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R
ecent increases in wildfire activity in

the United States have intensified

controversies surrounding the man-

agement of public forests after large fires

(1). The view that postfire (salvage) logging

diminishes fire risk via fuel reduction and

that forests will not adequately regenerate

without intervention, including logging and

planting, is widely held and commonly cited

(2). An alternate view maintains that post-

fire logging is detrimental to long-term forest

development, wildlife habitat, and other eco-

system functions (1). Scientific data directly

informing this debate are lacking.

Here we present data from a study of early

conifer regeneration and fuel loads after

the 2002 Biscuit Fire, Oregon, USA, with

and without postfire logging. Because of

the fire_s size (È200,000 ha), historic refor-

estation difficulties in the region (3), and

an ambitious postfire logging proposal, the

Biscuit Fire has become a national icon of

postfire management

issues. We used a spa-

tially nested design of

logged and unlogged

plots replicated across

the fire area and sam-

pled before (2004)

and after (2005) log-

ging (4).

Natural conifer

regeneration on sites

that experienced high-

severity fire was var-

iable but generally

abundant, with a me-

dian stocking density

of 767 seedlings per

hectare, primarily of

Douglas fir (Pseudo-

tsuga menziesii) (Fig.

1A). Such density ex-

ceeds the regional stan-

dards for fully stocked

sites, suggesting that

active reforestation

efforts may be unnec-

essary. Postfire logging subsequently reduced

regeneration by 71% to 224 seedlings per

hectare (Fig. 1A) due to soil disturbance and

physical burial by woody material during log-

ging operations. Thus, if postfire logging is

conducted in part to facilitate reforestation, re-

planting could result in no net gain in early con-

ifer establishment.

Postfire logging significantly increased

both fine and coarse downed woody fuel

loads (Fig. 1B). This wood was composed of

unmerchantable material (e.g., branches), and

far exceeded expectations for fuel loads gen-

erated by postfire logging (4, 5). In terms of

short-term fire risk, a reburn in logged stands

would likely exhibit elevated rates of fire

spread, fireline intensity, and soil heating

impacts (6).

Postfire logging alone was notably incon-

gruent with fuel reduction goals. Fuel re-

duction treatments (prescribed burning or

mechanical removal) are frequently intended

after postfire logging, including in the Biscuit

plan, but resources to complete them are

often limited (7). Our study underscores that,

after logging, the mitigation of short-term

fire risk is not possible without subsequent

fuel reduction treatments. However, imple-

menting these treatments is also problematic.

Mechanical removal is generally precluded

by its expense, leaving prescribed burning as

the most feasible method. This will result in

additional seedling mortality and potentially

severe soil impacts caused by long-duration

combustion of logging-generated fuel loads.

Therefore, the lowest fire risk strategy may

be to leave dead trees standing as long as pos-

sible (where they are less available to surface

flames), allowing for aerial decay and slow,

episodic input to surface fuel loads over

decades.

Our data show that postfire logging, by

removing naturally seeded conifers and in-

creasing surface fuel loads, can be counter-

productive to goals of forest regeneration and

fuel reduction. In addition, forest regeneration

is not necessarily in crisis across all burned

forest landscapes.
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Fig. 1. (A) Natural conifer regeneration and (B) surface woody fuel
loads before and after postfire logging of the Biscuit Fire, Oregon,
USA. (A) shows that regeneration was abundant after the fire. Postfire
logging significantly reduced seedling densities (P G 0.01, Wilcoxon
signed rank test) from 767 seedlings per hectare to 224 seedlings per
hectare. (B) shows that postfire logging significantly increased downed
fine (P G 0.01) and coarse (P G 0.05) woody fuel loads (Mg haj1)
relative to burn-only fuel loads by Wilcoxon signed rank test. To
provide context, fuel data from unburned stands are shown as
reference for prefire conditions (fuel loads in burn-logged stands were
at or well above prefire levels). Graphs of seedling densities and fine
(e7.62 cm) and coarse (97.62 cm) surface woody fuels are medians T
SE; sample size n 0 8 stands for no burn, n 0 9 for burn-only and burn-
logged (4).
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Abstract 
 
We present data from a study of early conifer regeneration and fuel loads following the 
2002 Biscuit Fire, Oregon, USA, with and without postfire logging.  Natural conifer 
regeneration was abundant after high-severity fire.  Postfire logging reduced median 
regeneration density by 71%, significantly increased downed woody fuel loads, and thus 
short-term fire risk.  Postfire logging can be counterproductive to the goals of forest 
regeneration and fuel reduction. 
 
