
Changes in Forest Structure After a Large, Mixed-Severity Wildfire in 
Ponderosa Pine Forests of the Black Hills, South Dakota, USA 

Tara L. Keyser, Leigh B. Lentile, Frederick W. Snlith, and Wayne D. Shepperd 

Abstract: We i:valuated changes in forc:;.t ~tructure related to fire :-.everity after a wildfire in pondero ... a pini: 
forests of the Black Hills, South Dakota. where 2S <J{: burned at low, -lX t;,'r at moderate, and 27 1

/ ( at high severity. 
We compared trec mortality, fine (FWD) and CO;Jrsc woody debris (C\VD) and tree regeneration in areas burned 
under different severity. With I o v,' severity, mortality was limited \0 small trees «15 em dbh) with n0 reduction 
in basal area (BA) compared with unburned areas. FWD and CWO were 609( less than the unburned forest. With 
Illoderate severity, IOOr;~: mortality of small trees and significant large tree mortality resulted in an --- 509(· 
reduction in BA and an open stand structure dominated by a few large trees. After S years, FWD and CWD 
recovered to unburned levels. With high severity, a lack of seed source makes regeneration unlikely. After 5 
years, FWD equaled levels in unhurned stands and CWO loads exceeded the unbul11cd forest by 7·fCk .. The future 
landscape will be a mosaic of patches with forest structures determincd by developmental trajectories set in 
motion by dillerenl fire severities. There \-vill be patches of fully stocked, single canopy forest, multistory forest, 
and persistent I,!,rass- and shrub-dominated communities. High fuel loads in moderate and high severity areas 
n.:main a conc~rn for management as does the lack of rege'-neration in high severity areas. '-FOR. SCI. 5-l(3): 
328-33R. 
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T I-IE JASPER FIRE BUR:"-IED ~- 34,000 ha of ponderosa 
pinc (Pil!LlS [>(~l1dero.\'a Laws.). rore~ts in the ccntral 
Black Htlls 01 South Dakota between Aug. 24 and 

Sept. 9,1000. under extreme weather conditions. Althoug.h 
rcgardeu as a c;ltastmphic cvcnt, the Jasper Fire len a 
cllmplcx mosaic of fire severity acrl)SS the landscape, vvith 
live trees present o\'er a significant portion or the area (US 
Forest Service 200n, Lelltile et a!. lOOS, 20(6). About 2YIc 

tat. In this article. we evaluate the short-term effects of a 
large. mixed-severity fire on forest structure in ponderosa 
pine forests of the Black Hills. South Dakota, and compare 
the processes of ecological recovery in patches burned 
under low. moderate, and high fire si:vcrity. 

Fire bdul\· ior in ponderosa pine fon.:sts can vary 1'1'0111 

surface fire to sIJnd-replacing. active cro\\n fire within a 
single fire, significantly affecting ecological recovery (Fule 



of the burned area Vias characterized as low, 48~-t as mod
erate, and 27% as high severity (Lentik cl al. 20(5), As is 
common in mixed-severity fires. areas of different fire se
verity occurred as distinct patches within close proximity to 

one another (Weatherspoon and Skinner 1995. Taylor and 
Skinner 1998. Fule ct al. 2003. Odion et al. 2004, Lentile et 
al. 20(5). The majority (>60%) or low and moderate se
verity patches were> 100 ha in size whereas 68% of the 
high severity patches were < 100 ha in size (Lentile et al. 
20()5). Ecological recovery, including forest overstory dcn
"it), tree regeneration. understory development. and accu
mulJtion nf forest nom biomass will \ary across patches of 
different fin: severity. The future structure of this landscape 
''v i II he the composite of thousands of dist inct forest patches 
follov .. ing specific pathways of forest development set in 
motion by direct fire effects, This structure will have im
pl.lrlant consequences on all aspects of forest lise including 
limber productioll, fire hazard, esthetics, and wildlife habi-

et al. 2003, LentiJc el 411. 20(5). Immediate fire effects on 
forest vegetation and the forest floor are characlcri/.eo as 
fire severity, which is often divided into lhree distinct cat
egories: low, moderate. and high (Chappell and Agee 1996, 
Lentile et a!. 2006). When surface fire occurs in pondel'l)sa 
pine forests, fire severity is usually low, evidenced hy lillk 
overstory tree mortality (Thomas and Agee 1986). When 
crown fire occurs in these systems fire severity is often high, 
evidenced by complete mortality of aboveground vegetation 
and substantial consumption of surface and canopy fuels, 
litter. and dull (Lenli Ie et al. 20(5). Individual fires, or fires 
characteristic of a fire regime, often rail into one 01" these 
two categories: however. variation in fire behavior bet\ .... eel1 
surface and crown fires can result in a mixed-severity fire in 
\\hich panial tree mortality occurs (Agee 1993, Fulc et al. 
200], Hessburg et al. 20(5). 

Changes in stand structure after wildfire arc the result of 
fire-caused tree mortality and subsequent changes in the 
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dens it y and size distribution of ovcrsLOry trees. For pon
(kros a pine, tree mortality increases with increasing crown 
damage and (or) stem damage but decreases with increasing 
tree size (Stephens and Finney 2002, McHugh and Kolb 
2003. Keyser et al. 20(6). Consequcntly, in ponderosa pine 
systc illS, 1 o v,: fire severity often results in <20% of the 
prefi I-C stand hasal area (BA) being killed whereas reduc
tions in stand density between 20 and 7Wk can result from 
moderate severity fire in these systems (Hessburg et al. 
2()05 ). The long-tcnn changes in forest structure that result 
fnml low and moderate fire severity. in particular, may not 
he illllllediatcly apparent after fire as a significant propor
tion of mortality, especially of large trees. docs not occllr 
until 3--+ years postfire (Agee 2003. Keyser ct al. 20(6). 

