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Spotted Owls and forest ﬁre:
Reply

and conclusions from Lee (2018), namely: my
characterization of western US forests inhabited
by spotted owls as generally burning in mixedseverity ﬁres where 5–70% of burned area is in
high-severity patches with >75% mortality of
dominant vegetation; that spotted owl responses
to recent mixed-severity ﬁres are variable; that
severe ﬁre has not resulted in substantial declines
in spotted owl populations; and that ﬁre has not
been an overriding driver of recently observed
long-term spotted owl population declines. Even
though Jones et al. agreed with me that severe
ﬁre has not resulted in range-wide spotted owl
population declines, and that ﬁre has not been an
overriding driver of recently observed long-term
spotted owl population declines, Jones et al.
questioned the results of my meta-analyses that
illustrated why declines are not linked to ﬁre.
The aim of Lee (2018) was to provide forest
managers and decision-makers with a clear and
concise summary of all evidence for mixed-severity ﬁre effects on spotted owls in order to better
inform forest management. Forest Service planning documents assume (paraphrasing): ﬁre can
harm owls and therefore owl territories and
other owl habitat must be logged to protect owls
from ﬁre (e.g., USDA 2019). Jones et al. (2016), a
reference often used to justify logging (e.g.,
USDA 2019), represent 1 ﬁre, 30 burned territories, and 9 radio-tracked owls. Lee (2018) presented management guidelines based on a
quantiﬁcation of all available evidence including
more than 20 ﬁres, 425 burned territories, and 37
radio-tracked owls. The much larger dataset in
Lee (2018) found mixed-severity ﬁre, including
several megaﬁres with large high-severity
patches, has mostly neutral effects, but also provides signiﬁcant beneﬁts to spotted owls.
The strength of meta-analysis as an evidencebased decision support tool is that it enables
managers and decision-makers to justify management decisions using patterns and trends
from all available data rather than making decisions based on a portion of a single study. I say
“a portion of” because Jones et al. (2016) showed
both negative and positive effects from a megaﬁre, but typically only the negative effects are
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In response to US Fish and Wildlife Service
and USDA Forest Service planning documents
that emphasized ﬁre as a primary threat to spotted owl (Strix occidentalis) population persistence
(e.g., USFWS 2017, USDA 2018), I performed a
detailed multifaceted meta-analysis of all published studies of spotted owls and forest ﬁre (Lee
2018). I found signiﬁcant positive effects on foraging habitat selection and recruitment from
mixed-severity forest ﬁres, and signiﬁcant positive effects on reproduction from high-severity
ﬁre. My meta-analysis examined key life history
parameters in response to ﬁres as they have
burned through spotted owl habitat in recent
decades under existing forest structural, ﬁre
regime, and climate conditions, including multiple “megaﬁres” with large patches of high-severity burn. The absence of any widespread,
consistent, and signiﬁcant negative ﬁre-induced
effects and the presence of signiﬁcant positive
effects indicated forest ﬁre is not a serious threat
to owl populations. Therefore, fuel-reduction
treatments intended to mitigate ﬁre severity in
spotted owl habitat are unnecessary and perhaps
counterproductive to the species’ recovery. Planning documents claiming that forest ﬁres currently, or will in future, pose the greatest risk to
owl habitat and are a primary threat to population viability are either outdated or highly speculative in light of the Lee (2018) review.
Jones et al. (2020; hereafter Jones et al.) agreed
with my most important assumptions, ﬁndings,
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used to justify management actions while ﬁre-induced positive effects are ignored (e.g., USDA
2019). Similarly, Jones et al. advocate for what
they call “context-speciﬁc” interpretation of owl
responses to ﬁre and emphasize only a few speciﬁc results from a few papers to inform forest
management against ﬁre while discounting the
majority of evidence that indicates ﬁre is neutral
or beneﬁcial and could be encouraged.
The observed variation in effects among studies and sites can be considered noise around a
mean overall signal. The mean overall signal
indicates all ﬁres’ effects on all spotted owls
everywhere. Given the Forest Service must manage an enormous area of forest lands for multiple
uses, their management must consider mean
overall effects as the most parsimonious description of a phenomenon. The evidence synthesized
in Lee (2018) indicating that ﬁre is not a grave
and immediate threat to owl populations, and
has some beneﬁcial outcomes, directly supports
management decisions that prioritize allocating
wildﬁre management and suppression resources
toward human communities rather than spotted
owl habitat. Wildﬁres can pose a serious threat
to human life and property, and wildﬁre never
imparts beneﬁts to human structures. There are
limited resources available to protect homes and
communities from wildﬁre (Schoennagel et al.
2017), and treating backcountry forested lands
such as in owl habitats has no impact on community safety (Cohen 1999, 2000), so forest ﬁre mitigation resources should be focused on home ﬁre
resistance and protection (Schoennagel et al.
2017).
Jones et al.’s comment on Lee (2018) included
several suggestions for technical modiﬁcations to
the meta-analyses (Table 1). Some of these same
suggestions for how Lee (2018) could be
improved also appeared in Peery et al. (2019). In
summary, Jones et al. and Peery et al. (2019) suggested my meta-analyses in Lee (2018) should
have: (1) not focused my conclusions on mean
effects because of the variation in effects across
studies, nor used P values < 0.05 to determine
signiﬁcance; (2) excluded all studies with postﬁre logging; (3) accounted for or eliminated data
duplication; (4) analyzed subspecies separately;
and (5) used different effect sizes and sample
sizes for certain papers.
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To test whether my original results in Lee
(2018) were robust to the above-listed technical
criticisms, I reanalyzed the data according to all
their suggestions. Details are given below, but to
summarize, none of their suggestions changed
the results reported in Lee (2018). Regarding criticism 1, Lee (2018) did not focus on mean effects,
in fact I thoroughly described and explored the
variation among studies by presenting: (1) a random-effects meta-analysis of overall and parameter-speciﬁc mean effect sizes; (2) a two-step
mixed-effects meta-regression to explain heterogeneity in mean effect sizes that included
accounting for among-study and regional variation, time since ﬁre, percent of high-severity ﬁre
in the study area, and parameter type (occupancy, survival, reproduction, recruitment, and
foraging); and (3) a random-effects meta-analysis
of variation to examine differences in parameter
variances due to ﬁre. My reporting of mean effect
sizes and using a = 0.05 for statistical signiﬁcance are well-established norms for presenting
ecological evidence. Many researchers have criticized null hypothesis signiﬁcance testing using
a = 0.05, and many have defended it as well
(Balluerka et al. 2005). In addition to the technical
considerations, Jones et al. also offered their
opinions on the ecological and inferential context
of Lee (2018). A summary of Jones et al.’s issues
with Lee (2018) along with my brief responses to
each are found in Table 1.
For my reanalyses here addressing each of
Jones et al.’s technical issues, I followed the same
methods detailed in Lee (2018). I used: appropriately weighted and standardized effects (to
account for different sample sizes and variances
among studies); and random-effects and mixedeffects models (to account for non-independence
of effects reported in the same study, partially
duplicated datasets in a few studies, and other
realities of meta-analyses to provide an inference
about the average effect in the entire population
of studies from which the included studies are
considered to be a random selection). For comparison, the original Lee (2018) overall randomeffects model standardized mean difference
between unburned and burned sites was: 0.095
(95% CI: 0.537 to 0.348), a non-signiﬁcant,
slightly negative effect of mixed-severity forest
ﬁre (Fig. 1).
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Table 1. Summary of Jones et al.’s issues related to Lee (2018) and responses.
General description
Ecological
Overgeneralization of historical
ﬁre regimes within forests
inhabited by owls