Materials and Methods 
 
We used a before-after/control-intervention (BACI) design to capitalize on pre- (2004) 
and post-(2005) treatment data and to account for interannual variation in responses.  
While the Biscuit Fire area includes a broad range of biophysical conditions, this study 
focused on stand types relevant to postfire logging: mature mixed-conifer stands that 
experienced high severity fire (>95% overstory tree mortality).  Sampled burn stands 
were spatially nested within “sites,” defined by proximity (500-1000 m) and similar 
topographic/soil characteristics, and measured before logging.  The five sites were 
separated by >3 km.  Stands were sampled using one-hectare plots that included four 
systematically-placed 75-m transects for downed wood using the planar intercept method 
(S1); conifer seedlings were concurrently sampled in four 75-m x 1-m belt transects.  In 
each site, logging occurred in some but not all stands; selection was determined largely 
by land-use designations and socio-political influences rather than ecological boundaries.  
All stands were re-measured after logging.  Unburned mature forest stands with similar 
stand characteristics and adjacent to the fire area were sampled as a reference only for 
pre-fire conditions.  Nonparametric statistical tools (Wilcoxon signed rank tests, rank 
sum tests) were used for comparisons.  Analyses for effect of logging were carried out 
using paired tests of pre- and post-treatment data for logged stands only.  Time and space 
effects were assessed by comparing data from unlogged stands through time and against 
data from logged stands.  Logged and unlogged stands were not significantly different 
prior to treatment (p>0.10 by rank sum test), and unlogged stands did not change 
significantly between years (p>0.10 by Wilcoxon signed rank test).  Standard errors (SE) 
for graphical presentation were computed by back-transforming log scale mean SE. 
 
Supporting Text 
 
It has been thought that any pulse of unmerchantable woody materials on the ground 
resulting from postfire logging would be negligible due to consumption of fine materials 
in the initial fire (S2).  However, our measurements show that <10% of woody biomass 
was consumed in the Biscuit Fire.  In addition, a key difference between postfire logging 
and green tree harvest is that merchantable wood volume is generally lower in fire-killed 



trees due to burning, desiccation, decay, and lack of "crown sail" to lessen impact during 
falling.  This difference results in comparatively high levels of unmerchantable large 
woody material left on the ground.  Administrative delays in postfire planning can 
exacerbate decay levels, but in the case of the Biscuit Fire, logging commenced 2 years 
after fire at which time decay has been found to affect only ~10-15% of merchantable 
wood volume in this region (S3).  Thus the difference in merchantability is not solely due 
to time since fire and is partly intrinsic to any dead-tree harvest. 
 
While our data show postfire logging increased short-term fire risk, it has been suggested 
that overall removal of woody material by logging reduces longer-term fire risk (S2).  
This hypothesis merits study.  An important consideration is that contribution of woody 
fuel loads to potential fire behavior can be especially important during early stages of 
forest development, when low-profile vegetation structure renders stands more prone to 
mortality from fire (S4).  If postfire logging would achieve longer-term fuels reduction, it 
would do so in intermediate-aged stands in which susceptibility is lower, while 
compounding higher risk in young stands. 
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Comment on ‘‘Post-Wildfire
Logging Hinders Regeneration
and Increases Fire Risk’’
M. Newton,1 S. Fitzgerald,2 R. R. Rose,1 P. W. Adams,3 S. D. Tesch,3

J. Sessions,3* T. Atzet,4 R. F. Powers,5 C. Skinner5

Donato et al. (Brevia, 20 January 2006, p. 352) concluded that logging after wildfire kills natural
regeneration and increases fire risk. We argue that their paper lacks adequate context and
supporting information to be clearly interpreted by scientists, resource managers, policy-makers,
and the public.

D
onato et al. (1) recently concluded that

logging 2 to 3 years after wildfire kills

natural regeneration and increases fire

risk. The research may make a valuable con-

tribution, but the study lacks adequate context

and supporting information to be clearly inter-

preted. Here, we discuss the paper_s methods

and conclusions in the context of relevant man-

agement objectives and the forestry knowledge

base concerning natural regeneration processes,

mortality from logging, and fuel accumula-

tions in southwestern Oregon and northwestern

California.

