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Abstract

Understanding carbon dynamics in managed forest ecosystems is increasingly

crucial for formulating informed recommendations in the context of climate

change. Silviculture significantly impacts forest carbon pools, though these

effects can vary depending on the type of treatment applied. In recent decades,

partial cuttings have been proposed as an alternative to more intensive treat-

ments like clearcutting to mitigate negative impacts on forest function and

enhance carbon sequestration. In this study, we conducted a meta-analysis

comparing the effects of clearcutting and partial cuttings across North America

on six forest carbon pools: live trees, snags, understory vegetation, coarse

woody debris, forest floor, and soil mineral horizons. The analysis was based

on a database of 558 carbon observations from temperate and boreal forests in

eastern North America. Our findings indicate a −30% difference in total car-

bon post-harvesting, predominantly influenced by changes in the overstory

carbon pool. Only the live tree carbon pool was significantly affected by cut-

ting intensity, with clearcutting resulting in lower total carbon values (−78%

relative to the reference) compared to partial cuttings (−45%). However, after

30–40 years, live tree carbon levels were similar between clearcutting and par-

tial cuttings. The primary factor influencing differences in deadwood carbon

pools was the time since treatment, while soil carbon pools showed minimal

variation with no significant differences compared to unmanaged forests. This

meta-analysis suggests that using partial cuttings instead of clearcutting to mit-

igate the effects of forest management on carbon pools may be more complex

than previously thought and will depend on site conditions and allowing suffi-

cient time for the forest to recover. Further studies are needed to identify suit-

able forest stands for partial cuttings and evaluate tree selection strategies that

optimize forest productivity and carbon sequestration.
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INTRODUCTION

By covering 31% (4.06 × 109 ha) of the world’s total land
area (FAO, 2020), forests mitigate significant greenhouse
gas emissions through carbon (C) sequestration, and for-
ests are estimated to offset around 30% of global fuel emis-
sions (Birdsey & Pan, 2015). Such potential is locally
variable and can be influenced by forest management
through silviculture. By regulating the stand development,
that is, species composition and structure through time,
and improving the stand productivity, silviculture influ-
ences C stocks and fluxes in the living biomass, the
necromass, and the soil beneath them (Ryan et al., 2010).
However, such effects can vary considerably depending on
the silvicultural treatment (Ameray et al., 2021; Zhang
et al., 2010), the soils, the stand type, and the management
regime (Wang et al., 2013), with notable interaction effects
when these factors are combined (Rötzer et al., 2010).

Even-aged management is the most commonly used
silvicultural regime in North America and Europe
(Keenan & Kimmins, 1993; Oswalt & Smith, 2014; Statis-
tics Canada, 2018). Under even-aged silvicultural systems,
the overstory is usually removed at the end of the cutting
cycle in one clearcutting operation (Smith et al., 1997).
However, many nuances may be applied with some spe-
cific retention measures (Beese et al., 2003), allowing the
passage of biological legacies through the next stand. The
prevalence of clearcutting has been largely based on eco-
nomic considerations, driven by the desire for greater
harvested volumes per treated area (Vehkamäki, 1996)
and the ease of artificial regeneration with suitable tree
species. From an ecological perspective, clearcutting may
seem to emulate natural catastrophic disturbances, such
as wildfires and catastrophic windstorms, which kill most
of the stems. However, this analogy has been widely
debated (Kuuluvainen & Grenfell, 2012; Long, 2009;
Seymour et al., 2002; Stockdale et al., 2016), particularly
regarding its impact on carbon sequestration (Ameray
et al., 2021). Following a high-severity disturbance, forest
ecosystems often experience net C losses due to increased
soil respiration (Amiro et al., 2010), and regenerating
stands may take several decades to achieve net C gains,
whether the disturbance is natural or human-caused
(Covington, 1981; Senez-Gagnon et al., 2018). However,
clearcutting significantly differs from natural disturbances
as transfers to the forest products sector reduce the C in
the necromass and then in the soil organic carbon (SOC)
pools. Because of the potential negative impacts on biodi-
versity (Martin et al., 2020), the risk of accelerated soil
nutrient losses (Bormann et al., 1968), and mostly because
of the negative esthetical perception of the viewshed
altered by clearcutting (Ribe, 2005), a widespread public
disapproval of that practice has emerged, calling for

alternative forest management practices (Schneider
et al., 2021).

Uneven-aged management regimes offer an alternative
by maintaining a permanent forest cover through regularly
scheduled partial cuts. This approach mitigates the nega-
tive impacts on forest functions and ecosystem services
often observed after clearcutting (Nolet et al., 2018; Peura
et al., 2018). Moreover, forests managed under uneven-
aged regimes tend to be less susceptible to natural distur-
bances (Hanewinkel et al., 2014; Mohr et al., 2024), mak-
ing this an effective adaptation strategy for mitigating the
impact of climate change (Ameray et al., 2021, 2023).
However, some species may be more vulnerable in the
competitive environment created by uneven-aged manage-
ment, especially when water availability is projected to be
limited (Ameray et al., 2023; Lafond et al., 2014). More
specifically regarding C sequestration, partial cuttings are
expected to enhance C sequestration (Ameray et al., 2021;
Johnson & Curtis, 2001; Zhou et al., 2013) and offer higher
levels of C storage at the forest landscape level
(Assmuth & Tahvonen, 2018). For instance, living biomass
and SOC pools have been found to be higher under
uneven-aged management in France (Jonard et al., 2017).
However, the opposite trend has also been observed in
some specific cases (Nilsen & Strand, 2013).

Although numerous meta-analyses have examined the
impacts of harvesting on forest C stocks, most have focused
on the soil C pools or concentrations without specific com-
parisons between partial and clearcutting (e.g., Achat
et al., 2015; James & Harrison, 2016; Nave et al., 2010).
These syntheses report relatively small (<10%) reductions
in soil C throughout the soil profile after clearcutting, with
the greatest loss occurring in the forest floor (Mayer
et al., 2020). However, the degree of this consistent negative
effect varies widely between individual studies due to fac-
tors like soil type, climate, harvest treatment, or time since
treatment. Meta-analyses focusing on other C pools are less
common. Zhou et al. (2013) observed significant effects of
partial cuttings on aboveground biomass dynamics
(e.g., increased dbh and decreased aboveground C biomass)
in various forest types worldwide. Still, they noted substan-
tial variability due to climate zones and forest types.
Although these studies concentrating on specific C pools
are informative, they do not provide a comprehensive
understanding of the entire ecosystem C dynamics and
how these different pools change relative to one another
over time. Kalies et al. (2016) conducted a more compre-
hensive meta-analysis on the impact of various manage-
ment practices (e.g., thinning, burning, harvesting) on
multiple forest ecosystem C pools and found no significant
differences between partial and clearcutting. However, only
a few individual studies that reported partial harvests were
included in the meta-analysis, resulting in a high level of
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response ratio (RR) variability that may have obscured
potential differences. Overall, there are still important
knowledge gaps in our understanding of the impact of
harvesting treatment, especially partial cuttings, on the
dynamics of various forest C pools (Goetz et al., 2012;
Mason et al., 2021).

While meta-analyses are valuable instruments for
synthesizing global responses, their amalgamation of
diverse treatments and study designs from across the
world in pursuit of broader generalizations may lead to a
trade-off, where finer distinctions, particularly those that
are region specific, might be forfeited (James et al., 2021).
Additionally, meta-analysis is inherently cumulative and
requires regular updates as more papers are published to
reduce variability and enhance the robustness of the
conclusions.

In this study, we conducted a meta-analysis to spe-
cifically examine the response of various forest ecosys-
tem C pools (i.e., live trees, snags [dead standing trees],
understory vegetation, coarse woody debris, forest
floor, and soil mineral horizons) following partial cut-
tings or clearcutting in eastern North American forests
relative to uncut conditions. Our approach concen-
trated on a well-defined region encompassing boreal
and northern temperate ecosystems, allowing us to
standardize treatment conditions and thus undertake a
more comprehensive examination of the nuances
between partial cuttings and clearcutting across differ-
ent time points following treatment and between forest
biomes.

