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



other

climate environmental
change stuff

N\

t_hings WE ——p Wildlife species,
just don't habitats,
Know functions


Presenter
Presentation Notes
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 WILDIife Potential Habitat
ForeCASTIing Framework (WILDCAST).
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So let’s now consider some basic questions pertinent to this goal.


General Purpose of the
WILDCAST Tool?

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)
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There are many possible purposes for the WILDCAST tool.  No one model will be able to meet all of these.


Who Is the Audience for
the WILDCAST Tool?

ourselves, to guide further research
other researchers

managers in land management agencies
politicians

the general public

local people

the courts

attorneys

(others)
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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 WILDIife Potential Habitat
ForeCASTIing Framework (WILDCAST).
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So our overall WILDCAST goal specifies a “forecasting” tool, which I presume means projecting future conditions.


Forecasting

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

 climate change

* Influence of climate change on
vegetation & land cover types

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


Forecasting

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


Examples of “horsetail” graphs predicting future events
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… and you also see it spatially, too, as with hurricane “cones of influence” projects.  


Forecasting

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
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Second, how precise do our forecasts have to be?  


Forecasting

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


Ways to solve difficult problems ... that is, problems
that are analytically intractable:
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There are a number of rules of thumb, or tips & tricks, to solving analytically intractable problems.


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



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!



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
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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

Influence diagrams
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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.
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Here’s an example of an influence process diagram I built for a hypothetical delisting decision for FWS.
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Here’s a influence diagram I built for considering potential factors that could affect exotic plant invasibility.
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Here’s an influence diagram on a salamander’s environmental correlates.


From influence diagrams ...
to models !



Path regression
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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.
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Here’s an influence diagram turned into a process model using the STELLA modeling shell.
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Process models produce time-based projections of various variables.


Two approaches for
WILDCAST

Wildlife-Habitat Relationships
Modeling

Bayesian Network Modeling
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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
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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

Species | Habitat | Habitat | Habitat | Habitat
A B C D
Vole H H L L
Loon 8 \Y \Y VI
Wolf \Y/ \Y/ \Y/ I
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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

SpPECIES

Vol

oo

Wolf

source of information
-expert judgment
-anecdotal observations
-field studies

-literature reviews

\Y/ \Y \Y/

Habitat
D
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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
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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

Wiildlife
Habitats

Habitat Wildlife
Btructures gpemeg

ey Enviranmental Salmﬂnld Wildlife Ky ECDlDQicaI ]
[ Correlates (KECs) ] Relationships Functions (KEFs)

P

[ Fish ]
Management Species
Activities
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The parts of the WHR model are many … 


Species-Habitat Relationships In
Washington and Oregon

Habitats

History
Habitat { (wildiife
Structures Species

FEETTeE [camoiEE Yy | e e die ]
[ Correlates (KECs) ] Relationships Functions (KEFs)

[\f

[ Fish ]
Management Species
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… but we’ll focus first on the tables that relate wildlife species to broad categories of wildlife habitats.  


[Ed Table : HabRef.db
'Habitat No. Habitat Name
-1 K Westside Lowlands Conifer-Hardwood Forest
2 |10 Alpine Grasslands and Shrublands
10H Historical occurrence-Alpine Grasslands and Shrublands
10U Unsure occurrence-Alpine Grasslands and Shrublands
11 Westside Grasslands
11H Historical occurrence-Westside Grasslands
11U Unsure occurrence-Westside Grasslands
12 Ceanothus-Manzanita Shrublands
12H Historical occurrence-Ceanothus-Manzanita Shrublands
12U Unsure occurrence-Ceanothus-Manzanita Shrublands
13 Western Juniper and Mountain Mahogany Woodlands
13H Historical occurrence-Western Juniper and Mountain Mahogany Woodlands
13U Unsure occurrence-Western Juniper and Mountain Mahogany Woodlands
14 Eastside Canyon Shrublands
14H Historical occurrence-Eastside Canyon Shrublands
14U Unsure occurrence-Eastside Canyon Shrublands
15 Eastside Grasslands
156H Historical occurrence-Eastside Grasslands