Donato et al. (1) made inferences about

natural regeneration processes, mortality from

logging, and fuel accumulations without present-

ing key information regarding (i) agency post-

fire management directives for reforestation or

downed wood levels (2), (ii) implications of

delays in postfire plan implementation, or (iii)

important environmental and disturbance de-

scriptors such as plant associations, fire intensity,

seed tree proximity, and weather patterns. Re-

sults from their study cannot be readily extrapo-

lated because it was a short-term observational

study of site-specific forest operations governed

by agency management objectives. Other man-

agement plans, operations, or conditions could

yield different results (3). In the case of the

2002 Biscuit Fire, logging was postponed for

2 years, allowing more seeds to germinate and

increasing seedling exposure to injury during

logging (4).

Donato et al. cite a lack of scientific data

regarding the management of public forests

after large fires. However, it should be noted

that conifer reforestation (planted and natural)

and vegetation ecology have been widely studied

in the region. Studies show variable responses

with plant association, competing vegetation,

local climate, soils, and other factors (5, 6).

Hobbs et al. (5) provide a synthesis of 13 years of

research in southern Oregon and northern Cali-

fornia. Fewer studies have examined reforestation

after wildfire, especially over longer periods

(4, 7–9), but damage to natural regeneration

after delayed salvage logging was reported

more than 50 years ago (4, 8).

Donato et al. (1) reported that natural conifer

regeneration on sites affected by the Biscuit Fire

was common, without also describing proximity

to recent seed crops, weather, and competing

vegetation, and further suggested that planting

may be unnecessary to achieve some reforest-

ation goals. Caution is urged when projecting

forest development from such early conifer sur-

vival results. Competing vegetation can develop

rapidly after disturbance in this region and can

dramatically affect small conifer seedling sur-

vival and growth (5–7). Agency reforestation

objectives were to establish a minimum number

of suitable conifer trees in Bfree to grow[ con-

dition (2). Given the documented competitive-

ness of shrubs and hardwoods, as well as the

historical variability in natural regeneration suc-

cess, federal managers specified tree planting

after salvage to better ensure the desired density

and distribution of conifers (2). Artificial re-

forestation practices are science-based and well

tested in southwestern Oregon and northwestern

California (3, 5, 7). Performance of planted seed-

lings also commonly exceeds that of natural

seedlings, which will assist in achieving some

objectives (5, 7, 10).

It is also inappropriate to compare the 1- to 2-

year-old seedling density measured in (1) with

Bfree to grow[ stocking standards prescribed

under state regulations (11) and federal fire-

recovery goals (2). Such standards are always

defined at an older age or larger size after early

seedling mortality stabilizes. Related protocols

for conducting stocking surveys are designed to

estimate both seedling density and distribution

(12). The belt transects used by Donato et al.

(1) also differ from systematic plot grids widely

used in forestry stocking surveys to determine

the Bnumber of well-distributed trees per unit

area.[ Therefore, their reported results cannot

be directly compared with regional stocking stan-

dards (2, 11, 12), because there is no indication of

spatial distribution.

We also note that the term Blogging[ used in

(1) is not adequately descriptive (13). Logging

prescriptions provide a flexible silvicultural tool

with capabilities and impacts that vary by equip-

ment, management objectives, and site-specific

conditions (4, 5). Seedling protection was not

prescribed in the postfire harvests studied in (1)

because prompt salvage and subsequent planting

were planned (2). Logging plans can be designed

to limit damage to seedlings when desirable

(4, 5). Notably, the seedling damage reported

by Donato et al. cannot be extrapolated without

improved descriptions of the logging or follow-

up slash treatments (5, 7, 13).

Turning to the data presented on fuel loads

after the Biscuit Fire, Donato et al. reported in-

creased Bfire risk[ as a consequence of in-

creased downed woody fuels. However, what

they actually assessed was fuel quantity in two

fuel size classes. Moreover, they did not describe

fuel continuity, a major factor contributing to

fire behavior, nor did they present approximate

differences in projected fire behavior, which can

be determined using standard fire models

(14, 15). Conclusions suggesting that future fire

hazard is less from deteriorating standing trees

than from observed postlogging slash are un-

supported speculation as presented. Manage-

ment directives specifically included leaving

logging slash for soil protection and wildlife

habitat in areas deficient in downed wood as a

function of plant association, topographic aspect,

and fire intensity (2). On some sites, the ob-

served increases in slash after logging may

have been an intended result of the prescrip-

tions, but Donato et al. provide insufficient in-

formation to discern this.

