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W ilderness in the 21 st Century: A  Framework 
for Testing Assumptions about Ecological 
Intervention in W ilderness Using a Case 
Study of Fire Ecology in the Rocky Mountains
Cameron E. Noficy, Eric G. Keeling, Peter Londres, Paul F. Hessburg, 
Thamas T. Veblen, and Anna Sala

C hanges in th e  clim ate an d  in k ey  ecological p rocesses a re  p rom pting  inc reased  d e h a te  a h o u t ecological 
res to ra tio n  an d  o th e r in te rv en tio n s  in w ilderness. The p rospect o f  in terven tion  in w ilderness ra ises legal, scientific, 
an d  v a lu es-h ase d  questions  a h o u t th e  a p p ro p ria ten e ss  o f possible ac tions. In th is article, w e focus on th e  role 
o f  science to  elucidate  th e  p o ten tia l need  fo r in te rv en tio n . W e rev iew  th e  m e an in g  o f  " u n tra m m e le d "  from  th e  
1 9 6 4  W ilderness Act to  a id  ou r u n d ers ta n d in g  o f  th e  legal co n tex t fo r p o ten tia l in te rv en tio n s  in w ilderness. We 
ex p lo re  th e  tension  betw een  restraint an d  active intervention in m an ag in g  w ilde rness an d  in troduce  a  f ram ew o rk  
fo r te sting  ecological assum p tions  w hen  ev a lu a tin g  res to ra tio n  p roposals . W e illu s tra te  use o f th e  fram ew o rk  in 
th e  res to ra tio n  o f f ire  reg im es an d  fuel conditions in p o n d ero sa  pine an d  m ixed-con ife r fo res ts  o f th e  US Rocky 
M ountains. Even in th is re la tive ly  w ell-studied  ex a m p le , w e find  th a t th e  assum ptions  underly ing  p roposed  
in te rv en tio n s  in w ilde rness need  to  he critically ev a lu a te d  an d  te sted  b efo re  new , m ore  in tensive  m a n a g e m e n t 
p arad ig m s a re  em b raced .
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T he last 200 years have seen increas­ ness (Cole and Yung 2010, Hobbs et al. 
ing and pervasive effects of humans 2011, Marris 2011, Stephenson and Millar 
on climate, air quality, terrestrial 2011, M ark 2014, Solomon 2014, W uerth- 

and aquatic habitats, and the spread o f non­ ner et al. 2014). The intensity of this debate 
native species (e.g.. Sample and Bixler will most likely increase in the future, com­
2014). Because of the reach o f these past im ­ pounded by the uncertainty and effects of 
pacts, there is now increasing debate about climate change that may increase the bias of 
the need for ecological restoration and other managers and scientists toward taking inter­
types of interventions in designated wilder­ vention actions (Iftekhar and Pannell 2015).

Ecological interventions in wilderness raise 
legal, scientific, and values-based questions, 
and debate often hinges on personal values 
and individual interpretations o f relevant 
laws. In this article, we focus on the role 
science can play in examining the ecological 
assumptions that underlie justifying inter­
vention in designated wilderness.

W e first review the meaning o f the term 
“untram meled” from the 1964 Wilderness 
Act (hereafter, the Act) because it establishes 
an im portant legal context for considering 
ecological restoration and other interven­
tions in wilderness. W e then explore the ten­
sion between restraint and active intervention 
in managing wilderness and introduce a sim­
ple framework to evaluate intervention pro­
posals. This framework focuses on the im ­
portance of revealing, clarifying, and testing 
ecological assumptions behind restoration 
and other interventions in wilderness. W e 
illustrate the use of the framework by exam­
ining in detail the case o f altered fire regimes 
and the well-established need for interven-
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tion in some ponderosa pine {Pinus pon- 
derosd) and mixed-coniferous forests o f the 
western U nited States. W e focus on these 
ecosystems as a test case because altered, or 
uncharacteristic, fire regimes in these forest 
types have been cited as a threat to wilder­
ness, if interventions are not made (Sydoriak 
et al. 2000, Keane et al. 2006, Stephenson 
and Millar 2011), and because an extensive 
and rich body of literature allows us to dem­
onstrate the importance o f testing assump­
tions that lie at the base of this tension be­
tween restraint and intervention.

The M eaning and  Impartance af 
Untrammeled W ilderness

Untramm eled is not a commonly used 
word, but it is emphasized in the first part 
of the A ct’s statutory definition; “A 
wilderness.. .is hereby recognized as an area 
where the earth and its com munity of life are 
untram meled by m an.” Howard Zahniser, 
the A ct’s principal author, defined this word 
to mean “not subject to hum an controls and 
manipulations that hamper the free play of 
natural forces” (Zahniser 1959, cited in 
Harvey 2014, p. 161). Numerous authors 
have reinforced this interpretation of 
untram meled as synonymous with unre­
strained, unrestricted, unhindered, unim ­
peded, unencumbered, autonomous, or self- 
willed wilderness (Turner 1996, Aplet 1999, 
Scott 2002, Heyd 2005, Steinhoff 2010, 
Kammer 2013). No court cases provide fur­
ther insight or direction on interpreting un­
trammeled. In the context o f agency stew­
ardship, interagency teams (Landres et al. 
2015) defined un trammeled as essentially 
free from intentional m odern hum an con­
trol or manipulation. This definition applies 
to the actions of managers, accepting that 
wilderness has been and is increasingly af­
fected by unintentional hum an influence 
(Hobbs et al. 2009, Stephenson et al. 2010, 
Aplet and Cole 2010).

Untramm eled wilderness is im portant 
for both societal and ecological reasons (for a 
review, see Landres 2010). Societal reasons 
include deepening respect for nature’s au­
tonomy, fostering scientific humility, ac­
cepting evolutionary change, sustaining 
nonfocal species, and providing areas where 
the risks of unintended adverse conse­
quences from management actions are m in­
imized. From an ecological perspective, un­
trammeled wilderness provides large areas 
that are relatively unmanipulated, and, 
therefore, some o f the best places to serve as

reference landscapes or benchmarks and 
scientific controls for the myriad anthro­
pogenic influences that are occurring 
elsewhere.