150 Unsure occurrence-Eastside Grasslands
16 Shrub-steppe

16H Historical occurrence-Shrub-steppe
16U Unsure occurrence-Shrub-steppe
17 Dwarf Shrub-steppe

17H Historical occurrence-Dwarf Shrub-steppe

17U Unsure occurrence-Dwarf Shrub-steppe

18 Desert Playa and Salt Scrub Shrublands

18H Historical occurrence-Desert Playa and Salt Scrub Shrublands
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Here’s the list of wildlife habitats in WA and OR.


le : WildHabs.DB
' New SPPID

Common Name

Habitat

8
5

x
n
n
8

[ =il

Confidence| «
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30
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15
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22
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11
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15
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Morthern Shoveler

21

40,720.00
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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).


= [E] Table : :PRIV:ANSWER.DE = || =] ER =
3 Common Name -
_ American Badger E
2 |Belding's Ground Squirrel
! 3 |Burrowing Owil -
4 |Chukar
5  |Columbian Ground Squirrel
6 |Deer Mouse
7 |Eastern Kingbird
2] Eormininnnie Hawle )
=% Query : spp in WH1.gbe =8 ol
]—WiIdHabs.DEl——New SFPIDIEnmmnn Na— Habitat | Activity | Assoc— Confidence ‘
] fe” 15 " [ }
4 |m b
Habitat 15 = Eastside Grassland
Assoc C = closely associated

Wwork 17 |Prairie Falcon

18 |Pronghorn Antelope
19 |Red-tailed Hawk

20 |5age Grouse

21 |Savannah Sparrow
22 |5ay's Phoebe
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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
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In hierarchical form, wildlife habitats can be further described in terms of their structural or successional stages.


@Ta ble : strucLU.DB |i| |ﬂ| [Q]

| Structure Condition Structure Number
I Giant Tree-Multi-Story 26.00
2 |Grass/Forb-Closed 2.00
3 |Grass/Forb-Open 1.00
4 |Large Tree-Multi-Story-Closed 25.00
5 |Large Tree-Multi-Story-Moderate 2400
6 |Large Tree-Multi-Story-Open 23.00
7 |Large Tree-Single Story-Closed 16.00
8 |Large Tree-Single Story-Moderate 15.00
9 |Large Tree-Single Story-Open 14.00
10 |Medium Tree-Multi-Story-Closed 22.00
11 |Medium Tree-Multi-Story-Moderate 21.00
12 |Medium Tree-Multi-Story-Cpen 20.00
13 |Medium Tree-5Single Story-Closed 13.00
14  |Medium Tree-Single Story-Moderate 12.00
15  |Medium Tree-Single Story-Open 11.00
16 |Sapling/Pole-Closed 7.00
17 | Sapling/Pole-Moderate 6.00
18 |Sapling/Pole-Cpen 5.00
19 | Shrub/Seedling-Closed 4.00
20 |Shrub/Seedling-Open 3.00
21 |Small Tree-Multi-Story-Closed 19.00
22 |Small Tree-Multi-Story-Moderate 18.00
23 |5Small Tree-Multi-Story-Open 17.00
24 |Small Tree-Single Story-Closed 10.00
25 |Small Tree-Single Story-Moderate 9.00
Small Tree-Single Story-Open 8.00

A
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Here are the 26 structural states pertinent to forest habitats.  


@Table : strucLlU.DB

—

[ p Y S T AN

uy]

o | oo | =~

Structure Condition
Giant Tree-Multi-Story
Grass/Forb-Closed
Grass/Forb-Open
Large Tree-Multi-Story-Closed
Large Tree-Multi-Story-Moderate
Large Tree-Multi-Story-Open
Large Tree-Single Story-Closed
Large Tree-Single Story-Moderate
Large Tree-Single Story-Open
Medium Tree-Multi-Story-Closed
Medium Tree-Multi-Story-Moderate
Medium Tree-Multi-Story-Open
Medium Tree-5Single Story-Closed
Medium Tree-Single Story-Moderate
Medium Tree-5Single Story-Open
Sapling/Pole-Closed
Sapling/Pole-Moderate
Sapling/Pole-Open
Shrub/Seedling-Closed
Shrub/Seedling-Open
Small Tree-Multi-Story-Closed
Small Tree-Multi-Story-Moderate
Small Tree-Multi-Story-Open
Small Tree-Single Story-Closed
Small Tree-Single Story-Moderate
Small Tree-Single Story-Open

