are based upon 
the following attributes:  

Tree Size (dbh)
Shrub/Seedling     < 2.5 cm
Sapling/Pole         2.5-24 cm
Small Tree

 

25-37 cm
Medium Tree        38-49 cm
Large Tree

 

50-75 cm
Giant Tree

 

> 76  cm

Percent Canopy Cover
Open           10-39%
Moderate     40-69%
Closed         70-100%

Number of Canopy Layers
Single Story     1 stratum
Multi-story        2 or more strata

Presenter
Presentation Notes
The categories of forest structural stages are based on tree size, percent canopy cover, and number of canopy layers.



The shrubland

 

and grassland structural 
conditions are based upon the following 
attributes:  

Shrub Height
Low                <0.5 m
Medium

 

0.5-2.0 m
Tall                 2.0-5.0 m

Percent Shrub Cover
Open              10-69%  shrub cover
Closed           70-100% shrub cover

Shrub Age Class
Seedling/Young

 

negligible crown 
decadence
Mature

 

<25% crown 
decadence
Old

 

26-100% crown decadence

Presenter
Presentation Notes
In a similar way, here are structural condition categories for shrubland habitats.  These are based on shrub height, percent shrub cover, and shrub age class.  Similar structural condition categories were identified also for agricultural and disturbed habitats, and urban habitats.  I won’t bore you with all those here.



Habitat 15 = Eastside Grassland 
Assoc C = closely associated

Tall, Open, Old shrub stage

Presenter
Presentation Notes
So here’s a further query of the WHR database, this time narrowing down that earlier list to species also associated with the tall, open, old shrub stage of eastside grassland habitats.



Species-Habitat Relationships in 
Washington and Oregon

Presenter
Presentation Notes
And the third tier in the habitat hierarchy is key environmental correlates, or those fine-grained substrates and elements found within habitat structures, such as snags, down logs, bogs, seeps, etc.



Presenter
Presentation Notes
I developed a very extensive hierarchical classification of key environmental correlates, and another table in the WHR database relates each species to its specific set of such correlates.  



Presenter
Presentation Notes
Here are the main hierarchical header categories of key environmental correlates, under which each is broken out into a total of over 90 subcategories.  In this way, you can query for species associated with very general correlate categories or very finely defined categories.



Habitat 15 = Eastside Grassland 
Assoc C = closely associated

Tall, Open, Old shrub stage

Wetlands

Presenter
Presentation Notes
As an example, here’s a query of species associated with that eastside grassland, tall open old shrub stage, but also that uses wetlands a key environmental correlate.



Species-Habitat Relationships in 
Washington and Oregon

Presenter
Presentation Notes
And a final part of this WA-OR WHR database to demonstrate here pertains to what I call “key ecological functions,” which are the major ecological roles played by species that could potentially influence habitat or environmental conditions for other species.  This is an extension of the traditional WHR database not often considered.



Presenter
Presentation Notes
Like the key environmental correlates, I created an extensive hierarchical classification scheme for key ecological function categories.  Here’s but a small part of that.



Presenter
Presentation Notes
There are 8 major categories of key ecological functions.  Each has many subcategories.



Habitat 15 = Eastside Grassland 
Assoc C = closely associated

Tall, Open, Old shrub stage

Primary burrow excavator

Presenter
Presentation Notes
So here’s an example of a query of the WHR database for species again closely associated with eastside grasslands in WA and OR, and with the tall open old shrub stage, but that are also primary burrow excavators.  Primary burrow excavators can provide tunnels used by a wide array of other species.  



Presenter
Presentation Notes
One thing we can now do, with such a WHR database is look at “functional redundancy” – the number of species sharing a particular key ecological function.  And then as we modifiy the habitats at any of the three hierarchical scales (habitats, structural conditions, and key environmental correlates), we can see how that functional redundancy might change for each functional category.  