Statistical/technical
Focus on the summary (mean)
effects in the presence of high
among-study variability

Issue

Response by Lee

Forest types and resulting ﬁre
regimes vary considerably across
the geographic ranges of the three
spotted owl subspecies analyzed

Geographic variation was accounted for in Lee
(2018). Each parameter (e.g., occupancy) was
modeled with effects of each study (e.g., Bond
et al. 2009) within geographic region (e.g.,
Sierra Nevada) as multi-level random effects to
properly estimate study site and region-speciﬁc
variation and to account for repeated
measurements (pseudo-replication) within a
study or region. Subspecies-speciﬁc differences
were also empirically tested for and no
signiﬁcant effects were observed. This was
clearly stated in Lee (2018).

There was extremely high
variation in effects across studies,
including strong negative and
positive in addition to neutral
effects. In the presence of such
high variability, the "average"
effect is meaningless

Lee (2018) thoroughly explored and presented
heterogeneity in effects, including 1) a randomeffects meta-analysis of mean effect sizes
including 10 sub-stratiﬁcations to speciﬁc
parameters; 2) a 2-step mixed-effects metaregression to explain heterogeneity in mean
effect sizes that included 17 sub-stratiﬁcations
accounting for among-study and regional
variation, time since ﬁre, percent of highseverity ﬁre in the study area, and parameter
type (occupancy, survival, reproduction,
recruitment, and foraging); and 3) a randomeffects meta-analysis of variation to examine
differences in parameter variances due to ﬁre.
In meta-analyses such as Lee (2018), each
included study can be thought of as a single
sample from the population of all possible
studies with relevant results (e.g., mean
occupancy before and after a ﬁre) and those
results can be associated with some studyspeciﬁc covariate values such as mean
proportion of territories burned high severity or
time since ﬁre. Meta-analysis summarizes the
results from many different studies and looks
for patterns in results relative to covariates, but
cannot be expected to have access to or use raw
data from every study. Lee (2018) followed
well-established accepted methods of metaanalysis. Jones et al. are setting an impossibly
high standard for meta-analyses.
Reanalysis using Jones et al.’s suggested effect
parameters and sample sizes (see Fig. 1)
resulted in no change in the results as reported
in Lee (2018). Removing problematic studies
also resulted in no change to the results
reported in Lee (2018).
Lee (2018) removed 3 studies, all from the same
study area, where post-ﬁre logging was
reported by the authors as so widespread and
complete in areas of high-severity ﬁre that
essentially no unlogged high-severity patches
remained. Reanalysis after removing all studies
with any amount of post-ﬁre logging made the
overall effect of mixed-severity forest ﬁre on
spotted owls positive but not signiﬁcantly so
(Fig. 1).

Selected data and representation
of high-severity ﬁre resulted in
reduced variability in ecological
effects

Spotted owls respond to ﬁre at
the territory level. Using the
average value eliminates all
variation in severe ﬁre effects
among territories that likely
mediates spotted owl response
within a given study

Inaccuracies in reported ﬁre effect
sizes

A requirement for meta-analysis
is the ability to obtain accurate
and standardized effect sizes from
different studies

Transparency in reporting and
treatment of studies with
confounded salvage logging and
ﬁre effects

Studies with confounded ﬁrelogging effects (i.e., when those
effects could not be separated)
should be treated in the same
way: included or excluded.
Moreover, we could not
reproduce results by Lee (2018)
regarding mean salvage logging
effects
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(Table 1. Continued.)
General description

Issue

Response by Lee

Inclusion of duplicated data from
multiple studies

This is referred to as “duplicate
study effects.” It is recommended
that duplicate study effects be
either pooled or discarded from
meta-analyses to avoid inferential
errors

Underestimation and
miscalculation of negative
effects of ﬁre on occupancy from
individual studies

Some of the underlying data
included in the meta-analysis of
ﬁre effects on owls contain errors
or biases and thus may be
unreliable

Lee (2018) accounted for duplicated data in all
analyses. The inclusion of all papers, including
those with repeated data, is common practice in
meta-analyses, and the random-effects and
mixed-effects models I used explicitly account
for duplicated data. To test Jones et al.’s
assertion that data duplication was a problem
in Lee (2018), I removed all studies that used
some or all of the dataset from another study
and reanalyzed. Removing all studies with data
duplication made the overall effect of mixedseverity forest ﬁre on spotted owls positive but
not signiﬁcantly so (Fig. 1).
Reanalysis after removing Lee and Bond
(2015a), Hanson et al. (2018), and the positive
effect of < 50% high-severity burned territories
in Jones et al. (2016) resulted in no change to
Lee (2018) results (Fig. 1).