We believe the Donato et al. paper (1) could

have better informed the discussion of this com-

plex topic for all audiences with a more accurate

title, use of standard forestry protocols, more

complete disclosures of methods and manage-

ment objectives, and less speculation beyond the

presented data. If the authors were constrained

by print space limitations, we urge them to use

alternative mechanisms to disclose details critical

to understanding and interpreting their results.
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Comment on ‘‘Post-Wildfire
Logging Hinders Regeneration
and Increases Fire Risk’’
B. N. Baird

Based on limited sampling 2 years after the 2002 Biscuit Fire in Oregon, Donato et al. (Brevia,
20 January 2006, p. 352) concluded that postfire logging reduced seedling regeneration by 71%.
Analysis of the study methodology and raw data suggest that this estimate is statistically flawed
and misleading and says nothing about the impacts of more prompt postfire harvest.

D
onato et al. (1) reported results from

small sections of forest studied 2 years

after the 200,000-ha 2002 Biscuit Fire in

central Oregon. They cited data collected over a

1-year interval comparing conifer seedling sur-

vival and woody debris remaining before and

after logging and in control sites that were left

unharvested. Based on this limited spatial and

temporal snapshot, the authors offered a quanti-

tative estimate of the effects of salvage logging

that is potentially misleading and statistically

unsound. Their conclusions also fail to consider

the potential beneficial or adverse effects of

harvest conducted much more promptly after

fire, a practice that is commonplace on lands

throughout the Pacific Northwest.

Donato et al. reported that postfire logging

reduced seedling regeneration by 71%, but the

methods they used to arrive at this figure are

questionable. Close inspection of the raw data

Esee table 1 in (2)^ reveals that Donato et al.

arrived at their 71% figure by comparing pre-

harvest values from one plot with postharvest

values obtained in a completely different plot.

Absent other information about plot selection or

characteristics, it is inappropriate to compare

pre- and postharvest values from different plots

and attribute causation entirely to logging or to

suggest that this one comparison is indicative of

logging effects in general. The validity of the

71% figure is further vitiated by the broad range

of percent changes in seedling survival across

both logged and unlogged plots Etable 1 in (2)^.
In five of the seven unlogged sites, substantial

seedling loss, as great as 56%, occurred, perhaps

due to factors such as heat mortality or grazing.

Thus, even when pre- and posttreatment measures

are assessed for the same plots, it is misleading

to attribute the entirety of seedling reductions

observed over a 1-year period to harvest alone,

because some mortality would likely have

occurred in the absence of harvest.

There are also questions about the appropri-

ateness of the statistical tests employed in this

study. Donato et al. tested the significance of

their results using the Wilcoxon signed rank

test. In doing so, they failed to use a multi-

variate, repeated measures statistical procedure

when they have clearly followed a multivariate

research design. By using two or more uni-

variate tests, the Donato et al. analysis erro-

neously inflates the error rate. When a more

appropriate Between-Within Repeated Measures

Analysis of Variance is performed comparing

condition (i.e., unlogged versus logged) by time,

the results fail to achieve significance

Although there are a number of ways the

data presented in (1) could be analyzed, Donato

et al. drew their conclusions based on very

small data sets assembled over a short period of

time and using methodologies that cannot

sustain the sorts of causal statements made by

the authors. Assessments about the ecological

importance of postfire logging based on such

limited sampling and narrow study design

should therefore be considered with due cau-

tion. Furthermore, results of this study should

not be used to make broad inferences about the

impacts of other postfire harvest practices on

forest health and recovery.
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Response to Comments on
‘‘Post-Wildfire Logging Hinders
Regeneration and Increases Fire Risk’’
D. C. Donato,1* J. B. Fontaine,2 J. L. Campbell,1 W. D. Robinson,2 J. B. Kauffman,3 B. E. Law1

We reported that postfire logging 2 to 3 years after the 2002 Biscuit Fire was associated with
significant mortality in natural conifer regeneration and elevated potential fire behavior in the
short term as a result of increased surface fuel loads. We underscore the strength of our study
design and statistical conclusions, provide additional details of the research setting and scope, and
address comments pertinent to forest development and fire ecology.