METHODS

We utilized the online Web of Science and Google
Scholar databases to search for relevant scientific peer-
reviewed papers published by the end of 2023. Keywords
used included a combination of “forest,” “carbon,”
“cutting,” “harvest,” and “management” (in the title,
abstract, or keywords). Papers were initially selected
based on their geographic location, focus on C content or
biomass, and the use of harvest treatments such as partial
cuttings and/or clearcutting. Modeling studies were
excluded to focus our meta-analysis on observational data
only. To ensure we did not overlook potential papers, we
also examined the references cited in the papers selected
from our initial search. Out of 669 screened articles,
89 were initially retained before a second screening.

We applied the following criteria to select data from
these articles for our meta-analysis. First, studies with-
out uncut forest plots (i.e., controls) were excluded as
they do not allow for the computation of a relative dif-
ference in cutting relative to local conditions over time.

An exception was made for chronosequences without
controls by using the last measure or the oldest stand
as the control (>80-year-old stands). Second, studies
that did not report C data as quantities/stocks per area,
such as in megagrammes of carbon per hectare, or that
could not be converted into this format were excluded to
ensure the standardization of the observed response. The
rationale was that some studies yielded different responses
to the treatment depending on the measurement unit. For
example, in their meta-analysis, Nave et al. (2010) found
different harvest effects on soil C when the studies
expressed it as concentration instead of pool size. How-
ever, most studies focusing on tree dynamics after a cut-
ting treatment were expressed in terms of biomass,
volume, or tree diameter and density. These data were first
manually converted to biomass values using diameter-
based allometric equations of Lambert et al. (2005) or
volume-based equations of the Canadian National Forest
Inventory (Boudewyn et al., 2007). The C content was then
obtained by multiplying the obtained biomass
(in megagrammes per hectare) by 0.5, a commonly applied
method for converting biomass into C content (Penman
et al., 2003). We also excluded articles that used soil prepa-
ration and/or fertilization treatment after cutting, as we
only wanted to infer the effect of harvest treatments alone.
After the second screening, a total of 61 articles were iden-
tified as relevant with enough information to be included
in a meta-analysis. These publications correspond to forest
harvests conducted in boreal and temperate forests of east-
ern North America. A list of basic information about each
publication is available in Appendix S1: Table S1, while
the geographic locations of the experimental plots reported
in these publications are provided in Figure 1.

For each publication, the harvest treatments were
classified as either clearcutting or partial cutting.
However, it is important to note that “partial cutting”
is a generic term encompassing a wide range of silvi-
cultural treatments and intensities (Bose et al., 2013).
In North America, this can refer to cutting with a
focus on (1) natural seedling establishment to create
an even-aged (regular shelterwood) or uneven-aged
stand (irregular shelterwood, selection cutting) or
(2) promoting growth of remaining trees in an even-
aged stand (commercial thinning). Among these,
irregular shelterwood and selection cutting belong to
continuous-cover silviculture with the aim of
retaining a permanently irregular structure (Mason
et al., 2021). The term clearcutting can refer to
slightly different methods depending on the intended
outcome. It may involve removing all merchantable
trees with little attention to regeneration (commercial
clearcutting) or removing trees while protecting the
soil and ensuring natural or planted regeneration
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(Windmuller-Campione et al., 2020). Most studies in
the literature have focused on commercial
clearcutting or did not provide enough details to
determine the specific method used. Therefore, we
chose to retain the generic term clearcutting in this
study. However, studies explicitly describing
clearcutting combined with soil preparation and/or
artificial regeneration were excluded from this meta-
analysis.

Multiple C values were recorded for each publica-
tion depending on the number of harvest treatments
tested, time since treatment, and stocks sampled. This
dataset represented a total of 558 C observations from
360 experimental units. To combine data across stud-
ies, an effect size was calculated as the log RR for each
treatment from each study (Hedges et al., 1999;
Lajeunesse, 2011). The effect size was calculated as
follows:

RR¼ ln
XT

XC

� �
ð1Þ

where XT is the mean C content at a specific time since
treatment of an individual harvest treatment and XC is
the corresponding mean C content of the reference (old
or unmanaged stand). In our study, “time since treat-
ment” refers to the time elapsed since the most recent
cutting. Therefore, when a study reported C pool values
across multiple cutting cycles, we only considered the

values from the last cycle for both the treatment and ref-
erence stands. The SE of the RR was calculated as
follows:

SE RR½ � ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SE XT

� �2
XT

2 +
SE XC

� �2
XC

2

vuut ð2Þ

The effect size is a unitless measure; thus, it is often
back-transformed as a percentage difference relative to
the reference to enhance the overall biological interpreta-
tion of the treatment effect. The percentage difference
was calculated as follows:

percent difference¼ e RRð Þ − 1
� �

× 100 ð3Þ

After calculating the effect size for each C observa-
tion, the next step was to identify the categorical vari-
ables (i.e., C pool, cutting practice, time since treatment,
forest biome, reference type) that best explained the vari-
ation in measured C. To achieve this, we applied a
variance-partitioning approach similar to an ANOVA, as
recommended by Hedges and Olkin (1985). This involved
calculating within-group (Qw) and between-group (Qb)
heterogeneity for the RR values associated with each pre-
dictor. A categorical variable with a large and statistically
significant Qb was considered a strong predictor of varia-
tion in effect size.

F I GURE 1 Distribution of the experimental sites used in this study. Green circles represent sites reported as being in temperate forests,

while blue circles represent those in boreal forests. Circles are semitransparent such that darker colors indicate overlap of multiple studies.
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To determine which variable had the greatest explan-
atory power, we first performed this analysis on the
entire RR dataset, identifying the variable with
the highest and most significant Qb. We then followed a
hierarchical approach: the dataset was divided based on
the strongest predictor, and the variance-partitioning pro-
cedure was repeated within each subgroup. This iterative
process continued until no additional categorical vari-
ables were found to be significant.

After identifying the best predictors, we analyzed the
calculated RR between harvest treatments using mixed-
effects meta-regression models (Sera et al., 2019). In these
models, harvest treatment was considered the fixed effect,
while biome and time since treatment were both consid-
ered as random effects. The models utilized the calcu-
lated RR and the associated uncertainty estimates (SE
[RR]), which considered the variability and number of
replicates from each study. The effects on total ecosystem
C were also calculated, but only using 12 publications
(46 observations) that measured C in at least live trees,
soil, and coarse woody debris (pools the most contribu-
tive to total C).

Unfortunately, estimates of the SD and sample size
for each XT and XC, which are essential for computing
SE[RR] and conducting the most robust meta-analyses
(i.e., weighted method), were available for only 81% of
the total observations recorded in the retained publica-
tions. In order to retain as much available data as possi-
ble, we also conducted mixed-effects models on an
unweighted meta-analysis (i.e., without SE[RR]) and
compared the results with those of the weighted meta-
analysis. Using this unweighted method, we performed
non-parametric resampling techniques (bootstrapping) to
compute CIs around the mean effect sizes to ensure
robust estimation (Adams et al., 1997). This unweighted
method was also used to evaluate the dynamics of mean
effect sizes over time for each carbon pool. For pools that
exhibited different relationships with time between har-
vest treatments, we confirmed these relationships by
conducting a weighted meta-regression on a subset of
observations that provided the necessary information.
Various models were tested, and we selected the signifi-
cant ones with the lowest Akaike information crite-
rion (AIC).

All statistical analyses were completed using R soft-
ware version 4.2.3 (R Core Team, 2023). Mixed-effects
meta-regression models were performed using the rma
and rma.mv functions from the metafor package
(Viechtbauer, 2010). Mixed-effects models on unweighted
meta-analysis were performed using the lme function of
the nlme package (Pinheiro, 2022), while bootstrapping
was computed using the bootstrap function of the
lmeresampler package (Loy et al., 2023).

RESULTS

Data overview and primary sources of
carbon variation

The effect size values used for our meta-analysis were rel-
atively well-proportioned between biomes. However, data
were generally more available for clearcutting than for
partial cuttings, particularly in boreal forests. Among the
data recorded in the boreal forest (43.1% of the total),
only 10.3% were under partial cuttings, whereas this per-
centage was twice as high in temperate forests. Such dis-
tribution reflects the standard silvicultural approach in
the temperate forests, where partial cuttings are applied
to maintain multi-cohort stand structure. Data availabil-
ity was also influenced by the C pool, with the majority
of data pertaining to live trees (25.4%), forest floor
(20.1%), and deadwood biomass (19.2% for coarse woody
debris and 15.3% for snags). In comparison, data were
scarce for the soil mineral horizons and the understory
vegetation (11.4% and 8.7%, respectively). It is also note-
worthy that reported C values for soil mineral horizons
differed in the sampling depth, ranging from 7 to 150 cm,
with a median sampling depth of 45 cm.