Tensian betw een Untrammeled 
W ilderness and  "N aturalness," 
"Resilience," "Integrity," and  
O ther Ecalagical G aals in 
W ilderness

In addition to defining wilderness as 
untrammeled, the A ct’s statutory definition 
states that wilderness is “undeveloped Fed­
eral land retaining its primeval character and 
influence,” “protected and managed so as to 
preserve its natural conditions,” and “gener­
ally appears to have been affected primarily 
by the forces of nature, with the im print of 
m an’s work substantially unnoticeable.” 
Graber (1995) and Cole (1996) were the 
first to describe a possible tension in the Act 
between “untram m eled” and the goal to pre­
serve natural conditions. The potential need 
to intervene in wilderness in the name of 
“naturalness” was called the “paradox of the 
primeval” by Cole (2000, p. 77) and the 
“central dilemma” facing wilderness stew­
ardship (Landres et al. 2001, p. 79). How­
ever, not all experts see a conflict in the A ct’s 
language (e.g., see W orf 1997, Nickas and 
Macfarlane 2001, Steinhoff 2010, Kammer
2013), suggesting instead that active m anip­
ulation, even in the name of naturalness, 
may be inconsistent w ith the goals o f the 
Act.

This debate has been recently infused 
w ith new concerns. Some scientists now see 
naturalness, if  defined as historical ecological 
conditions, as an insufficient management 
goal for protected lands in the face o f global 
change and its unavoidable consequences for 
wilderness areas. They instead propose alter-

native goals o f “resilience” or “ecological in­
tegrity” (Hobbs et al. 2009, Cole and Yung 
2010, Stephenson and Millar 2011). These 
terms have been somewhat ambiguously de­
fined and used differently by different au­
thors. Resilience emphasizes an ecosystem’s 
ability to maintain self-organizing properties 
in the face o f perturbations (Zavaleta and 
Chapin 2010), whereas ecological integrity 
emphasizes a broad suite o f ecological indi­
cators that represent intactness and healthy 
functioning ecosystems (Woodley 2010). 
W ith these new management concepts, 
“portfolio approaches” to wilderness m an­
agement are increasingly being proposed 
(e.g., Alpert et al. 2004). Stephenson and 
Millar (2011) described this portfolio ap­
proach as including management restraint 
(not intervening to restore ecological condi­
tions), resilience (enhancing ecosystem resil­
ience), resistance (resisting changes), and re­
alignment (facilitating change) options to be 
applied based on the specific context o f the 
area and the situation.

M anagem ent and Policy Implications

Policy an d  m a n a g e m e n t o f  w ilde rness a re a s  a re  gu ided  by th e  US W ilderness Act an d  by agency  
m a n a g e m e n t p lans. A ltbougb th e  Act em p h as izes  th e  im portance  o f  p reserv ing  u n tra m m e led  conditions 
in w ilderness, so m e believe th a t m ore  in tensive  m a n a g e m e n t in terv en tio n  is necessa ry  in w ilderness in th e  
com ing cen tu ry . We s tre ss  th e  need  to  inc rease  th e  ro le o f science in th is d e b a te . Our fram ew o rk  m ak es  
th e  follow ing th re e  g en e ra l recom m enda tions: o p e ra tio n a lize  b road ly  s ta ted  m a n a g e m e n t goals; te s t the  
assum ptions  used  to justify  in te rv en tio n ; an d  w eigh  th e  b en e fits  an d  b arm s  o f  in te rv en tio n . Specifically, 
w e em p h as ize  th e  need  to  te s t a ssum p tions  a b o u t th e  h istorical ra n g e  o f  variab ility , p re sen t ecological 
conditions, m echan ism s responsib le fo r an d  th re a ts  to  th e  p re sen t conditions, ecosystem  responses  to 
th re a ts , an d  fu tu re  clim ate scenario s. Using a  case  s tu d y  a s  an  ex a m p le , w e recom m end  th a t assum p tions 
th a t o ften  u nderlie  p roposed  in te rv en tio n s  in w ilde rness be critically ev a lu a te d  an d  te sted  b efo re  new, 
m o re  in tensive  m a n a g e m e n t parad ig m s a re  em braced .

A wide range of different types of eco­
logical interventions within wilderness have 
occurred or are being considered, including 
the following: (1) stocking nonnative fish or 
fish that are native to a region but have not 
occurred in wilderness lakes since the last 
glacial maximum, about 11,000 years ago 
(Knapp et al. 2001); (2) providing artificial 
water sources for desert ungulates because 
their traditional travel routes are interrupted 
by highways and developments (Dolan 
2006); (3) reducing predator populations to 
reduce predation on other species that are 
often of economic importance (Lurman and 
Rabinowitch 2007); (4) assisting species m i­
gration to preem pt the impacts o f climate 
change on a particular population (Ste-Ma- 
rie et al. 2011); and (5) thinning forests to
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increase ecosystem resilience to disturbance 
(Sydoriak et al. 2000, Keane et al. 2006, Ste­
phenson and Millar 2011). These actions, 
although well-intended to promote resil­
ience, resistance, realignment, or other eco­
logical goals, would nonetheless intention­
ally manipulate wilderness ecosystems. The 
dilemma facing wilderness managers and 
conservationists today is that deciding not to 
intervene may result in undesirable ecologi­
cal conditions, whereas deciding to inter­
vene may degrade the untram meled quality 
of wilderness. Com pounding this dilemma 
is the potential for unintended adverse con­
sequences from interventions in systems that 
are complex, poorly understood, and rapidly 
changing (Hilderbrand et al. 2005, Wiens 
and Hobbs 2015).

A Framework for Evaluating 
Proposals to Intervene in 
W ilderness Areos

w h ile  acknowledging the complexity 
in these decisions, we stress the need to in­
crease the role of science in teasing apart val­
ues from facts, by clarifying and testing the 
assumptions used to justify ecological resto­
ration and other interventions. The poten­
tially adverse impacts o f implicit assump­
tions in decisionmaking were recently

reviewed by Gregr and Chan (2015). W e see 
the process o f testing assumptions as part of 
a broader framework for evaluating inter­
vention proposals in wilderness (Figure 1). 
As a first step, a comprehensive framework 
should include a requirem ent to operation­
alize broadly stated management goals such 
as “naturalness,” “integrity,” or “resilience” 
(Figure 1, Step 1). These goals are seldom 
clearly articulated, making discussion and 
analysis difficult.

