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I NTRODUCTI ON

Forests change over tine, sonetinmes slowy and sonetinmes rapidly. Species
conposition changes over tinme as sone trees die or are killed faster than
others. Structure changes when forests grow into |arger size classes, when
large trees are killed and replaced by regeneration, or when sonme overstory
trees are killed and regeneration fills openings creating a nulti-story
condition. These changes in conposition and structure of vegetation over tinme

are described as forest succession.

The concept of succession is no | onger assunmed to be an orderly and

uni di rectional progression fromregeneration to old growth climax forests
(Pickett and McDonnell 1989). Such a progression can occur, but the process
is typically nore dynam c, and can be accel erated or reversed by various

"di sturbances" acting at different intensities. Sonme fire, pathogen, insect,
wildlife, grazing, and other agents can accel erate succession to climax forest
types when they kill seral species, or can retard succession by affecting
climax species (Baker 1992, Ednonds and Sol lins 1974, Haack and Byl er 1993,
Hagl e and others 1995, Habeck and Mutch 1973, Harvey 1994, Harvey and others
1993b, Sanpson and others 1996). Understanding the combined effects of
successi on and di sturbance, including nmanagenent actions, provides the basis

for predicting future vegetation conditions.

The Interior Colunbia Basin (1CB) broad-scale scientific assessnent required a
conpr ehensi ve description of the past, present, and future vegetation

conditions across the 210 mllion acres conprising this watershed. It was
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deci ded that future vegetation conditions be sinulated using a spatially-
explicit succession nodel, so that the effects of various |and managenent
strategi es could be conpared and evaluated. Unfortunately, there were no
vegetation dynami cs sinmulation nodels avail able that would i nclude the w de
ecol ogi cal and geographi cal scope of the I CB (Keane and others 1996). The
Col unbi a River Basin SUccession Mddel (CRBSUM was specifically devel oped to
performthis task (Keane and others 1996). CRBSUMis a conputer programthat
nodel s successi onal devel opnent determnistically using a pathway approach
and sinmul ates di sturbances stochastically. However, many successi on pat hways
and di sturbance paraneters were not quantified for the nyriad of forests,

shrubl ands, herbl ands, riparian, and al pine ecosystens present in the ICB

This project was initiated in July of 1994 to devel op and quantify inportant
successi onal pathways for all ecosystens in the ICB. These pathways woul d
then be integrated into the nodel CRBSUM so the effects of nanagenent could be
predi cted across the entire basin. The objectives of this project were to:

1. Describe pathways of succession and di sturbance in various

vegetation types of the |ICB

2. Develop a user-friendly conputer tool, Vegetation Dynanics

Devel opnent Tool (VDDT), that provides efficient exam nation of the

ef fects of managenent activities, natural disturbances and base

successi onal processes on future forest and range conditions.

3. Test VDDT behavior and calibrate it for use in CRBSUM to nodel

successi on dynam cs across the entire 1CB

METHODS
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Successi on Mdel i ng Fundanental s

Successi onal dynam cs for vegetation types in the I CB were nodel ed using the
mul ti pl e pathway approach of Kessell and Fischer (1981). Cover

typel/ structural stage classes are |linked al ong successi on pat hways conver gi ng
to a somewhat stable community type or Potential Vegetation Type (PVT).

Vari ous di sturbance pat hways exist that may redirect the cover type/structura
stage classes in a way different fromthe successi on pathways. See Keane and

others (1996) for a detailed description of the nodeling process.

A key assunption behind these nodels is that PVTs occur as discrete units of

| and, and define areas of relatively sinmlar successional dynamcs. It was
recogni zed that fine scale classifications of habitat types or ecol ogica

sites could not be nodel ed, due to the scale at which they occur on the

| andscape relative to the scale of available data and the tinme franme allotted
for the project. W felt that a nore broad scal e approach was justifiable on
the basis that forest and rangel ands are nmanaged and primarily affected by
human and natural disturbances, which occur on a scal e broader than these fine

scal e classifications.

PVTs were selected to represent groups of vegetation that: a) were potentially
identifiable with use of renptely sensed and other digital data (Menakis and
others 1996) b) have a sinmlar response to factors influencing vegetation
conposition and structure, such as tenperature and precipitation variation and
di sturbance, and <c¢) occur as the dom nant vegetation type in contiguous

communities larger than approxi mately 200 hectares. These criteria elimnated
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many conmmunities that occur on linmted specialized sites and those, such as

many riparian vegetation types, that occur primarily as |linear patches on the

| andscape.

In application, the PVIs were devel oped on a scal e roughly equivalent to the
series level of the habitat type classification. Twenty five forested PVTs
were defined based on a classification system described by MacDonald (1990),
and named after typical mxes of climax tree species that occur within the PVT
(Appendi x A). Twenty nine non-forested PVIs were defined based on typica

m xes of grassland and shrub species (Appendi x A).

Seral stages within a PVT were devel oped under a simlar assunption that the
change in conposition and structure nust be sufficient to be potentially
recogni zable with renotely sensed data. They were further constructed in a
fashion for which additional seral stages could readily be added. Twenty two
forest cover types (CTs), based on Society of Anerican Foresters forest cover
types (Eyre 1980), and fourteen range cover types, based on Society for

Rangel and Managenent grassl ands cover types (Shiflet 1994), were the primary
seral conponents used for nodeling (Appendix B). Oher CTs were added to
define types that these 36 classifications did not address. Seven forested
structural stages were adapted by O Hara (1994) fromearlier work by Oiver
and Larson (1990), six woodland structural stages, and ei ght non-forest
structural stages were defined (Appendix C). Specific managenment regi ons were
defi ned based on | and ownershi p and use designations and included "W derness
and National Parks", "USFS and BLM Lands" (U.S. Forest Service and Bureau of

Land Managenent), and 'Private, State and Tri bal |ands".
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Successi on Wor kshops

The project was acconplished through a series of seven facilitated workshops
to devel op the approach, to capture information and expert opinion, and to

test nodel behavior. These workshops were facilitated by the U. S. Depart nment
of Agriculture, Forest Service. ESSA Technol ogies Ltd. managed the process,
facilitated the workshops, and produced the conputer nodel (Kurz and others

1994, Beukema and Kurz 1995).