Regarding the time series, C values were available for
a longer period after treatment in clearcutting stands
compared to partial cutting ones. In clearcutting, the
effect sizes were calculated based on a median of 15 years
since treatment, with a maximum duration of 110 years.
Approximately three-quarters of the values were under
34 years. In partial cutting, the median time since treat-
ment (9 years) was relatively similar to clearcutting, but
approximately three-quarters of the values were only
under 12 years, with a maximum value of 50 years.

The total ecosystem C stock (i.e., the addition of all
measured C pools in this study) in the forests used as a
reference for the effect size calculations averaged a total
of 223.9 Mg C ha−1 (Figure 2). Despite considerable vari-
ability, live trees and the soil mineral horizons contrib-
uted the most to the total C (40.9% and 33.6%,
respectively) and were significantly higher than other
pools (p < 0.001). The forest floor (14.24%) had the third-
highest pool values, followed by deadwood (5.76% for
snags and 4.74% for coarse woody debris) and understory
vegetation (0.72%).

Our meta-analysis revealed several significant sources
of C variation that differed among the pools considered
in managed forests (Table 1). As anticipated from
Figure 2, the C pool emerged as the most influential fac-
tor determining the variation in effect size, followed by
the time elapsed since harvesting. When considering the
pools independently, we observed that the variability in
effect size for aboveground biomass (i.e., live trees and
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snags) was primarily influenced by the harvest treatment,
even without accounting for the time since treatment.
Effect size values for coarse woody debris were mainly
predicted by the time since treatment, while forest floor
C was solely affected by the biome. The effect size calcu-
lated for the soil mineral horizons did not exhibit any sig-
nificant variability from any categorical variable
considered in this study, including the sampling depth
(Qb = 0.29, p = 0.589).

It is noteworthy that the forest stands used as refer-
ences in each study, and for the effect size calculation,
varied significantly in their characteristics. Approxi-
mately 55% of these reference stands were either old for-
ests or areas that have no recorded evidence of past

management activities. The remaining 45% were areas
that had been cut more than 80 years ago and left
unmanaged since then (Appendix S2: Table S1). This cat-
egorical variable introduced significant variability in all
stocks except understory vegetation and the mineral hori-
zons. However, this factor exhibited a high correlation
with biome and practice type. Clearcutting stands pre-
dominantly utilized old forests as a reference stand. In
contrast, partial cutting stands mainly used unmanaged
forests as a reference in boreal forests, and a more bal-
anced mix of old and unmanaged forests in temperate
forests (Appendix S2: Table S1). Such intercorrelated var-
iables complicate the data analysis because attempting to
eliminate the effect of one random factor will inevitably

F I GURE 2 Carbon quantities by pool in temperate (green) and boreal (blue) forests reported among the reference plots of the

experimental studies.

TAB L E 1 Between-group heterogeneity (Qb) among the k studies for each response parameter.

Response parameter k C pool Cutting treatment Time Biome

Ecosystem C 457 967.77* 1.17 7.66* 0.41

Live trees 103 … 338.74* 102.72* 51.88*

Snags 63 … 63.20* 13.17* 0.038

Understory vegetation 35 … 4.75* 6.46* 16.21*

Coarse woody debris 99 … 1.34 73.13* 55.81*

Forest floor 97 … 0.71 0.26 26.47*

Mineral horizons 60 … 0.046 1.16 0.45

*Significant effect (p < 0.05) of the categorical variable on the response parameter considered.
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remove some variability explained by more ecologically
important factors, thus introducing bias into the results.
However, variance partitioning of the data revealed that
the explained variation in effect size values by the type of
reference stand used was already fully accounted for by
harvest treatment and biome type. When considered
independently, the reference type used did not show sig-
nificant explained variance (p = 0.866), so we chose not
to include it in the subsequent analyses.

Effect of harvest treatments by biome on
each carbon pool

Averaged across 12 publications that recorded enough C
pools to compute an ecosystem component, forest
harvesting resulted in a significant reduction in total

ecosystem C compared with a reference (old or
unmanaged stand) (−30%; Figure 3). However, no differ-
ences were found between clearcutting and partial cut-
tings. As anticipated from Table 1, only the aboveground
stocks are affected by harvest treatments. When control-
ling for the time since treatment, C in live trees was still
significantly affected by the harvest method, irrespective
of the biome considered, with clearcutting resulting in a
greater reduction (−78%) than partial cuttings (−45%)
relative to the reference. The effect size on the C pool of
snags showed a similar response, although high variabil-
ity was observed in temperate forests. This variability was
likely introduced by specific differences in each harvest
method. For example, some publications studied
clearcutting with the removal of snags, while others left
them on-site (clearcutting with snag retention), which
obviously greatly influenced the C values in this pool

F I GURE 3 Effect of clearcutting (black symbols) and partial cuttings (white symbols) on the percentage difference of C relative to

control between pools and forest biome (points: boreal, triangle: temperate). Each mean estimate is shown with a bootstrapped 95% CI. Each

interval that does not overlap with the dotted vertical line indicates a statistically significant difference from the reference stand (i.e., old or

unmanaged stand), while non-overlapping intervals between treatments indicate significant differences between them. The number of

observations from the literature included in each estimate is listed on the right of each panel. Time since harvest treatment was included as a

random effect in the model.
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(Appendix S2: Figure S1 for a specific analysis on a small
subset of observations where this information was avail-
able). Except for partial cuttings in temperate forests, the
understory vegetation experienced a significant increase
in the C pool following harvesting, averaging 121%, with
high variability mainly caused by the low amount of
observations available. The main predictor of forest floor
C pool was the biome type (refer to Table 1), and we
observed a significant difference of −21%, but only in the
clearcutting treatment of temperate forests (Figure 3).
This effect in temperate forests still appeared even when
harvest treatments were pooled and was mostly driven by
the higher hardwood content (Appendix S2: Figure S2).
The effect sizes on the C pool of coarse woody debris and
mineral horizons did not exhibit any differences from the
reference due to the harvest treatment or biome type.
These results were computed using the entire available
database, which constrained us to use unweighted meta-
analysis due to the lack of variance information. A
weighted meta-analysis, computed on 81% of the observa-
tions with the required information, yielded roughly the
same results, and differences can be seen Appendix S2:
Figure S3.

Carbon pool dynamics following harvesting

Time since treatment emerged as a significant descriptor
of C pool variability observed in total aboveground as
well as deadwood biomass (refer to Table 1, Figure 4).
Live trees were the only C pool that showed differences
between harvest practices over time. Values of percentage
of change from partial cuttings treatments showed a
steady increase from −50% to −25% over a 50-year
period. By contrast, clearcutting treatments began with a
−100% reduction in C values compared to reference
stands and then quickly increased to match partial cut-
tings levels after approximately 30 years since treatment
before reaching reference levels at 60 years after harvest.

To confirm the relationship between live tree C pool
and time since treatment, we also conducted a weighted
meta-regression on a subset of observations that had the
necessary information to do so (i.e., number of replicates
and variance associated with each reported C mean of a
treatment). The best-fitting model confirmed a linear
relationship between the percentage difference in the live
tree C pool and time since treatment in partial cuttings.
By contrast, a cubic spline relationship was observed in
clearcutting, with both treatments converging after
30 years (Figure 5).

Understory vegetation exhibited a high increase in
effect size in the first 10 years since treatment, reaching
500% and 125% for clearcutting and partial cuttings,

respectively, before returning to reference levels
(Figure 4). Coarse woody debris demonstrated a dynamic
that was similar in both harvest treatments, starting with
an increase in C values in the years following harvest
(136% and 43% for clearcutting and partial cuttings,
respectively), followed by a slow decrease until reaching
negative values compared to reference stands after 20–
30 years since treatment (averaging −68% for both treat-
ments). After this decrease, C values slowly increased
again to return to reference values.

DISCUSSION

The objective of our study was to provide a better under-
standing of the different responses of forest C pools to par-
tial cuttings and clearcutting harvesting practices through
a meta-analysis of studies from Northeastern American
boreal and temperate forests. We anticipated clear distinc-
tions between the two harvesting methods on the ecosys-
tem C stock. Our results indicated a −30% difference in
total C post-harvesting, predominantly influenced by C
alterations in the overstory. Nonetheless, we did not iden-
tify significant differences in total C between the cutting
treatments. Our study aligns with previous meta-analyses
(Kalies et al., 2016) and supports the observation that C in
the mineral horizons, which constitutes a significant frac-
tion of the ecosystem, showed no variation with the har-
vest treatments. Although total C did not differ between
partial cuttings and clearcutting, we observed significant
differences in C dynamics between the two practices,
which are discussed further below.

