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of variability for
more than 3,000
nectares of
municipally

owned forest.
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€6k, Tatural resource management
should strive to retain critical
rypes and ranges of natural vartation n
ecosystems. That is, management shoull
facilitate existing processes and variabiisy
rather than changmg or controlling them.
By Joing so, ecosystem resihience and the
organizing processes and structures of
ecosystems will be maintained, thus betrer
serving not only the natural functions and
species diversity of those systers but also
the long-term (but not necessarily short-
term)} interests of humanicy.” {C.S.
Halling and G.K. Meffe. 1996}

There is increasing consensus among nat-
ural resource researchers and practirioners
that human-caused changes n the natural
variabilicy of ecosystem processes have
often had profound effects vn ecosystem
behavior, i1 many cases drastically reduc-
ing their viahility or setting them on course
to develop into an entrely different kind of
system (Holling and Meiffe, 1996; Landres
and others, 1999). A well-known example
15 the change that has oocurred in many
low-elevation forests i the western United
States becanse of the absence of frequent,
episudic, surface fires duriny the past cen-
tury (Mutch and others, 1993; Arno and
others, 1995; Covington and others 1997).
Fire suppression is the great paradox of
management in these forests in recent
decades. Fire suppression has led o fuel
conditions and forest structures that rodav

result m more mtense, catastrophic fires
when fires cventuallv—and mevitably-—
occur. Furthermore, the loss of fire as a
“keystone” ccosystem process (sensu Holl-
mng, 1992} has had cascading effects on
other ccosystem processes and conditions.
Reduced nutrnient cyeling, lessened stream
flows, and lass of species diversity are some
of the major changes that have resulted
indirectly from fire suppression and forest
closure. Many peopie question the current
“health” of forests throughout the West
(Covington and others, 1994, and call for
restoration of hastorical varability in fire
regimes and forest structure is growing,
The Caty of Boulder, Colorado swns
and manages about 14,600 hectares of
open space and mountam parklands, of
which abour 3,240 hectares are montane
forests dominared by ponderosa pine
{ Prnus ponderosa var. scopulovum ) { Fgure 1),
Boulder forests occur ar the margins of the
Great Plams’ grasslands, near the growing
urban arcas of Boulder, Denver, and the
rest of the Colorado Front Range. As
vircually all areas of pondercsa pine forest
in the Wesr, Front Range forests expert-
enced extensive changes as a result of fire
suppression and logging that began mn the
late nineteenth century. Today, these
forests contain mamnly young, small-diam-
eter trees with only a fow widely scattered
anu fragmwented patches of larger, older
trees. Recent catastrophic crown fires,
fucled by dense crown strucrure and
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Figure 1: Locstion of Boulder forests next to urban areas.

“ladder fuels”, resulted in losses of homes,
property, and large areas of forest over-
story. Catastrophic fires have caused ero-
ston and sedimentation problems
watersheds, degrading water quality and
reducing reservoir capacities. The pres-
ence and expansion of large urban areas
and housing developmenss adjacent to
Front Range forests emphasize the need
for restoration to more sustainable condi-
tions before additional catastrophic fires
and ecosystemn damage occur. There is
also a need to reinvigorate natural ecosys-
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tem processes and to promote biodiversity
in order to mantain the ecological integrity
of these forested landscapes,

Recently, we and orhers completed a
ong-range restoration and management
plan for forests owned by the City of
Boulder (City of Boulder, 1999). Thss
plan was the result of a cooperative effore
between City employees and outside con-
sultants famibar wirh Front Range forest
history (PMB} and management planning
{ATC). We expect that the Boulder plan
can serve as a model for restoration efforts

m other montane forests of the Front
Range. The plan s based on explicitly-
defined concepts of ecosystem manage-
ment, adaptive management, and what is
known about the historical range of vari-
ability (HRV) {(Morgan and others, 1994)
m ecosystern processes and patterns 1n
lower-elevation Front Range forests. HRV
refers to longer-term patterns of ecosystermn
conditions that prevailed before generally
the muddle to lare [800s, when wide-
spread non-Native American—primarily
Euro-American—sertiement 1 the west-
ern United States began in earnest.
Although Native Americans are known
to have altered ccosystems to a linmuted
extent prior to settlement, thewr effects do
not match the predominance und ubig-
uity of chunges that have occarred during
the recent century as a result of popula-
tion ncreases and ndustrialization.
Historic Range of Variability was central
to the development of this plan since his-
torical conditions provide us with models
for viable ecosystem behavior over fong
tie scales {Landres and others. 1999,
Swemam and others, 1999). A central
premise n restoration ecology 1s that
ecosystems function best under condi-
rons ro which they have adapted in
recent centurics. Restoration and man-
agement treatments proposed by this plan
are not attempts to strictly mimic histori-
cal conditions, but mstead are an effort to
use historical patterns both o guide man-
agement planning and to provide justif:-
cation for managenient actions to present
tu the public.