V ~Hying rates of trec Illortality associated with different 
levels of fire severity can affect the structure and composi
tion of the surface woody fuel bcd. After fire, there is often 
an ilnmediate decrease in the abundance or both coarse 
woody debris (CWO) (woody biomass >7.6 em diameter) 
and fine woody debris (FWD) (woody biomass <7.6 cm 
diameter) (Fulc and Laughlin 2(06). In ponderosa pine 
stands that ex.perience high tree mortality, the decrease in 
surface fuels is short-lived as fire-killed snags quickly tran
~ition from the canopy to the surface fuel bed (Passovoy and 
Fulc 2006). Little information exists regarding the temporal 
dynanlics of fuel accumulation as it relates to fire severity. 
Howe \ier, Chambers and Mast (200S) reported that 7 years 
after severe crmvn fire in northern Arizona. 41 (Il; or all 
rire-k i lied ponderosa pine trees had fallen compared with 
on Iy 26{/(' in an unburned plot. pro" iding evidence that 
fire-k i lied snags fall more rapidly than unburned SI1a!!S. 

stead, recruitment and overstory development of seedlings 
may be limited to patches of moderate severity fire in which 
greater BA reduction results in increased light availability 
(Hale 20(3). As the distance from the live edge increases, 
seedling density decreases (Greene and Johnson :WOO. Bon
net et al. 20(5). As a consequence, in ponderosa pine stands 
that experience high fire sc\/erity (e.g., \Oocie mortality). 
patch size, and proximity to a viable seed source limit 
regeneration (Lentilc et al. 20(5) as opposed to seedbed and 
light conditions. For example, 2g years after a stand-replac
ing fire in ponderosa pine forests of the Southwest, Savage 
and Mast (2005) reported that up to SOC} of the 6,180 ha 
burned were converted to meadow \\ ith ponderosa pine 
regellcr:lIion limited to edges of the burn where a li\ e seed 
source remained. 

The Jasper Fire :.lIld the subsequent postfin: rcco' tTy 
processes have provided a unique opportunity to nb"ervc 
how postfire stand dynamics vary in relation to rire severity. 
In this study, we evaluated 5 years or change in overs tory 
vegetation, tree regeneration, forest 11001', and soil to bettcr 
understand the cffects of a mixed-severity wildfire in 
heavily managed, ponderosa pine forests of the Black Hills. 
Specifically, we evaluated the intluencc that fire severity 
and time had on postfire overstory structure, forest 11001' 

structure, surface woody fuel loadings. po~tfire regenera
tion, and nitrogen availability. The resuhs and interpretation 
of this study will provide land managers with scientifically 
based information regarding the short- and potential long
term changes in forest structure. which will aid in the 
development and modification of postfire planning 
obiccti yes. 



Given the rapid fall-rate of fire killed-snags, as fire severity 
and, consequently, fire-caused tree mortality increases, the 
rate of fuel accumulation should also he expected to in
crease. Differential rates of fuel accumulation withili 
patches affected hy low, moderate, and high fire sevcrity 
would n~sul! in a spatially compkx fuel bed \V ith varying 
k\d" of potential fire hehavior (DeBano et al. II)l)H) in low, 
moderate, and high scverity patches. The production of a 
heterogencous fuel bed is of particular interest to land 
managers after wildfire becausc of current fuels reduction 
efforts and the potential for a (Tburn. 

Fire severity, patch size, and overstory mortality interact 
to intlucnce postfire seed availability, regeneration, ;llld 
recruitment of forest tree species and, consequently, future 
forest structure and age distribution across the landscape 
(Tay lor and Skinner 11)98, Greene et a!. 1999, 20(5). In lhe 
Black Hills. background regeneration rates arc naturally 
high owing to adequate moisture during the growing season 
(Shepperd and Battaglia 2(02) and ahundant seed crops 
c\ery 2-5 years (Boldt and Van Deusen 1974). Conditions 
most conducive to the germin~lIion and eSILlblishment of 
p()lld~rosa pine, howcver, include areas of cxposed mineral 
soil (Harrington and Kelsey 11)79) and open growing con
ditions (0-14 m2/ha) (Shepperd and Ballaglia 20()2). Low 
severity fire can etTectively reduce litle-r and duff layers 
(\Valtz et al. 2()03). thereby improving seedbed quality: 
however, minor amounts of overstory mortality associated 
\\ illl low severity fire (c .g., Agec 20(3) may no! promote 
recruitment or mid-tolerant ponderosa pine seedlings. In-

Methods 
Study Area 

The study area was located vvilhin the Jasper Fire perim
etcr in the Black Hills National Forest, South Dakota, USA 
(latitudes belvveen -B 042 , and 4Y'57' and longitudes be
tween 103°46' and 104" 1'). The Black Hills arc an isolated, 
forested uplif! that rise ~I)OO-I ,200111 above the surround
ing Great Plains in southwestern South Dakota and north
eastern Wyoming (Hoffman and Alexander 1987, Froiland 
1990). The climate is continental with cold winters and 
mild, moist summers (Johnson 1949). Mean daily temper
atures range from - 3.3°C in winter to 13.2(" C in summer 
and yearly precipitation averages ~47 em \vi!h 65-75% 
occurring bet ween the months of April and October (Hoff
man and Alexander 1987. Froiland 1990, Shepperd and 
Banaglia 20(2). 

On Aug. 24, ::W()() , the Jasper Fire was ignited ncar the 
lO\vn oj" Custer, South Dakota, during a period of record low 
fuel moisture conditions and extremely unstable atlno
spheric conditions. leading to strong wind gusts and a max
imum rate of spread of 16 haJmin (Lcntile et a!. 20(6). The 
fire \vas contained on Seplo 8, 2000, after burning '"' 34,000 
ha of predominaIllly second-growth ponderosa pine forests 
in the Black Hills National Forest (lJS Forest Service 20(0). 
The Jasper Fire \\as a mixed-severity fire that produced a 
combination of surface fire, passive crown fire. and active 
crown ri rc (US Fores! Service 20(0). 



Experimental Desigll 

A ftcr the fire and in collaboration with Black Hill~ Na
tiolla I Forest stall, w~' identified three XOO-ha forest units in 
whie h no postfire silvicul[urJI JCli\ ities (c.g .. salvage har
\'e~(i ng) would occlir. In June 200 I. we randomlv e~tab
lished 36 O.3-ha permanent study sites in burned 'and un
burned ponderosa pine stands wilhin and immediately out
side the Jasper Fire perimeter. Each forest unit contained 
three replicates of each fire severity class. Sites were ran
domly established within fire severity classes. which we 
assig: ned on the basis or estimates of crown and forest floor 
damage from aerial photographs (Table I). Within the 
burned stands. nine sites were located in areas in which 
ovcrstory trcc!'i were estimated to have <259r crown dam
age (treatment -:-:: low severity). nine silcs were located in 
stands containing o\'crstory trees that were estimated to 
have >25l7£: but < lOOt;{ total cro\vn damage (treatment = 

moderate severity), and nine sites were located in stands in 
whic h all trees experienced ~-1O()l7c crown consumption 
(treatment = high severity). The remaining nine sites were 
located in adjacent unburned pine stands and served as our 
control sites (treatment = unburned). 