Once management goals are clear, the 
ecological assumptions underlying manage­
m ent approaches need to be revealed and 
tested (Figure 1, Step 2). Proposals for inter­
vention in wilderness may take for granted 
assumptions about the historical range of 
variability in ecological conditions, present 
ecological conditions, mechanisms responsi­
ble for and threats to present conditions 
(e.g., fire exclusion, domestic livestock graz­
ing, and tim ber harvest), ecosystem re­
sponses to threats, and future climate scenar­
ios. Such assumptions need to be clearly 
outlined so their merits can be openly dis­
cussed. Once acknowledged, assumptions 
can be tested to determine whether they are 
supported by evidence relevant to the pro­
posed intervention. Literature review, meta­
analyses, or new research may be needed to

determine the validity of these assumptions. 
In cases where relevant existing research has 
not been conducted in the wilderness of inter­
est, caution must be exercised in transferring 
knowledge based on studies conducted in sim­
ilar ecosystems, within tmique geographic ar­
eas. In some cases new, area-specific data col­
lection and analyses may be required, even if 
conducted with reduced sample sizes and over 
short time frames, to test the applicability of 
findings produced from studies conducted 
elsewhere (Veblen 2003).

Once management goals and the scien­
tific merits o f ecological assumptions are 
clarified, a critical final step is to assess the 
balance of potential benefits and harms that 
are associated with intervention actions 
(Figure 1, Step 3). The final intervention 
decision will depend on many factors, in­
cluding weighing the importance of ecolog­
ical and social values, some of which are not 
easily evaluated. The framework offered 
here strives to make transparent the ecolog­
ical complexity o f making hard decisions 
and setting priorities in a changing world 
(Wiens and Hobbs 2015).

Generally defined should be operationalized as 
m anagem ent goals goals to  avoid one or m ore of th e  
such as..< following:

step 1;
Integr'ftv Loss of p articu la r species 

Clearlv articulate  goals of Loss of p articu la r com m unity  
in tervention Ecosystem  resiJience com position  a n d /o r  s tru c tu re  

U ndesirable sh ifts  to  new  distu rbance Ecosystem  fuiK tlon
regim es, {eg high’s everlty  fire) 

U ndesirable changes In ecosystem  
p rocesses {eg productivity , n u trien t 
cycling}

Step 2: H lstorlcjl Fidelity U ndesirable changes in regulating 
Reveal, critique, and  tes t services (eg d im a te , eroskm  control}

assum ptions behind 
intervention

R e v e o l/  c r i t iq u e ,  a n d  t « s t  p s su m p itio n s

...historical range  of variability- 

. ..p resen t ecological conditions.

...m echanism s responsib le  for p rese n t conditions. 

. ..p resen t and  fu tu re  th re a ts  to  conditions. 

S tep 3: ...ecosystem  resp o n ses  to  th re a ts . 
...p o st-m an ag em en t c lim ate  scenarios-

Evaluate balance of harm s 
and benefits of intervention

.assess  probabllLty of In tervention  success 

.consider un in ten d ed  conseq u en ces  of In terven tion  

.consider social values

Figure 1. Schematic diagram  depicting how scientific evidence and research can be incor­
porated into evaluations of proposals for intervention in wilderness. This article primarily 
addresses Step 2 , but examples of Steps 1 and 3 are included to dem onstrate our suggested 
approach. The term "ecological conditions" is construed broadly to include community 
composition and structure as well as ecosystem processes and disturbance regimes.

Cose Study: Testing the 
Assumptions obout Forests, 
Fire, and  Fire Exclusion in the 
US Rockies

In this section, we focus on the second 
step in the general framework outlined in 
Figure 1 and use restoration of ponderosa 
pine and mixed-conifer forests as a case 
study to highlight how assumptions under- 
lying intervention proposals may be criti­
cally evaluated and tested. A t the heart o f the 
assertion that intervention in wilderness 
may be needed to restore greater forest resil­
iency is the perception that fire regimes in 
wilderness have been substantially altered as 
a result o f past land management, to the 
point that forests lack the capacity to re­
spond resiliently to resumed fire (Sydoriak et 
al. 2000, Keane et al. 2006, Cole and Yung 
2010, Hobbs et al. 2011, Stephenson and 
Millar 2011). Consistent with its use in many 
fire ecology studies (Savage and Mast 2005, 
Larson et al. 2013, Stephens et al. 2013), we 
use resilience to describe the ability of a system 
to experience disturbance without a state-shift 
to a higher severity fire regime, with tmique 
function and dynamics. Although stand- and 
landscape-level changes in ponderosa pine and 
mixed-conifer forests of the western United 
States are well documented (Veblen and 
Lorenz 1986, Covington and Moore 1994,
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Keane et al. 2002, Hessburg and Agee 2003, 
Naficy et al. 2010), significant assumptions 
and knowledge gaps exist in our understand­
ing ofh ow these changes will affect current and 
future resilience and fire regime dynamics of 
some forests. These knowledge gaps are non­
trivial, and they have not been stifficiently ad­
dressed in the literature exploring intervention 
in wilderness.

In the subsections below, we identify 
four key assumptions about the influence of 
past land management on current and future 
resilience of ponderosa pine/mixed-conifer 
forests. W e draw on new and previously 
published data from the Rocky M ountains 
to demonstrate why direct tests o f these as­
sumptions are im portant and to provide ex­
amples of how assumptions can be directly

tested. In presenting this case study, we do not 
intend to make overarching conclusions about 
fire ecology in the Rocky Motmtains or pon­
derosa pine and mixed-conifer forests more 
broadly. Rather, we attempt to show thatland- 
use impacts on fire regimes and current forest 
resilience are more complex and nuanced than 
acknowledged. In doing so, we highlight the 
danger o f overgeneralizing results from specific 
geographic regions or oversimplifying the eco­
logical threats to wilderness in making the case 
for intervention.

Assumption 1: Ponderosa Pine Forests 
Hove Experienced Dramatic Increases 
in Stand Density

A )  All Species Ponderosa pine

4000 - 4000 -'oT 'cL_D
o 3500 - o 3500 -
CD CD3000 - 3000 -
CO (0
0) 2500 - 0 2500 -
0 0i_  2000 - L_ -4—' -1—' 2000 -

1500 - 1500 -

'co 1000 - 'co 1000 -
c c
0 500 - 500 -0

Q 0 - Q 0 -

UB UB UB UB 
(Keeling) (Naficy) (Keeling) (Naficy)

C )  Douglas-flr D )  Other

3500 -

3000 -

2500 -

2000  -

1500 -

UB UB UB UB 
(Keeling) (Naficy) (Keeling) (Naficy)

B )  

Figure 2. Total density in unlogged, unburned (UB) versus logged, unburned (L) sites relative to 
the observed range of variation in unlogged, repeatedly burned stands (two to four 20th 
century wildfires) for all species (A), ponderosa pine (B), Douglas-fir (C), and other species (D). 
Unlogged, unburned sites from Keeling et al. (2006) and Naficy et al. (2010) are shown 
separately. Solid lines represent the upper (75th percentile) and lower (25th) percentile bounds 
of the observed interquartile range for unlogged, repeatedly burned sites from Keeling et al. 
(2006), and dashed lines represent the upper (maximum) and lower (minimum) bounds of the 
full range of density values. The upper limits of the interquartile range and range for panel D 
were near 0 (5 and 20 trees acre—’ , respectively) because of the very low incidence of any 
species other than ponderosa pine and Douglas-fir in frequently burned sites.