Inferential
Context of changing wildﬁre
trends

The use of meta-analysis to solve
complex conservation issues and
superseding of existing
understanding

A sizeable body of literature
suggests that severe ﬁre activity
in the spotted owl’s range will
continue to increase and will
possibly result in the loss of a
majority of critical spotted owl
nesting habitat by the end of the
21st century

Meta-analyses are not
replacements for studies that
explicitly test mechanisms.
Moreover because they are
considered a "gold-standard" of
evidence synthesis, meta-analyses
yielding erroneous inferences can
lead to further confusion of
complex topics

REMOVING EFFECTS CONFOUNDED BY SALVAGE
LOGGING RESULTS IN AN OVERALL POSITIVE
EFFECT OF FIRE

et al. 2002, Roberts et al. 2011, Lee and Bond
2015a, Eyes et al. 2017). The overall difference
in effect size between unburned and burned
sites in the absence of salvage logging was
+0.24 (95% CI: 0.94 to 1.43). Therefore, removing all studies with any amount of post-ﬁre
logging made the overall effect of mixed-

When all studies known to have any amount
of post-ﬁre salvage logging were excluded from
the analysis, I was left with four papers (Bond
v www.esajournals.org

There is considerable uncertainty surrounding
recent and prehistoric patterns and trends in
ﬁre size and severity in spotted owl habitats.
Jones et al.’s narrative was biased and highly
speculative. Jones et al. agreed with me that
severe ﬁre has not yet resulted in substantial
declines in spotted owl populations, and ﬁre
has not been an overriding driver of recently
observed long-term spotted owl population
declines. The years that produced the studies in
Lee (2018) were among the biggest ﬁre years in
40 years, so they accurately represent owl
responses to ﬁres within an already warmed
and changed climate milieu.
Meta-analyses are powerful tools for
synthesizing results from numerous studies and
are designed to deal with heterogeneity and
complex varied effects. Lee (2018) found
consistent, signiﬁcant patterns in how owls
respond to mixed-severity ﬁre by synthesizing
available studies. Namely: a positive effect on
recruitment immediately after the ﬁre, with the
effect diminishing with time since ﬁre;
reproduction positively correlated with the
percent of high-severity ﬁre in owl territories;
and positive selection for foraging in low- and
moderate-severity burned forest while highseverity burned forest was used in proportion
to availability but not avoided. Reanalyses did
not support any of Jones et al.’s criticisms, and
conﬁrmed the results from Lee (2018). Metaanalysis will always be superior to cherry
picking one or a few studies to justify "contextspeciﬁc" management decisions.
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Fig. 1. Results from reanalyses of data used in Lee (2018) meta-analysis of spotted owl responses to mixedseverity forest ﬁre, as suggested in Jones et al. (2020). Whiskers indicate the 95% conﬁdence interval. Jones et al.’s
speculations that various changes in data would alter results were not empirically supported.

severity forest ﬁre on spotted owls positive but
not signiﬁcantly so (Fig. 1). No further analyses
could be done because the sample of papers
was so reduced by removing those with any
salvage logging. All of the published peer-reviewed papers on owls and ﬁre that examined
salvage logging found negative effects from salvage logging on spotted owls (Lee 2018). Salvage logging has strong negative effects on
many aspects of forest ecology and biodiversity
(Lindenmeyer et al. 2012, Thorn et al. 2018), so
a negative effect of post-ﬁre logging on spotted
owls is not surprising.

mean difference between unburned and
burned sites in the absence of data duplication
was +0.08 (95% CI: 0.44 to 0.59). Therefore,
removing all studies with data duplication
made the overall effect of mixed-severity forest
ﬁre on spotted owls positive but not signiﬁcantly so (Fig. 1). Removing all studies with
data duplication also did not change the
results of meta-regression analyses.

ANALYZING SUBSPECIES SEPARATELY IS
EMPIRICALLY UNSUPPORTED
My methods to explain heterogeneity in effects
included accounting for among-study and regional variation (Table 1). For northern and Mexican
subspecies, there was only 1 paper each presenting subspecies-speciﬁc data (Jenness et al. 2004,
Rockweit et al. 2017). The terms for subspecies in
my meta-regression were not signiﬁcant (Lee
2018), so there was no empirical evidence from
these two papers that the Mexican or northern
subspecies have responses to ﬁre that are substantially different from the California subspecies. The most parsimonious hypothesis
given these data is that subspecies responses to
ﬁre are similar. Analyzing the California subspecies data alone did not change the results of
overall effects or meta-regression analyses
(Fig. 1).

REMOVING DUPLICATE DATASETS RESULTS IN
AN OVERALL POSITIVE EFFECT OF FIRE
The inclusion of all papers, including those
with repeated data, is common practice in
meta-analyses, and the random-effects and
mixed-effects models I used explicitly account
for this practice. To test Jones et al.’s assertion
that data duplication might be a problem in
Lee (2018), I removed studies that used some
or all of the dataset from another study. I
eliminated older studies and kept the more
recent study. I removed Hanson et al. (2018),
Roberts et al. (2011), Tempel et al. (2016), the
occupancy component of Tempel et al. (2014),
Lee et al. (2013), and Lee et al. (2012). The
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CHANGING DISPUTED EFFECT SIZES TO THOSE
SUGGESTED BY JONES ET AL. DID NOT
CHANGE RESULTS