A
lthough Newton et al. (1) and Baird (2)

provide no compelling evidence to re-

fute our findings, we are pleased with

the opportunity for dialogue and to expand on

our article (3). We respond by underscoring the

strength of our study design, providing addi-

tional details of the research setting and scope,

and addressing comments pertinent to forest

development and fire ecology.

Study background. We reported that postfire

logging (salvage) 2 to 3 years after the 2002 Bis-

cuit Fire was associated with significant mortal-

ity in natural conifer regeneration and elevated

potential fire behavior in the short term due to

increased surface fuel loads (3). Our study de-

sign has robust inferential power (4), and the

data strongly support these straightforward con-

clusions, as verified by independent statistical

evaluations (5, 6).

Our scope of inference (3) is the salvage of

the Biscuit Fire [see (4) for study details]. Areas

sampled were typical of portions of the Biscuit

Fire designated for salvage (4). Responses to

postfire logging may vary between and within

fires, forest types, and technique/timing of

logging. Similar patterns of seedling damage/

reduction resulting from postfire logging oper-

ations have been documented across a range of

conditions (7–11), which may be because post-

fire logging is often conducted under the pre-

sumption of negligible natural regeneration

and is therefore not designed to protect it. The

logging techniques on which we reported (hand-

felling with helicopter yarding 92 years postfire)

occur on public lands throughout the western

United States.

The hypothesis that prompt postfire logging

could have different effects merits study. Cur-

rently, there are no data comparing effects of

early versus delayed logging operations (12) and,

to date, the few relevant studies of prompt

postfire logging have also reported reductions in

seedling densities (7, 8). More field data are

needed to elucidate the range of potential effects

under different conditions and prescriptions.

Short-term data from well-designed studies,

such as (3), are important in providing bench-

marks for long-term studies and isolating the

mechanisms through which management affects

forest processes. To date, the few longer term

studies of postfire logging (13) have been con-

founded by multiple postfire treatments (e.g.,

logging, fuel treatment, replanting). A review of

postfire management studies (12) states, ‘‘when

treatments involve logging as well as other site

preparation measures, it is impossible to distin-

guish the specific causative factor behind any

observed vegetation change.’’ We maintain that

research on postdisturbance management effects

will be most valuable when each treatment is

studied as a distinct variable [e.g., (3, 14)].

Early regeneration. Although various refor-

estation practices after live tree harvest in south-

west Oregon have been well studied (1, 15),

natural post-wildfire regeneration remains far less

studied in the region. Postfire conditions differ

substantially from conditions following live tree

harvest in several important ways [e.g., (16, 17)],

including seedbed qualities, legacy structure, and

stress seed crops. Thus, we caution against extra-

polating knowledge from postharvest studies to

natural post-wildfire regeneration.

Early regeneration data provide insight into

important processes, including seed production,

dispersal, germination, and early survival. The

relation between short-term effects of postfire

logging on these processes (3) and long-term

recruitment patterns (1, 18, 19) is key to un-

derstanding the legacy of logging effects on stand

development. Conifer regeneration following

wildfires can be limited during two phases: (i)

initial establishment due to seed source defi-

ciency in large burned areas, and (ii) subsequent

competition, survival, and release. We reported

on the former, not the latter. This is important in

light of uncertainties regarding the degree to

which this first phase would occur in high-severity

portions of the Biscuit Fire (20, 21). We did not

draw further conclusions about long-term effects

of postfire logging (3). Relevant long-term data

from replicated experiments do not exist (12).

Postfire succession in mixed-evergreen for-

ests of the Klamath-Siskiyou region (which

covers much of southwest Oregon and north-

west California), is characterized by a period

during which broadleaf vegetation forms a

substantial overstory component (19). Several

authors have suggested that, in the presence of

shrub competition, early conifer establishment

is especially important in attaining eventual con-

ifer dominance (15, 20, 22). Alternatively, cur-

rent studies indicate a variable, protracted conifer

regeneration period in this region, with peak

establishment generally within 5 years of fire and

persistence in the presence of broadleaf spe-

cies (18). Under either scenario, establishment

of seedlings 2 to 3 years after fire represents an

important period of succession in the Klamath-

Siskiyou region. Subsequent competition from

broadleaf vegetation has been shown to occur

with or without postfire logging (13) and is there-

fore a related but separate issue from the results

of our study (3).