There is broad agreement that fire ex­
clusion in combination with other influ­

ences has resulted in a loss o f landscape suc- 
cessional pattern heterogeneity (Hessburg et 
al. 1999, 2000) and stand-level changes in 
forest structure and spatial pattern (Larson 
and Churchill 2012, Churchill et al. 2013, 
Lydersen et al. 2013), including increased 
tree density and a shift toward more shade- 
tolerant species, in certain regions and forest 
types (Arno et al. 1995, M innich et al. 1995, 
Heyerdahl et al. 2001, Fule et al. 2002, 
Hessburg et al. 2005, Dolanc et al. 2014). 
Fire-excluded forests are often portrayed as 
uniformly dense, fuel-choked forests (Smith 
and Arno 1999, Covington 2000, Agee 
2002, W hite House 2002, Graham et al. 
2004, Arno et al. 2008), with the degree of 
departure from historical ranges primarily 
driven by time since fire. These assumptions 
are then used to broadly justify thinning to 
reduce tree density, favor fire-tolerant spe­
cies and size classes, and reduce the risk of 
high-severity fire (e.g., see Franklin and 
Johnson 2012, but cf. DellaSalaet al. 2013). 
However, this generalized interpretation of 
the ecological consequences o f fire exclusion 
hides im portant local variability and biogeo­
graphic differences in fire regimes, historical 
influences, and their resulting responses to 
fire exclusion.

Based on data from a network of stands 
in the ponderosa pine and Douglas-fir (Pseu- 
dotsuga menziesii) forests o f Idaho and M on­
tana (Keeling et al. 2006, Naficy etal. 2010), 
Figure 2 shows species-specific, stand-level 
density for unlogged and logged fire-ex­
cluded sites, in relation to the range of stand 
density values observed in fire-maintained 
sites. These data illustrate several im portant 
deviations from  com m only held assump­
tions, where fire exclusion is the prim ary 
impact;

1. A significant proportion o f unlogged, 
fire-excluded stands, such as those most 
likely found in wilderness areas, are still 
within the range of stand densities ob­
served in fire-maintained stands (Figure 
2A).

. Unlogged, fire-excluded stands maintain 
large, fire-resistant ponderosa pine at 
d en s itie s  s im ila r  to  th o se  o f  fire- 
m aintained forests (Figure 2B), a factor 
that may be critical to how these forests 
respond to future fires (see section Fire- 
Excluded Forests Are B urn ing  w ith  
Higher Severity Once Fire Returns be­
low). W here departures in density occur 
as a result o f fire exclusion, the increase
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may be relatively small for some un ­
logged stands (Figure 2A—D ).

3. The degree o f structural change since Eu- 
ro-American settlement is strongly de­
pendent on an area’s specific land m an­
agement history. In contrast to unlogged, 
fire-excluded stands, a m uch higher pro­
portion of previously logged stands are 
above the range o f stand densities ob­
served in  fire-m aintained forests and 
their degree o f departure is substantially 
higher (Figure 2A -D ). This may be due 
to negative feedback that large overstory 
trees can exert on understory tree density 
and lesser soil disturbance and exposed 
mineral soil in unlogged versus logged 
sites (Perry et al. 2004).

Although forest density and landscape 
homogeneity have increased on average and 
sometimes dramatically in certain areas due 
to fire exclusion and other contributing fac­
tors (Fdessburg et al. 2000, Fule et al. 2002, 
Scholl and Taylor 2010, Dolanc et al. 
2014), our data from a network of stands in 
the N orthern Rockies do not corroborate 
the common perception that fire-excluded 
ponderosa pine and Douglas-fir forests are 
uniformly highly altered, uncharacteristi­
cally dense, and at high risk o f high-severity 
fire (Covington 2000). This lack of corrob­
oration is due to high variability in the rate 
and magnitude of change caused by fire ex­
clusion (M innich et al. 1995, Keeling et al. 
2006), which is dependent on a suite o f bio­
physical, climatic, and historical factors, in 
addition to time since fire. This variation is 
still not well understood in many ecore­

gions, yet it is a critical com ponent o f eco­
system response and resilience to resumed 
fire. Therefore, a lack of fire, even for periods 
greater than historical fire-free intervals, 
should not be assumed a priori to have cre­
ated strong departures in forest structural 
characteristics and substantially elevated risk 
o f severe fire (Platt and Schoennagel 2009, 
Schoennagel et al. 2011). Local landscape 
evaluations that incorporate analysis across 
spatial scales, biophysical gradients, and 
land use histories are needed to determine 
whether there has been significant departure 
in  forest conditions (e.g., see Hessburg 
et al. 2013, 2015, Sherriff et al. 2014) and 
to determ ine w hether such departure is 
significant enough to alter key fire regime 
attributes.

Assumption 2: Trees in High-Density, 
Fire-Excluded Forests Are Physiologi­
cally Stressed

Higher stand densities resulting from 
fire exclusion and other land management 
activities are thought to increase competi­
tion for limited resources (primarily water 
and nutrients), potentially impairing the 
vigor o f mature ponderosa pine and thereby 
increasing the likelihood of mortality from 
insects or drought (Covington and Moore 
1994, Fettig et al. 2007, Kolb et al. 2007). 
This idea has been corroborated by tests of 
thinning or thinning plus burning treat­
ments that show short-term increases in 
resin flow, stomatal conductance, gas ex­
change parameters, and radial growth rates, 
as well as decreased water stress (Sala et al. 
2005, Zausen et al. 2005, Kolb et al. 2007,

Ritchie et al. 2008). However, few studies 
explicitly investigated tree physiological 
characteristics in fire-excluded versus fire- 
m aintained stands. Im portant differences 
may exist between the effects of wildfire, me­
chanical treatments, and prescribed fires on 
tree physiology and between short-term ver­
sus long-term responses to modifications in 
forest structure, independent o f the cause of 
change (Keeling et al. 2011).