Overstory Measurements 

The J() study sites contained three (Un-ha oversturv 
plots Incated at bearings of (fl, 135°. and 225 (' 20 m fro 1;1 
site center. In early June 2001. befnre the fall of scorched 
needles and the onset of postfire tree growth ... ve tagged 
every tree::=:: 1.4 m in height. recorued species, and assessed 

die scorch anu consumption. Scorch height was measureu as 
the maximum height on the CfO\\ 11 where necrotic foliJgc 
occurrcd. Scorched nCl:dles were brown or orange in color 
and had not been ignited by fire. Height of crown consump
tion was measured as the maximum height where foliage 
had been directly consumeu by the fire. Basal char, which 
served as a proxy for cambial injury. was measureu as the 
percentage of the bole circumference chan"ed below a height 
of 30 cm. Charred bark was metallic black in color and was 
eroded lo the point that the bark no longer contained 
grooves or furrows (Lentile 20(4). We revisited study ~ites 
and assessed tree mortality annuJlly between 2002 and 
2005. In 2005. we remeasured dbh, tree height. and height 
to the base o/" the live crown on all residual live trees. 

\Ve measured above- and below-canopy photosynthet
ically active radiation (PAR). in JLmolcs·m - 2'sccond - I. 

annually between 200 I and 2005 using a ccptomcter 
(Decagon Devices, Inc .. Pullman. WA). Light samples. 
measured between the hours of 1000 and 1500 Mountain 
standard time between June and August. were taken in 
each cardi nal direction al I () points in each overstory plot 
and averaged for each site. Above-canopy PAR measure
ments were Laken in clear, unobstructed forest openings 
every 15 mi nutes and averaged for each site. Pcn:cnt 
canopy light transmittance for each site wa.; calculated a ... 
(below-canopy PAR/open canopy PAR) x 100. The 2002 
PAR data set was incomplete and therefore not included 
in the analysis. 



tree mortaltty. taking care to notc any tree that was dead 
hefore the fire. Trees that were originally located within the 
overstory plots but had broken off or fallen between the 
time of the fire and the onset of measurements were tagged 
and included in the study . Unless labeled as a prefire dead 
tree. all dead trees were considered to have been alive 
before the fire. We measured tree diameter (em) taken at 
1.4 m above the soil surface (dbh), tree height (m), and the 
rrefire height 10 the base of the livc crown (m). All heighl 
measurements were measured using an Impulse lascr hyp
sometcr (Laser Technology, Inc., Centennial, CO). Height 
to live crown was identified from the position of scorcl;cd 
needles in the case where no foliage consumption occun'ed 
and fine branch struclUre in the case where consumption of 
needles occurred and was measured at the point of branch
bole attachmcllt or the k)\\'cq prcfire live whorl. 

On each tagged trce, we measured both crO\vn and stem 
damage. Crown damage included maximulll height of I1CC-

Forest Floor Measurements 

We quantified the effects of wildfire on the forest floor 
by measuring litter and duff depth and surface woody 
fuel biomass. Litter and duff depths were measured every 
2 m along a 60-m transect that ran 30 m east and 30 m 
west of each site center. Litter was measured annually 
from 200 I to 2005 and duff from 2002 to 2005. From 
these data a yearly site average wa~ calculated . Using 
bulk densities specific for Black Hills ponderosa pine 
!iller (60.7 kg/m') and duff (102.6 kg/m") developed by 
Battaglia (200n, we converted litter and duff depths to 

estimates of forest floor mass (Mg/ha). Both FWD 
(Mg/ha) and CWD (Mg/ha) were sampled al each site 
using the planar intersect method described by Brown et 
al. (1982). Fine fuels were measured along 10 m of the 
60-m transect and coarse fuels were measured along the 
entire transect. 

Tahle I. Desl:riptioll of tire severil~ dasses. Percentage or landscape burned in each tire se\'erit~· d'1SS reptlrted by Lentile et al. (211051 

Firt: se\~rily l'lus~ 

Unburnt:d 

Low 

High 
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Dt:\cript ion 

Sites IOl'ated in adjact:nt unhurnL'd pim: stands: scrvL' a\ "prL'hurn" refert:nct: 
point and nasi" for p(l~tfire reL'\lvcry 

<25S', cro\\ n scorch \\ ilh no crown ..::on"umplion: litter and duff partially 
L'onsunlcu: 110 barL' mineral exposed 

>25'7(1 cro\"11 scorch with partial crown consumption: majority of litter ;\nd 
dull consumed 

-I OUSt of needles consumed: litter and duff completely consumed, 
resulting in exposure of bare mineral soil 



postjire Tree Regelleration 

We measured ponderosa pine regeneration annually from 
200 I to 2005 using 50 I m2 regeneration plots randomly 
locat cd throughout each O.3-ha site. Within each regenera
tion plot, the number of seedlings < 1.4 III in height was 
enullleralcJ. To determinc whether seedlings germinated 
post ri n: or werc fire survi\'ors, each seedling v\as aged by 
hack -counting the bud scale scars from current ycar growth. 
Onlv scedlin!!s that !!crminated postrire \vere counted and 
ind~lded illth~e anal)'~is. Seedling age was not determined in 
2001 . Thcrefore, \\e did not include regeneration data from 
that year in the analysis as \\ e were interested in exploring 
how postfirc tree regeneration varies in response to fire 
scvel-ity. 

Soil Nitrogell 

We used ion-exchange resin bags (Binkley and Matson 
1983) to index postfire plant-available nitrogen. Four resin 
hags were placed in each overstory tree plot in all burned 
and unburned sites in May 2001. In May 2002, resin bags 
wen~ collected and replaced with new resin bags. After 
collection, resin bags were immediately air dried. Resins 
were extracted with 100 mL of 2 1\1 KCI and analyzed ror 
ammonium and nitrate on an Alpkem Flow Solution IV 
AUL01l1utcd wet chemistry system (0.1. Analytical, College 
Station TX). This process was repeated annually through 
2005. 

Statistical Allalysis 

site included as a random variable. Separate ANOVAs w~re 
performed to test the effect or fire sL'veri.ty eaCh. ye.a!.· be
cause the repeated measures analysis indicated slgnlhcant 
severity X year interactions for almost all response vari
ables. Arter significant F test results, pairwise multiple 
comparisons among treatments were performed using least 
si!!nificant difference (LSD) (Steel et al. 1997). Response 
\'~riables wen: log)" -;- I) transformed, \ 11 transformed, or 
arcsinVIl transformed when necessary to approximate nor
malitv and homosceclasticity (Sted ct a!. [YY7). The means 
and SEs \\ c report arc from the raw, unlransformed data. 
Analyses ""ere significarll at (X = (lOS. 

Results 
Prejire Forest Structure and Direct Fire 
Ejfects 

Before the Jasper Fire, our research sites were well
stocked, second growth, even-aged ponderosa pine stands. 
Stand density averaged -670 stemsfha and BA was 24 
m2/ha (Tablc 2). Stands contained moderately sized trees 
and had an average stand diameter of ~22 cm. Mean hcight 
and height to live crown were -13 and 5.5 Ill, respecyvcly. 
Prefire density, BA, average stand diameter, and hClght to 
live crown did not di ffcr among fire severities (p > 0.17). 
Therefore, the subsequent changes in postfire forest struc
ture were attributed to fire-caused damage to the existing 
prefire vegctation, 

The maximum height of crown scorch ranged from ~8 
m in low severity sites to -[4 m in high severity sites. 