Successi on and di sturbance paraneters were quantified using the Adaptive

Envi ronnmental Assessnment and Managenment (AEAM process (Holling 1978). AEAM
is a systens approach that requires an explicit causal structure, and
restricts detail to a mninum This approach was sel ected because of its
previ ous effectiveness for devel opi ng i nsect and di sease nodel s usi ng
conceptual understanding in addition to scientific data (McNanee and ot hers
1985). Published data on the effects of pathogens and insects on succession
are not plentiful, but there was consi derabl e agreenment anong specialists

conceptual |l y.

An insect and di sease working group held initial workshops fromJuly to

Cct ober 1994 (Kurz and others 1994). Wbrkshop objectives were to: a) devel op
an approach to nodeling changes in forest vegetation cover types and
structural stages, including the devel opment of prelimnary potentia
vegetation cl asses and successi onal pathways, b) devel op supporting rules for
the nodel, c) assess insect and pathogen effects on vegetation at the

| andscape scal e, and d) assess the inpacts of changes in vegetation on insects
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and pat hogens.

Subsequent wor kshops with up 150 forest, range, and fire ecol ogists from

t hroughout the ICB area were held in January and February 1995 to: 1) refine
and suppl enent forested potential vegetation types and successi onal pathways,
2) devel op pat hways and di sturbance probabilities for rangel and vegetation
types, and 3) devel op managenent actions and associ ated di sturbance
probabilities under four managenent futures (or scenarios) (Keane and others

1996) .

In February, March, and April 1995, follow ng the devel opnent of the VDDT,
smal l er, interdisciplinary groups of specialists fromthe earlier workshops
met to test and calibrate the nodels, and to docunent assunptions and

findi ngs.

VDDT Mbdel

It was acknow edged in these workshops that a tool was needed to quickly test
and validate the succession and di sturbance paraneter estimations. The CRBSUM
nmodel could not be used because it requires that all paranmeters be entered at
once and its | engthy output would have been too large to readily interpret.
What was needed was a conputer programthat contained the sane nodeling
algorithms as CRBSUM but with an easy and efficient user interface that

al l oned for quick paraneter nodification and nodel evaluation. This resulted

in the construction of VDDT, the Vegetation Dynani cs Devel opnment Tool
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VDDT is a relatively sinple, user-friendly nodel that allows users to create
and test tinme and disturbance effects on vegetati on dynam cs. Devel opnent is
described in Kurz and others (1994), and use is described in Beukema and Kurz
(1995). VDDT sinul ates changes in cover types or structural stages based on
successi onal pathways. Changes in successional classes can be due to
di sturbance (e.g., fire, insects, pathogens, managenent, etc.), or because
grow h dynam cs have changed the cover type, structural stage, or both. Tine
requi red for novenent from one successional class to another defines change in
t he absence of disturbance. All succession and di sturbance paranmeters are

defined and i nput by the user

VDDT predicts dom nant tree, shrub, or herb vegetation (cover type) and age
structure (structural or successional stage) through time as a function of
bot h base succession over tinme and disturbance processes. |In forested
vegetation, for exanple, it nodels the successional function of pathogen and
i nsect di sturbance processes described by Hagle and others (1995) and Hagl e
and Wllianms (1995). By selectively killing certain tree species or size

cl asses, for exanple, pathogens or insects cause transitions from one forest
type and successional stage to another. Only the effects of mmjor agents,
i.e., those that have significant, |large-scale effects on cover type or
structural stage, are nodeled explicitly. Effects of |ow inpact agents, such
as m nor pathogen or insect infestation, are included as successiona

transitions "w thout disturbance"

Fire, pathogens, insects and other disturbance agents cause transitions to

di fferent successional classes or retard such changes. The probability of
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these transitions define the |ikelihood of disturbance for each successiona
class over tinme and heavily influence the predicted distribution of succession
classes. In VDDT, the user first defines disturbance agents that conmonly act
upon the various successional classes for a PVT, inputs the transition
probabilities, and then runs VDDT for a specified nodeling period. The

predi cted proportions of succession classes at any given tinme during the nodel

run" are used as indicators of the net effects of the disturbance transition
probabilities and successi onal pathways. These proportions are displayed

graphically in VDDT and hel p the user eval uate nodel behavi or and outcone.

During the workshops, interdisciplinary teans, experienced with vegetation
successi onal dynami cs defined in the nodels, also calculated individua
transition probabilities prior to the nodel run. These transition
probabilities were based on factors such as disturbance frequency, extent, and
severity. However, in order to evaluate conbined effects of many di sturbances
acting in concert on the succession classes, teans nenbers generally relied
nore upon the predicted distributions of succession classes at various points
intime during the nodel run to determ ne whether the outconmes were

reasonabl e.

Managenent Futures

Four contrasting scenarios, called managenent futures, were devel oped for the
Interior Colunbia Basin project. Mnagenent actions and associ at ed
probabilities of disturbances were devel oped within the context of these four

managenent futures.
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The Hi storical managenent future (H) predicts disturbance and successi ona
dynanmics prior to the extensive influence of Euro-American settlenent.

Di st urbance types, probabilities, and effects are consistent with vegetation
structure and dynam cs prior to 1900. The Passive managenent future (PM is
where no commodities are produced and | ands are used for recreation

education, and research. Fire suppression is continued at current |evels, but
no tinmber harvesting or grazing occurs, and insects and di sease functions

wi t hout human interference. 1In the Consunptive Demand managenent future (CD),
the goal is to maxi m ze commodity production through grazing, tinmber harvest,
and ot her managenent practices. The effects of disease, insects, and fire are
prevented or suppressed where econom cal. The Active managenent future (AM
focuses on the maintenance of natural ecosystem functions and processes.

Ti mber harvest, grazing, prescribed fire, fire suppression, and other forest
and rangel and managenent activities are designed to achieve vegetation
structure consistent with ecosystem function and process. Historic fire,

di sease and insect functions are maintai ned where feasible, generally through

veget ati on mani pul ati on. The effects of introduced agents are nitigated.

