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Presenter
Presentation Notes
Thank you for having me today.  Much of what I present here today should be a review for most of you, so I hope you don’t fall asleep!  In many ways, my presentation sets the stage for much more in-dept presentation that follow. 
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Disturbance

Disturbance come in all shapes and forms – but it is fire that historically had the most influence on the establishment, development, and maintenance of our forests.    



“Fires express their 
surroundings.” 

Stephen J. Pyne

Presenter
Presentation Notes
Just an editorial note here: Fires are more than a an expression of their physical context – fuel, weather, topography.  Fires also express a cultural context that includes peoples’ attitudes and ideas about nature.  How current wildfires are playing out on the landscape is a legacy and an expression of past notions and policies about wildfire. 



What are Fire Regimes?What are Fire Regimes?

Fire frequency

Fire severity

measured as measured as 
““mean fire mean fire 
intervalinterval””

measured as measured as 
““lowlow--””

““mixedmixed--””
 

or or 
““replacementreplacement--

 severityseverity””
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Presentation Notes
Not all fire was created equal or acted in the same fashion across the landscape.  So let’s talk briefly about fire regimes.  This will be a review for many of you. What are fire regimes? In essence, fire regimes are the combined factors of fire frequency and fire severity. 

The most commonly used descriptor for fire frequency is the mean fire interval (MFI; also known as mean fire return interval or MFRI), which is the arithmetic average of all fire intervals in a given area over a given time expressed in years. 

Many descriptors have been used for fire severity, but the most commonly used are “low (or surface) severity,” “mixed severity,” and “replacement severity.”  The Fire Regime Condition Class Guidebook, for example, defines low-severity fires as those fires resulting in less than 25 percent top-kill of the overstory.  Conversely, replacement-severity fires are defined as those resulting in 75 percent or greater top-kill, and mixed-severity fires are those resulting in between 25 and 75 percent top-kill. Note that the term “top-kill” does not necessarily refer lethal fires; for example, frequently burned grasslands re-sprout shortly after the fires.









Fire Regimes Fire Regimes 

Fire RegimeFire Regime
 

ElementsElements
ElementElement

 

DescriptionDescription

 

EffectsEffects
FrequencyFrequency How often fire returns to  an areaHow often fire returns to  an area Species/Species/regenregen..
PredictabilityPredictability Variation in fire frequencyVariation in fire frequency Species/Species/regenregen..
ExtentExtent Fire sizeFire size Patch size/Patch size/recolonizrecoloniz..
MagnitudeMagnitude Intensity & severityIntensity & severity Mortality/soils/Mortality/soils/regenregen..
SeasonalitySeasonality Fire occurrence/ growing seasonFire occurrence/ growing season Severity/plant Severity/plant 

damage & mortalitydamage & mortality
SynergismSynergism Interaction w/ other disturbancesInteraction w/ other disturbances Intensity/succession/Intensity/succession/

(Agee 1993)(Agee 1993)
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However, a fire regime is also comprised of other elements, such as it’s predictability, extent, seasonality, and synergism.



Fire Regime Nomenclature

Fire Regime
 

Description
1 0-35 frequency, low severity
2 0-35 frequency, stand-replacement 

severity
3 35-100+ year frequency, mixed severity
4 35-100+ year frequency, stand replacement

severity
5 200+ year frequency, stand-replacement

severity

(Schmidt et al 2002)(Schmidt et al 2002)
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Here is the fire regime nomenclature as proposed by Schmidt et al. 2002, which is now commonly recognized and used.



Fire Regime ClassificationFire Regime Classification

??
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The term “fire regimes” refers to characteristic fire frequency and severity in natural ecosystems.  This slide shows the five regime groups in the Fire Regime Condition Class (FRCC) system, ranging from frequent, low-severity fires (lower left) to infrequent, high-severity fires (top).

Here, I’ve also placed spotted owls in those plant associations where it occurs in the eastern Cascades.  Northern spotted owl use of dry ponderosa pine forest is probably quite low, limited to only incidental use.  Most owls are found in the dry and moist grand fir plant associations and in Douglas-fir associations.