(reproduction, survival, recruitment, and foraging in low-, moderate-, and high-severity burn);
(2) a 2-step multi-level linear mixed-effects metaregression to explain heterogeneity in mean
effect sizes that included accounting for amongstudy and regional variation, time since ﬁre, percent of high-severity ﬁre in the study area, and
parameter type (occupancy, survival, reproduction, recruitment, and foraging in low-, moderate-, and high-severity burn); and (3) a randomeffects meta-analysis of variation to examine differences in parameter variances due to ﬁre.
In addition to ﬁnding no signiﬁcant negative
mean effects of ﬁre on owls, Lee (2018) reported
multiple signiﬁcant effects of ﬁre covariates on
speciﬁc owl parameters. These effects were as
follows: a negative correlation of occupancy with
time since ﬁre; a positive effect on recruitment
immediately after the ﬁre, with the effect diminishing with time since ﬁre; a positive correlation
between reproduction and the percent of highseverity ﬁre in owl territories; and positive selection for foraging in low- and moderate-severity
burned forest, with high-severity burned forest
used in proportion to its availability, but not
avoided.
In the meta-regression portion of my paper, I
explored how high-severity burned area within
territories explained this variation and found a
“nearly signiﬁcant” negative effect across all
parameters. I did not discuss the potential meaning of this “nearly signiﬁcant” result because the
more detailed meta-regression of high-severity
ﬁre effects partitioned into parameter-speciﬁc
regressions (occupancy, demography, and foraging) had “clearly signiﬁcant” results.
Jones et al. also criticized my formulation of
the proportion burned at high-severity covariate,
but my methods were transparent, used all data
available in the published studies that were
examined, produced study-speciﬁc covariate values representative of the variation among studies, and found numerous signiﬁcant results.
Jones et al. suggested I should have used data
from every individual territory ever burned in
my meta-regressions, an impossibly high standard for meta-analyses when raw data were not
published with every paper. Until all studies
make their raw data publicly available, researchers will continue to rely on the methods of
meta-analyses and meta-regressions with

The Jones et al. commentary suggested alternative effect sizes and sample sizes for four
papers for which analytical issues were raised,
Jones et al. (2016), Lee and Bond (2015a,b), and
Hanson et al. (2018). Using Jones et al.’s new
effect and sample sizes, the overall mean difference between unburned and burned sites was
0.12 (95% CI: 0.56 to 0.33). Changing effect
sizes following suggestions by Jones et al. did
not change the overall mean effect results
(Fig. 1). I also reanalyzed only the occupancy
data subgroup using Jones et al.’s suggestions
and found no signiﬁcant mean effect of ﬁre on
occupancy (effect = 0.75, 95% CI: 1.52 to
0.03), the same ﬁnding as in Lee (2018). When
the four papers for which analytical issues have
been raised were simply removed from the analysis, the overall mean difference between
unburned and burned sites was +0.03 (95% CI:
0.44 to 0.59). Removing studies with analytical
issues made the overall effect of mixed-severity
forest ﬁre on spotted owls positive but not signiﬁcantly so (Fig. 1). Neither changing effect
sizes nor removing these papers changed the
meta-regression results from what was reported
in Lee (2018).

THERE WAS NO FOCUS ON MEAN EFFECTS IN
LEE (2018), HETEROGENEITY WAS
THOROUGHLY EXAMINED, AND GEOGRAPHIC
VARIATION WAS ACCOUNTED FOR
Far from ignoring the heterogeneity in effects
among studies, in Lee (2018) I used multiple analytical tools (weighted effect sizes, random-effects models, multi-level mixed-effects metaregressions of Hedge’s d against percent of study
area burned at high severity and time since ﬁre,
and meta-analysis of variation) to describe and
examine patterns in the variation of effects
among studies. I made 10 sub-strata analyses of
mean effects, and 17 sub-strata analyses within
the meta-regression. Lee (2018) presented: (1) a
random-effects meta-analysis of mean effect sizes
that included overall effect, parameter type substratiﬁcation (occupancy, demography, and foraging), and parameter-speciﬁc sub-stratiﬁcation
v www.esajournals.org
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Logging is the primary reason the spotted owl
has declined (USFWS 2011, USFWS 2012), and
additional logging, even logging which is called
thinning, fuel reduction, or restoration, is unlikely to contribute meaningfully to owl conservation or recovery.

study-speciﬁc covariates to synthesize the results
from different studies as a sample of all possible
studies.
Jones et al. also claimed the examination of
heterogeneity in Lee (2018) was inadequate
because I did not examine high-severity patch
size as a covariate. This is surprising given that
one of the co-authors (M. P. North) published a
paper acknowledging that high-severity patch
size is highly correlated with the proportion of
ﬁre area burned at high severity (Collins et al.
2017 citing Miller et al. 2009, Harvey et al. 2016).
Because high-severity patch size is highly correlated with the proportion of ﬁre area burned at
high severity, my meta-regression analysis of
effects in relation to high-severity burned area
was also an examination of high-severity patch
size. Again, the assertions of Jones et al. were not
supported by the empirical evidence.
With a = 0.05, the criteria most commonly
employed in ecological decision making,
P > 0.05 is not statistically signiﬁcant. I adhered
to the convention of not emphasizing non-signiﬁcant results, particularly since there were numerous clearly signiﬁcant results that required
discussion. I did discuss the biological signiﬁcance of the non-statistically signiﬁcant occupancy result (see Fire-induced change in occupancy
is not greater than annual changes in occupancy in
unburned forest below).
Conservation biology, in its mission to sustain
ecological and evolutionary processes, typically
espouses conservatism and the precautionary
principle when considering unnatural anthropogenic actions such as logging relative to natural disturbances (Noss 1993). Therefore, because
Lee (2018) showed there is not strong, widespread, and unequivocal evidence that ﬁre is
threatening spotted owl population persistence,
it follows that unnatural anthropogenic actions
such as logging intended to reduce ﬁre but that
can harm owls should not be considered on public lands that are not immediately adjacent to
towns and infrastructure. Indeed, rather than
high-severity ﬁre, which has burned historically
throughout the range of the spotted owl, the
novel disturbance to the species is logging
(Beardsley et al. 1999). Even the largest most
intense ﬁre leaves dead big trees standing for
decades, providing many ecological goods and
services to the dynamic forest ecosystems.
v www.esajournals.org