Prcfire stand density, BA, average stand diameter, and 
height to live ermvn were analyzed as a onc-\vay analysis of 
\'ariancc (ANOYA) to determine whether prcfire stand 
"truet lire varied among fire scyerities, Poslfire measure
ments and yearly changes in OYCrslOry attributes, canopy 
I ighl t ransminancc, postfire tree regeneration, litter and duff 
mass, FWD and CWD, and plant-available nitrogen were 
analyzcd as a repeated-measures ANOV A 10 determine the 
effects or fire severity (unburned, low, modcrate, and high) 
and time (1-5 years postfire) on postfire overstory and 
forest floor development (SAS Institute 2(05). Covariance 
struet ures for the repeated-measures analyses were modeled 
as either a first-order aULOregressive model or a first-order 
autoregressive model with heterogeneous variances with 

These scorch heights translated into total crown damage 
values of approximately 30. 85, and IOW''<:- in low. moderate. 
and high severity sites, respectively (Figure I). Basal char 
was similar bct\\\;cn low and moderate severity sites and 
averaged ~9 2= 4 and 19 :!: o'k. Basal char in high ... everity 
sites averaged 55 ~ W?c, significantly greater than that in 
both low and moderal~ -;everity sites. 

Tree Mortality 

Initial trec mortality varied in response to fire s~veriLy 
with fire-caused mortality occurring throughout all 5 years 
of the study. Complete oversrory mortality occurred imme
diately after the fire in areas that burned under high severity. 

Tablt' 2. Prd'ire and 5-yt'ar posttire stand strul'ture (live trees ~5 em dhh) in unburned, low. moderate. and bigh st'vt'rit)' sites 

Prerir~ ~()05 

Average Height to A\eragc H~ight tn 
Li\c tree o.;[aml live Live tree stand li\ c 
Jensil~ Liv\.' BA diameler CfDWIl density Li\\.~ BA diam~lcr ('\'1m n 

Fin: scwri[) (trees/ha) (lll:'/ha) (em) (111) ( Irccs/ha) (Ill'~/ha) (em) (m) CLT (c;;) 

LJnhurned 727 (109) 24.8 (1 . 1) 21,8 (I, I) 5,g (0.6) 714" (104.) 2(),3" (1,0) 22,6"(1.1) 6,5" (0,6) 36" (2) 
Low M7(137) 23.2 (2,5) 22,5 (1.3) s.n (0,6) 474" (43) 21,3" (2,1) 24,2"{1.1) 6.7" ((l.7) 51" (3) 

:\Iodcralc 521 (59) 23,0 (2 , I) 2-U (()'6) 5,6 In,s) ]LJ{)L (41) IO.sh (2'c)) 27.6h (1.0) 9.9" (0,5) 6W (3) 
High 757(~6) 2-LI (! :'\ ) 21 1 ( J.(») :\9 ((U) :'\t\ :'\:\ :'\A ~A 85'1 (2) 

P F (),2()62 (),g 1()4 O.I77! U.52!2 < ().OOOI < [),OOO I 0.0099 O,()(}O3 < O.()()O! 

\Il:d~ ,,~, II c're pcrf,ll m~d nil Ing( (Ii I C II CC' d (: l1sil~ , I I. V H:\ ;lI1d ,1"':~11l \ (,'anI1p~ I ight Iran~llllllalhX I Cl:r II Ir;-llbf,lrllll'd daw. V ;Jluc~ rL'prC~('1l1 Ihe 

untT,llI"flllllll'd 1ll"',11l ( -~ I Sf-.J. \1c;ln,\ fnllOl\L'd h) Ih~ ~;IIllC kllcr ;Ire: nol si~lldi':;'rHl) different II ilhill;1 c'IlIUIllIl:.l1 (l' ". U,():'i h:.l~l'd "11 Ihe F pWlt:i:led LSD 
PI'<li:Cdlll c' . \; , \ , nlll appli<:ahk, 
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Figurc I. Proportion of crown dal11a~c due to scorch and ('(msumption 
in IUn". muderate. and high ~everit}' sites. Tutal frown damage is the 
slim of crown scorch and consumption. Analysis of frown damage data 
"as (Jcd'ormcd on V arcsin-transformed data. Different letters inc\i
l'ate shltistical ditl'el'ences in totul crown damage among lire severities 
at a = lUIS hased Oil the F-protected LSD procedure. Values pre
sentt'd ure the untrunsformed mean tlltal crown damllge ± 1 SE. 

Consequently, \.I;\:? limit comparisons of poslfirc forest struc
ture through time and among fire "evcrities to unburncJ 
sites and those sites that burned undcr low and moderate fire 
~cveri ty. Slllalltrec density (trees 2:5 em and < 15 em dbh) 
\aried alllong fire scverities within individual years (F =. 

3.n, d r == 8. 95 .6; P == (LOOSI) (Figure 2a). At the end of 5 
years. moderate fire severity resulted in a 100% rcduction in 
small tree density. fn comparison. at the end of 5 years, 
small trce density in low sevcrity sites had been reduced by 
6401:, from prefire lcvl.':ls. 

Similar pattems of mortality were observed in regards to 
the cffects of fire on large tree dcnsity (trees ~ IS em dbh) 
in low and moderately burned sites. The response of large 
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Figure 2. (a) Density (Iiw trees/llu) of trees ~5 elll and < 15 elll dhh 
and (hI RA Im.!/hal of live trees ~15 em dhh in unhurned. low. 



tree BA was dependent on fire severity but varied within 
individual years (F = 17.2, df = 8,96; P < 0.000 I) (Figure 
2b). Basal area of trees 2: 15 cm dbh in stands of moderate 
fire severity was reduced from 22 m2/ha before the fire to 
just I J m2/ha by the third year postfirc. Mortality of large 
uiamctcr trees sloweu substantially between 3 and 5 years 
postfire. during which time BA was further reduced by an 
auditional 15o/c. Reductions in large tree BA were insignif
icant in low severity stanus in \vhich large tree SA was 
reduccd by only 5% at the end of S years. 

Timing of mortality and the sizes of trees that died varied 
in stands affected by low and moderate fire severity . One 
)THr post fire little to no mortality occurred in low severity 
sites (Figure Jb). By :2 years postfire, 50';( of small trees 
died and. for the first time since the fire. mortality occurred 
ill the 20-cl11 size class. The greatest increase in mortality in 
low severity sites occurred be{\veen :2 and] year>; post fire in 
the 20-L'1ll sil.t~ class \\ ith an II Sic increase in mortality. and. 
for the first time. mortality occurred in the 30-cl11 size class. 
Betwecn J and 5 years postfire , nllly minor Hmounts of 
mortality occurred within the low severity sites with mor
tality limited to the three smallest ~ize classes. 