Table 1. Physiological responses to long-term fire-exclusion and short-term growth responses to individual wildfire years in paired 
unburned versus repeatedly burned stands a t four sites in Northern Idaho.

Variable

Prediction for unburned 
stands (com pared with 

burned stands)
Finding for unburned  stands 

(com pared w ith burned stands)
C onclusion for unburned  stands (com pared with 

burned stands)

  % leaf nitrogen Lower   N o significant difference       N o evidence o f less nitrogen in needles
 C arbon/nitrogen ratio Lower   N o significant difference       N o evidence o f less nitrogen in needles

N eedle   (carbon isotopic ratio) FFigher Lower     N o evidence o f higher w ater stress
-    10 year basal area increm ent Lower FFigher      N o evidence o f lower diam eter growth

 N eedle length Lower   N o significant difference     N o evidence o f shorter needles
 N eedle dry weight Lower Lower     Evidence for less needle biomass
  Specific leaf area Lower   N o significant difference         N o evidence o f lower leaf area per leaf mass

  Fine root mass FFigher Lower     N o evidence o f higher w ater stress
      Soil and sapwood 5-^FF (deuterium isotopic ratio) Lower   N o significant difference       N o evidence o f trees tapping deeper w ater sources

     G row th responses to fire years (1981 1992)— Lower FFigher for three fires, no difference
for two fires

      Positive (or neutral) responses in unburned trees
   relative to burned trees

     G row th responses to fire year (1910 1960)— Lower Lower for tw o fires, no difference
for two fires

      Negative (or neutral) responses in unburned trees
   relative to burned trees

      
  

 
   

B urned s tands b u rn ed  three  to  fo u r tim es from  1910 to  2004 , and  u n b u rn ed  s tands had  n o t b u rn ed  fo r 7 0 —> 1 2 4  years before sam pling. Physiological responses w ere tested  using tw o-w ay A N O V A  
w ith  site as a ran d o m  factor and  s tan d  nested  w ith in  site as a fixed factor {P <  0 .05). F indings o f  no  significant difference passed po st hoc pow er tests (m in im u m  detectable change w ith  effect size o f  
< 0 .7 5  and  /3 o f  < 0 .2 ) .  G row th  responses to  indiv idual w ildfire years (fires occurred  in  b u rn ed  stands only) w ere tested using one-w ay A N O V A  {P ^  0.05). Physiological results are from  K eeling e t al. 
(2011), and  grow th  responses to  w ildfire are fro m  Keeling and  Sala (2012).
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In one of the only studies to provide 
paired comparisons of old-growth tree phys­
iological performance in unlogged, repeat­
edly burned (three or four 20th-century 
wildfires) ponderosa pine stands versus un­
burned (not burned for > 7 0  years) stands. 
Keeling et al. (2011) found surprisingly little 
evidence of adverse effects o f fire exclusion 
(Table 1) (Keeling et al. 2011). The study 
measured nutrient availability and water 
stress (needle percent nitrogen, needle car­
bon/nitrogen ratio, specific leaf area, needle 
carbon isotopic ratio, and deuterium iso­
topes in soil and sapwood water) and growth 
and biomass reduction (needle length, nee­
dle dry weight, and stem radial growth in­
crement). The results raise the possibility 
that the physiological status o f old-growth 
ponderosa pine in mixed age-class forests, 
such as those typically found in low- to 
midelevation wilderness areas in the N orth­
ern Rockies, may be less affected by fire ex­
clusion than previously recognized.

T he lack of response to fire exclusion in 
Keeling et al. (2011) could be because old- 
growth trees may be resilient to competitive 
effects, even at the higher densities found in



  
 
   

      

unburned stands (Skov et al. 2004, 2005), 
or there could be countervailing negative ef­
fects o f fire in burned stands. Both possibil­
ities were investigated in follow-up studies. 
Lloret et al. (2011) found that old-growth 
ponderosa pine trees were generally more re­
silient to drought episodes relative to 
younger trees. Keeling and Sala (2012) 
found that recent wildfires produced nega­
tive short-term (5- and 10-year) growth re­
sponses in surviving trees compared to those 
in trees in unburned stands (Table 1), con­
sistent w ith the countervailing negative ef­
fects o f recent fire. The observed recent neg­
ative growth responses to fire were correlated 
with w inter drought, rather than time since 
fire, suggesting that climate-driven mecha­
nisms such as higher intensity fire resulting 
from lower fuel moisture content or physio­
logical stress from reduced plant-available 
water were factors in the negative growth 
response. Both results, lack of physiological 
stress in old-growth trees in unburned 
stands and recent negative growth responses 
to fire in burned stands, highlight the fact 
that the physiological responses of pon­
derosa pine forest to fire or a lack of fire is 
more complex than we currently suspect and 
probably context-specific. These results also 
highlight the fact that studies in second- 
growth stands, especially short-term studies 
before and after stand manipulation (e.g., 
W allin et al. 2004, Sala et al. 2005) do not 
necessarily predict generalized tree responses 
to natural wildfire in unmanaged, wilderness 
forests.

Assumption 3: High-Severity Fires Are 
Outside the Range of Historical 
Variability in These Forests

U nderstanding historical fire severity 
has emerged as an im portan t research em ­
phasis in landscape and wildlife ecology 
(e.g., H u tto  et al. 2014). Im proved under­
standing o f  historical fire severity expands 
our knowledge o f the corresponding his­
torical successional patterns, patch sizes, 
their variability, and the mechanisms un ­
derlying this variation (Hessburg et al. 
2007, Perry et al. 2011, O d ion  et al. 
2014). It also provides a m uch needed 
fram ework for evaluating the significance 
o f patterns o f m odern-era high-severity 
fires and their relationship to possible 
shifts in  future fire regimes in response to 
climate forcing and forest m anagem ent ac­
tivities (Hessl 2011, Sherriff e t al. 2014).