FIRE-INDUCED CHANGE IN OCCUPANCY IS
NOT GREATER THAN ANNUAL CHANGES IN
OCCUPANCY IN UNBURNED FOREST
In Lee (2018), I provided biological perspective
regarding the observed non-statistically signiﬁcant change in site occupancy probability due to
ﬁre ( 0.06) by comparing this value to the
observed stochastic declines in site occupancy
between pairs of sequential years in the
unburned Eldorado study area ( 0.07). My estimate was based on Jones et al. (2016) time series
of annual proportion of sites occupied from 1993
to 2015 (Fig. 2A). Each year the proportion of
sites occupied could be the same relative to the
previous year’s occupancy (zero change), higher
(a positive number), or lower (a negative number). So each year’s stochastic change in occupancy relative to the previous year can be seen as
a zero indicating no change, or a positive or negative departure from zero (Fig. 2B).
To describe the magnitude of annual departure
from zero change in annual proportion of sites
occupied (wt–wt 1) for the time series in the
unburned Eldorado study area, I used the mean
of all negative changes ( 0.07), but I could also
have used the mean of all positive changes (0.06),
the mean absolute value of all changes (0.07), the
mean proportional change (wt/wt 1) applied to
mean occupancy (0.07), or the standard deviation
of occupancy (0.15). For example, if occupancy
over four years was 0.5, 0.6, 0.4, and 0.5, then
annual changes in occupancy would be +0.1,
0.2, and +0.1 (the results of: 0.6–0.5, 0.4–0.6,
and 0.5–0.4). Jones et al.’s proposed method of
simple averaging would estimate the mean
annual change in occupancy was 0.0, which is
clearly not the case, whereas the absolute value
method I described would estimate mean annual
change in occupancy as 0.13, and the standard
deviation of the four hypothetical occupancy values above is 0.08. Jones et al.’s method of averaging the positive and negative changes was wrong
because any average of positive and negative
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area (0.063), and less than the standard deviation
of detrended occupancy probabilities (0.077). As
reported in Lee (2018), the mean effect size of
mixed-severity ﬁre on spotted owl site occupancy is neither statistically nor biologically signiﬁcant.

random numbers will tend to have a mean of
zero (Fig. 2B). The 0.02 overall mean reported
by Jones et al. was actually the slope of the trend
line through the time series of Eldorado owl
occupancy with y-intercept at 1.0 (Fig. 2A).
To revisit the biological signiﬁcance of the
nearly statistically signiﬁcant change in mean
occupancy after ﬁre ( 0.06), I did the following:
(1) detrended the Jones et al. (2016) occupancy
data by subtracting the trend line estimate from
each observation in the series; (2) calculated the
mean and standard deviation of the detrended
occupancy data; (3) computed the year-on-year
change in occupancy for each year by subtracting
occupancy in year t 1 from occupancy in year t
(Fig. 2B); (4) computed the absolute value of each
year’s change in occupancy; and ﬁnally (5) calculated the mean of the absolute values of each
year’s change in occupancy. The mean of the
absolute value of each year’s change in occupancy in the unburned forests of Jones et al.
(2016) is 0.063. Thus, the mean raw effect size of
mixed-severity ﬁre on occupancy (0.060) is less
than the mean annual change in occupancy in
unburned forest owl sites of the Eldorado study

ECOLOGICAL AND INFERENTIAL CONTEXT OF
LEE (2018) WAS APPROPRIATE
Jones et al. claimed I overgeneralized historical
ﬁre regimes within forests inhabited by spotted
owls, and did not address changing wildﬁre
trends due to global warming. In Lee (2018), I
acknowledged both sides of the ongoing unsettled debate about whether ﬁres in forests inhabited by spotted owls are becoming larger or more
severe at evolutionary timescales, while Jones
et al. present a narrower perspective. I assert that
climate change is not a future event, but one we
have been experiencing for decades (Westerling
2016, USGCRP 2017). The years that produced
the studies analyzed in Lee (2018) were among
the biggest ﬁre years in 50 years, so they accurately represent owl responses to ﬁres within an

Fig. 2. (A) Annual estimates of spotted owl site occupancy (w) in Eldorado, California study area 1993–2014
(data from Jones et al. 2016: Fig. 3e). The dotted line represents a regression line ﬁtted to the time series (y =
0.02x + 1.0). (B) Change in spotted owl site occupancy probability from year t 1 to year t calculated using
detrended occupancy data. Raw mean of changes is 0.0 (SD = 0.08). Mean of absolute value of changes is 0.063
(SD = 0.043).
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this to be compelling evidence for built-in adaptation and resilience in the forest–owl system
that the novel disturbance of logging could disrupt.
The notion that logging or thinning might
somehow avert large, weather-driven, mixedseverity forest ﬁres with large patches of
high-severity burn is not well supported by the
evidence (reviewed in Kalies and Kent 2016,
Schoennagel et al. 2017). Approximately 90% of
the forested acres burned at high severity occur
each year in a few extreme climate- and weatherdriven mixed-severity ﬁre events that thinning
treatments are unlikely to interact with, let alone
slow or stop (Flanagan and Wotten 2001, Williams 2004, Lydersen et al. 2014, Kalies and Kent
2016). In fact, some evidence supports the observation that thinning and other logging can exacerbate ﬁre severity (Raymond and Peterson 2005,
Cram et al. 2006, Wimberly et al. 2009, Cruz et al.
2014, Bradley et al. 2016), while spotted owl nesting and roosting habitat (old-growth forest characterized by large trees and high canopy cover)
is naturally more resistant to high-severity ﬁre
than younger forest (Weatherspoon and Skinner
1995, Odion et al. 2014, Lesmeister et al. 2019).
Logging of green trees also can exacerbate competition between invasive barred owls (Strix
varia) and spotted owls (Dugger et al. 2011).
Another aspect of thinning and other logging
activities considered fuel reduction that is underappreciated is the genetic variation among trees
that is the raw material for forest adaptation in a
changing climate (Kolb et al. 2016, Prunier et al.
2016, Pinnell 2016, Six et al. 2018). Until foresters
can identify exactly which individual trees are
most genetically and epigenetically adapted to
be resilient and resistant to drought, higher temperatures, ﬁre, disease, and insects, and can use
that genetic information to preserve those speciﬁc locally well-adapted individual trees, then
random thinning and logging will inevitably
impoverish the genetic variation of our forests
and impair their natural processes of adapting to
a changing climate.