The timing and size of tree mortality in moderate sever
ity sites differed substantiully from the pattern observed in 
low severity sites (Figure Jc). Immediately post fire, mor
tality in moderate severity sites included all size classes. 
Sixty-nine percent of small trees died immediately and 
mortality nf small trees reached -- ) 000'r within 3 years 
p()~trire. Cumulative mortality in medium-sized trees (2()-

332 FfJ rnl \( '/('1/('(' .'i-lL~) 2UO:-; 
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moderate. amI high severity sites. Individual year analyses were per
formed after significant a severity x year interaction in the repeated
measures analysis of density (P < 0.05) and SA (P < 0.0001). Analysis 
of BA data was performed on y(BA)-transformed data and analysis of 
density data was performed on log~(Iive tree density + I)-transformed 
data. Values presented are the untransformed mean ± I SE. Asterisks 
signify significance within a given year: *p < 0.115; **p < lUll; ***1' < 
0.00 I; !'OS. nut significant. !\Ieans fullowed by the same letter within a 
givt'n year are not significantly different at (.lI = 0.05 based on the 
F-protectl'd LSD procedure. 

and 30-em size Classes) increased from 13% immediately 
aft~r the fire to 48o/c after 3 years. Similarly, mortality of 
large trees (40- and SO+-cm size classes) increased from 
S<,/C immediately postfire to 40% at the end of 3 years . There 
\vas little additional mortality bct\\,een J and 4 years POq

fire, and mmlality had all hut ceased in these moderate 
Sc\ erity siles by the firth year postrire. 

Stalld Structure 

The accumulated mortality or small and mid-sized trees 
after low severity l'ire r~sulted in a significant reduction in 
overall stand density from that observed in unburned stands: 
however, overall BA remained unchanged (Table 2). In 
moderatdy burned sites, mortality within all size classes 
resulted in a significant reduction in overall stand density as 
well as stand BA. The complete mortality of small diameter 
trees increased average stand diameter by 5 em in moderate 
severity sites \vhereas enough small diameter trees remained 
in low severity sit~s that average stand diameter remained 
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whereas the rdati'v~ abundance of small and mid-sized tl\~L'S 
in low se'verity sites kept the height to live crown similar tn 
that in unburned stands. 

Canopy light transmittance increased with increased fire 
severity (F = 70.1. df = 3. 43.6; P < 0.000 I). The lo\vcst 
light levels were observed in unburned sites where only 
minor levels of ovcrstory m011ality were recorded through
Ollt the study period and where an average of only 36~-c of 
PAR reached the forest lloor (Table 1). As fire-caused 
mortality occurred in burned stands over the .5 year mea
surement pl.:riod, canopy light transmittance increased and 
resulted in an average of 15. 32. and 49£1,( more PAR in 
areas of low, moderate, and high scvc.rity than in unburned 
stands. 

Forest Floor 

Litter mass varied in response to fire severity within 
individual years (F = 13.4, df = 12,41.4; P < 0.00(1). 
Compared with unburned sites, Iiller was initially reduced 
by 68l!C in low severity sites, 88o/t: in moderate severity 
sites, and 92% in high severity sites (Table 3). Two years 
poslfire, after the abscission of scorched needles, litter mass 
increased to ~ 10 Mg/ha in both low and moderate severity 
sites but remained lower than in unburned sites. At the end 
of .5 years, litter mass in low severity sites was within 25% 
of that in unburned stands, and litter mass in moderate 
severity sites was only 36Ck less than that in comparable 
unburned sites. No increase in litter occurred on high se
verity sites throughollt the study. 

Fire severily had a significant intluence on the recovery 
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similar to that of unbullled stands. Height to the base of the 
live crown increased in moderate severity sites by an aver
age ---3.5 m over (hat in comparable unbullled stands. 

of the duff layer; however. the effect of fire severity varied 
within individual years (F =-- 2.1. df ,= 9,51.6; P < 0.(368). 
Compared with an average duff mass of ~ 29 Mg/ha in 
unburned sites. duff was reduced by -·~9, 95, and 98'/r: in 
areas Df low, moderate, and high severity :2 years postrire 
(Table 3). Lillle change in Ihe dull layer OCCUlTed 5 years 
postfire at which lime duff had only slightly increased in 
low and moderate severity sjte~. Similar to litter, there was 
no increase of duff mass in high severity sites at any time 
during the study. 

The response of FWD to fire severity varied within 
individual years (F = 3.3. df = 12,52.9: P = (U)OI4). One 
year po~.;tfire, FWD in low, moderate, and high severities 
was reduced by 64. 80, and 92%. respectively compared 
with that in unburned stands (Table 4). Between 2 and 5 
years postfire. FWD steadily increased in both moderate and 
high severity sites sllch that at the end of 5 years. FWD had 

Tahle J. Litter mass and duff mass nithin each fire se\'erity class t. 2, 3. 4. and 5 ~'t.'ars after the Jasper firt.' 

Lill.:r mass (Mg/ha) Duff mass (Mg/h,l) 

Fire sc\crity class 2001 ~()O2 2003 2004 2005 2002 20m 2()O4 20()5 
Unburned 16Y(L5) I-L6"(J.3) 15,9" (I.J ) 15,7"(1.2) 16,Y (0,8) 28,2" (2,6) 22.4" \ 1.3) 2 J .9" (1.6) 25.2" (I.X) 
L()\\ 5.l h (().51 9 . ."1> (I. I) IO.5 h (1.3) 12.5h CO.7) 12.3" ro.5) 3.2h ( 1.3) 3Ah ((UI) -U"(O.6) 5.5h (O.R) 
~1(ld('r,ltl' 2.0" (lU) 1) .7" ( 1.3) II. J" (J.S) J 1.5" ((U) 10.4' (() l) IAh, I().~) 3.0!> (O.5) J.OI> (OA) 4.lh (lUI) 
High 1.3" (O.h) I .-r (O .. i) ~.lr (ll.5) o 7' (().~) 1.1 d (O.J) n.T (0.7) ()-r (0 .2) 0.3' (0.2) (J.Y (0.1) 
P F --:: O.()()() I <().()O()! ..:. (l.tlOO! <i).OOOI < O.O()OI ---O.O()OI ',, () ,OOO I <O.()OO! · :: O.O()OI 