Mbdel Eval uation

The workshop teans eval uated 10, 50, and 300 year nodel projections, and ot her
tinme intervals as necessary. |In forested PVTs, insect and di sease effects
were evaluated first, to isolate themfromeffects of fire and nmanagenent.
Much of the recent insect and di sease data and the experience of workshop
partici pants has been based on forests altered by fire suppression and ot her

managenent activities (Baker 1988, Fellin 1979, Gara and others 1985, Gast and



Byl er--p. 11

ot hers 1991, Hessburg and others 1993, Martin 1988, Monnig and Byl er 1992,
Thies 1990), and the projected outcones of insect and di sease activities were
eval uated agai nst these data and experiences. Subsequent work groups expl ored
nodel behavior with all forms of disturbances, separately and in conbination
and di sturbance probabilities were adjusted accordingly. Testing generally

foll owed the sane sequential steps.

Eval uate natural succession with historical disturbances. Estimted

hi storical forest types and successional stages were used to initialize the
nodel , and runs were nmade with historical disturbance probabilities.

Adj ustnents were made to get "steady state" behavior over 300 years or |onger
The assunption was that the relative proportions of each type and stage were
mai nt ai ned across the Col unbia Basin over tinme, within a "historical range of

variability" (Mdrgan and others 1994), even though the cover type and
structural stage constantly changed on any particular |location within the
Basin. This "steady state" behavior was useful for projecting departures from

expected, due to increased human activities of the past and future centuries.

Eval uate current disturbances under the passive managenent future. Here, the
nodel s were designed to approximte current conditions, and run with current

i nsect, pathogen, and other disturbances with fire probabilities that
reflected current suppression capabilities. This allowed evaluation of the
out cones of insect and di sease activities, several of which have been
intensified by current conditions and activities (Byler and others 1994, Hagle
and Byl er 1993, Wckman 1992, Harvey and others 1995). This also allowed for

testing of the outcones of wildfire events, given current assunptions about
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the effectiveness of wildfire suppression. This managenent future provided a
way to explore change trajectories for vegetation types that were outside of
presunmed historical ranges of variability, to determne if these vegetation

types were returning to, or noving further from historical conditions.

Eval uate effects under the consunptive demand managenent future. This

eval uation included effects of managenment actions undertaken to maxim ze
commodi ty production, plus the effects of disturbances and assunptions sinlar
to those under the passive managenent future. In forest PVTs, the
probabilities used for insects, pathogens and fire were the sanme for both
consunpti ve demand and passi ve managenent, but nmanagenent activities were
added. For exanple, blister rust resistant stock was planted for white pine

blister rust (Cronartiumribicola) managenent, root disease probabilities were

increased with partial cuts that left susceptible species, thinning of bark
beetl| e suscepti bl e stands reduced beetl e disturbance probabilities, and
wildfire probabilities were adjusted to reflect probabilities for managed

st ands.

The consunptive demand managenent future actions were not the same as past
managenent actions on public lands. Here we assuned maxi num commodity
production, while public | ands have been managed for nultiple use since 1974,

and maj or areas had little managenment except for the suppression of wldfire.

Eval uate the effects of managenent under the active managenent future. This
scenario also included active managenent of vegetation. However, the

managenent actions under this managenent future were designed to approxi mate
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the effects of historical disturbances, and nmaintain or restore cover types
and structural stages to historical conditions. Treatnents included
regeneration harvesting, with natural or planted seral species, to mmc the
effects of historical stand replacenent fires; precommercial and commercia
thinning, to sinulate the effects of m xed severity fires, insects and

pat hogens; use of fire as a managenent tool, alone or in conmbination with
other treatnents; and specific restoration activities, such as planting of

rust-resi stant white pine.

RESULTS AND DI SCUSSI ON

The Modeling Process

The AEAM process was a good way to refine the nodeling approach, to
paraneterize succession paraneters, to devel op the supporting rules, and to
test VDDT follow ng devel opnent. Use of interdisciplinary workshops enabl ed
us to capture unpublished information and judgenents of know edgeabl e
scientists. Nearly all successional and di sturbance paraneters were
quantified by these teans of "experts" fromvarious resource fields in a

wor kshop format. Iterative workshops all owed each workshop to build on
progress made in previous ones. Additionally, the AEAM process provided the
focus for work groups to systematically address key nodeling considerations,
such as: questions of tenporal and spatial scale, end point indicators of

val ues, and interactions of ecosystem conponents.

Several difficulties were encountered in the process, however. One was due to
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the order of the nodeling process. W would have been nore efficient had we
begun with devel opnent of the main nodel conponents by a broader

i nterdi sciplinary group, rather than beginning with devel opnment of the forest
vegetation i nsect and di sease conmponents by pat hol ogi sts and ent onol ogi st s.
This woul d have been nore consistent with the AEAM processes, and woul d have
hel ped avoi d problens that occurred when devel opnent of sone nodel s | agged

behi nd ot hers.

The sane people rarely attended all workshops. This resulted in a |ack of
consi stency in paraneter estimation across all workshops. Ovten, workshop
groups ignored past workshop products, so there was a tendency for one group
to re-do or change what a previous group had done. This was exacerbated when
t he workshop | eadership roles were filled by different individuals. However,
i nvol vi ng the sanme contractors (ESSA Ltd.) for facilitation of the neetings
and tracki ng progress between neetings hel ped | essen potential problens

bet ween wor kshops.

The sane | evel of expertise was not available for all PVTs and for al

di sturbance types. Consequently, the PVTs that were rarely studied or
addressed, often had the | east accurate successional paraneters and the fewest
experts to describe them Know edge of each disturbance process was sel dom
constant across all vegetation types. Sone experts had vast know edge of

ponderosa pine (Pinus ponderosa) forests and their fire regi mes, but had

little knowl edge of fire in whitebark pine (Pinus al bicaulus) cover types.

Consequent |y, disturbances such as fire were often nodeled in great detail in

sone pat hways and received only minor attention in other pathways. In
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addi ti on, some managenent futures were devel oped with nore tine and input from

experts than others.

Some successi onal pathways |ack di sturbance processes that were specified in
ot her pat hways. These inconsistencies are especially prevalent in rangel and
types. Additionally, sonme workshop groups provided nore detail ed successiona
pat hways for certain PVTs, while different groups sinplified successiona
dynanmics in other PVTs by reducing detail and not including many inportant

di sturbances or successi on cl asses.