T he classic low-severity fire regime 
model for ponderosa pine and dry mixed-

conifer forests depicts widespread low-sever- 
ity fires with only small-scale patches of ac­
tive or passive crown fire that kill individual 
trees or small clumps of trees (Cooper 
1960). High-severity fire at spatial scales 
larger than this is considered historically 
unprecedented by some researchers and 
managers. Studies documenting historical 
high-severity fire in some ponderosa pine/mixed- 
conifer forests w ith mixed-severity fire re­
gimes have long been available (e.g., Ve­
blen and Lorenz 1986, Hessburg et al. 
2007; for a review, see Baker et al. 2007), 
b u t there has been some debate about its 
historical im portance and m anagem ent 
im plications for specific regions. In some 
mixed-severity fire regime forests, high-se­
verity fire m ay have occurred only infre­
quently, in  small patches, or in lim ited 
portions o f  the landscape (M innich et al. 
2000, W right and Agee 2004, Iniguez et 
al. 2009, Margolis and Balmat 2009, 
H eyerdahl et al. 2012), whereas in other 
regions there is now  clear evidence that 
high-severity fire was consequential at a 
landscape scale (Taylor and Skinner 1998, 
Ehle and Baker 2003, Hessburg et al. 
2007, Perry et al. 2011, Sherriff et al. 
2014, M arcoux et al. 2015, Naficy et 
al. 2015).

In the ponderosa pine and mixed-conifer 
forests o f the Northern Continental Divide 
Ecosystem (NCDE), broad-scale reconstruc­
tions of fire severity interpreted from 1930s to 
1950s aerial photos from 48 watersheds, total­
ing more than 769,000 acres, show high-sever­
ity fires on nearly 50% of the landscape and 
mixed-severity fires on much of the remainder 
(Hessburg et al. 1999, 2000, Figure 3). Strik- 
ingly, old open- or closed-canopy forest struc­
tures, such as those that wotild be created by 
frequent low-severity or long-interval fires, his­
torically represented a minor portion of the 
landscape (<5% ), reinforcing the notion that 
high-severity fires affected major portions of 
the landscape at moderate rettirn intervals 
(< 1 0 0 —200 years). Compared with the low-
severity fire regime model, these data reveal a 
very different ecological role for high-severity 
fire. The historical prevalence of mixed- and 
high-severity fire in the NCDE, eastern Wash­
ington, and the Colorado Front Range (Hess- 
btirg et al. 2007, Perry et al. 2011, Sherriff et al.
2014) demonstrates its importance to the nat­
ural fire regime of at least some ecoregions and 
suggests that mixed-conifer forests in some re­
gions are resilient when severe fire is a compo­
nent of the fire regime.

D epending on the fire regime used as

a reference, very different conclusions may 
be drawn about the ecological effects o f 
m odern fires, forest resilience after high- 
severity fire, and the need for restoration 
to reduce the risk o f high-severity fire 
(Savage and M ast 2005). T he benefit o f 
debate and research investm ent in  pon­
derosa pine and m ixed-conifer forests over 
the last several decades has been to shift 
away from  universal assum ptions to in ­
quiry about the biogeography, spatiotem - 
poral characteristics, and drivers o f varia­
tion o f historical fire regimes and m ore 
critical evaluation o f m ethodological in ­
fluences on in terpretations o f historical 
fire ecology (Veblen 2003, Baker et al. 
2007, Hessburg et al. 2007, Baker 2009).
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Figure 3. Percentage of the total study area 
(769,000 acres) in forest structural classes 
from 48 w atersheds within the NCDE study 
area  of Naficy (2015). Forest structural 
classes w ere derived from stereo photo 
pairs dating from the 1930s to 1950s by 
Hessburg et al. (1999). Only forest patches 
with ponderosa pine, Douglas-fir, or w est­
ern larch cover types w ere included in the 
analysis. SI, stand initiation; SEOC, stand 
exclusion open canopy; SECC, stand exclu­
sion closed canopy; UR, understory reiniti­
ation; YFMS, young forest multistory; 
OFMS, old forest multistory; OFSS, old for­
est single story. SI and SECC indicate recent 
and young high-severity fires, w hereas 
OFMS and OFSS represent areas that have 
not experienced stand-replacing fire or 
have experienced primarily low- to moder- 
ate-severity fire effects for D9D 'e centu­
ries. The other classes represent a mix of 
fire effects and successional stages.

Assumption 4: Fire-Excluded Forests 
Are Burning with Higher Severity 
Once Fire Returns

O ne of the most widespread predic­
tions emerging from fire history research in 
ponderosa pine and mixed-conifer forests is 
that historically unprecedented levels of 
high-severity fire are likely as a result o f stand 
densification and landscape homogeniza­
tion in the absence of fire (e.g., see Coving-
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ton 2000). For many decades, it was difficult 
to test the accuracy of these predictions in 
the western U nited States, due to low fire 
occurrence. However, most regions in the 
western U nited States have experienced sig­
nificant increases in the num ber of fires and 
area burned since the mid-1980s (Wester- 
ling et al. 2006, Dennison et al. 2014), al­
lowing direct quantification of fire severity 
patterns after decades of fire exclusion.

In the northern Rockies, low to middle 
elevations of the N C D E  are dominated by 
mixed-conifer and ponderosa pine forests, 
whereas relatively pure Douglas-fir forests 
dominate the lower elevations in the Greater 
Yellowstone Ecosystem (GYE). Figure 4 
shows the frequency distribution o f the dif­
ferenced normalized burn severity ratio, a 
remotely sensed metric o f burn severity (Key 
and Benson 2006), for 24 fires (391,254 
acres) and 35 fires (1,414,560 acres) in the 
N C D E  and GYE, respectively. These fires

comprise all fires greater than about 1,000 
acres in each region during the period 
1984—2010, where a m inim um  o f 20%  of 
the burn area occurred in ponderosa pine, 
western larch {Larix occidentalis), or Doug­
las-fir forests. High-severity fire affected 24, 
24, and 18% of the cumulative area burned 
from 1984 to 2010 for western larch and 
ponderosa pine forests o f the N C D E  and 
Douglas-fir forests o f the GYE, respectively 
(Figure 4). Similar to our findings, studies 
from other regions of the western United 
States report high-severity fire proportions 
o f 20 — 4 0% of total burn area (Miller et al. 
2009, Dillon et al. 2011, Miller and Safford 
2012, Cansler and McKenzie 2013, Hanson 
and O dion 2014, Sherriff et al. 2014, Meyer 
2015), with similar or slightly lower propor­
tions o f high-severity fire if  only unlogged 
forests in wilderness or national parks are 
examined (Brown et al. 1994, Collins et al. 
2007, Fule and Laughlin 2007, H olden et

al. 2007, Thode et al. 2011, Miller et al. 
2012, Larson et al. 2013).