Illdil idll,tl )car ;"I;t1~.,~, "ere p~rf()rlllcJ afll'r a ,il!llifie<ln' ,c\('I"i{) ''-; ycar IIlt.::r;]Clion IP <: (J.O)) '11 Ih.:: r.::pc:tIc'J-I1l'::I,urc, 'lIlaly,j, . . \nJly.,,,·, II-erc 
pt'rlonJ1<.'J Oil \ 1I1ll<.'r m.I,S) ;tnJ \ {dufim:],,! lI',IIl'('lI"n1.:t! Jill:.!, Valu.::s pr<.·'l·llIcJ l'L')lrI:".::nl Ih.: ulllr;IO",Jrn1l'J mcan (:: I SEI. \ 'lean, fnllow.::t! hy Ihc ,alnC 
klll"1 ,11'(' IWI signifieJllll) difklTI11 \\ilhin d givcn )C;lr (n ,-- O,ll)) ha~cd ,In Ih.:: F pmlcclcJ LSi) prllcctillrl' , 

r lJr<,,\'( s, 'ie ll /' /' .-4( J) :!Oll~ 333 



T .. hl~ "J, Slll'fal't~ woody ruel loadings for FWD and CWD within earh firt' scnrity class I, 2. 3. 4. and 5 yt'ars .. rtcr the Jasper tire 

FWD «7.62 elll) ~urface \\ oody fuel load (Mg/haJ CWD C>7.62 em) surface woody fud load (Mg/ha) 

Fir~ severity 2001 2002 2003 200-1 20()5 2001 2002 2003 2004 2005 

Unburned 5.9" '- I .3) 53' '- I .3) 6.9" (1.1) 10.1"(1.6) 10.2') (1.6) 14.0" (2.9) 14.6" () .S) 14.Wi (3.3) IS.4 (3.0) 17.2" n.2l 
Lo\,v 2.1 h (0.4) 2.Sh~ (0.8) 3.3h (0.6) 3.2" (0.8) 4.lh(().7) 2.9h (1.0) 4.9" (2.8) 3.Sh (1.3) 5.7 (1.6) 6.7 h (2.1) 
;vfodcralc 1.2ht' (D.3) 2.Th (0.7) 3.1 h (0 .6) 5.0" (1.4) I 2S' (3.3) 2.2h (1.3) 3.l h (1.5) 3.2" (1.3) 9.3 (3 .9) 19.8'''; (5.3) 
High O.S" (0.2) 0.8" (OA) 1.7" (0.6) 6S'h (1.6) 14.l'i (2 .2) 3.4h (1.4) 6.0h (3 .2) 6.9" (3.6) 14.1 (3.2) 30.tr (3 . 1) 
p/ F < 0.0001 0.0052 (WOOG 0.0057 0.0160 < 0.0001 0.0164 0.0075 0.0605 0.001 J 

[ndi" iJual year analy~e, \vere performed :.Iller ,I si~nifiulJlt ,c"crity X ye~lr Inter<ldion (p <: (J .OS) in thc repeJleJ ll1e,l~lIre~ Jllal},i, . ;\naIY'l's were 
p,-'rronneJ on th~ \ / (1-'\\.' 0) <lI1J \ rC\VDj trallsformed (tit,1. Vallle,~ repn:~enl the ulllran,fnrmed mean 1.-:: I SE). ;\1"al1~ fnllnwed hy the ~amt' ktler are 
1101 ~igl1i"ic'll1lly dlflcr(,111 \\ililil1 a gi\('11 )c:.Jr ()' ,:0 ll.()S) h:.J~eJ IlI1 the F PI()k'(.'tcd LSD pmcedurc 

l'I.:co,'cred to unburned kvcls. The reductions in FWD in 
Ilm scverity sites remained. howevcr. with FWD being 60S't: 
lowe I" than that in comparable unburned stands 5 years 
postfire . 

The alllount of CWO in burned sites was influenced by 
fire Sc\ erity whereas recovery within fire severity classes 
\ arieu v.ithin inLiividual years (F -= 5.6, df = I~, 67.3: P <. 

O.O()O I). Consumption of CWO during the firc caused a 
signi Cieant reduction in C\VD ill burned sitcs, regardless of 
fire severity. comparcd with CWO in the nearby unburned 
stands (Table 4). Compared with unburned sites, initial 
reductions in CWO in low, moderate. and high severity sitcs 
\VCI'C 83. 86. and 81 cle, respectively. Five years postfire , 
CWD in low severity sites remaincd 61 (Yc Imver than that in 
unburned sites; however, CWD ill moderate severity sites 
increased SOocle over 200 I levels ~lnd was equal to that in 
unburned sites. The largest 5-year increase in CWO oc
curred in high severity sites in which CWD loads increased 
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Figure 4. Cumulative posttire seedling density (seedlings/ha) within 
t'ach lire severity class. Individual vear anah'ses were performed arter 
a significant sev'erity x ~' ear inter~ction (P :.: O.()OOl) in the repeated-
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from :3 Mg/ha I year post fire to 30 Mg/ha 5 years postfire: 
almost twice the level observed in unburned slands. 

Postjire Tree Regeneratioll 

Postrire tree regeneration was variable throughout the 
5-year study: however, it was significantly influenced by the 
interaction between fire severity and year (F = 9.9, df = 9, 
-l0.5: P < O.OOD I). Little to 110 relationship was observeu 
between fire severity and the amount and success of postfirc 
tree regcneration among unburned, low, and moderate se
\critl' ~ites. Gcnerally, unburned sites posscsscu equal or 
..,Iightly greater amounts l)f tree regeneration than low ;.md 
moderately burneu sites (Figure -l). As time progrcssed, 
postfirc tree regeneration in high scverity sites, however, 
was cOllsistcllIly I(mer than that obsened in unburned, low, 
and moderate severity sites. 

Soil iVitrogell 

The inlluence of rire severity on available nitrogen var
ied yearly (F = 7.1. df = 9,55.1: P < 0.000 I). Fire severity 
had a significant effect Oil available nitrogen I year postfire 
with burned sites having greater nitrogen availability than 
unburned sites (Figure 5). Between I and 5 years postfire, 
then: was a progressive and steady decline of plant-;.l\ail
able nitrogen within burned sites. At the end of 5 years. 
available nitrogen had been rcduced to that or unbul1lcd 
conditions ill low and moderate severity sites: however. 

334 FornI Scie/l( (' ~41 ~) 200S 

measures analysis. Regeneration was not aged in ZotH and therel"ore 
not included. Analysis of seedling density data WllS performed on 
log.(seedling density + I)-transformed data. Values presented in the 
figure represent the untransformed mean ± I Sf:. Asterisks signif)' 
significance within a given year: *p < 0.05; **p < 0.01; ***p < (l.OO}; 
],;S. not significant. Me.ms fnUnwed 11)' the same letter within a given 
year are not significantly different at u = lUIS based un the P
protected LSD pro("edure. 

available nitrogen continued to be elevated above unburned 
levels in areas lhal experienced high fire severity. 