Caution should be used in interpreting results of nodel runs for any given
speci fic geographic area. The nodel shows the proportion of change that is
likely to occur from di sturbances, not the exact tine and place of occurrence.
Tinme and place is difficult to predict, especially for outbreaks of insects
and wi ldfires, even though the I ong-term average changes they cause nay be
accurate. W expect that probabilities and tinme frames will change as nore
information is accunul ated. Successional effects of sone persistent agents,
such as root diseases or white pine blister rust, are nore predictable than
fire or outbreak of insects. Yet the rates of change they cause are not wel
quantified, a situation that will inprove as nore data becone avail abl e.
Nevert hel ess, the successional dynam cs defined in these workshops provide
realistic long-term projections of vegetative change as influenced by various
natural and human di sturbances, and allows for conparison of the effects of

di fferent managenent activities. In summary, we feel we have a good first
approxi mati on of the effects of broad scal e disturbance effects, based on the

current state of our understandi ng of forest and nonforest vegetation
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successi on.

VDDT Mbdel

Testing indicates that VDDT realistically represents nmajor changes in
proportions of cover types and structural stages at the scales and tine franes
for which it was intended. The VDDT nodel sinulates the effects of nmjor
natural disturbances under the historic managenent future, and generally
creates current cover types and structural stages when initiated with
historical conditions. It also realistically projects the effects of

i ntroduced white pine blister rust and several rangel and undesirable exotic
speci es. W consider VDDT an adequate tool for the purpose for which it was
intended. It gives realistic long-term projections of vegetative change as

i nfl uenced by various natural and human-rel ated di sturbances, and al |l ows

conpari son of the effects of different managenent activities.

Mbdel Results

A |l arge nunmber of nodel runs were made for each PVTI. Some concl usions are
possi ble fromthese runs, which are presented below for three of the nmgjor
forest PVTs and three of the major non-forest PVTs. W give assunptions and
findings for the different managenent futures to represent a range of

conditions and trends.

Dry Forests--Dry Douglas-fir (Psuedotsuga nenziesii) wi th ponderosa pine was

eval uated as an exanple of I1CB Dry Forests. Historically, lowintensity fires
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mai nt ai ned ponderosa pi ne cover types, nmainly as older single-story
structures. Regeneration occurred mainly in small patches. Large stand
replacenent fires were rare. Figures 1 and 2 show results of 300 year
simul ati ons of natural succession with historical disturbances. The

predom nant cover type is ponderosa pine; the predonm nant structural stage is

old forest single story.

The Dougl as-fir cover type has increased in abundance today. Milti-story
stands are currently common, both in the pine and Dougl as-fir cover types, and
densities are generally nmuch higher than historical conditions. The changes
are mainly due to effective suppression of surface and m xed severity

wi |l dfires, and selective harvesting of the higher value pines. The

mul ti-story Douglas-fir forests are susceptible to defoliating insects, root

di sease, Douglas-fir beetle (Dendroctonus pseudotsugae), and Dougl as-fir dwarf

m stl et oe (Arceut hobium douglasii). Dense, nmulti-story pine forests are

suscepti ble to pine bark beetles (Dendroctonus spp.) and pine dwarf nistletoe

(Arceut hobi um species). Modeling results show that these agents continue to

alter cover type and structural stage, as indicated by others (Gast and others

1991, Hessburg and others 1993, W cknman 1992).

Under the passive managenent future, nodel projections show a continuing |oss
of single-story pine cover types and an increase in nulti-story structura
stages for the next 50 years. Remining old-growth pines in dense pine and
Dougl as-fir forest types will be killed by pine bark beetles, particularly
during periods of drought. Insects and pathogens will continue to reduce

productivity, increase stored bionmass, and increase risks of severe wldfires.
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We assuned that increasing fuel |oadings and periodic droughts woul d
eventually limt our ability to prevent stand replacenent fires in these
types, so sone return to pine forests is observed at 300 years. This will
likely come at the expense of soil productivity (Harvey and others 1992,

1993a) .

Under the consunptive demand managenent future, ponderosa pine cover types

will be increased by planting, but Douglas-fir types will be retained in many
areas by partial cutting for econom c reasons. Prescribed fire will be used

only where it is economcal. Short rotations will be enphasized, so old pine
forests will not be restored. There will be little change to increasing fire

ri sks and other undesirable changes in the urban interfaces and on other | ands

that are not managed for resource production

Under the active managenent future, reforestation using group selection, and
other methods that mimc the effects of nmixed severity fire, will eventually
restore and maintain pine cover types. Thinning and prescribed fire will be
used to control densities and favor pine, mmcking the effects of historica
surface and m xed severity fires. Rotations of 150 to 300 years mi ght be
achieved in sone areas. The negative effects of severe wildfires and insect
and di sease activities will be reduced by altering forest susceptibility.
Usi ng approxi mately equal amounts of cover types in ponderosa pine and

Dougl as-fir as "current conditions"” (Figure 3), a 50 year simulation of active

managenent resulted in an increase in ponderosa pine type (Figure 4).

Moi st Forest--1nland Western Redcedar/Wstern Hem ock PVT (Thuja plicatal Tsuga
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het erophyl |l a) was selected to represent |ICB Mist forests. A |large nunber of
cover types were historically possible in conplex systens such as the Inland
West ern Redcedar/Western Heml ock PVT. O d growth stands of cedar persisted in

river valleys, but were |ogged early. Wstern white pine (Pinus nonticol a)

was the dom nant cover type on |ower slopes in northern |Idaho, and was a maj or
stand conponent el sewhere. A 300 year sinulation of natural succession with
hi storical disturbance resulted in a predoni nance of western white pine cover

type (Figure 5), and old forest nulti-story (Figure 6).

The introduced white pine blister rust disease has greatly reduced the anount
of white pine. The conbined effects of the rust, nountain pine beetle

(Dendroct onus ponder osae), and harvesting virtually elimnated forests of the

white pine cover type (Byler and others 1994, Byler and Zi mrer-Gove 1990,
Moeur 1992, Monnig and Byl er 1992, Harvey and others 1995). Historically,
stand replacenent fires of tens of thousands of acres occurred at average
intervals of 150 to 200 years (Heinsel man 1978, Zack and Morgan 1994), and
resulted in repetitive regeneration to white pine and ot her seral species
(Monni g and Byler 1992). M xed severity fires reduced densities and favored

western larch (Larix occidentalis), and possibly white pine that woul d have

ot herwi se been lost to conpetition. Native root diseases renoved Dougl as-fir
subal pine fir, and grand fir from various cover types at the stem excl usion
and understory reinitiation stages, favoring pines and larch (Byler and others

1990, Byler and others 1994). Lodgepole pine (Pinus contorta), cedar

hem ock, and sonetines |arch conponents were reduced by conpetition. The |ast
maj or stand replacenent fires occurred in the 1880s and 1910s. Since then

nost regeneration of seral species has been brought about by harvesting
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relatively small patches. Significant anbunts of rust-resistant white pine

have been planted in recent decades (Bi ngham 1983, MDonal d and Hoff 1991).