Historic Variability
and Current Forests

Characterization of disturbance regimes
—inclading therr size, frequency, and eco-
logical effects—provides insights into the
ecological processes that sustain species
diversity and landscape configuration.
Fortunately, disturbance regimes are also
some of the few aspects of ecosysters for
which abundant historical data exist. The
most significant natural  disturbance
agents that have influenced the montane
forests of the Boulder area include fire,
msects, various pathogens, and wind-
throw. Fire has been an especially ubiqui-
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Figure 2: Size distribution (left graph) and date of inside rings (right graph) for trees in Boulder forests. Data shown are mostly for low-eleva-

tion forests. PP is ponderesa pine, DF is Douglas-fir. Only a few trees of other spacies were noted during forest inventories.

tous Jisturhance in western forests, where
rates of fuel accumulation are greater than
rates of decomposition and fuel condi-
tions canducive to the gnition and spread
of fire are common during long, dry sum-
mers. Marure ponderosa pine trees are
especially well-adapted to surface fires,
having thick bark that protects growing

tssues anud high canopies that reduce the
ikelthood of crown scorch.

There 15 abundant evidence trom fire
scars recarded 1 tree rings to document
that episudic surface fires were common
disturbances m ponderosa pine forests of
the western United States in general, and
the Front Range m partcular, during the

Serried peaks of the Flatiron Mountains rising above the City of Boulder, Colorado, are site of

forests that are the subject of a new plan designed tc restore the historic range of ecological
varizbility while at the same time reducing the likelthood of catastrophic fires itke those that

burned over millions of acres in the westerr United States last summer. Based op historical
patterns of disturbance, especially fire, the plan is designed to reestablish variation while

at the same time testing ideas about fire and other facters influencing that variabifity.

Photo courtesy of the City of Boulder
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pust severs! centurtes {Arne and others,
1995 Swetnam and Bawsan, 1996; Brown
and others, 1999 Veblen and others,
2000). In the Front Range, fire histories
document how tire frequency varied with
elevation from the margins of the grass-
lands to the upper himits of ponderosa
pine. At a forest stand level {patches less
than about 50 hectares m size) prior 1o the
late 1800, fires burned :n the lowest
forests about every three to 20 years, while
upper-elevarion forests burned every 20 to
occasionally 60 vears or longer. Fires
ranged 1 stze trom small groups of trees
{less than C.1 hectare] to large arcas m
“regional fire years” during which fires
burned at sttes all along the Front Range
{Brown and others, 1999; Veblen and oth-

ers, 200C). Fires were generally low-inten-
sity surface fires that burned through

grasses and herbaceous plants at the hases
of mature trees, afthough cccasionally
Large areas of forest at higher elevations
were killed by more extensive crown fires.

In virtually ali of the fire histortes
reconstructed from the Front Range, fires
disappeared from the landscape during the
past century. In the Boulder area, the
period of fire suppression followed a penod
of increased burning during early European
settlement when numerous fires were
started both accrdently, and often deliber-
arely ro clear vegetation to reveal ore pock-
ets { Veblen and Lorenz, 1991; Veblen and
others, 2000). Livestock grazmg. logaing,
fragmentation of forest stands by roads and
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fences, and active fire-suppression by land
management agencies are often-cited rea-
sons for loss of surface fires from ponderosa
pine landscapes. Grazing contributed indi-
rectly to fire exclusion by reducing grasses
and other herbaceous plants that carry
fire, while lopeing and other agents of
landscape fragmentation created tuel
breaks thar lirited fire spread.

Cessation of surface fires, in turn, has
led to profound changes in forest structure
and related ecosystem conditions. Fre-
guent surface fires killed tree scedlings
and saplings before they couid hecome
estabished in a forest canopy or on the
margins berween the woodlands and adja-
cent Great Plains grasslands. Recent for-
est inventories n the Boulder forests
showed that most trees are small and rel-
atively young, with most trees cstablished
since the 1880s and 1890s (Figure 2).
Data shown mn Figure 2 are from forests at
the lowest forest border; higher-elevation
forests tend to have more Douglas-fir
{Pseudotsuga menziesit) and greater tree
species diversity, but stuill have very few
old or large trees in contrast to historical
conditions. High tree density {often
referred to as “dog-hair” thickets) reduces
sunlight on the forest floor and results
both low diversity and productivity of
ground vegetation and higher porential
for devastating crown fires. Increased tree
density also results 1 reduced nurrent
cyching and strearn flows (Covimgton and
Moore, 1994}, And, there is evidence to
suggest that loss of natural varialulity in
tree age and size structures and an increase
in the homogeneity of forest stands across
fandscapes has led to more extensive out-
breaks of insect infestations, such as the
mountain pine beetle {Dendroctonies pon-
derosae) outbreak that occurred duriny the
late 1970s emd early 1980c m the Front
Range {Schmid and Mata, 1996).