With respect to regional stocking standards

(23), we followed federal definition M, which

states that a suitable tree (capable of meeting

forest management objectives) ‘‘may qualify as

a component of the stand by having survived at

least one growing season in the field.’’ The vast

majority of seedlings we reported had been

present for at least two growing seasons by 2005

(24). Regional stocking standards include pre-

scriptions for density and distribution (1, 23).

We reported data pertinent to density standards,

quantified at the hectare scale using an effective

method (4) and assessed for variability at the

treatment scale (across logging units) rather

than within each logging unit. Traditional

stocking surveys (1) were not our intent. We

indicated that the median density we quantified

exceeded that found in adequately stocked sites

per the Biscuit management plan [since sites

must be stocked at a minimum density (23)].

This was a benchmark for comparison and not a

conclusion regarding stocking per se, which is

quantified differently. Because much of the

Biscuit salvage was planned in land use

allocations for which very low densities and

variable spacing were prescribed (25), we

suggest that stand level density is an important

parameter relative to other stocking standards.

Fuel dynamics. Although fuel composition,

arrangement, and continuity are all important

variables contributing to potential fire behavior,

a predominant factor affecting behavior of the

flame front is the mass of fine downed wood

(26, 27). We reported an increase by a factor

of about 5 in fine downed wood as a result

of postfire logging (3), which suggests that
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salvaged environments are predisposed to fires

of greater intensity than unsalvaged sites in the

near term. Fire behavior modeling of different

salvage/fuel-treatment scenarios, parameterized

with field data, will best characterize potential

fire behavior in postfire settings. However, stan-

dard fire behavior models [e.g., (26)] do not in-

clude fuel continuity as an independent variable

and therefore assume similar connections be-

tween fuel loads and fire behavior.

One of the primary purposes of the Biscuit

management plan was to reduce the ‘‘risk’’ of

high intensity and/or stand replacement fire

(21); thus, we presented our results relative to

this objective (28). Prescriptions also called for

broad ranges of downed wood levels for soil

function and habitat (21). Our observation was

that downed wood levels following logging

were variable relative to prescriptions, often as

much a function of inherent, localized felling

and handling practices as they were reflective

of any specific prescription. Regardless, our re-

search quantified higher postsalvage fuel loads,

which are associated with higher potential fire

behavior, thus adding empirical field data to

what has only been modeled thus far (29).

Given the observed pulse of surface fuels

after logging and its potential effects on surface

fire behavior, our suggestion that leaving woody

material (dead trees) standing could result in

lower fire hazard is a reasonable hypothesis.

Surface fuel loads derived from fire-killed trees

are determined by the dynamic balance between

inputs (from the canopy) and outputs (decom-

position). As such, no scenario produces a larger

pool of fine (up to 7.62 cm) and 1000-hour

[7.62 to 20.32 cm (19)] fuels than a single one-

time input from clearfelling shortly after a fire.

Long-term interactions between these inputs and

live fuel succession are poorly understood, es-

pecially for the largest fuel size classes. As we

stated in (3), hypotheses regarding long-term

fire potentials merit study [see (30)].

Statistical analysis. All appropriate, conserv-

ative methods for analyzing our data yield ro-

bust, biologically and statistically significant

effects (3, 5, 6). These methods employ either

nonparametric analyses that do not require nor-

mality or equal variance, or a common trans-

formation (log
e
) to more closely meet assumptions

of parametric tests [Fig. 1 and (31)]. Parametric

tests on untransformed data, as in (2), are prone

to spurious results due to substantial departure

from normality and unequal variance (Fig. 1).

Baird’s (2) description of our analysis is

misleading. Repeated measures are irrelevant

because we did not assume independence of

2004 and 2005 measurements within each plot

(Table 1). We intended to quantify annual change

within plots. In addition, our descriptive esti-

mate of the sample-wide change in logged plots

between years was a 71% decline in the sample

median, which does not arise from analysis of

any particular plot. Rather, the median is a con-

servative measure of central tendency for the

entire sample before and after logging, provid-

ing descriptive information at the broader,

treatment-wide level.