White pine blister rust arrived in the west about 1910, spread throughout the
white pine cover type, and caused a transition fromyoung stages of white pine

cover types to Douglas-fir, grand fir (Abies grandis), subalpine fir (Abies

| asi ocarpa), and others (Byler and others 1994, MDonald and Hoff 1991, Moeur
1992). Sel ective harvesting of the high-value old growth white pine,

out breaks of nountain pine beetle, and the blister rust elimnated ol der
stages. The rust continues to prevent natural reestablishment of the white
pi ne cover type by killing regeneration. The conbination of root diseases and
white pine blister rust in Douglas-fir and grand fir cover types has affected

productivity (Hagle and others 1994, Matthews 1995).

Model projections under the passive managenent future show continued | oss of
the white pine cover type. Root disease and associ ated bark beetl es of

Dougl as-fir, grand fir, and subal pine fir are the major agents of change for
the 50 year projection, continuing the current trends of transition of fir
stands to cedar and heml ock on the Cedar/Hem ock PVTs, and to young nmultistory
stands of grand fir and subal pine fir where those species are clinmax. It was
assuned that |arge-scale stand replacenent wildfires will occur in the future
due to our inability to control them The forests that result will be m xed
but white pine and western larch cover types will be poorly represented due to
the activity of white pine blister rust and a reduction of natural seed

sources.
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The consunptive demand managenent future assunes that white pine cover types
will be increased where econom ¢ through aggressive regeneration harvesting
and planting of rust resistant stock (Hagle and others 1989), and ol der age
classes will be poorly represented. Selective harvesting will continue for
econom ¢ reasons in other stands, which will perpetuate young, nulti-story
forests of Douglas-fir, true firs, cedar and hem ock. W assune cedar and
hem ock forests on dry, upland sites will be of reduced productivity,

primarily due to root disease and drought.

Under the active managenent future, it is assuned that reforestation with rust
resistant white pine will be successful in achieving rotations of that type
for as long as 150 to 300 years, although achieving this my be dependent on
continuing long-termnonitoring, research, and devel opment. Model results
show t hat consi derable reforestation for many decades will be required if
western white pine is to be a significant forest type. Results of a 100 year
si mul ati on produced a several-fold increase in white pine cover type (Figure
8) from"current"” (Figure 7), although the white pine was restored to only
approxi mately sixty percent of the historical abundance (Figure 5).
Reforestation will be conplenented by integrated nanagenent of western white

pi ne, including internmediate stand treatnents (Hagle and others 1989).

Col d Forest--Subal pine Fir / Witebark Pine PVT was selected to represent the
Col d forest dynam cs of the I1CB. Cold forests have generally been | ess

af fected by human caused di sturbances than other PVGs. Mst cold forests
occur at high-elevations and in roadless or wilderness areas. Figure 9 and 10

show results of a 300 year sinulation of natural succession with historica
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di sturbance.

Nevert hel ess, these forests have been affected by fire suppression policies,
and those with a whitebark pine conponent have been significantly affected by
the blister rust disease (Keane and Arno 1993, Hoff and Hagle 1990).

Hi storically, mxed severity and stand replacenent fires provided suitable

areas for Clark's nutcracker (Nucifraga colunbi dna) to bury whitebark pine

seed. Whitebark pine forests devel oped slowmy, but tended to be |ong-1lived.
White pine blister rust caused extensive nortality of whitebark pine

t hroughout northern |Idaho and western Montana, and to a | esser-degree,

el sewhere in the Colunbia Basin. Unlike western white pine, old forest
structural stages of the whitebark pine cover type remain in many |ocations,
but their extent has been greatly reduced (Keane and Arno 1993). Mountain
pi ne beetl e hastened the reduction of ol der stages in sone areas, and wildfire

suppressi on has reduced opportunities for regeneration.

These trends will continue under passive managenent, and whitebark pine cover
types will be largely gone from extensive areas wi thin about 50 years.
Ecol ogi cal effects of losing this key cover type may be severe. For exanple,

the species serves as an inportant food source for grizzly bear (Ursus arctos)

and ot her vertebrates. Also, fuels and fire risks will increase.

The consunptive demand managenent future is generally not appropriate, because
these forests are not well suited for tinmber production, and many are excl uded

from active managenent by | aw.
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It was assumed for the active nmanagenent future that the rust resistance
present in whitebark pine could be enhanced through artificial selection (Hoff
and Hagle 1990), or by natural selection using tree cutting and prescri bed
fire. 1t was also assuned that some degree of nmanagenent in these forests
woul d be acceptable to the public and econom cally viable. A conbination of
tree cutting, prescribed fire, and planting was used to regenerate rust
resistant pine forests and reduce conpetition from subal pine fir. Model
projections show that current trends of |osing whitebark pine cover types can
be reversed within about 50 years (Figure 12 conpared with Figure 11)), but
the reversal will likely require significant investnents in research

devel opnent, and managenent.

Dry Shrub--The Bi g Sage-Warm PVT was selected to illustrate the dynam cs of
ICB Dry Shrub PVTs. Wiile it is generally assunmed that fire's influence has
di m ni shed from historical periods for nost PVTs, a notable exception is the
Bi g Sage-Warm PVT. The ecol ogy of this PVT has been extensively altered by
the introduction of exotic grasses. These grasses are primarily cheatgrass

(Bronmus tectorum and nedusahead (El ynmus caput-nedusae) within the 1CB

al t hough ot her annual grass species may be locally inportant. Annual grasses
have altered two inportant processes within this PVT: herbaceous pl ant
recruitment and fire frequency. This change has resulted in a | andscape

dom nated by annual grasses with ecol ogical processes largely detern ned by

frequent fires. The changes are considered to be irreversible.

Historically, fire was the major disturbance factor that altered conposition

on a large scale. Fire was only noderately common in the Bi g Sage- War m PVT,
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due to low |l evels of fine fuel production. GCccasional epidemc |evels of

Aroga websteri occurred, but these normally affected limted areas. As a

consequence, this PVT in the H managenent future was dom nated by comrunity
types with a mature sagebrush overstory and a perennial grass understory
(Figure 13). The remi nder was conposed of other early and m d successiona

st ages.