Human disturbances—especially ex-
tensive logging—further changed pat-
terns of historical variability m forest
structure. Logeng during the early settle-
ment period in the 1860s to the early
19C0s removed most of the larger trees
and dramatically reduced the landscape
extent of old-growth forests. The impacts
of logging were especially pronounced in
the readily accessible foothulls that com-
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Figure 3. Stand visualizations (McGaughey, 1998} and tree-diameter distributions in present-

day forest {upper graph} and prescription conditions after thinning {lower graph} of stand LIC-

NW. The open bars in the lower graph show the number of trees in the various size classes

that will be cut to achieve the prescribed tree density. No trees larger than 30 centimeter DBH

wiil be cut in this unit. Stand visualizations were done for all stands in the management plan.

prise much of Soulder’s forested land-
scapes. In addition, many woodland and
savanna areas on the margins of the
Great Plamns were probably pure grassland
in the past. Woody plant encroachment
at grassland boundarnies is evident
throughout the western United States
and has been well-documented in the
Boulder area {Mast and others, 1998).
Reasons for this encroachment may vary
(see review 1 Archer, 1994), but lLive-
stock grazing and fire suppression are
often cited. Intensive herbivory by live-

stock changed the competitive relation-
ships hetween grasses and woody plants
by placing greater selective pressure on
grasses and certamn herbaceous plants and
favoring unpalatable woody species.

Restoration of Forest
Structure and Processes

To sustain the mntegrity of forested ecosys-
tems into the future and to protect the
safety of neighbors and users of the
Boulder forests, the forest management

ECOLOGICAL ResTOoRATION 19:1 ® 2001
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Figure 4. Stand visualization and tree diameter distributions of stand BS, scheduled for pre-

scribed fire treatment. This is a very open stand with vaiabie distribuition of tree sizes and 2

good representation of large tress. We expect that many of the smaller trees will be killed dur-

‘ng the initial burn of this stand, and subsequent prescribed fires will continue to maintair

open conditions in this unit,

plan that we developed outlines resrora-
Tton strategies to provide a wider range of
Historical variability in forest structure and
Jdisturbance processes (City of Boulder,
1999). A major component of the plan is
o restore vanability i landscape and
stand patterns, thercby creating what we
zxpect will be greater resilience to future
Jdisturhances. The plan proposes to use
combinations of silvicultural treatments
and prescribed fires to achieve specific
objectives for understory and overstory
vegetanon and wildhife. These objectives
are outhined m the plan along with strare-
gies for monitoring success of treatments
in an adaptive management framework.
The treatment protocols specified by
the plan are intended to provide both
short-term restoratzon and long-term
management of torested areas. Furst,
because of abundant tree regeneration dur-
ing the past century and high tree densities
in many stands, we must first restore pon-
derosa pine forest structure to something
more closely resembling 1ts historical con-
dition before surface fires can be remtro-
duced (Figure 3). We will use silvicultural
methods to thin stands to reduce fuel loads
and remove sub-canopy trees that pro-

EcoLogicar Restoration 19:1 = 2001

mote crown fires. About one-third of the
total area proposed for treatment 15 sched-
uled for thinnmg. Silviculrural prescrip-
tions that make use of multi-aged methods
(see, for example, O'Hara, 1998} arc
intended to maintarn ponderosa pine
regencration in stands, but at much lower
levels than at present. (J-curves were used
£ gquantify ratios between size classes in
stands, with a cap on cutting of trees larger
than 30 centimeters DBH m most stanus.
Larger and older trees are generally absent
from the Boulder forests, and trees larger
than 30 centimeters will be left as “legacy
rees” to promote the development of old-
growth forest conditions. In addition,
Douglas-fir will be removed from some
stands 1 preference o ponderosa pine
where the two species vo-occur. Douglas-
fir is less fire-tolerant than pondeross pine
and probably was not as abundant in pre-
settlement low-elevanon forests as 1t 1s
today. Thinning will be done by crews
hired by the City and through contracts
with small iogging operations in the Front
Range area. We will explore markerts for
small-diamerer trees, and will expeniment
with alternative harvesring methods, such
as skrdding of lopgs with horses or tractoss,

that cause less soil compaction and under-
story damage.