Because the sample of unlogged plots showed

no consistent or statistically significant pattern

in changes in seedling density over time (Fig. 2

and Table 1) (3, 6), and new in-seeding as well

as mortality was occurring [see (18)], the statis-

tically significant change in logged plots was

attributed to logging. Analyses that include the

Fig. 1. (A) Box-and-whisker plots of Biscuit Fire seedling data (seedlings per hectare) from (3) and
(B) residuals from parametric test [analysis of variance (ANOVA)] on interannual changes in
untransformed seedling data, as in (2). (A) shows tendency toward positive skewness (typical for
ecological count data) for all groups and unequal variance, as well as marked difference between
the 2005-logged sample compared with other samples. Dot within box is the median; box edges
are the 25th and 75th percentiles; whiskers represent the data range; points beyond 1.5 times the
interquartile range from the quartiles are drawn as horizontal lines across the whisker. Shapiro-Wilk
normality test (32) indicates lack of normality: W 0 0.7173, P 0 0.0023 for 2005-logged plots. (B)
shows that parametric ANOVA tests on untransformed data, as in (2), are prone to spurious results
for the seedling data due to substantial departure from normality (Shapiro-Wilk normality test: W 0
0.7226, P 0 0.0026 for annual change in density between years in logged plots). Analyses after
data transformations or nonparametric analyses are highly preferred (31).

Table 1. Seedling densities for each of the 16
burn plots before and after logging treatment.
The following are test statistics and one-tailed P
values from multiple analytical methods of testing
the hypothesis that the reduction in seedling
density in logged plots exceeded interannual
variation in unlogged plots. Rank sum test on
percentage change in each plot: W 0 53, P 0
0.006; rank sum test on untransformed (raw)
changes: W 0 60, P 0 0.045; two-sample t test on
percentage change in each plot: t14 0 3.15, P 0
0.004; two-sample t test on changes in loge-
transformed densities: t14 0 2.70, P 0 0.009; two-
sample t test on untransformed (raw) changes:
t14 0 1.52, P 0 0.075 [to our understanding this
is equivalent to the analysis of Baird (2); see also
Fig. 1B]. One-tailed tests are logically appropriate
because, given the time frame of study as well as
the timing of logging relative to the interannual
and seasonal timing of regeneration, the imme-
diate effect of logging on seedling densities (if
different from zero) would be a reduction (7–10).

Seedlings per hectare
Plot 2004 Treatment 2005

1 298 logged 164
2 471 logged 221
3 767 logged 454
4 576 logged 141
5 407 logged 217
6 1534 logged 224
7 2423 logged 349
8 1697 logged 1388
9 1137 logged 646

10 288 unlogged 220
11 622 unlogged 747
12 300 unlogged 260
13 888 unlogged 584
14 1448 unlogged 1566
15 1425 unlogged 626
16 2349 unlogged 1924

Fig. 2. Changes in seedling densities between
2004 and 2005 for logged and unlogged plots,
with logging occurring between measurement
periods. Equivocal variation between years can be
seen in the unlogged plots (no consistent trend),
whereas logged plots all show marked declines.

TECHNICAL COMMENT

4 AUGUST 2006 VOL 313 SCIENCE www.sciencemag.org615c



variation observed in the unlogged sample also

yield findings of significant logging effects that

differ only in the point estimate of effect

magnitude (Table 1) (5, 6).

Independent statistical evaluations of our

data support the conclusions of significant ef-

fects of postfire logging on seedling regeneration

and fuels (5, 6). As stated in one such review,

‘‘Although there can be differences of opinion

on methods of analysis, all reasonable methods

will lead to congruent conclusions’’ (5).