Exotic grasses are the major influence on natural processes that shape this
PVT in the PM CD, and AM managenent futures. These nodel projections predict
the continual increase in exotic-donm nated communities with a correspondi ng
decrease in native community types. Exotics are predicted to dom nate 85
percent of the PVT | and area under the CD nmanagenent future in the 300 year
projection (Figure 14). Wth active nmanagenent, native-donm nated CTs were

mai nt ai ned on about 50 percent of the PVT area (Figure 15). This reduction
was achieved primarily through the seeding of native grasses and increased

fire suppression activity.

In response to depletion fromlivestock use early this century, and conversion
to annual grasses in the later half, considerable area of the Big Sage Warm

PVT has been seeded to exotic perennials of wheatgrasses (Agropyron spp.).

These seeded areas are al so considered a pernmanent stage, but sagebrush may
re-establish. The establishment of the perennial wheatgrasses significantly
reduces fire potential as conpared to the native- or annual -dom nat ed

condi tion.

Cool Shrub--Muntain Big Sagebrush-Mesic with Juni per PVT was selected to
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represent the Cool shrub conponent of the I1CB. This PVT includes those areas

within the mountain big sagebrush (Artenmisia tridentata vaseyana) zone that

potentially may devel op juni per woodl and vegetation. Currently it is within
t he ecotone between the sagebrush-dom nated and conifer-dom nated types in the
south, and parts of the eastern portions of the ICB. Wthin the ICB, the

primary juni per species is western juniper (Juniperus occidentalis). However,

it may also include Utah juniper (J. osteosperm) in the southeastern portion
of the 1CB or Rocky Muntain juniper (J. scopulorum) in portions of western
Montana. Fire was the primary limting factor for the dom nance of juniper in
the H managenent future. Juni per woodl ands have a nunber of biol ogica
controls, but none are apparently capable of renoving major portions of the
stand and setting succession back to a shrub- or herb- dom nated stage. Fire
probabilities were relatively high for sites occupied by sagebrush or herbl and
stages and these cover types occupied the major portion (75 percent) of the
type (Figure 16). Probabilities decline rapidly as the juniper stands devel op
dom nance. Once fully mature woodl and devel ops, it becones resistant to | ow
and noderate intensity fires. Wodland structural stages account for about 25

percent of the PVT in the H managenent future (Figure 17).

Active fire suppression and consunption of fine fuels by domestic |ivestock
reduces the probability of fire and often accelerates the rate of juniper
woodl and devel opment. Woodl and devel opnent further reduces herbaceous (fine
fuel) production, which in turn additionally decreases fire probabilities.
The CD managenent future assunes nore intensive managenent of the woodl and
overstory, via clearcutting, prescribed burning and other practices, to

mai ntain the shrub and herbaceous stages. The open woodl and structural stage
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accounts for 10 percent of the PVT, and ot her woodl and stages conpronise five
percent of the CD managenent future land area, for a total juniper woodl ands

area of only 15 percent. (Figure 18).

Exoti c annual grasses may occur in the nore arid portions of this PVI. The
presence of these species increase fire probabilities and reduce natura
regeneration of native herbaceous plant species. This results in a |andscape
dom nated by CTs with overstories of sagebrush or juni per and understories
dom nated by exotic forbs and grasses as characterized by the CD and AM
managenent futures. Fires in the annual grass-donm nated understories result
in cheatgrass-dom nated communities for the case of sagebrush/cheatgrass CTs,
and open juni per woodl and with cheatgrass understories for juniper/cheatgrass
and juni per/sagebrush/cheatgrass CTs. Wthout successional mechani sns
available to | ead out of these stages, seeding of native perennial grasses is
commonly enployed to re-establish the native species on the sites. Exotic
grasses may al so be used in place of natives for the CD and AM managenent

futures to re-establish perennial grasses on the site.

Dry Grass--The Conifer / Fescue PVT represents the ecotone between the
forested and grassland PVTs of nmuch of the northern portion of the ICB. This
PVT was often found within the mgjor river canyons and wi de valley slopes that
di ssect the northern portion of the region. As with the Muntain Big
Sagebrush/ Mesi ¢ Juni per PVT, fire historically determ ned much of the boundary
bet ween forest and non-forest, but the boundary was dynam c. The npst conmon
forested types adjacent to the herbl ands were those dom nated by ponderosa

pi ne, Dougl as-fir, or both. Oher conifers may have been locally inportant as
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well. In many instances, the forest community was very open and contained a

wel | devel oped grass-dom nated understory. |daho fescue (Festuca idahoensis)

and wheatgrass were the nost w despread grasses present. Sagebrush was not a
conponent of the vegetation in general during any successional stage. As fire
becane nore frequent |ocally, herbland stages becane nore preval ent.
Localities or periods of time where fire was | ess frequent allowed forests to
expand into the adjacent herb communities. The nodel predicts that on
average, spatially or tenporally, conifer conmunities accounted for roughly 45
percent and herb- dom nated communities about 55 percent of the PVT area in

the H managenment future (Figure 19).

In the CD managenent future, the conifer-dom nated stages increase greatly as
a response to the decreased fire occurrence. In addition, nuch of the
original grassland area is subject to invasion by exotic herbs, primarily

knapweeds and starthistles (Centauria spp.). These species may al so occupy

the understory of the open conifer types. The nodel predicts that nearly 10
percent of the former herb-dom nated area will have an exotic herb-doni nated
community. An additional 20 percent of the area will becone open conifer
stages with exotics as the dom nant understory (Figure 20). These may be
conservative estimtes, as these species continue to expand their range and
the ecol ogical anplitude of this group is not known. Steep dissected
topography limts the use of the nost successful seeding practices within the

PVT, making restoration to native grassland difficult.

Both the CD and AM managenent futures are predicted to have greater areas

dom nated by conifers (80 and 70 percent respectively) as conpared to the H
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managenent future (Figure 20 and 21 conpared to figure 19). Under the AM
managenent future, exotic herbs will dom nate nuch of the fornmer grassland and
open conifer communities, but to a | esser extent than the CD managenent

future. Exotic-dom nated communities are less flammble than the native
grass-dom nated types. This will result in reduced fire occurrence and hasten
t he succession from grassland stages to conifer-don nated stages, and open

conifer to closed conifer stages.