E=n(EoRE="

Structure Number
T e

The forest structural conditions are based upon
the following attributes:

Tree Size (dbh)

Shrub/Seedling <2.5cm
Sapling/Pole 2.5-24 cm

Small Tree 25-37 cm
Medium Tree 38-49 cm
Large Tree 950-75 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
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The categories of forest structural stages are based on tree size, percent canopy cover, and number of canopy layers.


iiD. ble : :PRIV:ANSWER.DB

3

§

[}

.

h

[

o | oo | =

Grass/Forb-Closed

Grass/Forb-Open

Low Shrub-Closed Shrub Overstory-Mature
Low Shrub-Closed Shrub Overstory-Old
Low Shrub-Closed Shrub Overstory-Seedlir
Low Shrub-Open Shrub Overstory-Mature
Low Shrub-Open Shrub Overstory-Old

Low Shrub-Open Shrub Overstory-Seedling
Medium Shrub-Closed Shrub Overstory-Ma
Medium Shrub-Closed Shrub Overstory-Old
Medium Shrub-Closed Shrub Overstory-5Se
Medium Shrub-Open Shrub Overstory-Matu
Medium Shrub-Open Shrub Overstory-Old
Medium Shrub-Open Shrub Overstory-Seeq
Medium shrub-Closed Shrub Overstory-Mat
Medium shrub-Closed Shrub Overstory-Olc
Medium shrub-Closed Shrub Overstory-5Ses
Medium shrub-Open Shrub Overstory-Matu
Medium shrub-Open Shrub Overstory-Old
Medium shrub-Open Shrub Overstory-Seec
Tall Shrub-Closed Shrub Overstory-Mature
Tall Shrub-Closed Shrub Overstory-Old
Tall Shrub-Closed Shrub Overstory-Seedlin
Tall Shrub-Cpen Shrub Overstory-Mature

Tall Shrub-Open Shrub Overstory-Old

Tall Shrub-Open Shrub COverstory-Seedling,

Structure Condition

The shrubland and grassland structural
conditions are based upon the following
attributes:

Shrub Height

Low <0.5m
Medium 0.5-2.0m
Tall 2.0-50m

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
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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.


)

[Ed Table : :PRIV:ANSWER.DB o [= ][ = o= ] =
Common Name 9
Chukar -
Columbian Ground Squirrel j j 3

Deer Mouse

Eastern Kingbird
Ferruginous Hawk

Montane Vole

MNorthern Pocket Gopher
MNorthern Shrike

MNuttall's (Mountain) Cottontail
Prairie Falcon

Red-tailed Hawk Habitat 15 = Eastside Grassland
iy hihias e Assoc C = closely associated

Swainson's Hawk

Western Kingbird

Western Pipistrelle

Western Small-footed Myotis
White-tailed Jackrabbit HP.SHPSTRUCH

Honfzt. db SCUrban.db stocormwalk. DB gtrucL.DB

e | wah | ok | =5 | b | =k
mhmmémmmﬂmmhmml

Tall, Open, OIld shrub stage

(ay]

=
|

=¥ Query : <Untitled>
~SCNonfst.db  SPPID | Common Name —Structure Condition — 5C-Occ;  S5C-Assoc S
H | H " join1 ™ Tall Shrub-Open Shrub Overstory-Old | " notblank |I”

4 |m

T-WildHabs.DE—--New SPPID Common Na— Habitat  Activity | Assoc — Confidence,
m |n [ joint m | |r c .

4 |



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

Wiildlife
Habitats

=3,
Histony
[Habitat { (wildiife

Structures Species

ey Environmental T
Correlates (KECs) Relationships

/

[ Fish ]
Management ek
Activities

Functions (KEFs)

Balmﬂnid-Wildlife] ey Ecological ]
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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.