Presenter
Presentation Notes
Further, if we can tie habitats to maps, we can then map functional redundancy.   Here is a map of the entire interior Columbia River Basin in the lower 48 states, showing functional redundancy (no. of wildlife species) at present that have the key ecological function of transporting viable seeds, spores, plants, or animals (an example is bats).  Note the highest levels of redundancy of this function occur in the mountain areas – Cascades, Rocky Mountains – and lowest levels occur in heavily-altered lowland and plateau areas such as the Columbia Basin and Snake River Valley, that have been heavily converted from native shrublands and grasslands to agriculture and urban areas.



Presenter
Presentation Notes
Further, we can map changes in functional redundancy, by projecting changes in the habitats, determining functional redundancy of species associated with habitats before and after, and plotting here the change in redundancy levels.  Note the degredation of this functional category throughout most of the interior Columbia River Basin from historic to present levels.   



http://www.spiritone.com/~brucem/plexeco.htm

Presenter
Presentation Notes
I have done much work and publication on these ideas, which can be found on one of my web pages.



Two approaches for 
WILDCAST

Wildlife-Habitat Relationships 
Modeling

Bayesian Network Modeling

Presenter
Presentation Notes
The second major type of tool I want to discuss for potential use in WILDCAST is use of Bayesian network modeling.



http://www.spiritone.com/~brucem/

 
bbns.htm

Presenter
Presentation Notes
In shameless self-promotion, just to mention that I’ve recently co-edited a book on the topic that presents a wide array of case studies of how Bayesian networks have been applied to many fields of study, not just ecology and wildlife management.  I also keep a web page of my publications and some of the models I’ve built.  Feel free to explore.



Source:

Marcot, B. G., et al. 
2001. Forest Ecology 
and Management 
153(1-3):29-42.

Influence diagrams

Presenter
Presentation Notes
So here’s that basic influence diagram we saw earlier on a bat species.



Bayesian Network Model

Presenter
Presentation Notes
And here is the same influence diagram now turned into a functional Bayesian network model, whereby each “node” is now cast with various “states,” and nodes are linked by probabilities.



What is a Bayesian Network?What is a Bayesian Network?
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Uses Bayesian Uses Bayesian ““learninglearning””

 
statisticsstatistics



 
BayesBayes’’

 
Theorem:Theorem:

)(
)()|()|(

HP
SPSHPHSP 

S = species abundance, presence

H = habitat conditions
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Presenter
Presentation Notes
Each node has an underlying probability table.  If nodes feed into the node of interest, then the table is a conditional probabilty table.  For example: …. 



What is a Bayesian network?What is a Bayesian network?
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Variables linked by probabilitiesVariables linked by probabilities
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knowledgeknowledge
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With probabilities

Presenter
Presentation Notes
… here is part of the conditional probability table for the node shown here.  For each combination of all states of all inputs to this node, the table lists probabilities of outcome states.  Each row of probabilities sums to 100%.  



What is a Bayesian network?What is a Bayesian network?


 

A graphical model of causal effectsA graphical model of causal effects


 
Variables linked by probabilitiesVariables linked by probabilities


 

Combines field data & expert Combines field data & expert 
knowledgeknowledge

Graphical model
With probabilities

source of information 

-expert judgment

-anecdotal observations

-field studies

-literature reviews

Presenter
Presentation Notes
Like WHR matrices, Bayesian networks and their probability tables can be based on a variety of sources of information.



Goal:  to produce a documented 
knowledge-based forecasting tool called 
the WILDlife Potential Habitat 
ForeCASTing Framework (WILDCAST).

Presenter
Presentation Notes
So now recall that our WILDCAST goal mentioned a “knowledge-based” tool.  Bayesian networks can be based on expert knowledge.



Polar Bear AnalysisPolar Bear Analysis


 

USFWS USFWS ––
 

to list the polar bear as a to list the polar bear as a 
threatened species?  (USGS team threatened species?  (USGS team ––

 
Steve Steve 

Amstrup)Amstrup)


 
Who will polar bear populations persist in Who will polar bear populations persist in 
light of multiple stressors?light of multiple stressors?