Many areas of the I CB domi nated by nesic sagebrush or grassland PVTs have al so
been affected by the introduction of one of several exotic perennia
br oadl eaved plants. O particular wi despread current inportance within the

I CB are the knapweeds (Centaurea spp.), yellow starthistle (Centaurea

sol stitialis), whitetop (Cardaria draba), skeletonweed (Chondrilla juncea) ,

and | eafy spurge (Euphorbia esula). Many others are potentially inportant

locally. The dom nation of the plant conmunity by these plants has altered

many ecol ogi cal processes associated with the historical condition.

Historical wildlife herbivory was generally considered to occur at chronic

| evel s, and was included in the "normal" factors influencing vegetation
successi on. Herbivory by domestic |ivestock remains as a dom nant | and use of
non-forested vegetation within the 1CB. |Its occurrence continues to affect

sone of the ecol ogical processes and vegetation patterns observed.

I nsects, pathogens, rodents, and other biological factors were recogni zed as
i nportant determ nants of vegetation pattern, but the specific effects have

not been quantified for nost rangel and vegetation types. Therefore, their
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epidem c |l evel influences are not accounted for in the nodels.

The Hi storic managenent future was used to evaluate the Bi g Sage Warm PVT.

The rel ationships within the nodel were considered reasonable if the stable
proportion of structural stages within a PVT approxi mted the historica
condition. However, it nust be enphasized that the structural stage
proportions are not known precisely, and that wide variation in the proportion
of structural stages undoubtedly occurred through tinme. It is assumed that

t he ecol ogi cal changes due to Euro-Anerican devel opnent and the introduction
of exotic species are irreversible. The H conditions cannot be reproduced

under any managenent futures.

The Passive Managenent future assumed that there will be no commodity
production fromfederally managed | ands. Fire suppression will continue at
current levels. Exotic plants will continue to expand in many PVTs and those
species placed into a state noxi ous weed category will need to be controll ed.
Due to the changes initiated by fire suppression and weed introduction, the
proportion of structural stages will not approximate the historical steady

state condition.

The Consunptive Demand managenent future assuned that the primary commodity
produced by the non-forested | ands would be livestock forage. All decisions
were made to maxi m ze the anount of forage avail able. Mnagenent practices
that were enphasi zed (those with high probability) to nmeet this objective

i ncl uded prescribed fire, seeding of depleted |ands (particularly those

dom nated wi th noxi ous weeds or annual grasses), and herbicide application to
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control noxious and other weeds. Oher nmultiple uses were accommodat ed where

they were conpatible with |ivestock forage production.

The Active Managenent future included active managenent of vegetation with
enphasi s on natural processes. This scenario included commpdity production
but vegetati on managenent activities that tended to include historica

di sturbances and maintain historical proportions of structural stages were

gi ven enphasis. However, it was assuned that historical |evels of structura
stages or disturbance could not be reproduced, due to a number of irreversible
alterations to this PVI. The use of prescribed fire was the primary
veget ati on managenment activity. Fire was used to re-establish forner extents
of forest, woodl and, and rangel and vegetation types. Livestock grazing was
included in the scenario, but primarily as a vegetati on managenent techni que
rather than a nmeans to achi eve econoni ¢ production. Reclamation of |and

dom nated by exotics was enphasi zed, and seeding of depleted | and was done
using native species if possible. Herbicides were used only to contro

desi gnat ed noxi ous weeds, not as a general vegetati on managenment techni que.

SUMVARY

The historic managenment future provides a reference of how systens operated
prior to European settlenment and points to the effects of European settlenent
on I CB vegetation. The nodels indicate that high |levels of natura

di sturbance mai ntai ned historical proportions of forest and range cover types
and successional stages. |In forested PVTIs, wildfire, insects, and pathogens

hi storically maintai ned seral forests, slowing or reversing the progression to
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climax cover types. Today, the proportion of seral forests has been greatly
reduced by wildfire suppression, tinmber harvest practices, and in the case of
white pine forests, the introduction of blister rust. In non-forested areas
of the 1CB, the frequency and inportance of historical fire increased with

i ncreasing precipitation and higher production of fine fuels. The frequency of
fire has been reduced due to active fire suppression, reduction of fine fue
levels fromlivestock grazing, and breakage of fuel continuity via
agriculture, roads and other types of developnent. The effects of the
reduction of fire occurrence is nost evident in the ecotone between rangel and
and forested PVTs, and rangel and and woodl and PVTs. Historically, fire was
the major factor determ ning these boundaries. The primary PVTs affected by
reduced fire frequency are those associated with nountain big sagebrush and
canyon grasslands. This has resulted in the expansi on of ponderosa pine,

Dougl as-fir, and juniper

The Passive managenent future produces vegetation structures different from
hi storical vegetation structures over the long term Gven currently altered
vegetation conditions, new di sturbance agents, and continued fire suppression,
trajectories for seral cover types will continue to depart from historica
condi ti ons under a passive managenent future in forested PVTs. Severa
under-represented cover types and structural stages, mainly ol der age cl asses
of potentially long-lived seral tree species, will continue to decrease in
abundance. The mmj or agents of change for the next 50+ years are insects and
pat hogens. Over longer time frames, given assunptions about our eventua
failure to control wildfire, fire will greatly affect succession class

distributions and fire risk will intensify.
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In forested PVTs, a Consunptive Demand nmanagenent future invokes a m x of
managenent actions that restore and maintain young, single-story stands of
seral species and actions that, for short-term econom c reasons, naintain
multi story forests of climax cover types. Focus on short term econonics can
lead to actions that maintain types and stages with reduced productivity

resulting frominsect and di sease activities.

The Active managenent future best mmintains, and in part restores, vegetative
structures that occurred historically. Predictions indicate that trajectories
of unheal thy cover types can be changed. W can realign our managenment to be
nmore in harnmony with historical processes, and this can result in cover types
and structural stages that nore nearly represent those that occurred
historically. Active managenent differs considerably from past nanagenent
actions, of both | ands managed for maxi mum production, and | ands managed f or
ot her purposes. Longer rotations will be prescribed for forests of
potentially long-lived seral species such as western white pine, western

| arch, and ponderosa pine. Thinning frombelowwill mmc the effects of

m xed severity wildfire and native pathogens and insects by renoving those

speci es and sizes that are nobst susceptible. Fire will be w dely applied.
Harvesting will renmove a | arge proportion of climax species and a snal
proportion of seral species. Active managenent will also | eave nmuch residua

structure, both living and dead.