115' W 114-W 113*W
Severny c la u

48°W

47”M 

  Mitea
0  2S SO

® 0 u *
45*N-

a — 

44’ J+

43“'N ;

42°l^

0  25 50 475 -275 -75 325 525 725 925 1125 1325

112''W 110°W dNBR

Figure 4. Burn severity distribution, quantified by the differenced normalized burn ratio 
(dNBR) (Key and Benson 2006), for three forest types in two regions of the Northern 
Rockies: mixed-conifer-western larch in the NCDE (LAOC, top right), ponderosa pine in the 
NCDE (PlPO, middle right), and pure Douglas-fir in the GYE (PSME, bottom right). The left 
panels show the study region boundaries for the NCDE (top) and GYE (bottom) and the 
perimeters of all fires used in this analysis. Hatched lines indicate national parks. Cross- 
hatched areas are designated wilderness. All fire perimeter and dNBR data are  from the 
Monitoring Trends in Burn Severity program  (Eidenshink et al. 2007). Class thresholds for 
dNBR w ere adapted  from Key and Benson (2006) as follows: greenness, < —101; un­
burned, — 100 to 99; low, 100 -269 ; m oderate, 2 7 0 -6 5 9 ; and high >659 . All fires in each 
study region from 1984 to 2010 with a  minimum coverage of 20% of the burn area  by 
ponderosa pine, western larch, or Douglas-fir w ere included in the analysis. The Landfire 
biophysical settings data set w as used to stratify burn severity. The black line in the severity 
distribution graph for each forest type is a  fitted loess smooth curve.

Interpreting the ecological significance 
of the proportion o f a landscape burned by 
high-severity fire requires spatial and tempo­
ral data sets o f historical fire severity patterns 
or spatially explicit modeling approaches 
that evaluate landscape structure and post­
fire trajectories (Keane et al. 2009, Keane
2012, McGarigal and Romme 2012). N o 
specific percentage will be meaningful every­
where, but the available data do not support 
the notion that there has been a wholesale 
shift from rare high-severity fire to predom ­
inantly high-severity fire in our study area. 
Likewise, in the approximately 1.4 million 
acre area of ponderosa pine and mixed-coni­
fer forests in the Colorado Front Range, his­
torical fire severity reconstructed from tree- 
ring and stand age data showed that only 
16% of the study area recorded a shift from 
historically low-severity fire to a higher po­
tential for crown fire in the modern land­
scape (Sherriff et al. 2014). In the low-eleva- 
tion forests o f the N C D E  and GYE, where 
high-severity fire historically influenced a 
significant proportion of the landscape (Fig­
ure 3) (Naficy et al. 2015), the proportion of 
high-severity effects observed in contempo­
rary fires (Figure 4) appears to be well within 
the range of historical fire effects. The case 
may be different elsewhere. For instance, 
some authors have rightly concluded that 
the current extent and spatial pattern of 
high-severity fire in other regions is histori­
cally unprecedented and likely to result in 
persistent shifts in fire regimes and ecosys­
tem properties (Allen et al. 2002, Falk 
2013).

Differences in the evidence and inter­
pretations of the ecological impacts o f re­
cently resumed fire regimes across the west­
ern U nited States (Romme et al. 2003, 
Gollins and Stephens 2007, Fule and Laugh­
lin 2007, Goforth and M innich 2008, 
Keane et al. 2008, Gollins et al. 2011, Dillon 
et al. 2011, Leirfallom and Keane 2011, T h ­
ode et al. 2011, Miller et al. 2012, Falk
2013, Larson et al. 2013, M alleket al. 2013, 
Sherriff et al. 2014) probably reflect real eco­
logical differences between study areas as 
well as methodological differences that un­
derlie the data used to interpret m odern and 
historical fire severity. W e acknowledge that 
a simple comparison of percentage area is 
insufficient to fully understand the ecologi­
cal consequences of modern-day high-sever­
ity fires. The size of high-severity patches, 
their spatial configuration, and their influ-
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ence on the landscape grain or critical tip­
ping points may be of equal importance to 
future ecosystem trajectories and fire regime 
dynamics and should be considered in fu­
ture research (Falk 2013, Stephens et al. 
2013). Nonetheless, that high-severity fire is 
affecting a minority of total burn area in 
many unlogged ponderosa pine and mixed- 
conifer forests is an im portant result that 
stands in contrast to the general expectation 
o f widespread high-severity fire after more 
than a century of fire exclusion. Moreover, 
fire severity will probably no t increase in a 
linear fashion with projected climate-driven 
increases in burn area or fire frequency (Bar- 
bero et al. 2015), because reburns through 
the low- to moderate-severity portions of 
previous fires often burn at lower severity 
(Collins et al. 2009, Holden et al. 2010, 
Parks et al. 2014). The critical point we 
highlight here is that although changes in 
fire frequency and forest characteristics 
wrought by past management are well doc­
umented, their consequences for current 
and future ecosystem function and dynam­
ics are more nuanced, complex, geographi­
cally specific, and poorly understood than is 
often acknowledged.

Discussion and  Conclusions

Table 2. General categories of assumptions common in justifications for intervention in wilderness (see Figure 1, Step 2), specific 
assumptions analyzed in the case study on restoration of ponderosa pine/mixed-conifer forests of the Rocky Mountains, and summary 
of findings that address these assumptions.

General category o f assum ptions Specific assum ptions analyzed in case study W h at our analyses show for case study assum ptions

H istorical range o f variability High-severity fire is “unnatural”  in these forests. High-severity fires were im portan t in these forests, 
a lthough relatively infrequent.

Present ecological conditions Fire-exciuded forests have anom alously high densities. Some fire-exciuded forests have densities w ith in  the 
historic range.

M echanism s responsible for present conditions H igher densities and  m ore ladder fuels are due to  fire 
exclusion alone.

Prior m anagem ent (logging) has caused some of 
these changes.

Threats to  ecological conditions Trees in high-density, fire-exciuded forests are 
physioiogicaiiy stressed.

N o t all fire-exciuded forests are physioiogicaiiy 
stressed.

Ecosystem responses to threats Fire-exciuded forests burn  more catastrophically 
(more crown fires).

N o t all fire-exciuded forests burn w ith high-severity 
once fire returns.

Postm anagem ent climate scenarios [N o t addressed.] [N o t addressed.]