The study design, results, and conclusions

presented in (3) are strong, relevant, and straight-

forward. Newton et al. (1) and Baird (2) present

different perspectives, but provide no data or

evidence from other studies to contradict our

findings and conclusions. A short-format paper

such as ours is not intended to review or explore

every angle but to present key data that will

stimulate discussion and further research. We

hope our research findings and comments pro-

vide direction for future studies and management.
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Supporting Online Material 
 
Study Design.  We (S1) employed a replicated BACI (Before-After/Control-Intervention) design 
to assess the immediate impacts of salvage logging on the density of naturally seeded conifers 
and woody surface fuels.  Conifer seedlings and fuels were sampled on 16 one-hectare plots 
using long, rectangular subplots oriented in systematic directions (determined a priori) from a 
random start, first in 2004 and once again in 2005.  During this period, nine of the plots were 
logged (intervention) while seven were not logged (control).  Logged and unlogged burn plots 
were spatially intermingled across the fire to avoid confounding landscape heterogeneity with 
treatment effect, and were statistically verified for pre-treatment similarity (post facto).  
Comparison of unlogged plots between years allowed us to control for time effects and attribute 
changes in logged plots to the effect of logging.  Unburned reference plots (n=8) were presented 
for comparison but did not enter into statistical analyses.   
 
A replicated BACI design offers one of the most statistically robust, inferentially powerful 
approaches to studying postfire management (see S2).  We hope this design is applied more 
broadly, allowing strong inference to the effects of postfire management. 
 
Study Location.  Our study was conducted in areas of the Biscuit Fire selected by the Forest 
Service for potential salvage logging.  Study sites were located in severely burned (overstory 
mortality >95%) mature to old-growth (>22.5cm DBH) Douglas-fir (Pseudotsuga menziesii) 
type conifer forests (S3).  We estimate 80-90% of all salvage logging on the Biscuit Fire 
occurred within this condition.  Study sites, and most Biscuit salvage areas, can be further 
characterized by: 1) dry Douglas-fir, dry white fir (Abies concolor), and dry to moist tanoak 
(Lithocarpus densiflorus) super Plant Association Groups (S4); 2) midslope topographic 
positions between 500 and 1200 m elevations; 3) generally >20o slope; 4) a full range of aspects; 
5) non-ultramafic soils originating from coarse-grained igneous and 
metamorphic/metasedimentary parent materials (S4); 6) ≤500 m from contiguous live tree seed 
sources.  Logging techniques consisted of hand-felling with helicopter yarding, occurring 2-3 
years postfire and comprising a range of harvest intensities from very few to nearly all trees 
felled at the scale of several hectares.  Common broadleaf associates included tanoak, Pacific 
madrone (Arbutus menziesii), canyon live oak (Quercus chrysolepis), chinquapin (Chrysolepis 
chrysophylla), greenleaf manzanita (Arctostaphylos patula), Oregon myrtlewood (Umbellularia 
californica) and snowbrush (Ceanothus velutinus).     
 
Regeneration Sampling Methods.  Our research questions addressed hectare-scale conifer 
seedling density.  Because naturally occurring plants typically are not randomly or uniformly 
distributed in space (S2), we subsampled hectare plots for seedlings using long rectangular 
subplots (Four 75 m x 1 m subplots) where length exceeded the scale of any sub-hectare 
aggregation.  This technique yields more precise estimates of density than round or square 
subplots of the same size (S2), and subsamples a large area to maximize accuracy.  This method 
for sampling regeneration has ample precedent in ecological studies (e.g. S5,S6) and is effective 
in quantifying logging effects on regeneration (S7).   
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Additional Details.  This study represents part of a larger project examining vegetation, fuel 
profiles, and wildlife responses following wildfire and postfire management in the Klamath-
Siskiyou region. 
 
The study area experiences a warm-temperate, summer-dry Mediterranean climate regime (see 
S8,S9) in which growing season moisture can be limiting to plant growth and survival (S9,S10).  
Data averaged across four surrounding weather stations (Western Regional Climate Center, 
wrcc.dri.edu) show the following precipitation patterns for the growing seasons following the 
Biscuit Fire relative to 30-year averages: 2003 included a wet April and a dry May-September; 
2004 (the critical first growing season [S9] for most of the reported seedlings) was dry 
throughout April-September; and 2005 included a wet April-June and a dry July-September.  
More extensive, site-specific data are needed to make detailed inferences on the relationship 
between climatic variability and regeneration in this topographically complex region.   
 
Newton et al. requested information regarding fire intensity of our study areas.  Fire intensity is 
the thermal energy released during combustion, typically reported during the flaming phase of 
combustion (S11).  In our article we reported fire severity, clearly defined as >95% overstory 
mortality (S1).  Because we did not observe passage of the flaming front, we would only be able 
to report quantitative metrics of fire severity, not intensity.   
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