Discussion 

We asked specirically how dilTerenccs in fire sc\erity 
afrected the processes and rate of ecological recovery with 
respect to key components of vegetation structure. tn:e 
rcgeneratilln, and forest noor. The Jasper Fire burned as a 
single c\ ent but created a mosaic of fire severity and initial 
fire effects across a 34,O()()-ha landscape (US Forest Sen· icc 
lOOO). The majority of patches created by the Jasper Fire 
burned under low and moderate severity. The average size 
of low sevaity patches was small, ~ I () ha: however. 3~VIt 
of patches were between 100 and 1.000 ha and 3Wk Wl:rc 
> I ,000 ha (LentiJc ct al. 20(5). The average patch size of 
moderate severity was 24 ha with 38S+ of the patches 
ranging in size from 100 to 1,000 ha and 40% of the patches 
> I.()O() ha (Lcntik et al. 20(5). The ~mallest average patch 
size was observed in areas affected by high fire severity. 
Here, patch size averaged only 7.5 ha with 6()c/c of patches 
between I and 15 ha and 15<k < I hu (Lcntile el al. 200S). 
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Figure S. Index of total plant-a,·ailahle nitrogen within each firt' se
verity dass. Individual lear analyses were performed after a signifi
('ant severity x year interaction (P < 1).000 I) in the repeated-measures 
anal}'sis. Analysis of total nitrogen data was performed 011 logeltotal 
nitrogen + ] )-transformed data. Values presented in the figure rep
resent the untransformed mean ± I SE. Asterisks signify signilican('e 
within a given year: *p < O.OS; ':'*P < 1I.1l]; ***p < 11.001; l\'S, not 
signilic<lnt. I\leans followed h.r the same letter within a giwn are not 
~ignifinmtly dil'f'erent at cr = (1.115 hased un the F-proteded LSD 
procedure. 

Unlike low and moderate severity for which patch sizes 
I:xcecdcd 1,000 ha, thc largest patch of high fire severity 
\\ as 900 ha (Lcntik ct al. 20(5). The future forcsted land
scape will he a composite of the mosaic of fire severities 
and the patterns nr forest development that ensue as a 
con seq uenee of changes to overstory forest structure and to 

the forest noor. Suhstantial differences in post fire structure 

Areas burned under moderate severity experienced a 
significant and suhstantial reduction in overstory canopy 
dcnsity with complete mortality of small trees and a ~50S( 
reduction in large tree density ~Figure 2). Mortality through
out the size classes left these stands well below the thresh
old for full-site occupancy (Long and Smith I 9g4), thereby 
reducing the ability of these stands to supply timber re
sources \\ ell into the futurL' . The removal of the "mallcr 
diameter laddl:r rucls decreased \·crtical and hori/.nntal con
tinuity of the canopy fuel Slratum and. coupkd \V·ith the 
dominance of the stand hy larger. more fire-resistant trees 
(Keyser et al. 20(6), suhstantially reduced the risk of active 
crown fire in future fire cvents (Agee and Skinner 20(5). 
The open stand structure created by l110derale fire severity. 
with few large surviving trees, is similar to ecological 
restoration treatments applied in Southwestem ponderosa 
pine forests that are designed to protect large diameter trees 
from crown fire. reduce tree competition. and restore pre
Euro-American forest structure (Fule et al. 20(2). The sur
vival and retention of large. seed-hearing trees within mod
erate severity sites ensures a seed source for future regen
eration. With low overstory density and increased light 
transmittancc. ovcrstory recruitment or postfirc seedlings is 
likely. which will ultimately result in Ihe development of a 
multistoricd forest structure. Over timc. this structure. 
which is cun"cntly uncommon in the Black Hills (Shepperd 
and Banaglia 20(2). will increase structural di versity 
throughout the burned landscape. 

Substantial fuel accumulation occurred throughout the 5 
years after the Jasper Fire in both moderate and high sever
ity sites. Although fire hazard in these stands is not of 



and subscquent ecological recovery within this pOJ1(icro.sa 
pine forest resulted from differences in fire severity. 

Little change in forest structun: occurred as a result of 
low fire severity (Figure 2). The structure produced as a 
result of low fire severity was similar to that achieved via a 
mechanical low-thinning. Similar to unburned stands, 
stands affected by low fire severity continued to be a sin
gle-canopied forest with liltle opportuniry for further over
~tory recruitment. These sites maintained full-site occu
pancy (Long and Smith 1984). Consequently, these sites 
will continue to contribute to the limber base and future 
timber production ill the Black Hills. fn terms of fuels 
reduction efforts, the low severity surface fires. which oc
curred over 25% of the burned landscape (Lentile et al. 
2()05). accomplished what most fuels reductions efforts arc 
designed to do: reduce unnaturally high surface fuel load
ings and the potential for severe fire behavior (Agee and 
Skinner 2005). Although the average height to the base of 
the live CI"O\\ n was not increased in 10\\1 severity sites 
relative to unburned stands, a reduction in both FWD and 
C\V D and duff mass may reduce \lame length ... and fire 
~everit) in futurc \\ildfire or prL'scrihed fire ('\cnts. which 
decreases the pl)tcntial for tOl'L'hing :.Ind simplifies fire con
trol efrorts (AgeL~ and Skinner 20(}:,)). The lack of mortality 
in the larger canopy trecs, howe\ cr. maintains a canopy 
rucl:-. struclun: (c .,g .. high L':lnopy hulk density) that Illay 
L'l)fllinllC to he su~ceplibk to crm'vll fire under Se\elT 
\veathcr conditions (Kcyes and 0' Hara 2002 , Agee and 
Skinner 20(5). 

. -
particular importance in the short-term (Brown ct a!. 200]), 
continued snag fall and fuel accumulation (c.g., Passovoy 
and Fuie 20(6) vvithin these sites may result in an increase 
in fire intensity and severity (DcBano et a!. 1998, Brown I.!t 
al. 20D]. Skinner 20(5) in a rcburn e'vent. These fire hazards 
will only escalate as fallen snags decay and lransitinn from 
solid to rotten biomass (DcBano et 411. 1998. Passovoy and 
Fule lOOn). Five years postfire, thc opportunities for fuels 
reduction treatments within these sites were limited. The 
creation of heavy slash fuels due to snag-fall creates a 
situation in which fuels reduction via prescribed fire is a 
high-risk option for forest managers, In addition, fire effects 
and fire behavior ;Jssociated with heavy slash fuels would 
probably have negative effects on forest soils and vegetation 
because of the increased fire severity associated with high 
fuclloads (DeBano et a!. 1998). Alternatively, models (e.g .. 
the Fire and Fuels Extension to the Forest Vegetation Sim
ulator I FFE-FVS 1) suggest that salvage operations during 
the immediate months postfire have the potential to limit 
C\VD accumulation after high severity wildfire (BrO\vll et 
a1. 2003, ~'ldver and Oltmar 200n. potentially reducing fire 
sc\crity in future rehurll e\,(~llts (CS Forest Service 20(2). 