[ Table : :PRIV:ANSWER.DEB = |[-=- [

|Habitat Elements HabElemsDescription -
1 K Forest, Shrubland, & Grassland Habitat Elements =
2 |11 forest/woodland vegetative elements or substrates
3 111 down wood (includes downed logs, branches, and rootwads, in any context)
4 11111 decay class
5 111111 hard [class 1, 2]
6 |1.1112 moderate [class 3]
7 11113 soft [class 4, 5]
g 1112 down wood in riparian areas
9 11113 down wood in upland areas
10 |1.1.10 fungi
1.1.11 roots, tubers, underground plant parts
1.1.12 ferns
1.1.13 herbaceous layer
1.1.14 trees
1.1.14.1 snags
1.1.14.11 decay class
1114111 hard [class 1, 2]
1.1.14112 moderate [class 3]
1114113 soft [class 4, 5]
1.1.14.10 large live tree branches
1.1.14.11 tree canopy layer
1.1.14.111 sub-canopy
1.1.14112 above canopy
1.1.14113 tree bole
1.1.1411.4 canopy
1.1 snaq size (dbh)
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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.  


@ [E] Table : :PRIV:ANSWER.DB

|Hahitat Elements

RN WOR =5

HabElemsDescription -

1]
2

1

Forest, Shrubland, & Grassland Habitat Elements (]

1.1

forest/woodland vegetative elements or substrates

Ca'l

A A4 A

=l I Loal =l al 1 L L =l i =l H & bk

[E] Table : :PRIV:ANSWER.DB = =R =<
Habitat Elements HabElemsDescription
1 Forest, Shrubland, & Grassland Habitat Elements
2 |2 Ecological Habitat Elements
3 |3 Mon-vegetative, Abiotic Habitat Elements
4 14 Freshwater Riparian & Aquatic Bodies Habitat Elements
5 |5 Marine Habitat Elements
6 |7 Fire as a Habitat Element
7 |8 Anthropogenic-related Habitat Elements
.

tree bole

canopy

I I L ITTIOUCT Al Jhidas o]
19 11114113 soft [class 4, 5]
20 (1.1.1410 large live tree branches
21 111411 tree canopy layer
22 11114111 sub-canopy
23 11114112 above canopy
1.1
1.1
1.1

snaq size (dbh)
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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.


2
fie Table : :PRIV:ANSWER.DE o || B || B2 o || = || ER
| Common Name
_ Eastern Kingbird
2 |Montane Vole j j j
tior 3 |Northern Pocket Gopher P " OB rucL Ll DB
. 4 N[]rtherﬂ Shr”{E} ar. sLConEwalr., sraC .
5 Red-tailed Hawk
=4 Query : <Untitled> [ [
. ]—5CNnnfst.db——SFFID——Cummnn Name Structure Condition SC-Occ SC-Assoc S
E [ F join1 all Shrub-Open Shrub Overstory-Old [T notblank |T
4 I
]—WiIdHahs.DE——New SPPID Common Na.— Habitat | Activity | Assoc [ Confidence
CoC ™ join1 r 15 r ENC  |Im
4 I
THabEIems.DB——SPFID—-Cnmmnn Na— POS —— NEG | Habitat Elements | HabElemsComments
a |n Cjoin | C C C
4 Ifn
Habitat 15 = Eastside Grassland

Assoc C = closely associated

Tall, Open, OIld shrub stage
Wetlands
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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

Wiildlife
Habitats

=
History
[Habitat { (wildiife

Structures Species

Koy Environmental 1N Salmonid-Wildiife ‘ Key Ecological )
Correlates (KECs) Relationships | Functions (KEFs)

/

[ Fish ]
Management Species
Activities
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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.