Model projections show that considerable managenent will be required to

mai ntain or restore representative cover types and structural stages, given
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the need to suppress wildfires on sone |ands, the altered conditions of sone
current vegetation, and new di sturbances such as introduced plant species and
di seases. However, it may not be technically feasible to restore al
conditions, even if it would be desirable to do so. Increased active
managenent fromthe recent past may be requi red where mai ntenance and
restoration are goals. However, achieving these goals will require better

aligning of managenent treatnents with natural processes.
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Fi gure Capti ons

Figure 1--Results of 300 year sinulation of natural succession on distribution
of cover types with historical disturbances in Dry Douglas-fir with Ponderosa

pi ne PVT.

Figure 2--Results of 300 year sinulation of natural succession on distribution
of structural stages with historical disturbances in Dry Douglas-fir with

Ponder osa pi ne PVT.

Figure 3--Current distribution of cover types in Dry Douglas-fir with

Ponder osa pi ne PVT.

Figure 4--Results of 50 year sinulation of active managenent on distribution

of cover types in Dry Douglas-fir with Ponderosa pine PVT.

Figure 5--Results of 300 year sinulation of natural succession on distribution
of cover types with historical disturbances in Inland Western Red Cedar/

West ern Henl ock PVT.

Figure 6--Results of 300 year sinulation of natural succession on distribution
of structural stages with historical disturbances in Inland Western Red Cedar/

West ern Henl ock PVT.

Figure 7--Current distribution of cover types in Inland Western Red Cedar/

West ern Henl ock PVT.
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Figure 8--Results of 100 year sinulation of active managenent on distribution

of cover types in Inland Western Red Cedar/Wstern Hem ock PVT.

Figure 9--Results of 300 year sinulation of natural succession on distribution
of structural stages with historical disturbances in Subal pine Fir/Witebark

Pi ne PVT.

Figure 10--Results of 300 year simulation of natural succession on
di stribution of cover types with historical disturbances in Subal pine Fir/

Wi t ebark Pi ne PVT.

Figure 11--Current distribution of cover types in Subal pine Fir/Witebark Pine

PVT.

Figure 12--Results of 50 year sinulation of active managenent on distribution

of cover types in Subal pi ne Fir/Witebark Pine PVT.

Figure 13--Results of 300 year simulation of natural succession on

di stribution of cover types with historical disturbances in Big Sage Warm PVT.

Figure 14--Results of 300 year simulation of consunptive demand nanagenent

future on distribution of cover types in Big Sage Warm PVT.

Fi gure 15--Results of 300 year simulation of active managenent on distribution

of cover types in Big Sage Warm PVT.
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Figure 16--Results of 300 year simulation of natural succession on
di stribution of cover types with historical disturbances in Muntain Big Sage

w Juni per PVT.

Figure 17--Results of 300 year simulation of natural succession on
di stribution of structural stages with historical disturbances in Muntain Big

Sage w Juni per PVT.

Figure 18--Results of 300 year simulation of consunptive demand nanagenent

future on distribution of cover types in Muntain Big Sage w Juni per PVT.

Figure 19--Results of 300 year simulation of natural succession on
di stribution of cover types with historical disturbances in Conifer - Fescue

PVT.

Fi gure 20--Results of 300 year simulation of consunptive demand nanagenent

future on distribution of cover types in Conifer - Fescue PVT.

Fi gure 21--Results of 300 year simulation of active managenent on distribution

of cover types in Conifer - Fescue PVT.
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Figure 1-Results of 300 year simulation of natural succession on distribution of cover types with historical
disturbances in Dry Douglas-fir with Ponderosa Pine PYT.
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Figure 2—Results of 300 year simulation of natural succession on distribution of structural stages with historical
disturbances in Dry Douglas-fir with Ponderosa pine PYT.
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Figure 4—Results of 50 year simulation of active management on distribution of cover types in Dry Douglas-fir
with Ponderosa pine PYT.
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Figure 5—Results of 300 year simulation of natural succession on distribution of cover types with historical
disturbances in Inland Western Red Cedar / Western Herlock PYT.
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Figure 6—Results of 300 year simulation of natural succession on distribution of structural stages with historical
disturbances in Inland Western Red Cedar / Western Herlock PYT.
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Figure 7—Current distribution of cover types in Inland Western Red Cedar / Western Herlock PYT.
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Figure 8—Results of 100 year simulation of active management on distribution of cover types in
Inland Western Red Cedar / Western Hernlock PYT.
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Figure 9—Results of 300 year simulation of natural succession on distribution of structural stages with historical
disturbances in Subalpine Fir A Whitebark Pine PYT.
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Figure 10—-Results of 300 year simulation of natural succession on distribution of cover types with historical
disturbances in Subalpine Fir A Whitebark Pine PYT.
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Figure 12—Results of 50 year sirmulation of active management on distribution of cover types
in subalpine Fir / Whitebark Pine PYT.
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Figure 153-Results of 300 year simulation of natural succession on distribution of cover types with historical
disturbances in Big Sage Warm PYT.
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Figure 14—Results of 300 year simulation of consumptive dernand managerment future on distribution of cover types
in Big Sage Warm PYT.
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Figure 15—Results of 300 year simulation of active management on distribution of cover types
in Big Sage Warm PYT.
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Figure 16—Results of 300 year simulation of natural succession on distribution of cover types with historical
disturbances in Mountain Big Sage w/ Juniper PYT.
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Figure 17—Results of 300 year simulation of natural succession on distribution of structural stages with historical
disturbances in Mountain Big Sage w/ Juniper PYT.
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Figure 18—Results of 300 year simulation of consumptive dernand managernent future on distribution of cover types
in Mountain Big Sage w/ Juniper PYT.
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Figure 19—Results of 300 year simulation of natural succession on distribution of cover types with historical
disturbances in Conifer - Fescue PYT.
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Figure 20—-Results of 300 year simulation of consumptive dernand managerment future on distribution of cover types
in Conifer - Fescue PYT.
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Figure 21-Results of 300 year simulation of active management on distribution of cover types
in Conifer - Fescue PYT.