Carbon dynamics following harvesting

The C pool values recorded in this meta-analysis align
with the expected values for natural forests in North
America. According to the FAO (2020), the largest pool
should be expected in the soil (49.8%, compared to 47.8%
observed in total in the forest floor and mineral horizon
pools in this meta-analysis), followed by living biomass
and dead wood. Following harvesting, almost all of these
pools showed some variability. Still, only tree biomass
was clearly affected by the cutting intensity, with
clearcutting leading to lower total C pool values than par-
tial cuttings.

Live trees

Immediately after treatment, the change relative to the ref-
erence stand was greater in clearcutting, with values
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similar to those obtained in other studies (Zhou
et al., 2013). It is widely acknowledged that post-harvest
biomass C initially accumulates slowly and then accelerates

before plateauing, followed by a slowdown in accumulation
(Seedre et al., 2011); this pattern was notably observed in
boreal forests of Quebec (Senez-Gagnon et al., 2018). In our

F I GURE 4 Effect of time after clearcutting (black circles) and partial cuttings (white circles) on the percentage difference of C relative

to control between pools. Each estimate is shown with a bootstrapped 95% CI. Each interval that does not overlap with the dotted vertical

line indicates a statistically significant difference from the reference stand (i.e., old or unmanaged stand), while non-overlapping intervals

between treatments indicate significant differences between them. The number of observations from the literature included in each estimate

is listed next to the circles.
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study, this pattern was particularly pronounced in the
clearcutting, with an expected period of 60 years to rebuild
the C pool. Nash et al. (2024) also observed a rapid increase
in C accumulation after clearcutting, reaching levels simi-
lar to those of reference stands by 60 years post-treatment.
However, C accumulation under partial cutting was slower
than anticipated. Interestingly, the faster C accumulation
in clearcutting compared to partial cuttings resulted in sim-
ilar changes relative to the reference stand between the two
treatments after 30–40 years. This outcome contrasts with
some modeling studies that suggest higher (Schwenk
et al., 2012) or similar (Puhlick et al., 2020) annual C accu-
mulation in partial cuttings compared to clearcut stands.
However, similar trends to our results were observed in
simulated hardwood stands when comparing the mer-
chantable basal area of partial cutting stands to those
subjected to a more severe cutting (Bédard et al., 2014).

Empirical studies focusing on annual growth rates
across different partial cutting intensities generally
observe nuanced and non-significant results. For
instance, Sendak et al. (2003) found that annual incre-
ment tends to decrease with increasing harvest intensity,
while others observed no differences (Erdmann &
Oberg, 1973) or a trend toward higher annual increments
(Bédard et al., 2018; Pothier, 1996). In a meta-analysis
focusing on partial harvesting, Zhou et al. (2013) did not

find a significant recovery trend after low-intensity cut-
ting but observed an increased rate of C accumulation
with higher cutting intensity. However, as in our study,
the limited availability of data for partial cuttings beyond
20 years post-harvest may have restricted the ability to
estimate long-term recovery trends and added variability
to the results. Furthermore, differences in partial cutting
practices, forest type, and stand structure can potentially
influence the effects of partial cuttings (Ameray
et al., 2021; Nunery & Keeton, 2010; Powers et al., 2011).
For example, Moussaoui et al. (2020) found that stand
structure and site characteristics determine the effective-
ness of partial cuttings in boreal forests, with outcomes
ranging from increased tree recruitment and growth to a
loss of stand volume due to tree mortality. Site character-
istics have also been identified as important predictors of
C storage (Grant, 2004; Nunery & Keeton, 2010; Wang
et al., 2003).

Understory vegetation

The C dynamics of understory vegetation exhibited a
greater change in clearcutting compared to partial cutting
treatments. A similar magnitude of relative differences
between partial cuttings and clearcutting was obtained
by Ola et al. (2024). Understory vegetation is significantly
influenced by disturbances (Hart & Chen, 2008); follow-
ing a clearcut, the substantial change in light availability
should result in a rapid increase in vegetation biomass
(Seedre & Chen, 2010). Over time after cutting, forest
succession leads to canopy closure, consequently causing
a subsequent decrease in understory biomass vegetation
(Fleming & Freedman, 1998). Since partial cuttings result
in lower light availability due to a smaller canopy open-
ing compared to clearcutting, it is expected to see less bio-
mass accumulation in the understory. However, even
though understory production can exceed the overstory
production (O’connell et al., 2003), it represents only a
small fraction of the total C biomass (Gilliam, 2007;
Powers et al., 2011), thus carrying negligible weight in
the comparison of both cutting methods relative to refer-
ence stands.

Dead biomass

The principal factor determining changes in deadwood C
pool was time since treatment. Deadwood C accumula-
tion after cutting is known to be greatly influenced by the
time since treatment and can follow different patterns
depending on stand species composition (Seedre
et al., 2011). Despite comparing different cutting methods

F I GURE 5 Effect of clearcutting (black circles, black curve in

the red shaded area) and partial cuttings (white circle, black line in

the blue shaded area) as function of time since treatment on the

percentage of change of live tree C relative to control, analyzed by a

weighted meta-regression model. The effect over time was best

fitted with a linear regression for the partial cuttings and with a

cubic spline (fitted by polynomial regression) for the clearcutting.

Each meta-regression was weighted by the inverse of the variance

of each effect size, which is visualized by the size of each point

where larger points correspond with smaller variance. Colored

areas represent 95% CIs for each harvest treatment.
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in contrasting forest biomes, our results depicted a some-
what clear global “U”- or boomerang-shaped debris C
accumulation curve, considered the most common
dynamic (Hély et al., 2000; Russell et al., 2015; Seedre
et al., 2011; Senez-Gagnon et al., 2018). The initial
increase could be attributed to residues left after logging,
while the subsequent decrease is due to their decomposi-
tion, as observed by Mattson et al. (1987) in temperate
hardwood forests. The later increase may be due to inten-
sified competition between trees, followed by the onset of
senescence, which leads to tree mortality.

Differences in the amount of deadwood can contribute
to the whole C ecosystem by increasing stand productivity
in the long term through nutrient availability (Achat
et al., 2015; Harmon et al., 1986; Ouimet et al., 2021),
although negative relationships were also observed
(Childs & Flint, 1990). In that regard, we expected different
patterns of deadwood C dynamics between harvest treat-
ments, as greater input following clearcutting is expected
due to the intensity of harvest (Mund & Schulze, 2006).
Interestingly, the pattern remained consistent between the
two harvest treatments, though it may have been modu-
lated by the harvest method used, that is, whole-tree har-
vest (in which the tree is cut and forwarded to the
roadside, where it is delimbed and topped) versus bole-only
(in which the tree is cut, delimbed, and topped at the
stump), as well as the machines used for the harvesting
operations. Both treatments resulted in a decrease in the C
pool of snags primarily due to the removal of snags during
harvesting. However, it is possible to limit this decline if
retention directives are implemented.

Although not significant, it should be noted that a
trend for higher deadwood C was observed in boreal for-
est stands compared to temperate forests. In boreal
forests, the higher proportion of coniferous species leads
to slower decomposition that may take more than
30 years (Hagemann et al., 2009; Moroni, 2006; Strukelj
et al., 2015).

Soil

In our study, organic C stored in the forest floor was pri-
marily affected by forest biome irrespective of treatment,
although we did observe a negative effect of clearcutting
in temperate forest ecosystems. The recorded −21% dif-
ference in forest floor C pool relative to reference stands
is consistent with findings from previous meta-analyses
(James et al., 2021; Nave et al., 2010), which reported up
to 30% losses depending on soil type and dominant spe-
cies. In their recent literature review, Mayer et al. (2020)
suggest that reduced C stocks following clearcutting may
be attributed to diminished litter input and/or increased

decomposition compared to partial harvesting. However,
the main driving factor appears to be related to site prep-
aration and disturbance (Achat et al., 2015; James &
Harrison, 2016) rather than cutting intensity per se. In
our study, which was restricted to sites that received no
soil preparation or fertilization, forest floor C in boreal
forests appeared relatively stable despite harvesting. For-
est floor serves as a major C pool in boreal forests, and in
some stands, the organic C is characterized by stable
forms that may limit the effect of harvesting or accelerate
their recovery (Laganiere et al., 2013; Strukelj
et al., 2015).