T h e  te rm  “ecological co n d itio n s”  is construed  broadly  to  include co m m u n ity  com position  and  stru c tu re  as well as ecosystem  processes and  d istu rbance regimes.

W e used fire exclusion in ponderosa 
pine and mixed-conifer forests as a case 
study because it has been well studied and 
known to have changed forest conditions 
and because restoration of altered fire re­
gimes is a frequently cited justification for 
intervention in protected areas, including 
wilderness (Sydoriak et al. 2000, Keane et al. 
2006, Hobbs et al. 2011, Stephenson and 
Millar 2011). Referring to our earlier frame­
work for evaluating intervention in wilder­
ness, our case study provides new in­

formation and challenges frequently held as­
sumptions (summarized in Table 2) about 
five of the six types of assumptions that need 
to be revealed and tested from  Step 2 in 
Figure 1;

1. Historical variability of fire regimes (not 
always low-severity fire);

2. Present forest conditions (not all fire- 
excluded forests have anomalously high 
densities);

3. Mechanisms responsible for present for­
est conditions (high stand density is par­
tially a result of prior logging or establish­
m ent after historical high-severity fire, 
not fire-exclusion alone);

4. Threats (not all trees in fire-excluded for­
ests are physiologically stressed); and

5. E cosystem  responses (n o t all fire- 
excluded forests burn with high-severity 
once fire is returned).

O ur analysis comes from a limited number 
o f studies and is not m eant as a conclusive 
argument for or against thinning in western 
coniferous forests or other types o f interven­
tion more generally. The interpretations 
drawn from our case studies are relevant to 
sizeable areas of the Rocky M ountains, but 
there are areas within this region (Habeck 
1990, Arno et al. 1995) and more broadly 
across the W est (Allen et al. 2002, Hessburg 
and Agee 2003, Hessburg et al. 2005, 
Mallek et al. 2013) where evidence has 
led to different conclusions. W e present data 
from a mix of dry and mesic ponderosa 
pine/mixed-conifer forests o f the Rocky 
M ountains w ithout comprehensively assess­
ing the geographic or biophysical space 
where intervention and wilderness ten­
sions coincide or conflict. U ltim ately, a 
fram ework tha t incorporates biophysical

and geographic variations in  forest struc­
ture change, alteration o f fire regime, and 
resilience to resum ed fire regimes is 
needed to inform  m anagem ent decisions 
on wilderness and nonwilderness lands. 
W e see this as a concern in  fire ecology 
research tha t warrants substantial future 
atten tion  b u t is beyond the scope o f this 
article. O ur objective here is to dem on­
strate that a m ore critical exam ination of 
intervention in  wilderness is needed and 
to use the case o f fire-excluded forests to 
illustrate the process o f using science to 
reveal, critique, and test assumptions 
w ithin a specific geographic context. A full 
evaluation o f any intervention proposal 
w ould require the final step in our fram e­
work, an evaluation o f harms and benefits 
o f proposed interventions.

In our case examples, the scientific evi­
dence at hand is not consistent w ith the as­
sumptions that m ight be used to justify wil­
derness intervention (Table 2). As such, they 
illustrate the dangers of overgeneralization, 
even of well-studied phenom ena such as fire 
exclusion, and the importance o f under­
standing local context, variability in ecosys­
tem properties, and responses to hum an per­
turbations. Using our case study as an 
example, we assert that assumptions that un­
derlie proposed interventions in wilderness 
should be critically evaluated and tested be­
fore more intensive management paradigms 
are embraced. The framework we propose 
(Figure 1) is m eant to augment rather than 
replace formal decisionmaking processes 
and outlines our recommendation for how 
to improve the evaluation of intervention in 
wilderness.

How  we manage wilderness in the face 
of ecological threats posed by climate and
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anthropogenic changes is im portant. Cli­
mate change, in particular, portends sub­
stantial change in wilderness and nonwilder­
ness areas alike. Altered fire regimes, spread 
of invasive species, and other hum an influ­
ences that have permeated wilderness may 
cause independent or compounded stresses. 
However, the presence o f hum an influences 
in protected areas does not de facto justify 
management intervention in wilderness.

Recent reports suggesting that the 21st 
century will require increased intervention 
in ecosystems in general (e.g., Hobbs et al. 
2011) or protected areas specifically (e.g., 
Hobbs et al. 2009, Cole and Yung 2010, 
Stephenson and Millar 2011) fail to com­
prehensively address the issue of whether 
more intervention is appropriate in wilder­
ness. The implied need for greater interven­
tion in protected areas appears to be based 
on the premise that w ithout it, preventable 
and significant ecological harm  will occur. 
However, intervention proposals often lack 
the detail required to evaluate either the 
magnitude of the ecological threat or the 
likelihood that intervention will be success­
ful. In addition to validating assumptions 
underlying intervention proposals in wilder­
ness, the goals o f intervention need to be 
consistent w ith the goals o f the Wilderness 
Act, and interventions need to be based on 
the m inim um  necessary action. Supporting 
this conclusion, a recent legal review (Long 
and Biber 2014, p. 624) summarized that 
the Wilderness Act is a

...th u m b  on the scale in favor o f restraint 
and. passive m anagem ent [that] may be par- 
ticuiariy im portan t given the uncertainty 
abou t w hat kinds o f active m anagem ent 
techniques m ight be effective, the possible 
negative effects o f active m anagem ent on 
other resources, and  the poiiticai and  bu­
reaucratic pressures th a t m ight otherwise 
lead to  the overuse o f active m anagem ent in 
response to  clim ate change. A t the same 
tim e, our [legal] analysis shows th a t the Act 
allows for responses in situations where we 
are more certain tha t actions will be effec­
tive and  the benefits o f active m anagem ent 
are w orth  the costs.

Wilderness is not im m une to climate 
change or other anthropogenic influences. A 
diverse suite o f management interventions 
will undoubtedly be applied on private and 
public lands outside of wilderness to address 
these threats. In wilderness, however, the bar 
for taking action is m uch higher than for any 
other lands managed in the public trust. O ur 
society faces profound choices in the degree 
of restraint and the methods used to sustain 
wilderness. W e need a deeper and broader

discussion about our scientific understand­
ing of current wilderness conditions, key 
changes to wilderness, anticipated future 
conditions, and appropriate circumstances 
and methods for mitigating changes that 
may be socially or ecologically acceptable. 
An im portant part o f this conversation is the 
need to find a path that conserves untram ­
meled wilderness.
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