already warmed and changed climate milieu
(Littell et al. 2009, Miller et al. 2009, Parks et al.
2015, Westerling 2016). Thus, the results from
Lee (2018) are directly applicable to climate
change predictions for western forests.
The topic of ﬁre regimes and natural range of
variability is fraught with uncertainty, and tangential to my synthesis of published literature. In
Lee (2018) I thoroughly accounted for regional
geographic variation in my analyses. Each
parameter (e.g., occupancy) was modeled with
effects of each study (e.g., Bond et al. 2009)
within geographic region (e.g., Sierra Nevada) as
multi-level random effects to properly estimate
study site and region-speciﬁc variation and to
account for repeated measurements (pseudoreplication) within a study or region. Regions
were deﬁned as Sierra Nevada, southern California, national parks, not California, and the Eldorado density study area. Subspecies-speciﬁc
differences were also empirically tested for and
no signiﬁcant effects were observed. This was all
clearly explained in Lee (2018).
I ﬁnd it useful to consider the evolutionary
past when contextualizing perceived threats to
an ecosystem and its natural disturbances. Fire is
a natural and widespread mechanism of changes
in vegetation community structure and distribution (Pickett and White 1985, Sugihara et al.
2006). There is evidence that native plants and
animals such as spotted owls are well adapted to
take advantage of large patches of high-severity
burn found in recent megaﬁres, indicating that
large high-severity patches are not novel conditions (Tingley et al. 2016, Downing et al. 2020).
The spotted owl and the older forests it inhabits
have experienced numerous very warm and dry
periods during their evolutionary history that
were likely similar to the current and predicted
near-future climate (LaMarche 1974, Graumlich
1993, Stine 1994). Mixed-severity ﬁres that
included large patches of high-severity ﬁre have
likely often been found in western forests, and
even if one is uncertain of exactly how much
high-severity ﬁre was on the landscape at different points in time, it is clear that at least a few
times in the past few thousand years, there have
been droughts and climate swings that likely led
to more ﬁre than is currently observed (Pierce
et al. 2004, Power et al. 2008, Marlon et al. 2012).
The spotted owl survived those episodes. I ﬁnd
v www.esajournals.org
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None of the issues raised by Jones et al. regarding Lee (2018) were supported by reanalyses
(Table 1). Most were not truly issues at all, but
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misunderstandings by Jones et al. about metaanalysis in general and the speciﬁc methods used
in Lee (2018). Jones et al. espouse the belief, based
on a small subset of available data, that because
mixed-severity ﬁre with large patches of highseverity burn can sometimes harm some spotted
owl territories or individual owls, thinning or
other logging within owl habitat is justiﬁed if it
can reduce ﬁre severity. That is a highly questionable management recommendation, particularly
when a different subset of the available data
showed high-severity ﬁre can be signiﬁcantly preferred by foraging owls and more high-severity
ﬁre can increase reproduction. Crucially, thinning
logging is rarely effective at mitigating ﬁre severity
during the large, climate- and weather-driven ﬁres
that burn 90% of burned area each year.
Given the known absence of consistent negative effects, and the signiﬁcant positive effect of
high-severity ﬁre on spotted owls, I propose that
the limited resources available for forest ﬁre mitigation should be prioritized for human community protection in the wildland–urban interface
rather than in remote spotted owl territories.
When all available data are examined objectively
in meta-analysis, the larger pattern is revealed
that high-severity ﬁre patches from climate-changed wildﬁre events are used by spotted owls for
foraging in proportion to their availability, and
more high-severity ﬁre signiﬁcantly increases
reproduction, but no strong consistent negative
effects are apparent. This is exactly why metaanalyses such as Lee (2018) are so valuable,
because they provide decision-makers with the
broader consistent patterns found among all
studies so that decisions need not be based on
single studies or so-called “biological intuition.”

1945 and 1993 and ownership in 1993. Research
Paper PNW-RP-516. USDA Forest Service, Paciﬁc
Northwest Research Station, Portland, Oregon,
USA.
Bond, M. L., R. J. Gutierrez, A. B. Franklin, W. S.
LaHaye, C. A. May, and M. E. Seamans. 2002.
Short–term effects of wildﬁres on spotted owl survival, site ﬁdelity, mate ﬁdelity, and reproductive
success. Wildlife Society Bulletin 30:1022–1028.
Bond, M. L., D. E. Lee, R. B. Siegel, and J. P. Ward.
2009. Habitat use and selection by California spotted owls in a postﬁre landscape. Journal of Wildlife
Management 73:1116–1124.
Bradley, C. M., C. T. Hanson, and D. A. DellaSala.
2016. Does increased forest protection correspond
to higher ﬁre severity in frequent-ﬁre forests of the
western USA? Ecosphere 7:e01492.
Cohen, J. D. 1999. Reducing the wildland ﬁre threat to
homes: where and how much? In Proceedings of
the Symposium of Fire Economics, Planning and
Policy: Bottom Lines. General Technical Report
PSW-GTR-173. USDA Forest Service, Paciﬁc Southwest Research Station, Albany, California, USA.
Cohen, J. D. 2000. Preventing disaster: home ignitability in the wildland–urban interface. Journal of Forestry 98:15–21.
Collins, B. M., J. T. Stevens, J. D. Miller, S. L. Stephens, P.
M. Brown, and M. P. North. 2017. Alternative characterization of forest ﬁre regimes: incorporating
spatial patterns. Landscape Ecology 32:1543–1552.
Cram, D., T. Baker, and J. Boren. 2006. Wildland ﬁre
effects in silviculturally treated vs. untreated
stands of New Mexico and Arizona. Research
Paper RMRS-RP-55. USDA Forest Service, Rocky
Mountain Research Station, Fort Collins, Colorado,
USA.
Cruz, M. G., M. E. Alexander, and J. E. Dam. 2014.
Using modeled surface and crown ﬁre behavior
characteristics to evaluate fuel treatment effectiveness: a caution. Forest Science 60:1000–1004.
Downing, W. M., M. A. Krawchuk, J. D. Coop, G. W.
Meigs, S. L. Haire, R. B. Walker, E. Whitman, G.
Chong, C. Miller, and C. Tortorelli. 2020. How do
plant communities differ between ﬁre refugia and
ﬁre-generated early-seral vegetation? Journal of
Vegetation Science 31:26–39.
Dugger, K. M., R. G. Anthony, and L. S. Andrews.
2011. Transient dynamics of invasive competition,
barred owls, spotted owls, habitat, and the demons
of competition present. Ecological Applications
21:2459–2468.
Eyes, S. A., S. L. Roberts, and M. D. Johnson. 2017. California Spotted Owl (Strix occidentalis occidentalis)
habitat use patterns in a burned landscape. Condor
119:1–15.