E[@mfe:ﬁmeﬂc_nﬂ =N EEN T
' SHP-KEF DESCRIPTION

1 K Trophic relationships
2

1.1 heterotrophic consumer
3 1111 primary consumer (herbivore) (also see below under Herbivory)
4 1111 foliovore (leaf-eater)
5 (11110 flower/bud/catkin feeder
6 (1.1.1.1 aquatic herbivore
7 (11112 feeds in water on decomposing benthic substrate
8 (11113 bark/cambium/bole feeder
9 1112 spermivaore (seed-eater)
10 1113 browser (leaf, stem eater)
11 11114 grazer (grass, forb eater)
12 111156 frugivore (fruit-eater)
13 1116 sap feeder
14 1117 root feeders
15 11118 nectivore (nectar feeder)
16 (1119 fungivore {fungus feeder)
17 112 secondary consumer (primary predator or primary carnivore)
18 [1.1.2.1 invertebrate eater
19 111211 terrestrial invertebrates
20 (11212 |aquatic macroinveriebrates
21 (11213  |freshwater or marine zooplankton
22 1122 vertebrate eater {(consumer or predator of herbivorous vertebrates)
23 11221 piscivorous (fish eater)
24 11123 ovivorous (egqg eater)
25 113 tertiary consumer (secondary predator or secondary carnivore)
26 1114 carrion feeder
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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.


E[@me : KEFdesc.DB

e[ = ]
' SHP-KEF | DESCRIPTION -
[ Table : :PRIV:ANSWER.DB =N EER(CXT
SHP-KEF DESCRIPTION

carrion feeder

1 Trophic relationships
2 |2 aids in physical transfer of substances for nutrient cycling (C. NP, etc.)
3 |3 organismal relationships
4 14 carrier, transmitter, or reservoir of vertebrate diseases
5 |5 soil relationships
6 |6 wood structure relationships (either living or dead wood)
[ water relationships
8 |8 vegetation structure and compaosition relationships
-
4 |
19 11211 terrestrial invertebrates
20 (11212 |aguatic macroinvertebrates
21 (11213  |freshwater or marine zooplankton
22 11122 vertebrate eater {(consumer or predator of herbivorous vertebrates)
23 11221 piscivorous (fish eater)
24 11123 ovivorous (egqg eater)
25 1113 tertiary consumer (secondary predator or secondary carnivore)
1
-
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There are 8 major categories of key ecological functions.  Each has many subcategories.


fle

{lag]

7]

O
=]
Ed Table : :PRIV:ANSWER.DB = || =] 2R o || = || B2
Common Name
Columbian Ground Squirrel
2 |Deer Mouse : j : j :
3 |Montane Vole jdt. t DB .
4 |Northern Pocket Gopher " FenTE M
=¥ Query : <Untitled> =nEE
]—SCNnnfst.db——SPPID——Cnmmun Name Structure Condition SC-Occ;  SC-Assoc
| ¥ join1 all Shrub-Open Shrub Overstory-Old [ not blank
4 L
]—WiIdHabs.DE——New SPPID Commoen Na—Habitat ——Activity | Assoc—Confidence;
] I joint r 15 [ "

4 |m

]—I{EFSEEB.DB——N ew SPPID,

-

r

™ join1

—Common Name —

—SHP-KEF
r 311 —‘

4 |1

Tall, Open, OIld shrub stage

Primary burrow excavator

Habitat 15 = Eastside Grassland
Assoc C = closely associated
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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.  


Change in Functional Redundancy
(Example analysis for 1 HUC)

.16 - Intersp. hyybrid.
3.15 - Pirates food

J.14 - Uses created runways
a.13 - Creates runmvay's

a.12 - Secondary burrow user
3.11.2 - Creates small burrows
3.11.1 - Creates large burrows

3. 11 - Primary burrow excavator

3. 10 - Secondary cavity user
3.4 - Primary cavity excavator

-40 -20 0 20 40 60 80 100
% change historic to current
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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.  


1ge e 14e Functional Redundancy for

KEF 3 4
Transportation of Viable Seeds,

4g°

ag°

“0

Spores, Planis, or Animals

I Urrer 25% (66.951- 51.808)
[ ] second25% (51.807 - 44.926)
[ ] Third 25% (44.925 - 39.251)
B Lower 25% (39.250 - 21.000)

SCALE 1:6,500.000

1inch raprasents 102.69 miles
20 0 20 40 60 B0 100
LA O

Milasz
Source: Interactive Biodiversity Information System (IBIS).
Morthwest Habitat Instituts. 2002,

[EE (.

Columbia River Basin
United States

— el slates
g g =1 48°
L i
.-""’- *

-
1

I
e

.| 4B®
]
!

1= = 4= April 2002
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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.