On the other hand, the mineral horizon C levels of
the harvested stands were similar to those of the refer-
ence stands regardless of the harvesting practice, biome
consideration, or sampling depth. This result is consistent
with that of previous findings across different cutting
practices and forest ecosystems (James et al., 2021; Mayer
et al., 2020; Nave et al., 2010; Zhou et al., 2013). C pool in
the mineral horizons can vary greatly between sites
(Diochon et al., 2009) and is primarily determined by soil
chemistry and physical characteristics (Nave et al., 2010).
Soil alteration in this horizon is a slow process that
occurs over centuries, so the cutting intensity may not
exert sufficient pressure yet to affect this C pool. This
emphasizes the importance of maintaining long-term
research sites in managed forests across a variety of soil
types (Clarke et al., 2015). It is also important to note that
the studies included in this meta-analysis exhibited con-
siderable variation in sampling depth, ranging from 7 to
150 cm. While the impact of sampling depth could not be
assessed in this study due to insufficient data for each
harvesting treatment, it remains a knowledge gap that
needs further investigation, as also highlighted in other
meta-analyses and reviews (James et al., 2021; Mayer
et al., 2020).

Cutting cycle length

Forest ecosystems develop slowly, and research evaluat-
ing the effects of management practices thus requires
decades to yield meaningful findings. Our study chose to
compare C dynamics, as described by empirical data, fol-
lowing one cycle of harvest practices. This approach
offered the benefit of assessing each cutting effect on the
same basis, suggesting that potential aspects of partial
cuttings over clearcutting on live C pools may depend on
the cutting cycle length. Furthermore, the effects of cut-
ting practices may yield different results when multiple
cycles are considered, such as on soil or deadwood stocks.
Some of the chronosequences available in the literature
compared cutting treatments with different cycle lengths
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and time since treatment to provide a point-in-time
assessment of the C budget following long-term forest
management. For example, on a 50-year chronosequence
with multiple cutting cycles, Puhlick et al. (2016) found
that ecosystem C was still higher in natural, unmanaged
stands, followed by the shelterwood method, selection
cutting, and clearcutting. Similarly, Powers et al. (2011)
found that long-term management reduced total ecosys-
tem C stocks, even after considering harvested wood
products. Experimental sites in different conditions and
with a variety of cutting methods and cycle lengths are
crucial for enhancing our understanding of forest man-
agement’s C dynamics over extended periods. However,
these experiments are constrained by the initial choice of
cutting cycle length, which may not align with the most
optimal practices in modern forestry, given its evolving
nature. As they are, such experiments work against long-
term commitments to fund and maintain study sites,
making them rare despite their usefulness in meta-
analyses (Powers & Van Cleve, 1991).

Implications and limitations

Proper forest management has the potential to contribute
to increasing C stocks and sequestration and reducing C
emissions (Perez-Garcia et al., 2005). With increasing
timber demands and a shift toward harvest practices such
as partial cuttings, it becomes crucial to comprehensively
understand their effects and implement them in a man-
ner that ensures long-term sustainability. The results of
our meta-analysis affirm that enhancing C storage in
managed forest ecosystems will depend on allowing suffi-
cient time for forests to recover (Harmon et al., 2009;
Zhou et al., 2013). Our results showed that after 30 years,
these stands surprisingly did not have C stocks compara-
ble to those of unmanaged stands. However, forest stands
managed by partial cuttings often follow a cutting cycle
inferior to 30 years. This suggests that using partial cut-
tings instead of clearcutting to mitigate the effects of for-
est management on C pools may be more complex than
previously thought. Further studies are needed to first
identify suitable forest stands for partial cutting and after-
ward to evaluate the tree selection strategies (in terms of
tree diameter, species, and health) to optimize forest pro-
ductivity and C sequestration.

While we focused solely on C pools, other variables
are also necessary to inform management policies, such
as ecosystem C fluxes, fossil emissions from forest opera-
tions, transport and wood processing, and the fate of C
stored in wood products during their life cycle (Moreau,
Thiffault, & Beauregard, 2023; Moreau, Thiffault, Kurz,
et al., 2023). Choosing partial cuttings may also entail

expanding managed areas to sustain the same wood pro-
duction (Lindenmayer et al., 2012), resulting in addi-
tional emissions, although this is not always the case
(Giasson et al., 2023). The application of partial cuttings
can also be driven by other objectives, such as managing
species composition (Bédard et al., 2022; Sendak
et al., 2003) and maintaining or diversifying stand struc-
ture (Bédard et al., 2014; Gauthier et al., 2015) to improve
resistance and resilience to natural disturbances (Mohr
et al., 2024). Nevertheless, partial cuttings are not the
only solution; it is one of many tools available for manag-
ing forests depending on the relative importance of the
desired objectives (Schwenk et al., 2012).

Our results need to be nuanced by the fact that “partial
cutting” treatments used in this meta-analysis
encompassed contrasting methods regarding forest man-
agement objectives and intensities (Bose et al., 2013)
applied under various site conditions. For example, we
combined shelterwood treatments—intended to ensure
stand renewal through one or more overwood removals,
sometimes resulting in the final removal of the overwood
or retaining a continuous cover—with light commercial
thinning treatments, which aim to promote the growth of
residuals trees by removing as little as 10% of the basal
area. Ideally, each specific partial cutting method should
have been analyzed independently. However, not enough
studies or information about the practices were available
for each treatment to standardize both the environmental
conditions and the time since treatment. Pooling every-
thing together certainly introduced some variability that
may have hindered the discovery of certain inferences,
representing a limitation of this meta-analysis. On the
other hand, despite this added variability, some differences
were still detected, highlighting the significance of the
analyzed factors. Similarly, the studies included in this
meta-analysis focused on commercial clearcutting. How-
ever, when clearcutting is combined with soil preparation
and artificial regeneration, such as direct seeding or plant-
ing seedlings, it could be expected to lead to a faster recov-
ery of C levels comparable to those of reference stands.

As reported by previous literature reviews and meta-
analyses (Mayer et al., 2020; Zhou et al., 2013), the number
of studies reporting C values for soil mineral horizons was
sparse and limited despite its importance. While of lesser
importance, reports on understory vegetation were also
limited. Much of the literature studying the harvest impact
on understory vegetation focused solely on diversity
changes, which may be attributed to the difficulty of esti-
mating C biomass for this pool. Many studies in our data-
base also lacked detailed information on the forestry
practices used, proper referencing, or replication, greatly
limiting both the precision and exploration of correlated
variable effects (such as reference type used or site
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preparation) in this meta-analysis. Finally, our inferences
were significantly impeded by the limited availability of
long-term experimental designs and chronosequences.
Most long-term studies are centered mainly on
undisturbed natural habitats (Powers & Van Cleve, 1991).
This once again emphasizes their crucial need and impor-
tance in a variety of sites and treatments for being able to
perform meta-analyses on C sequestration and storage.

ACKNOWLEDGMENTS
This research was supported by the Fonds de recherche
du Québec—Nature et technologie (FRQNT); Programme
de recherche en partenariat sur la contribution du secteur
forestier à l’atténuation des effets des changements
climatiques (2022-0FC-309053). We extend our gratitude
to the members of the research program, whose valuable
feedback and participation in project meetings contrib-
uted to the development and improvement of this work.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
Data (Collin, 2025) are available on Zenodo at https://
doi.org/10.5281/zenodo.15271337.

ORCID
Alexandre Collin https://orcid.org/0000-0002-5882-
7639

REFERENCES
Achat, D. L., C. Deleuze, G. Landmann, N. Pousse, J. Ranger, and

L. Augusto. 2015. “Quantifying Consequences of Removing
Harvesting Residues on Forest Soils and Tree Growth–A Meta-
Analysis.” Forest Ecology and Management 348: 124–141.

Adams, D. C., J. Gurevitch, and M. S. Rosenberg. 1997.
“Resampling Tests for Meta-Analysis of Ecological Data.” Ecol-
ogy 78(4): 1277–83.

Ameray, A., Y. Bergeron, and X. Cavard. 2023. “Modelling the
Potential of Forest Management to Mitigate Climate Change
in Eastern Canadian Forests.” Scientific Reports 13(1): 14506.
https://doi.org/10.1038/s41598-023-41790-2.