Disturbance to uvcrstory \ egetation and the forest nonr 
interact to inll uenee the dc\ elopment of stands affectcd hy 
wildfire. In combination \\0 ith increa-.ed light, reduced liller 
and dUll depth, increased ;1\ ailable nitrogen, and the pres
ence of residual seed trees. \ve expected to sec significantly 
greater rates of seedl ing germ ination and estahl ishlllent 
(e.g., Bailey and Covington 20(2) \\-ithin low and moderate 

FIJI' .1"1 S, ' I <'IIC , ' 5-11 .\ I :()ll~ JJ5 



se\e I-it)' sit~s as gOl)d seed production e\cry 2-5 years 
(HoI Lit and Van Deu:-.en I 97-:l) and a favorable growing 
scas(..)n climate promote abundant regeneration in the Black 
Ilills. Instead, regeneration \\ as sporadic, \vhich was prob
ahly duc to prolonged drought conditions arter the fire 
(FigL-UC -\.). Brown and Wu (200)) found that prolific regen
eration and recruitmenl of ponderosa pine before Euro
i\mc I"iean settlement in southwestern Colorado occurred 
only when disturhances open~d portions or the canopy 
cone urrcnt with or followed by periods of ample moislur~. 
In tIle Black Hills, germination and cstnblishmelll or pon
derosa pine seedlings ha:-. not been shO\vn to be negatively 
affcGteo by competing understory vegetation owing to plen
tiful precipitation during the growing scason (Wagar and 
\kycrs 1958). Thereforc, even Vv ith the rapid reestahlish
mcnl of competing understory vegetation (Keyser 20(7), 
gi\ en adequate moisture in the future, signific:lnt regener
ation in low and moderate severity sites similar in amount to 
or ex. cceding that in unhurned ~tands call be expected (Bat
taglia ~O()7). 

A differcnt scenario exists in areas that cxperienced high 
rire severity. Reg.eneration and overstory dc\dopment after 
stand -replacing wi Idfirc has been shown to vary consider
ably in ponderosa pine forests. Closed-canopied foresL. 
:-.hrub land, and grass/forb-domi naled meadows are coyer 
types produced after stand-replacing wildfire in the South
west (Savage and \-1ast 20(5). The return of these stands to 
a lalc-successional forest will depend on patch size and 
proxi mity to seed source. Dispersal of ponderosa pinc seed 
is lilnitcd to I to 1.5 times trce height (Shepperd and 
Baltaglia 20(2). Therefore, as patches of hi.!!;h fire severity 

alter overstory structure but did significantly modify the 
structure and compo:-.ition or the forest 11001". In l'onlrasL. thl: 
4Wl of stands that burned under moderate fire se\crity 
(Lcntile et a!. 2(0)) an: now open, low-density stands 
consisting or only large diameter ponderosa pine that, ovcr 
timc. Vv ill probahly develop into an multistoricd forest :-.truc
ture. Althollgh the ovcrstory structure of these stands is 
substantially Jifferent from that of the sumwnding forest, 
the woody fuel hed is similar to that of the unburned forest. 
Unless artificially stocked, porliom. or the 27S'c of the area 
that ~xperi~nced high fire severity (Lellliic et al. 2()05) that 
are outside the range of a potential seed source \vill proba
hly remain open hcrbaccous/:-.hrublands (Savage and Mast 
2(05) and possess \\loody fuel loads above that of the 
surrounding forest for decad~s. The amount of CWO on the 
Iandsc:lpc is a product of decomposition and accumulation 
rates (Sturtevant et al. 1997). Therefore, if (hese high sc
writy forest stands do not regenerate. the long-term main
tenance of the surface woody fuel layer will be limited hy 
future inputs (Spies cl a!. 19XR). 

The variation in overstory and forest 110m structure as
sociated ~ilh mixcd-scverity fire creates :l challenge for 
land managers detailed to create and implement postfirc 
management pn:scriptions. Our results suggest that postfirc 
rehabilitation efforts need to vary in these mixed-seycrity
type rire events. Depending on long-term ohjectives, appro
priate responses include small-scale, stand-level mitigation 
measures ranging from no action in areas of low severity 
fire to more intensive actions sllch as artificial planting in 
high severity areas. Longer-term monitoring. followed by 
communication of resulLs, increases a manal!cr's abilitv to 



increase in size, the proximity to an ofT-site seed source 
decreases. limiting regener:Hion of heavy-seeded ponderosa 
pine to forest edges (Savage and l\tas\ 2()OS, Bonnet et a!. 
2(05). The need to artificially stod these stands will have 
to be dealt with on a stand-by-stand basis and will ulti
mate I y Jepcnd on management goals and objectives. If 
postfi re objectives include a rapid return of large. high 
severity patches to the timber base, artificial planting will be 
required. especially in the 32% of high sevcrity patches 
between Ion and 1,000 ha (Lentile et a!. 20(5). However, if 
rdurn ing stands to timber production is not the primary 
management goal. hut maintaining Ile\vly created \\.ildlifc 
habitat ~1Il(.i increasing biodiversity :lrc considered important 
in postfire management plans. no direct ~Icli()n \\.ould be 
neccssary. Before the Jasper Fire. only 20( l)f the Black 
Hills landscape v,as clas..,ified as nonstnd:cd (DeBlaner 
20(2), substantially less than the acreage noted by Gra\e.., 
( 1890) hefore Euro-Amcrican settlement. Limiting postfire 
rehahiliratinl1 (e.g .. artificial planting) e/lorts in these stands 
\\ l)uld increase structural heterogeneity and pOll?ntially 
m:.lintain vegetation :.Inc! cover types that arc rare within this 
he~1\ ily managed, forested landscape. 

Before the Jasper Fire. the bndsc:.lIX! was a homogeneous 
secoIlJ-gro\\lh, closed-canopied ponderosa pine forest. Five 
years postrire, it was a heterogeneous landscape \\ jth a 
c(lmplex mosaic of dirferent :-.tand structures and ,:over 
types that devdopcd as a result of Jifferent fire severities. 
Approximatel, 25(} or the landscape experienced Im\ fire 
severity (Lclltile Cl a!. 20(5), \\ hich did not significantly 

make scientifically based decisions regarding post fire man
agement actions and provides managers with insight into 
post fire forest structure and function as it relates to future 

timber production. wildlife habitat, and long-term planning 
objectives. 
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