Historic Fire RegimesHistoric Fire Regimes

Fuel limited Climate/weather 
limited

PAGs
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Historic Fire Regimes

Fire frequency is affected primarily  by climate and accumulated fuel, which is reflected by plant associations.  The cooler and wetter vegetation types, the longer intervals between fires because they are so moist they often don’t burn except when conditions are right (dry).  On the left side of the graph are dryer veg. Types.  The fire-free interval  also gets longer left side of the graph because site productivity is lower that it takes time to build up enough dry matter such that it will burn when there is an ignition.  Fire on right is limited by weather and on the left its influenced by site productivity.



It appears that ponderosa pine associations are the perfect setting for frequent fire: productive enough o produce enough biomass that will burn while also warm and dry enough so accumulated biomass to burn when there is an ignition.  

Click to advance slide.



Fire Regimes & Fire Regimes & PAGsPAGs

(Simpson 2007)(Simpson 2007)
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DryDry
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11
PUTR/FEID,PUTR2PUTR/FEID,PUTR2

MoistMoist

 

ARUV,CHUMARUV,CHUM

 

2222‐‐2626””

 

11

DouglasDouglas‐‐fir (PSME)fir (PSME)
DryDry

 

SYAL, CEPR,CAGE2,ARPA6,PUTRSYAL, CEPR,CAGE2,ARPA6,PUTR

 

1919‐‐2626””

 

11
MoistMoist

 

TRLA2, CACH,SYMO,CHUM, HODITRLA2, CACH,SYMO,CHUM, HODI

 

2424‐‐2727””

 

1 1 

Grand fir (ABGR)Grand fir (ABGR)
DryDry

 

SYAL,CARU,ARNE,CAIN9,ARPA6SYAL,CARU,ARNE,CAIN9,ARPA6

 

2727‐‐3434””

 

11
MoistMoist

 

TRBOL,CACH7,MAST4,SYMO,TRBOL,CACH7,MAST4,SYMO,

 

3030‐‐3939””

 

1, 31, 3
CHUM,HODICHUM,HODI

WetWet

 

ASCA2,CLUN2,ACTR,LIBO3ASCA2,CLUN2,ACTR,LIBO3

 

4141‐‐5050””

 

33

Western hemlock (TSHE/THPL)Western hemlock (TSHE/THPL)
Wet & MoistWet & Moist

 

ASCA,CLUN2,ACTR,LIBO3,ASCA,CLUN2,ACTR,LIBO3,

 

4343‐‐6262””

 

3,43,4
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So, I’ve laid out here the tree series and plant associations common to the east cascades along with precipitation and fire regime.  This is not all of them, however, as I have not included the higher elevation Pacific Silver Fir and Mt Hemlock associations; I’ve included only those where spotted owls occur or might occur.   These are taken from Mike Simpson’s 2007 Plant Association Guide.  





ACTR-Achlys triphylla (vanilla leaf)

ARNE-Arctostaphylos nevadensis (pinemat manzanita)

ARPA4-Arctostaphylos patula (greenleaf manzanita)

ARUV-Arctostaphylos uva-ursi (kinnickinnick)

ASCA2-Asarum caudatum (wild ginger)

CACH-Castanopsis chrysophylla (golden chinquapin)

CAGE2-Carex 

CAIN4- Carex inops (long-stolen sedge)

CARU- Calamograstis rubecsens (pinegrass)

CEPR –Ceanothus prostratus (mahala mat)

CHUM-Chimaphila umbellata (prince’s pine)

CLUN2-Clintonia uniflora  (queencup beadlily)

LIBO3-Linnaea borealis (twinflower)

MAST-Smilacina stellata (starry false-solomonseal)

PUTR-Purshia tridenta (bitterbrush)

TRBOL-Trientalis latifolia (starflower)



Fire Regime & Fire Regime & PAGsPAGs: Studies: Studies
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WetGFWetGF
Mean fire interval (MFI)Mean fire interval (MFI)

MeanMean

 

------

 

18.818.8

 

20.620.6

 