() 1240 1220 1200 nge 180 f14e Percent Change in Functional Redundancy
! ! ! ! for Transportation of Viable Seeds, Spores,
Plants, and Animals

Historic to Current
Patterny best intrepreted af the basin seale

48° = a8e

4g°

I Fositive Change (upper 25%: > = 16.58%)
[:l Positive Change (lower 75%)

:] No Change
:’ Negative Change (lower 75%)

B negative Change (upper 25%: < = -11.34%)
SCALE 1:6,500,000

1 inch represents 102.59 miles
20 0 20 40 60 80 100

Miles June 2000
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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.   


The Species-Environment Relations Page

Bruce G. Marcot

[This page is designed for wildlife biologists, ecologists, natural resource planners, and others in the fields of wildlife and natural resource management ..

although teachers, students, and anvone else are welcome to explore. Opinions and information are those of Bruce Marcot, and are not intended to
reflect those of other people or organizations. )

Quick start: Here is a reading list

The Key Ecological Functions (KEFs) Page

Bruce G. Marcot
publication links updated: 15 June 2007

[This page is designed for wildlife biologists, ecologists, natural resource planners, and others in the fields of wildlife and natural resource management __

although teachers, students, and anvone else are welcome to explore. Opinions and information are those of Bruce Marcot, and are not intended to
reflect those of other people or organizations ]

Contents of This Page:

What Are KEFs?
Classification of KEFs
A Taxonomy of Patterns of Kev Ecological Functions (KEFs)
Some Hypotheses on Ecological Functions
KEFs Used in Regional and Species Assessments

http://www.spiritone.com/~brucem/plexeco.htm
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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
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The second major type of tool I want to discuss for potential use in WILDCAST is use of Bayesian network modeling.


OLIVIER POURRET, PATRICEK NAIM
AND BRUCE MARCOT

Bavesian Networks

A Practical Guide to Applications

Creating Bayesian Network Models
in Ecology

Bruce G. Marcot
updated 19 August 2008

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


Influence diagrams

(Temp C in Mat Roost )

7 Large Snags/Trees )

| { Caves or Mines ) \ o
IZ N N — ( Forest Edges )
(_Maternal Roots )

(_Hibernacula ) ( Summer Roosts )

__( Cliffs )
.-- -, — - -
__Ii:__ Foraging Sites ____j:li
( Habitat
(Biophys Env )*
) __________--"__-- .
I[:__ Townsend's Big-eared Bat Population )
Source:

Marcot, B. G., et al.
2001. Forest Ecology
and Management
153(1-3):29-42.
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So here’s that basic influence diagram we saw earlier on a bat species.


Bayesian Network Model

K Bat - Marcot *

Brldges or Bulldmgs ner roost : Forest Edges

Foraging Sites
Adeguate 40.0 Q0.0 Adenu ma 40.0 Adeguate 0
Inadequate 600 ':. gquate 1000 Ina equate GO0 Inadequate 200
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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?

> Uses Bayesian “learning” statistics
> Bayes’ Theorem:

P(H|S)PG)
P(H)

P(S|H)=

S = species abundance, presence

H = habitat conditions



What Is a Bayesian network?

> A graphical model of causal effects
> Variables linked by probabilities

> Combines field data & expert
knowledge

( Tourism } (" Bear-human interactions )
{ Human disturbance

("Oil & Gas Activity) ("Shipping )

increased 50.0
same as now 500

With probabilities

Graphical model



=
What Is a Bayesian network?

> A graphical model of causal effects
> Variables linked by probabilities

> Combines field data & expert

knowledge

. _ . _ increased 333 increased 33.
{ Tourism }  { Bear-human interactions ) Sl Sl e

decreased decreased

{ Human disturbance

(Ol & Gas Activity ) (‘Shipping )

increase 333 - —
no change 333 increased 50.0
decrease 333 same as now 50.0

Craphicalmoge: With probabilities


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: …. 