ACKNOWLEDGMENTS
I would like to thank the many hard-working contributors to spotted owl research. Funding for this
work was provided by the Wild Nature Institute.

LITERATURE CITED
mez, and D. Hidalgo. 2005. The
Balluerka, N., J. Go
controversy over null hypothesis signiﬁcance testing revisited. Methodology 1:55–77.
Beardsley, D., C. Bolsinger, and R. Warbington. 1999.
Old-growth forests in the Sierra Nevada: by type in

v www.esajournals.org

10

December 2020

v Volume 11(12) v Article e03310

REPLY

LEE

Flannigan, M. D., and B. M. Wotton. 2001. Climate,
weather and area burned. Pages 351–373 in E. A.
Johnson and K. Miyanishi, editors. Forest ﬁres.
Academic Press, New York, New York, USA.
Graumlich, L. J. 1993. A 1000-year record of temperature and precipitation in the Sierra Nevada. Quaternary Research 39:249–255.
Hanson, C. T., M. L. Bond, and D. E. Lee. 2018. Effects
of post-ﬁre logging on California spotted owl occupancy. Nature Conservation 24:93–105.
Harvey, B. J., D. C. Donato, and M. G. Turner. 2016.
Drivers and trends in landscape patterns of standreplacing ﬁre in forests of the US Northern Rocky
Mountains (1984–2010). Landscape Ecology
31:2367–2383.
Jenness, J. J., P. Beier, and J. L. Ganey. 2004. Associations between forest ﬁre and Mexican spotted owls.
Forestry Sciences 50:765–772.
Jones, G. M., et al. 2020. Spotted Owls and forest ﬁre:
comment. Ecosphere.
Jones, G. M., R. J. Gutierrez, D. J. Tempel, S. A. Whitmore, W. J. Berigan, and M. Z. Peery. 2016. Megaﬁres: an emerging threat to old-forest species.
Frontiers in Ecology and the Environment 14:300–
306.
Kalies, E. L., and L. L. Y. Kent. 2016. Tamm review:
Are fuel treatments effective at achieving ecological
and social objectives? A systematic review. Forest
Ecology and Management 375:84–95.
Kolb, T. E., K. C. Grady, M. P. McEttrick, and A. Herrero. 2016. Local-scale drought adaptation of ponderosa pine seedlings at habitat ecotones. Forest
Science 62:641–651.
LaMarche, V. C. Jr. 1974. Paleoclimatic inferences from
long tree ring records: Intersite comparison shows
climatic anomalies that may be linked to features
of the General Circulation. Science 183:1043–1048.
Lee, D. E. 2018. Spotted Owls and forest ﬁre: a systematic review and meta-analysis of the evidence. Ecosphere 9:e02354.
Lee, D. E., and M. L. Bond. 2015a. Occupancy of California Spotted Owl sites following a large ﬁre in
the Sierra Nevada, California. Condor 117:228–236.
Lee, D. E., and M. L. Bond. 2015b. Previous year’s
reproductive state affects Spotted Owl site occupancy and reproduction responses to natural and
anthropogenic disturbances. Condor: Ornithological Applications 117:307–319.
Lee, D. E., M. L. Bond, M. I. Borchert, and R. Tanner.
2013. Inﬂuence of ﬁre and salvage logging on site
occupancy of spotted owls in the San Bernardino
and San Jacinto Mountains of Southern California.
Journal of Wildlife Management 77:1327–1341.
Lee, D. E., M. L. Bond, and R. B. Siegel. 2012. Dynamics of breeding-season site occupancy of the

v www.esajournals.org

California spotted owl in burned forests. Condor
114:792–802.
Lesmeister, D. B., S. G. Sovern, R. J. Davis, D. M. Bell,
M. J. Gregory, and J. C. Vogeler. 2019. Mixed-severity wildﬁre and habitat of an old-forest obligate.
Ecosphere 10:e02696.
Lindenmayer, D. B., P. J. Burton, and J. F. Franklin.
2012. Salvage logging and its ecological consequences. Island Press, Washington, D.C., USA.
Littell, J. S., D. McKenzie, D. L. Peterson, and A. L.
Westerling. 2009. Climate and wildﬁre area burned
in western US ecoprovinces, 1916–2003. Ecological
Applications 19:1003–1021.
Lydersen, J. M., M. P. North, and B. M. Collins. 2014.
Severity of an uncharacteristically large wildﬁre,
the Rim Fire, in forests with relatively restored frequent ﬁre regimes. Forest Ecology and Management 328:326–334.
Marlon, J. R., et al. 2012. Long-term perspective on
wildﬁres in the western USA. Proceedings of the
National Academy of Sciences 109:E535–E543.
Miller, J. D., H. D. Safford, M. Crimmins, and A. E.
Thode. 2009. Quantitative evidence for increasing
forest ﬁre severity in the Sierra Nevada and southern Cascade Mountains, California and Nevada,
USA. Ecosystems 12:16–32.
Noss, R. F. 1993. Some principles of conservation biology, as they apply to environmental law. ChicagoKent Law Review 69:893–909.
Odion, D. C., C. T. Hanson, D. A. DellaSala, W. L.
Baker, and M. L. Bond. 2014. Effects of ﬁre and
commercial thinning on future habitat of the northern Spotted Owl. Open Ecology Journal 7:37–51.
Parks, S. A., C. Miller, M. A. Parisien, L. M. Holsinger,
S. Z. Dobrowski, and J. Abatzoglou. 2015. Wildland ﬁre deﬁcit and surplus in the western United
States, 1984–2012. Ecosphere 6:275.
Peery, M. Z., G. M. Jones, R. J. Gutierrez, S. M. Redpath,
A. B. Franklin, D. Simberloff, M. G. Turner, V. C.
Radeloff, and G. C. White. 2019. The conundrum of
agenda-driven science in conservation. Frontiers in
Ecology and the Environment 17:80–82.
Pickett, S. T. A., and P. S. White. 1985. The ecology of
natural disturbance and patch dynamics. Academic Press, Orlando, Florida, USA.
Pierce, J. L., G. A. Meyer, and A. T. Jull. 2004. Fire-induced erosion and millennial-scale climate change
in northern ponderosa pine forests. Nature 432:87.
Pinnell, S. 2016. Resin duct defenses in ponderosa pine
during a mountain pine beetle outbreak: genetic
effects, mortality, and relationships with growth.
Dissertation. University of Montana, Missoula,
Montana, USA.
Power, M. J., et al. 2008. Changes in ﬁre regimes since
the Last Glacial Maximum: an assessment based