23.923.9
24.0/11.024.0/11.0

 

------

 

------

 

15.0           15.0           ------
------

 

------

 

------

 

53.053.0
RangeRange

 

------

 

34.334.3

 

39.939.9

 

34.734.7
22.0/13.022.0/13.0

 

------

 

------

 

16.016.0

 

------
Median fire interval (Median fire interval (MedFIMedFI))

MeanMean

 

------

 

15.515.5

 

17.417.4

 

20.620.6
RangeRange

 

------

 

24.024.0

 

31.031.0

 

38.538.5

(Wright and Agee 2004 / (Wright and Agee 2004 / Bork 1984Bork 1984

 

/ / Simon 1991Simon 1991))
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Here are three studies that I’ve shown here for the major plant associations at the series level.  Wright Agee 2004 in the east Cascades of WA looked at fire return intervals for Dry DF, and Dry and Wet Grand fir, which varied from about 19 years to 24.  The range varied from 34 to 40 yrs.  Bork 1984 did her work in central Oregon from dry and wet pine to moist GF plant associations.   Steve Simon looked at fire frequency and extent on the east flank of the Mt. Jefferson Wilderness where he examined fire in the wet grand fir associations, which occupied the lower elevations of his study and found a Mean Fire Interval of 53 years. 



Fire Extent & PatternFire Extent & Pattern

2003 B & B Burn
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Presentation Notes
Determining historical extent and patterns of fires is difficult because re-burns can often obscure fire lines of earlier wildfires.  Here is the fire pattern of the 2003 B&B wildfire on the Sisters Ranger District.  You see large area involved in this fire with low, mixed, and replacement severity.  But does this pattern follow a natural pattern?



Presenter
Presentation Notes
Here is a 1903 USGS of the Cascade Reserve.  The area was mapped according to timber volume; areas affected by wildfire were mapped.  You can see several fires that take in the east flank of the cascades and area around Santiam Pass.  Many fires straddle both the east and west of the Cascade crest here.    But if you look at the outline of the B&B fire, this one fire was much bigger than those of historic times, suggesting portions of this fire burn outside the historic range for size and severity.    But this is not definitive. 



ExtentExtent

•

 

Wright and Agee (2004) found fire extent was variable and ranged

 

from 30 to 

 
over 10,000 h (75 to over 26,000 acres) in central WA in DF, dry

 

GF, and wet GF 

 
PAGs

 

containing a significant component of ponderosa pine. 
•

 

Median size was 988 h (2,440 acres).
•

 

Large fires of 4,000 h (>9880 ac) or larger were related to climate (SOI).

• TeanawayTeanaway

 

River DrainageRiver Drainage
•• 136 fires136 fires
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Despite those difficulties in teasing out fire size, Wright and Agee examine fire frequency and size in the Teanaway River Drainage in the eastern Cascades Mountains of Washington.  They found that……. (read for slide)



Historic Stand Structure Historic Stand Structure --
 

PinePine
Frequent, low intensity, 
with some mixed-severity
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Low Intensity: Ponderosa Pine Forests

Frequent ground fires in the ponderosa pine forest is evident by examining the “fire-scar” record on the stumps of old-growth trees that survived those earlier fires. (click)  No doubt that this fire pattern may have changed over time due to changes in prevailing climate.  For example, there is evidence that fires became more frequent in the PNW after the end of the “Little Ice Age” in the early 1800s. 

Click to advance slide.





•• Low surface fuelsLow surface fuels
•• Widely spaced treesWidely spaced trees
•• High crownsHigh crowns
•• Large, fireLarge, fire--resistant  trees resistant  trees 

Historic StandHistoric Stand
StructureStructure

““In most of the pure yellowIn most of the pure yellow--pine pine 
forests of the State the trees are forests of the State the trees are 
spaced rather widely, the ground is spaced rather widely, the ground is 
fairly free from underbrush and fairly free from underbrush and 
debris, and travel through them on debris, and travel through them on 
foot or horseback is interrupted foot or horseback is interrupted 
only by occasional patches of only by occasional patches of 
saplings and fallen trees.saplings and fallen trees.””