A~ C1 Table (in net outcome_model_070821b_w_Year 2) [=R|EoR| <"
Node: €1 v Apply| Okay|

Chance | % Probability | Reset| Close|

Bear-human interactions Shipping Oil & Gas Activity Tourism reduced same as how elevated greatly elevated
.000 0.000 100.00

=
.000 0.000 100.00 J

increased increased increase increased 0.000
increased increased increase same as now .000
increased increased increase decreased .000
increased increased no change increased .000
increased increased no change same as now .000
increased increased no change decreased 000
increased increased decrease increased .000
increased increased decrease same as now .000
increased increased decrease decreased .000
increased same as now increase increased .000
increased same as now increase same as now .000
increased same as now increase decreased .000

(|

.000 10.000 80.000
.000 0.000 100.00
.000 10.000 80.000
.000 20.000 80.000
.000 30.000 70.000
.000 &60.000 40.000
.000 30.000 50.000
.000 0.000 100.00
000 20.000 80.000
.000 30.000

[ T v TR - T TR e i U e i R s T o
L TR T e R v T T e e Y e R e

J1: Tourism

increased %%% aE g increased
: : - same as now Gmmm same as now
Tourism Bear- - decreased 333 ol decreased
C1: Human disturbance
reduced 15.6 1]

C Human disturbance) same as now gg;
elevate L

/ greatly elevated 24 4 i
E
. — — R1: Oil & Gas Activity e
( Oil & Gas Activity ) Shipping - 33_3EE - TTPPTY

Tt 23 came 35 now 50 0 e

Graphical model

With probabilities
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… 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%.  


4 C1 Table (in net outcome_model_070821b_w_Year_2) E=H BRI
Node: C1 v Apply| Okay ‘

Chance | % Probability | Reset| Close|

Bear-human interactions Shipping Oil & Gas Activity Tourism reduced same as how elevated greatly elevated ‘

increased increased increase increased 0.000 .Qo0 0.000 100.00 -
increased increased increase same as now .000 .000 0.000 100.00
increased increased increase decreased .000 .000 10.000 890.000
increased increased no change increased .000 . 000 0.000 100.00
increased increased no change same as now .000 . 000 10.000 80.000
increased increased no change decreased .000 . 000 20.000 B0.000
increased increased decrease increased .000 .000 30. 70.000
increased 40.000
increased 50.000
increased 100.00
increased BO.000

e source of information

s
-anecdotal observations

_expe rt J § d g me n‘t B1: Bear-human ?nter. A

-field studies

Oil & Gas Activit . . J: Shipping
LR -literature reviews T

VVvILlI lJI UIJQL)'IItIeS
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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 WILDIife Potential Habitat
ForeCASTIing Framework (WILDCAST).
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So now recall that our WILDCAST goal mentioned a “knowledge-based” tool.  Bayesian networks can be based on expert knowledge.


Polar Bear Analysis

> USFWS — to list the polar bear as a
threatened species? (USGS team — Steve
Amstrup)

> Who will polar bear populations persist in

light of multiple stressors?
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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
[] outcome model 0708212 = o<

- - S

T: Parasites & Disease T2: Predation . i Id-lydrocarbonsfsgﬂas;}nl — J4: Tourism B1: Bear-human |nteract|

- - : — - - ; e T1: Contaminants increased occurrence ) - —

|nﬂtuent|al Egg - |nf{uent|a| Egg i E —= S same as now 333 increased 333 i 1| increazed 330

no 50. - no 50. - elevate: e decreased ocourrence 3% 3 : same as now  33.3 i | =ame as now 333 jmmm i
\\\.. ‘/_/ Egﬂig? now = = decreazed 333 t | decreased 333w !

Ad: Factor C. Disease, preda... - —

SaME a8 Now 5&.0: ; C2: Pollution
worse S0.0 i ; . i reduced 278 I

A1: Factor B. Overutilizat... ] E: Intentional Taklesl . Same o5 now 333 CA: Ruman d|sturbance
Polar Bear Outcome Model BOE ; TEEIEEL 33-3E P T

same as now i same as now 33.3 SEE 20 E reduced 156
- influence from key emvironmental more 5 : - decreased | 333 greatly elevated 17.5mi ! ! same as now

. — elevated
correlates, anthropogenic stressors, / areatly elevated 24.4
and natural disturbances —

Species expert: Steve Amstrup C4: Numerical Response AB: Factor E. Other factors lnatural or..