11

December 2020

v Volume 11(12) v Article e03310

REPLY

LEE
Thorn, S., et al. 2018. Impacts of salvage logging on
biodiversity: a meta-analysis. Journal of Applied
Ecology 55:279–289.
Tingley, M. W., V. Ruiz-Gutierrez, R. L. Wilkerson, C.
A. Howell, and R. B. Siegel. 2016. Pyrodiversity
promotes avian diversity over the decade following forest ﬁre. Proceedings of the Royal Society B:
Biological Sciences 283:20161703
USDA [USDA Forest Service]. 2018. Draft conservation
strategy for the California spotted owl. Version 1.0.
Page 89. USDA Forest Service Paciﬁc Southwest
Region, Albany, California, USA.
USDA [USDA Forest Service]. 2019. Revised draft
environmental impact statement for revision of the
Sequoia and Sierra National Forests Land Management Plans. Vol. 1. USDA Forest Service, Paciﬁc
Southwest Region, Albany, California, USA.
USFWS [U.S. Fish and Wildlife Service]. 2011. Revised
Recovery Plan for the Northern Spotted Owls
(Strix occidentalis caurina). Fish and Wildlife Service, Portland, Oregon, USA.
USFWS [U.S. Fish and Wildlife Service]. 2012. Final
Recovery Plan for the Mexican Spotted Owls (Strix
occidentalis lucida). First Revision, Fish and Wildlife
Service, Albuquerque, New Mexico, USA.
USFWS [U.S. Fish and Wildlife Service]. 2017. California spotted owl (Strix occidentalis occidentalis) Conservation Objectives Report. Fish and Wildlife
Service, Sacramento, California, USA.
USGCRP. 2017. Climate Science Special Report: fourth
National Climate Assessment. Vol. I. U.S. Global
Change Research Program, Washington, D.C.,
USA.
Weatherspoon, C. P., and C. N. Skinner. 1995. An
assessment of factors associated with damage to
tree crowns from 1987 wildﬁres in northern California. Forest Science 41:430–451.
Westerling, A. L. 2016. Increasing western US forest
wildﬁre activity: sensitivity to changes in the timing of spring. Philosophical Transactions of the
Royal Society B 371:20150178.
Williams, J. T. 2004. Managing ﬁre-dependent ecosystems: We need a public lands policy debate. Fire
Management Today 64:6–11.
Wimberly, M. C., M. A. Cochrane, A. D. Baer, and K.
Pabst. 2009. Assessing fuel treatment effectiveness
using satellite imagery and spatial statistics. Ecological Applications 19:1377–1384.

on a global synthesis and analysis of charcoal data.
Climate Dynamics 30:887–907.
Prunier, J., J. P. Verta, and J. J. MacKay. 2016. Conifer
genomics and adaptation: at the crossroads of
genetic diversity and genome function. New Phytologist 209:44–62.
Raymond, C. L., and D. L. Peterson. 2005. Fuel treatments alter the effects of wildﬁre in a mixed-evergreen forest, Oregon, USA. Canadian Journal of
Forest Research 35:2981–2995.
Roberts, S. L., J. W. van Wagtendonk, A. K. Miles, and
D. A. Kelt. 2011. Effects of ﬁre on spotted owl site
occupancy in a late-successional forest. Biological
Conservation 144:610–619.
Rockweit, J. T., A. B. Franklin, and P. C. Carlson. 2017.
Differential impacts of wildﬁre on the population
dynamics of an old-forest species. Ecology
98:1574–1582.
Schoennagel, T., et al. 2017. Adapt to more wildﬁre in
western North American forests as climate
changes. Proceedings of the National Academy of
Sciences 114:4582–4590.
Six, D. L., C. Vergobbi, and M. Cutter. 2018. Are survivors different? Genetic-based selection of trees
by mountain pine beetle during a climate changedriven outbreak in a high-elevation pine forest.
Frontiers in Plant Science 9. https://doi.org/10.3389/
fpls.2018.00993
Stine, S. 1994. Extreme and persistent drought in California and Patagonia during Mediaeval Time. Nature 369:546–549.
Sugihara, N. G., J. W. Van Wagtendonk, and J. FitesKaufman. 2006. Fire as an ecological process. Pages
58–74 in N. G. Sugihara, J. W. van Wagtendonk, K.
E. Shaffer, J. Fites-Kaufman and A. E. Thode, editors. Fire in California’s ecosystems. University of
California Press, Berkeley, California, USA.
Tempel, D. J., et al. 2016. Meta-analysis of California
spotted owl (Strix occidentalis occidentalis) territory
occupancy in the Sierra Nevada: habitat associations and their implications for forest management.
Condor 118:747–765.
Tempel, D. J., R. J. Gutierrez, S. A. Whitmore, M. J.
Reetz, R. E. Stoelting, W. J. Berigan, M. A. Seamans,
and M. Z. Peery. 2014. Effects of forest management on California spotted owls: implications for
reducing wildﬁre risk in ﬁre–prone forests. Ecological Applications 24:2089–2106.

v www.esajournals.org

12

December 2020

v Volume 11(12) v Article e03310