--ThortonThorton MungerMunger, 1917, , 1917, inin
Western Yellow Pine in OregonWestern Yellow Pine in Oregon

Harold Weaver circa 1930, Klamath Indian Reservation
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Historic ponderosa pine stand had low surface fuels, large-diameter widely spaced trees with high crowns.  Thorton Munger in 1917 examined the virgin ponderosa pine stands of Oregon and concluded that:  (read from slide).



Historic Stand Structure Historic Stand Structure --
 

PinePine

(Youngblood et al. 2004)(Youngblood et al. 2004)

Tree 
Spacing
Pattern



Current Stand Structure Current Stand Structure --
 

PinePine
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Abundant young, dense, even-aged ponderosa pine stands.   Old growth stands have abundant understory trees and ladder fuels.  The large trees are under intense competition for limited moisture. 



Historic Stand Structure Historic Stand Structure --
 

MCMC



Current Stand Conditions Current Stand Conditions --
 

MCMC
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Competition between white fir and overstory ponderosa pine.



Changes in Forest Structure & Changes in Forest Structure & 
Increases in Fuel in the Last Increases in Fuel in the Last 
CenturyCentury
Heavy grazingHeavy grazing

Successful fire Successful fire 
suppression suppression 
following 1910following 1910

Selective logging of Selective logging of 
large firelarge fire‐‐resistant resistant 
treestrees

Pine stumpPine stumpPine stump

Other land usesOther land uses
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Fuels Have Increased in the Last Century

The primary reason in most cases is the unprecedented build up of fuel.  This is primarily due to:

(click) over-grazing that removed grass (which changed the fire regime) and was replaced with brush/trees;

(click) successful fire suppression of fire over the last 100 years;

(click) selective logging of larger, more fire-resistant trees; 

(click) and other land uses that have restricted fire.

 





Change in Fire RegimeChange in Fire Regime
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Changes in Fire Patterns in the Inland Northwest

However, forest structure over the last 100 years or so has changed dramatically.  We have gone from open stand structures to ones that are now choked with trees, often with more than 1200 trees per acre. 



(click) And these forest no longer burn the same – their fire regime has changed.  That is, fires that were once confined to the surface, now move through the crowns of the trees, killing most of them, including the old-growth trees. 

(Click to advance slide)







Climate Change EffectsClimate Change Effects

MegafiresMegafires
 

ƒƒ((▲▲FuelFuel, , ▲▲Structure, Structure, ▲▲Climate)Climate)
??
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And we can’t ignore the effects the current and pending climate change effects on fire size and intensity.



Consequences of Altered Fire Consequences of Altered Fire 
RegimesRegimes

Wildfire may:
Burn too often
Burn too little
Burn too hot
Burn too big of an area

Cascading ecological effects: 
Watershed damage
Invasive plants
Altered successional 
patterns, forest structure, 
and wildlife habitats
Create future problems
Lost  options



Restoration ConsiderationsRestoration Considerations
••

 
Think big!  Although restoration is achieved by treating one Think big!  Although restoration is achieved by treating one 

 stand at a time, developing a landscape approach (goal) that stand at a time, developing a landscape approach (goal) that 

 considers appropriate spatial and temporal  scales is necessary considers appropriate spatial and temporal  scales is necessary 

 to guide specific treatments on the ground.to guide specific treatments on the ground.

••

 
In areas with significantly altered fire regimes, the first stepIn areas with significantly altered fire regimes, the first step

 
is to is to 

 arrest or stop uncharacteristic wildfire.arrest or stop uncharacteristic wildfire.

••

 
Treatments should consider what is best to protect and enhance Treatments should consider what is best to protect and enhance 

 the vigor and longevity of large old trees while recruiting fututhe vigor and longevity of large old trees while recruiting future re 

 large trees of appropriate species for the site.large trees of appropriate species for the site.
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Restoration Considerations

Think big! Develop an understanding of how a particular condition developed: both in an ecological and historical context.

In areas with altered fire regimes, the first step is to arrest or stop uncharacteristic wildfire (stop the negative feedback loop and the consequences it brings.