Ameray, A., Y. Bergeron, O. Valeria, M. Montoro Girona, and X.
Cavard. 2021. “Forest Carbon Management: A Review of Silvi-
cultural Practices and Management Strategies across Boreal,
Temperate and Tropical Forests.” Current Forestry Reports
7(4): 245–266. https://doi.org/10.1007/s40725-021-00151-w.

Amiro, B. D., A. G. Barr, J. G. Barr, T. A. Black, R. Bracho, M.
Brown, J. Chen, et al. 2010. “Ecosystem Carbon Dioxide Fluxes
after Disturbance in Forests of North America.” Journal of
Geophysical Research – Biogeosciences 115(G4): G00K02.
https://doi.org/10.1029/2010JG001390.

Assmuth, A., and O. Tahvonen. 2018. “Optimal Carbon Storage in
Even- and Uneven-Aged Forestry.” Forest Policy and Econom-
ics 87: 93–100. https://doi.org/10.1016/j.forpol.2017.09.004.

Bédard, S., M.-M. Gauthier, F. Guillemette, and R. Ouimet. 2018.
“Effets après 5 ans de l’éclaircie commerciale et de
l’amendement du sol sur la production de jeunes érablières en
Estrie.” Gouvernement du Québec, ministère des Forêts, de la
Faune et des Parcs, Direction de la recherche forestière. Note
de recherche forestière, 149. 18 p.

Bédard, S., F. Guillemette, P. Raymond, S. Tremblay, C. Larouche,
and J. DeBlois. 2014. “Rehabilitation of Northern Hardwood
Stands Using Multicohort Silvicultural Scenarios in Québec.”
Journal of Forestry 112(3): 276–286. https://doi.org/10.5849/jof.
13-035.

Bédard, S., P. Raymond, and J. DeBlois. 2022. “Northern Hardwood
Regeneration Dynamics 10 Years after Irregular Shelterwood
and Mechanical Control of Understory American Beech.” For-
est Ecology and Management 511: 120142. https://doi.org/10.
1016/j.foreco.2022.120142.

Beese, W. J., B. G. Dunsworth, K. Zielke, and B. Bancroft. 2003.
“Maintaining Attributes of Old-Growth Forests in Coastal
B.C. through Variable Retention.” The Forestry Chronicle
79(3): 570–78. https://doi.org/10.5558/tfc79570-3.

Birdsey, R., and Y. Pan. 2015. “Trends in Management of the
World’s Forests and Impacts on Carbon Stocks.” Forest Ecology
and Management 355: 83–90. https://doi.org/10.1016/j.foreco.
2015.04.031.

Bormann, F. H., G. E. Likens, D. W. Fisher, and R. S. Pierce. 1968.
“Nutrient Loss Accelerated by Clear-Cutting of a Forest Eco-
system.” Science 159(3817): 882–84. https://doi.org/10.1126/
science.159.3817.882.

Bose, A. K., B. D. Harvey, S. Brais, M. Beaudet, and A. Leduc. 2013.
“Constraints to Partial Cutting in the Boreal Forest of Canada
in the Context of Natural Disturbance-Based Management: A
Review.” Forestry 87(1): 11–28. https://doi.org/10.1093/
forestry/cpt047.

Boudewyn, P., X. Song, S. Magnussen, and M. Gillis. 2007.
“Model-Based, Volume-to-Biomass Conversion for Forested
and Vegetated Land in Canada.” Information Report BC-X-
411. 111 pp.

Childs, S., and A. L. Flint. 1990. “Physical Properties of Forest Soils
Containing Rock Fragments.” In Sustained Productivity of For-
est Soils, edited by S. P. Gessel, G. Lacate, G. F. Weetman, and
R. F. Powers, 95–121. Vancouver: University of British Colum-
bia, Faculty of Forestry Publications.

Clarke, N., P. Gundersen, U. Jönsson-Belyazid, O. J. Kjønaas, T.
Persson, B. D. Sigurdsson, I. Stupak, and L. Vesterdal. 2015.
“Influence of Different Tree-Harvesting Intensities on Forest
Soil Carbon Stocks in Boreal and Northern Temperate
Forest Ecosystems.” Forest Ecology and Management 351:
9–19.

Collin, A. 2025. “Data from: ‘Effects of Harvest Treatments on For-
est Carbon Pools in Eastern North America – A Meta-analy-
sis’.” Zenodo. https://doi.org/10.5281/zenodo.15271337.

Covington, W. W. 1981. “Changes in Forest Floor Organic Matter
and Nutrient Content Following Clear Cutting in Northern
Hardwoods.” Ecology 62(1): 41–48.

Diochon, A., L. Kellman, and H. Beltrami. 2009. “Looking Deeper:
An Investigation of Soil Carbon Losses Following Harvesting
from a Managed Northeastern Red Spruce (Picea rubens Sarg.)
Forest Chronosequence.” Forest Ecology and Management
257(2): 413–420.

ECOLOGICAL APPLICATIONS 13 of 16

 19395582, 2025, 3, D
ow

nloaded from
 https://esajournals.onlinelibrary.w

iley.com
/doi/10.1002/eap.70050 by Stephane T

rem
blay - N

atural R
esources C

anada , W
iley O

nline L
ibrary on [26/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.5281/zenodo.15271337
https://doi.org/10.5281/zenodo.15271337
https://orcid.org/0000-0002-5882-7639
https://orcid.org/0000-0002-5882-7639
https://orcid.org/0000-0002-5882-7639
https://doi.org/10.1038/s41598-023-41790-2
https://doi.org/10.1007/s40725-021-00151-w
https://doi.org/10.1029/2010JG001390
https://doi.org/10.1016/j.forpol.2017.09.004
https://doi.org/10.5849/jof.13-035
https://doi.org/10.5849/jof.13-035
https://doi.org/10.1016/j.foreco.2022.120142
https://doi.org/10.1016/j.foreco.2022.120142
https://doi.org/10.5558/tfc79570-3
https://doi.org/10.1016/j.foreco.2015.04.031
https://doi.org/10.1016/j.foreco.2015.04.031
https://doi.org/10.1126/science.159.3817.882
https://doi.org/10.1126/science.159.3817.882
https://doi.org/10.1093/forestry/cpt047
https://doi.org/10.1093/forestry/cpt047
https://doi.org/10.5281/zenodo.15271337


Erdmann, G. G., and R. R. Oberg. 1973. Fifteen-Year Results from
Six Cutting Methods in Second-Growth Northern Hardwoods.
USDA Forest Service Res. Pap. NC-100. St. Paul, MN: North
Central Forest Experiment Station. 12 p.

FAO. 2020. Global Forest Resources Assessment 2020: Main Report.
Rome: FAO.

Fleming, T. L., and B. Freedman. 1998. “Conversion of Natural,
Mixed-Species Forests to Conifer Plantations: Implications for
Dead Organic Matter and Carbon Storage.” Ecoscience 5(2):
213–221.

Gauthier, M.-M., M. Barrette, and S. Tremblay. 2015. “Commercial
Thinning to Meet Wood Production Objectives and Develop
Structural Heterogeneity: A Case Study in the Spruce-Fir For-
est, Quebec, Canada.” Forests 6(2): 510–532.

Giasson, L.-A., E. Thiffault, L. Lebel, and J.-F. Carle. 2023. “Carbon
Balance of Forest Management and Wood Production in the
Boreal Forest of Quebec (Canada).” Frontiers in Forests and
Global Change 6: 1242218.

Gilliam, F. S. 2007. “The Ecological Significance of the Herbaceous
Layer in Temperate Forest Ecosystems.” BioScience 57(10):
845–858.

Goetz, S. J., B. Bond-Lamberty, B. E. Law, J. A. Hicke, C. Huang,
R. A. Houghton, S. McNulty, et al. 2012. “Observations and
Assessment of Forest Carbon Dynamics Following Distur-
bance in North America.” Journal of Geophysical Research –
Biogeosciences 117(G2). https://doi.org/10.1029/2011JG001733.

Grant, R. F. 2004. “Modeling Topographic Effects on Net Ecosystem
Productivity of Boreal Black Spruce Forests.” Tree Physiology
24(1): 1–18. https://doi.org/10.1093/treephys/24.1.1.

Hagemann, U., M. T. Moroni, and F. Makeschin. 2009. “Deadwood
Abundance in Labrador High-Boreal Black Spruce Forests.”
Canadian Journal of Forest Research 39(1): 131–142.