The second treatment protocol will
use prescribed fire both to reduce tree den-
sity and to restore fire a» a keystone ecosys-
tem process. Prescribed fire 15 recognized as
the best tool available for restoration and
management of pondesosa pine ecosvsterns
of the western United States (see, for
example. Mutch and others, 1993; Ao
and others, 1995; Covington and others,
1997). Many areas with lower overail stand
density and fewer smali-diameter trees are
amenable to immedJiate treatmenr with fire
{Figure 4). Burning will maintain open
stands through mortality of seediings and
occasional small crown fires m the over-
story. Prescribed fires also will restore and
remvigorate related eCOSYSIEI PTOCesses
such as nutrient cycling, and promote
greater diversity m vegetation and land-
scape patterning. Prescribed fires on the
forest-grassiand margins also will reduce
tree encroachment and maintam current
comrnunity patterns in these areas.

Omnce all stands have been returned
to historical tree Jenstties and burned
during the first phase of plan implementa-
tion, prescribed fires will be used episod:-
cally o maintamn open stand conditions
and to continue to promote related
ecasystem processes. At that time, histor-
1wcal varmbility i fire regimes will guide
tming and spatial patterns of bums
(Swetnam and others, 1999). Ranges of
stand structures resuiting from differences
n fire behavior will mimic past landscape
diversity. Vanability i both the tuming
and amount of area burned during differ-
ent vears will promote heterogeneity m
tandscape patterns.

In addinon to stands recommended
for acrive management intervention, we
also have designated a no-treatment proto-
col for many of the forested areas. These
areas are found on the steep and rugged
shopes and mountain sides of the Flatiron
Mountams immediately west of Boulder,
and inchude some of the most scemic land-
scapes of the management arca. In these
stands, short-term, intensive management
treatments would not only be difficult to
wmplement, bur also more difficult to obtain
a consensus from Boulder residents as 1o
what types of treatments to apply. The steep

Copyright © 2001. All rights reserved.



Thinning of doghair stands of ponderosa pins is a key slement in the resteration plan. Since
approval of the plan in July, 1999, about 200 acres have been thinned by crews hired by the
City and by small logging contractors. The aim is to reduce fuel loads and alter the architec-
ture of the forest in such a way that fires ignited by lightring can burn without geing critical
and turning into catastrophic firesterms. Shown bere is a stand of ponderosa pine in the
Lindsay-North unit before {above] and after {below] thinning in the Fall of 1999. Photes by
Rod Moraga, City of Boulder
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arcas are not conducive to low-impact sil-
vicultural operations, and it would be ditfi-
cult to conduct prescribed burns m some of
the more inaccessible areas.

Howevcr, we have proposed a longer-
term solution in which these areas are to
be managed eventually as conditional fure
management zones m which naturally-
ignited wildfires are allowed to burn.
“Prescribed natural fire” {PNF) zores will
be established after active treatments of
borderline stands huve been completed.
P\Fs are fires started by hightning that are
allowed to bum under prescribed weather
conditions. After a hghtning igninon n
this area and as long as prescribed weather
and fuel conditions persist, narural fire
putterns will be allowed to dominate,
even when they include catastrophic
crown fires. Treated areas on the margms
of the PNF zones will act as buffers for
control of wildfires that ignire naturally 1n
the PNF area.

Use of historical patterns as models
of longer-term sustainable dynamics n
ecosystems tnust be tempered by con-
straints imposed on the use of fire and
other treatments in the wildland- urban
interface, While we believe that the
treatmients and options outlined in the
Boulder plan arc both ecologically and
operationally sound, we identified wo
major factors that must be considered
hefore application of the recommended
sreatments. The first of these 15 the poss:-
ble response of PBoulder citizens to
thinning and prescribed fires in what 1s
essentially many people’s back yard
{Figure 1). Logging and fires have been
very limited in these forests in the recent
past, and some people may not want o
see the proposed rypes of management
carnied out m what they perceive to be
otherwise relatively “healthy” forest
ecosystems. However, societal perspec-
tives that all fires are “bad” are changing
through efforts at educanion and better
scientific information about hustorical
fire processcs. For example, public senti-
ment over the past few years has shifted
toward support of prescribed fire as a
management tool. A recent survey
showed that 72 percent of Boulder resi-
dents support the use of prescribed fire as
2 management option to enhance ecolog-

EcoLocical REsToraTiON 19:1 & 2001
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scal values and to reduce the hazards asso-
ciated with wildfires.