Remember that fire is not always the best restoration tool, at least not as a first treatment.

Consider using all the tools available and match the best one or combinations, using them in logical order. 

 



Sustaining Large, Old TreesSustaining Large, Old Trees
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Thinning Old-Growth 

The thinning of old growth forests is highly controversial topic.  Yet, old-growth forests on dry sites suffer from the same problems as younger stands: too many trees and a build up of fuel, including ladder fuels shown here.



In dense stands like these, the old trees are under tremendous stress from competition from surrounding trees, making them susceptible to bark beetles.  This is currently happening in many overstock old-growth stands on interior forests.  And, as you might expect, old-growth stands in this condition are also vulnerable to a stand replacement fire, from which even these fire resistant old-growth trees cannot survive. Leaving these stand alone will spell doom for them unless we are allowed to thin them from below.  



This stand can be thinned in the follow manner (click many times), removing the tree marked in red.  This mark will vary a bit across that stand as stand conditions change.



Click to advance slide.



Sustaining Large, Old TreesSustaining Large, Old Trees

Presenter
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And it would look something like this.  Here is an old-growth stand in NE Oregon where we did exactly that by  removing primarily trees less than 21 inches.   

Click to advance slide



OldOld--Growth Pine ResponseGrowth Pine Response
 to Densityto Density

 ReductionsReductions

(McDowell (McDowell et alet al. 2003). 2003)
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Old-Growth Pine Response to Density Reductions

We evaluated the thinning response of old growth stands in ponderosa pine and mixed conifer stands.  We have found that the large, old-growth trees can respond to thinning, improving in vigor. 

Here is a tree that demonstrated improved growth.  However, often times it can be difficult to document growth improvements in big ole trees.  They can sometimes respond to treatments in subtle ways without showing increased diameter growth.  That’s because diameter growth is typically a lower priority for available carbon allocation within the tree. 



 But using a isotope technique, we were able to determine that this tree responded within a season of the thinning, yet a “thinning response” was not detected until 3 to 4 years after the thinning.   To get this response 60 to 80 percent of the stocking was removed.   The bottom line: old-growth trees do not necessarily act their age, the act and respond according to their physiology and health and that is determined by their leaf area (crown) and the availability of resources -- primarily moisture. 

Click to advance slide.



Restoration ConsiderationsRestoration Considerations
••

 
In young stands, vary tree spacing when thinning and create In young stands, vary tree spacing when thinning and create 

 openings.  Follow up with prescribed openings.  Follow up with prescribed underburningunderburning

 
as appropriate.as appropriate.

••

 
Prescribed fire may not always the best restoration tool, at leaPrescribed fire may not always the best restoration tool, at least st 

 not as first treatment.not as first treatment.

••

 
Consider all the tools available & match the best one or Consider all the tools available & match the best one or 

 combinations given your desired outcome.combinations given your desired outcome.

••

 
In considering treatment & In considering treatment & retreatmentretreatment

 
timing, timing, bewarebeware

 
the speed the speed 

 of succession!of succession!
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Understanding or grasping the speed of succession is important for timing of treatments and retreatments over temporal scales.



Succession (Camp Sherman)Succession (Camp Sherman)

2001

(Ponderosa pine & lodgepole/ bitterbrush) Photo series: Fred Hall
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Presentation Notes
Restoration (Camp Sherman)-6

At 43 years, tree regeneration is about 3,500 per acre, and is severely overstocked. 

(Click)

Inset photo shows that Bitterbrush cover has been reduced.  Idaho fescue is about 1/3 of its original 1961 cover.





Succession (Camp Sherman)Succession (Camp Sherman)

1999
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Restoration (Camp Sherman)-5

After 41 years, understory tree density is very high, representing about 3,000 per acre.  Bitterbrush vigor is declining.



Succession (Camp Sherman)Succession (Camp Sherman)

1990
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Restoration (Camp Sherman)-4

At 32 years, saplings are now up above the bitterbrush.  Composition of regeneration is 1/3 lodgepole pine and 2/3 ponderosa pine.  Bitterbrush is still comprises about 30 percent cover.  Idaho fescue density and cover continues to decline.