Presenter
Presentation Notes
As an example, Dr. Steven Amstrup and I developed a Bayesian network forecasting tool to project future polar bear population conditions under various climate change scenarios.



Bayesian Network Polar Bear
 Population Stressor Model

Presenter
Presentation Notes
Here’s the overall polar bear model.  Don’t panic.  It’s actually well ordered.   Yellow boxes are the habitat and key environmental correlate inputs … blue and orange boxes summarize those inputs … and green boxes are the main outputs of expected population response.  The green boxes show the response by states, each with probabilities calculated by the model.



Presenter
Presentation Notes
In this way, for each major polar bear ecoregion, we forecasted probabilities of population outcomes (“larger” to “extinct”).  This information was used by USDI in their decision to list the species as threatened.



Creating BN ModelsCreating BN Models



Creating BN ModelsCreating BN Models

Presenter
Presentation Notes
I’ve developed and published a rigorous sequence of steps for creating, reviewing, testing, updating, validating, and finalizing Bayesian network models.  



Sensitivity testingSensitivity testing

Testing BN ModelsTesting BN Models

Presenter
Presentation Notes
You can do neat things with sensitivity testing with Bayesian network models.



Presenter
Presentation Notes
Here’s an example … the sensitivity structure of the polar bear model I showed you.  Here, sensitivity of the overall population outcome to each of the inputs (listed on the side axis here) is calculated in the model as “entropy reduction” (which is akin to variance reduction for categorical variables).  The longer the bars here, the more sensitive is the outcome (population response) to the given input variable.  



◄ = ice habitat variables

 
(84% of all influence)

◄
◄

◄

◄

◄

Presenter
Presentation Notes
Note that 5 of the top 6 most-influential variables in the polar bear model pertain to ice habitat and climate change effects.  



Accuracy testingAccuracy testing

Testing BN ModelsTesting BN Models



PredictedPredicted
PresentPresent AbsentAbsent ActualActual

CorrectCorrect Type I error; Type I error; 
false negativefalse negative PresentPresent

Type II error;Type II error; 
false positivefalse positive CorrectCorrect AbsentAbsent

Presenter
Presentation Notes
Bayesian network models can be tested using case data, and you can determine Type I and Type II error rates.  



receiver operating characteristic curve

Presenter
Presentation Notes
Error rates can be plotted on graphs in various ways.



Updating BN ModelsUpdating BN Models

Using case data to update Using case data to update 
BN modelsBN models

Presenter
Presentation Notes
You can use other expert opinion or, better, actual field data, to not just test the model but update the model’s underlying probability tables.  



original 
model based 
on expert 
judgment

revised 
model based 
on field data

Presenter
Presentation Notes
Here’s an example of model updating from another publication of mine, using a model of a rare fungus species.  When field data were incorporated into the probability structure of the model, it somewhat changed the model’s sensitivity structure and improved its accuracy (reduced Type I and II error rates).  



Belief Network Decision Model

Presenter
Presentation Notes
One last thing about Bayesian net work models that is very handy … 



Belief Network Decision Model

Presenter
Presentation Notes
… is that you can explicitly include decision nodes and utility nodes.  Then the model calculates the expected value (cost or benefit, as you set it up) for each decision, and thus an optimal decision pathway.  Here’s a hypothetical example pertaining to timber management and road development decisions (the blue nodes are decision nodes) and various costs associated with decisions or outcomes (the pink hexagon shaped nodes), that can influence habitat for marten.  



Modeling Approaches Useful for Predicting Change:Modeling Approaches Useful for Predicting Change:
 Making Progress in a DataMaking Progress in a Data--Poor WorldPoor World

What are the objectives and audience for 
WILDCAST?

What do we want to forecast, at what accuracy, 
precision, and scale(s)?

Possible modeling approaches:
 -

 
influence diagrams

 -
 

wildlife-habitat relationships models
 -

 
Bayesian networks

Presenter
Presentation Notes
So, in summary, here’s what we talked about.



Presenter
Presentation Notes
The end!
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