The second major consideration in
the use of prescribed fire m the heavily-
wrbanized Front Range 1s air quality.
Smoke management s a concern in all
efforts to resrore historical fire processes to
western forests (see, for example, Octmar
and others, 1995) and mav ulomarely
hirnit the ability of forest managers to use
fire 2> 4 management tool. Any fire cvent
hus the potential to significantly degrade
air quality, wmparr vistbiliry, and expose
the public to pollutants. Plans for burning
have to take mto account when wind and
fuel conditions may produce heavy smoke
over populated areas of the Front Range.
Smoke management limitations may also
preclude achieving histoncal varanion in
the seasonal timing of burns, as will limi-
rations of prescribed burning conditions
In general.

Adaptive Management

and Assessments

While the stand trearments outlined m
the plan corcentrate for the most part on
the peneral responses of forested ecosys-
tems to management actions, we also rec-
ognize that more-spectfic community and
species responses must be taken into con-
sideration when applying trearments. We
expect that removal of trees will enhance
some wildlife habitats by creating greater
structural diversity i forests. Creating
snags and downed logs during silvicul-
tural operations and prescribed fires
should further enhance habitats for cer-
tain rodents and cavity-nesting birds.
Thinning stands and creating greater
jandscape diversity (including old-growth
stands} should help to mitigate the
impacts ot mountain pine beetle out-
breaks or other epidemics n the future.
Mountam pine beetle and pathogens are
part of the natural disturbance processes
in these forests and should be expected.
However, greater diversity n stand char-
acteristics should reduce the potential tor
widespread and mtensive mortality as has
happened in the recent past {Schmid and
Mata, 1996}. Opening of stands will
increase the vigor of mdividual trees and
therefore therr ability to withstand attacks

ECOLOGICAL RESTORATION  19:1 ® 2001

=l

24
s
-

%
]
N

)
&

i
1S

Ly

£

e

0

i
R

\
R

>
.
N
RS

IR RASTY
*-!\S.\"&\‘J:'
Rt
B
&
WS
w
-
~

Prescribed burns are also part of the plan. Here a column of smioke rises from an 80-acre burn

on the Shanahan Mesa unit in 1999.

by pathogens. Opening of stands also
should enhance the visual qualities of the
fandscape and visitor emyoyment of
Boulder forests. Wildhife will be casier to
see and we expect bird species and num-
bers to increase.

These are, however, all mferences
we are making at the start of what will
ke a fong-term process. In the plan, we
state these inferences 1 terms of
hypotheses that can be tested during
application of treatments. We Jdesigned
the plan sround two essennial and cen-
tral concepts of an ecosystem manage-
ment approach: 1} ccosvstems arc
constantly chanping at multiple scales in
hoth space and time; and 2), there 1
oftent a great deal of uncertainty when
we atrempt to define the direction or

magnitude of ecosystem chunges that
may take place {Christensen and others,
1996). These two key features of ecosys-
tems mean that management actions
mmust be flexible ro adapt to new data
and new theories that further our under-
standing of how nature works. The basis
tor an adaptive management approach is
that since we do not always know the
vutcome of 3 treatment, we must Mol
tor ecosystem response and  assess
whether goals were, 1n fact, met or
whether circumstances
alrered the response. Monitoring guide-
lines form a large part of the manige-
ment plan, Each management action 1s
seen as an expernimient to be performed
with outcomes that can he assessed
erapirically using various metrics or

untorseetn

Copyright © 2001. All rights reserved.



objective measures. In this mannes, future
treatments can be refined by past results,

The Long Term

The primary intent of the restoration and
management program outhined for City of
Boulder forests 1s to restore historical vari-
ability in forest structure and fire
processes. Holling and Meffe (1996; see
quote abave) argue that losses 1 ecosys-
tem variability can reduce ecosystem
restlience, or the ability of an ecosystem
to persist in response to shufts in external
factors {such as climare change} or inter-
nal system events (such as major distur-
bances). Managers {and forest users in
general) must realize that change 1s
mevitable and that our hest hope for man-
agement efforts 1s to help ecusystems
develop and mamtain enough resilience
to withstand unexpected events in the
future. Not only will fire continue tobe a
facror in Boulder forests despite our best
efforts, but so will other disturbances,
such as mountain pine beetle. The Forest
Ecosystem Management Plan for the City
of Boulder is only a first step in an attempt
to mutigate these impacts, but we can
never eluninate them. Management must
be flexible and adaptable, and managers
vust adopt a long-term perspective i they
are to ensure the viability of the ecosys-
tems under their care.
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