Succession (Camp Sherman)Succession (Camp Sherman)

1982
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Restoration (Camp Sherman)-3

At year 24, larger seedlings and saplings are present, but their growth is slow.  Bitterbrush is about 30 percent cover and Idaho Fescue density and vigor is low.







Succession (Camp Sherman)Succession (Camp Sherman)

1976
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Restoration (Camp Sherman)-2

Eighteen years later, bitterbrush has increased to about 25 percent cover, and has shaded the Idaho fescue.





Succession (Camp Sherman)Succession (Camp Sherman)

1961

Presenter
Presentation Notes
Restoration (Camp Sherman)-1

This next series of photos comes from Fred Hall and shows forest succession in action as well as on-the-ground restoration activities on the Sisters Ranger District of the Deschutes National Forest.

 

This site is located in central Oregon near Black Butte.  It lies on a ponderosa pine/bitterbrush/Idaho fescue plant association.    The site had a prescribed burn in 1958; this photo was taken 3 years after the burn.  You can see the dead sapling skeletons and the openness of the forest. 

(Click)

This inset photo shows the shrub and herbaceous cover, as well as the abundance of small ponderosa pine seedlings that are barely visible. (point out to audience)  There is a scant amount of bitterbrush at this time.





Restoration (Camp Sherman)

2001
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Restoration (Camp Sherman)-6

At 43 years, tree regeneration is about 3,500 per acre, and is severely overstocked. 

(Click)

Inset photo shows that Bitterbrush cover has been reduced.  Idaho fescue is about 1/3 of its original 1961 cover.





Restoration (Camp Sherman)

2003

45 Years

Thin from below up to 8”
 

DBH

Presenter
Presentation Notes
Restoration (Camp Sherman)-7

In 2003, the site was thinned from below up to a 8 inch DBH (precommercial) using fire crews and inmates.



Restoration (Camp Sherman)

20072007

49 Years49 Years
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Restoration (Camp Sherman)-7

In 2003, the site was thinned from below up to a 8 inch DBH (precommercial) using fire crews and inmates.



Starting point from this point forward is more advance than the 1961, as noted by the jump the shrubs show here, although this stand could be mowed and underburned to re-create the pine bunchgrass condition

 

This occurred over a 45 year period.  If this amount of trees and biomass could accumulate over that period missing 2 to 4 fire cycles, succession will likely proceed faster on dry, moist, and wet grand fir sites where we find most of the spotted owl habitat.



Knowledge and observations of successional development is fundamental after disturbances and provides us clues to timing of treatments and re-treatments in the future.



Restoration LiteratureRestoration Literature
Brown et al.  2004.  Forest restoration and fire: principles in Brown et al.  2004.  Forest restoration and fire: principles in the the 

context of place.  Conservation Biology Vol. 18. No. 4: 903context of place.  Conservation Biology Vol. 18. No. 4: 903--912.912.

Craig et al. 2002. Ecological restoration of  southwestern pondeCraig et al. 2002. Ecological restoration of  southwestern ponderosa rosa 
pine ecosystems: a broad perspective.  Ecological Applications, pine ecosystems: a broad perspective.  Ecological Applications, 
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McIver and Starr. 2001. Restoration of degraded lands in the intMcIver and Starr. 2001. Restoration of degraded lands in the interior erior 
Columbia River basin: passive vs. active approaches.  Forest Columbia River basin: passive vs. active approaches.  Forest 
Ecology & Management 153: 15Ecology & Management 153: 15--28.28.

NossNoss

 

et al.  2006.  Recommendations for integrating restoration et al.  2006.  Recommendations for integrating restoration 
ecology and conservation biology in ponderosa pine forests of ecology and conservation biology in ponderosa pine forests of 
the southwestern Unites States. Restoration Ecology Vol. 14, No.the southwestern Unites States. Restoration Ecology Vol. 14, No.

 1 : 41 : 4--10.10.



Thank You!Thank You!
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