. increased density 670@m | improvement 153 m;
Modeler: Bruce G. Marcot SaMe a8 NoW 155 mm i no effect 203 m R1: Oil & Gas Activity J: Shipping
vers. 21 August 2007 (v. 070821a) reduced density  50.9 * miner restriction 2oy | Torease 333 mmE ¢ 7| increased 0.0
rare 157 i D1: overall population outcome major restriction 40.0 i | no change 323 | || sameus now 500
absent 9.82 : larger ! i3 decrease 333 | i
s5ame as now i i ;
historic (1385-1995) 200 i

now (1996-2008) 20.0 ; I_San:ea”er ! i F: Alternate Regions Avail...
mid-century (2045-2055) 200 extinct y il i ‘H““—-__ C3: Distribution Response Yes 50.0
late century (2070-2080)  20.0 ; L2: Vital Rates -

Q: Time Period

i = = - SaAME a5 Now 30.5 mk G: Relocation Possi.. Mo 0.0
end of century (2090-2099) 20.0 B improve 145m! T reduced but resident 20.1 g

transient visitors 11.0
R: GCM run :22:%:3 now éli ; B: Foraging Habitat Guantity Cha extirpated 38.0
GCM minimum 25.0

i S ' 010 20 L — 3 =
Ensemble mean 25.0 mmi -20to 0 25.0 -
GCM maximum  25.0 mm —40 to -20 1 H: Crowding Tolerance
Satellite 25.0 H : - < -40 . P A: Foraging habitat value none 156m:
U: Reproduction + better 4 1m! T moderate  48.9 i
increased 16.1 E . i i

same s now 45.7 high 35.6 mmim
same as now  23.2 L1: Adult Female Surv... worse 382 ;
decreazed 5.7

increase 13.8m: : &

ne change 230 | F2: Factor A: Habitat Threats f R3: Alternate PT;?W"@
L: Juvenile Survival decrease 632 i improvement 136m : 51: Foraging habitat chara... Efrﬁaa:g now 33.3

V1: Cub production per ev.. increase  138@m: © | no effect 142 — s ! B -
Fewer than now 61.9 : no change 23.1 miner restriction  25.2 more optima O - -

m
- i
i icti : 333 i
same as now 284 decrease  63.1 i K: Adult Body Condmon major restriction  46.C jumbemi | iseasn;z::rgglw 273w ¢ | | RZ:Relative Ringed Seal Availabi...
more than now  968R i | HI

ncrease 13.3 : increase 33.3 :
same as now 25.8 Same as now 333 i
decrease 504 i decrease 333 !
Color code:

X . : Change in Foraging Habitat D|str|b
yellow = input nodes (key environmental correlates, ESheliilhs EncElEhangeli=

. A 20010 0 T improved availability . i
anthropogenic stressors, natural disturbances) 0 to 200 250 5 5 same as now . : C: Foraging Habitat Absence Cha..
green = output nodes 300 to 200 SED reduced avail ! : - =
isti - E ik ot Gr reduced avail ; H -1t0 0 250 i :
orange nodes = Listing Factors == 800 20 ! unavailable i i Oto O
blue nodes = intermediate (calculated) nodes 400 = 480 : 1_tu 3 . P

M: Ecoregion
Polar Basin Divergent  25.0
Polar Basin Cenvergent 25.0
Archipelago 25.0
Seasonal lce 25.0
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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.
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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 Models



Creating BN Models

Model
development
activity

Modeling
Level

dentify
SPECIES Draft initial

alpha model Peer review of
alpha model

Update alpha model
based on peer

o review: beta model Accuraey testing
Sensitivity of beta model with

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


Testing BN Models

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


Individual sensitivity (entropy reduction)
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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.  


Individual sensitivity (entropy reduction)
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Note that 5 of the top 6 most-influential variables in the polar bear model pertain to ice habitat and climate change effects.  


Testing BN Models

Accuracy testing
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Bayesian network models can be tested using case data, and you can determine Type I and Type II error rates.  
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Error rates can be plotted on graphs in various ways.


Updating BN Models

Using case data to update
BN models
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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.  
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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
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One last thing about Bayesian net work models that is very handy … 


Belief Network Decision Model
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… 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:
Making Progress in a Data-Poeor \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
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So, in summary, here’s what we talked about.
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The end!
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