Hanewinkel, M., T. Kuhn, H. Bugmann, A. Lanz, and P. Brang.
2014. “Vulnerability of Uneven-Aged Forests to Storm Dam-
age.” Forestry 87(4): 525–534. https://doi.org/10.1093/forestry/
cpu008.

Harmon, M. E., J. F. Franklin, F. J. Swanson, P. Sollins, S. Gregory,
J. Lattin, N. Anderson, S. Cline, N. Aumen, and J. Sedell. 1986.
“Ecology of Coarse Woody Debris in Temperate Ecosystems.”
Advances in Ecological Research 15: 133–302.

Harmon, M. E., A. Moreno, and J. B. Domingo. 2009. “Effects of
Partial Harvest on the Carbon Stores in Douglas-Fir/Western
Hemlock Forests: A Simulation Study.” Ecosystems 12:
777–791.

Hart, S. A., and H. Y. Chen. 2008. “Fire, Logging, and Overstory
Affect Understory Abundance, Diversity, and Composition in
Boreal Forest.” Ecological Monographs 78(1): 123–140.

Hedges, L. V., J. Gurevitch, and P. S. Curtis. 1999. “The Meta-
Analysis of Response Ratios in Experimental Ecology.” Ecology
80(4): 1150–56.

Hedges, L. V., and I. Olkin. 1985. Statistical Methods for Meta-Anal-
ysis. Orlando, FL: Academic Press.

Hély, C., Y. Bergeron, and M. Flannigan. 2000. “Effects of Stand
Composition on Fire Hazard in Mixed-Wood Canadian Boreal
Forest.” Journal of Vegetation Science 11(6): 813–824.

James, J., and R. Harrison. 2016. “The Effect of Harvest on Forest
Soil Carbon: A Meta-Analysis.” Forests 7(12): 308.

James, J., D. Page-Dumroese, M. Busse, B. Palik, J. Zhang, B.
Eaton, R. Slesak, J. Tirocke, and H. Kwon. 2021. “Effects of

Forest Harvesting and Biomass Removal on Soil Carbon and
Nitrogen: Two Complementary Meta-Analyses.” Forest Ecology
and Management 485: 118935. https://doi.org/10.1016/j.foreco.
2021.118935.

Johnson, D. W., and P. S. Curtis. 2001. “Effects of Forest Manage-
ment on Soil C and N Storage: Meta Analysis.” Forest Ecology
and Management 140(2): 227–238. https://doi.org/10.1016/
S0378-1127(00)00282-6.

Jonard, M., M. Nicolas, D. A. Coomes, I. Caignet, A. Saenger, and
Q. Ponette. 2017. “Forest Soils in France Are Sequestering Sub-
stantial Amounts of Carbon.” Science of the Total Environment
574: 616–628. https://doi.org/10.1016/j.scitotenv.2016.09.028.

Kalies, E. L., K. A. Haubensak, and A. J. Finkral. 2016. “A Meta-
Analysis of Management Effects on Forest Carbon Storage.”
Journal of Sustainable Forestry 35(5): 311–323. https://doi.org/
10.1080/10549811.2016.1154471.

Keenan, R. J., and J. P. Kimmins. 1993. “The Ecological Effects of
Clear-Cutting.” Environmental Reviews 1(2): 121–144. https://
doi.org/10.1139/a93-010.

Kuuluvainen, T., and R. Grenfell. 2012. “Natural Disturbance Emu-
lation in Boreal Forest Ecosystem Management—Theories,
Strategies, and a Comparison with Conventional Even-Aged
Management.” Canadian Journal of Forest Research 42(7):
1185–1203. https://doi.org/10.1139/x2012-064.

Lafond, V., G. Lagarrigues, T. Cordonnier, and B. Courbaud. 2014.
“Uneven-Aged Management Options to Promote Forest Resil-
ience for Climate Change Adaptation: Effects of Group Selec-
tion and Harvesting Intensity.” Annals of Forest Science 71(2):
173–186. https://doi.org/10.1007/s13595-013-0291-y.

Laganiere, J. M., D. Paré, Y. Bergeron, H. Y. Chen, B. W. Brassard,
and X. Cavard. 2013. “Stability of Soil Carbon Stocks Varies
with Forest Composition in the Canadian Boreal Biome.” Eco-
systems 16(5): 852–865.

Lajeunesse, M. J. 2011. “On the Meta-Analysis of Response Ratios
for Studies with Correlated and Multi-Group Designs.” Ecology
92(11): 2049–55.

Lambert, M.-C., C.-H. Ung, and F. Raulier. 2005. “Canadian
National Tree Aboveground Biomass Equations.” Canadian
Journal of Forest Research 35(8): 1996–2018. https://doi.org/10.
1139/x05-112.

Lindenmayer, D., J. Franklin, A. Lõhmus, S. Baker, J. Bauhus, W.
Beese, A. Brodie, B. Kiehl, J. Kouki, and G. M. Pastur. 2012.
“A Major Shift to the Retention Approach for Forestry Can
Help Resolve some Global Forest Sustainability Issues.” Con-
servation Letters 5(6): 421–431.

Long, J. N. 2009. “Emulating Natural Disturbance Regimes as a
Basis for Forest Management: A North American View.” For-
est Ecology and Management 257(9): 1868–73. https://doi.org/
10.1016/j.foreco.2008.12.019.

Loy, A., S. Steele, and J. Korobova. 2023. “lmeresampler: Bootstrap
Methods for Nested Linear Mixed-Effects Models.” R Package
Version 0.2.4.

Martin, M., Y. Boucher, N. J. Fenton, P. Marchand, and H. Morin.
2020. “Forest Management Has Reduced the Structural Diver-
sity of Residual Boreal Old-Growth Forest Landscapes in East-
ern Canada.” Forest Ecology and Management 458: 117765.
https://doi.org/10.1016/j.foreco.2019.117765.

Mason, W. L., J. Diaci, J. Carvalho, and S. Valkonen. 2021. “Contin-
uous Cover Forestry in Europe: Usage and the Knowledge

14 of 16 COLLIN ET AL.

 19395582, 2025, 3, D
ow

nloaded from
 https://esajournals.onlinelibrary.w

iley.com
/doi/10.1002/eap.70050 by Stephane T

rem
blay - N

atural R
esources C

anada , W
iley O

nline L
ibrary on [26/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1029/2011JG001733
https://doi.org/10.1093/treephys/24.1.1
https://doi.org/10.1093/forestry/cpu008
https://doi.org/10.1093/forestry/cpu008
https://doi.org/10.1016/j.foreco.2021.118935
https://doi.org/10.1016/j.foreco.2021.118935
https://doi.org/10.1016/S0378-1127(00)00282-6
https://doi.org/10.1016/S0378-1127(00)00282-6
https://doi.org/10.1016/j.scitotenv.2016.09.028
https://doi.org/10.1080/10549811.2016.1154471
https://doi.org/10.1080/10549811.2016.1154471
https://doi.org/10.1139/a93-010
https://doi.org/10.1139/a93-010
https://doi.org/10.1139/x2012-064
https://doi.org/10.1007/s13595-013-0291-y
https://doi.org/10.1139/x05-112
https://doi.org/10.1139/x05-112
https://doi.org/10.1016/j.foreco.2008.12.019
https://doi.org/10.1016/j.foreco.2008.12.019
https://doi.org/10.1016/j.foreco.2019.117765


Gaps and Challenges to Wider Adoption.” Forestry 95(1): 1–12.
https://doi.org/10.1093/forestry/cpab038.

Mattson, K. G., W. T. Swank, and J. B. Waide. 1987. “Decomposi-
tion of Woody Debris in a Regenerating, Clear-Cut Forest in
the Southern Appalachians.” Canadian Journal of Forest
Research 17(7): 712–721.

Mayer, M., C. E. Prescott, W. E. A. Abaker, L. Augusto, L. Cécillon,
G. W. D. Ferreira, J. James, et al. 2020. “Tamm Review: Influ-
ence of Forest Management Activities on Soil Organic Carbon
Stocks: A Knowledge Synthesis.” Forest Ecology and Manage-
ment 466: 118127. https://doi.org/10.1016/j.foreco.2020.
118127.

Mohr, J., D. Thom, H. Hasenauer, and R. Seidl. 2024. “Are Uneven-
Aged Forests in Central Europe less Affected by Natural Dis-
turbances than Even-Aged Forests?” Forest Ecology and Man-
agement 559: 121816. https://doi.org/10.1016/j.foreco.2024.
121816.

Moreau, L., E. Thiffault, and R. Beauregard. 2023. “Assessing the
Effects of Different Harvesting Practices on the Forestry Sec-
tor’s Climate Benefits Potential: A Stand Level Theoretical
Study in an Eastern Canadian Boreal Forest.” Forests 14(6):
1109.

Moreau, L., E. Thiffault, W. A. Kurz, and R. Beauregard. 2023.
“Under What Circumstances Can the Forest Sector Contribute
to 2050 Climate Change Mitigation Targets? A Study from For-
est Ecosystems to Landfill Methane Emissions for the Province
of Quebec, Canada.” GCB Bioenergy 15(9): 1119–39.

Moroni, M. T. 2006. “Disturbance History Affects Dead Wood
Abundance in Newfoundland Boreal Forests.” Canadian Jour-
nal of Forest Research 36(12): 3194–3208.

Moussaoui, L., A. Leduc, M. M. Girona, A. C. Bélisle, B. Lafleur,
N. J. Fenton, and Y. Bergeron. 2020. “Success Factors for
Experimental Partial Harvesting in Unmanaged Boreal Forest:
10-Year Stand Yield Results.” Forests 11(11): 1199.

Mund, M., and E. Schulze. 2006. “Impacts of Forest Management
on the Carbon Budget of European Beech (Fagus Sylvatica)
Forests.” Allgemeine Forst- und Jagdzeitung 177(3/4): 47.

Nash, J. M., M. A. Vadeboncoeur, G. G. McGee, C. W. Woodall, and
R. D. Yanai. 2024. “Biomass Accumulation in Trees and
Downed Wood in Northern Hardwood Forests: Repeated Mea-
sures of a Successional Chronosequence in New Hampshire,
USA.” Canadian Journal of Forest Research 54(4): 431–446.
https://doi.org/10.1139/cjfr-2023-0060.

Nave, L. E., E. D. Vance, C. W. Swanston, and P. S. Curtis. 2010.
“Harvest Impacts on Soil Carbon Storage in Temperate For-
ests.” Forest Ecology and Management 259(5): 857–866. https://
doi.org/10.1016/j.foreco.2009.12.009.

Nilsen, P., and L. T. Strand. 2013. “Carbon Stores and Fluxes in
Even-and Uneven-Aged Norway Spruce Stands.” Silva Fennica
47(4): 1024.

Nolet, P., D. Kneeshaw, C. Messier, and M. Béland. 2018. “Compar-
ing the Effects of Even- and Uneven-Aged Silviculture on Eco-
logical Diversity and Processes: A Review.” Ecology and
Evolution 8(2): 1217–26. https://doi.org/10.1002/ece3.3737.

Nunery, J. S., and W. S. Keeton. 2010. “Forest Carbon Storage in
the Northeastern United States: Net Effects of Harvesting Fre-
quency, Post-Harvest Retention, and Wood Products.” Forest
Ecology and Management 259(8): 1363–75. https://doi.org/10.
1016/j.foreco.2009.12.029.

O’connell, K. E., S. T. Gower, and J. M. Norman. 2003. “Net Ecosys-
tem Production of Two Contrasting Boreal Black Spruce Forest
Communities.” Ecosystems 6(3): 248–260.

Ola, A., W. Devos, M. Bouchard, M. J. Mazerolle, P. Raymond, and
A. D. Munson. 2024. “Above- and Belowground Carbon Stocks
under Differing Silvicultural Scenarios.” Forest Ecology and
Management 558: 121785. https://doi.org/10.1016/j.foreco.
2024.121785.

Oswalt, S. N., and W. B. Smith. 2014. US Forest Resource Facts and
Historical Trends. Washington, DC: United States Deparment
of Agriculture, Forest Service.

Ouimet, R., L. Duchesne, and S. Tremblay. 2021. “Long-Term Soil
Fertility and Site Productivity in Stem-Only and Whole-Tree
Harvested Stands in Boreal Forest of Quebec (Canada).” For-
ests 12(5): 583.

Penman, J., M. Gytarsky, T. Hiraishi, T. Krug, D. Kruger, R. Pipatti,
L. Buendia, et al. 2003. Good Practice Guidance for Land Use,
Land-Use Change and Forestry. Kanagawa Prefecture: Institute
for Global Environmental Strategies.

Perez-Garcia, J., B. Lippke, J. Comnick, and C. Manriquez. 2005.
“An Assessment of Carbon Pools, Storage, and Wood Products
Market Substitution Using Life-Cycle Analysis Results.” Wood
and Fiber Science 37: 140–48.

Peura, M., D. Burgas, K. Eyvindson, A. Repo, and M. Mönkkönen.
2018. “Continuous Cover Forestry Is a Cost-Efficient Tool to
Increase Multifunctionality of Boreal Production Forests in
Fennoscandia.” Biological Conservation 217: 104–112. https://
doi.org/10.1016/j.biocon.2017.10.018.

Pinheiro, J. 2022. “nlme: Linear and Nonlinear Mixed Effects
Models.” R Package Version 3.1-160.

Pothier, D. 1996. “Accroissement d’une érablière à la suite de
coupes d’éclaircie: résultats de 20 ans.” Canadian Journal of
Forest Research 26(4): 543–49.

Powers, M., R. Kolka, B. Palik, R. McDonald, and M. Jurgensen.
2011. “Long-Term Management Impacts on Carbon Storage
in Lake States Forests.” Forest Ecology and Management
262(3): 424–431. https://doi.org/10.1016/j.foreco.2011.
04.008.

Powers, R. F., and K. Van Cleve. 1991. “Long-Term Ecological
Research in Temperate and Boreal Forest Ecosystems.” Agron-
omy Journal 83(1): 11–24.

Puhlick, J. J., A. R. Weiskittel, I. J. Fernandez, S. Fraver, L. S.
Kenefic, R. S. Seymour, R. K. Kolka, L. E. Rustad, and J. C.
Brissette. 2016. “Long-Term Influence of Alternative Forest
Management Treatments on Total Ecosystem and Wood Prod-
uct Carbon Storage.” Canadian Journal of Forest Research
46(11): 1404–12. https://doi.org/10.1139/cjfr-2016-0193.

Puhlick, J. J., A. R. Weiskittel, L. S. Kenefic, C. W. Woodall, and
I. J. Fernandez. 2020. “Strategies for Enhancing Long-Term
Carbon Sequestration in Mixed-Species, Naturally Regenerated
Northern Temperate Forests.” Carbon Management 11(4):
381–397.

R Core Team. 2023. R: A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing.

Ribe, R. G. 2005. “Aesthetic Perceptions of Green-Tree Retention
Harvests in Vista Views: The Interaction of Cut Level, Reten-
tion Pattern and Harvest Shape.” Landscape and Urban Plan-
ning 73(4): 277–293. https://doi.org/10.1016/j.landurbplan.
2004.07.003.

ECOLOGICAL APPLICATIONS 15 of 16

 19395582, 2025, 3, D
ow

nloaded from
 https://esajournals.onlinelibrary.w

iley.com
/doi/10.1002/eap.70050 by Stephane T

rem
blay - N

atural R
esources C

anada , W
iley O

nline L
ibrary on [26/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1093/forestry/cpab038
https://doi.org/10.1016/j.foreco.2020.118127
https://doi.org/10.1016/j.foreco.2020.118127
https://doi.org/10.1016/j.foreco.2024.121816
https://doi.org/10.1016/j.foreco.2024.121816
https://doi.org/10.1139/cjfr-2023-0060
https://doi.org/10.1016/j.foreco.2009.12.009
https://doi.org/10.1016/j.foreco.2009.12.009
https://doi.org/10.1002/ece3.3737
https://doi.org/10.1016/j.foreco.2009.12.029
https://doi.org/10.1016/j.foreco.2009.12.029
https://doi.org/10.1016/j.foreco.2024.121785
https://doi.org/10.1016/j.foreco.2024.121785
https://doi.org/10.1016/j.biocon.2017.10.018
https://doi.org/10.1016/j.biocon.2017.10.018
https://doi.org/10.1016/j.foreco.2011.04.008
https://doi.org/10.1016/j.foreco.2011.04.008
https://doi.org/10.1139/cjfr-2016-0193
https://doi.org/10.1016/j.landurbplan.2004.07.003
https://doi.org/10.1016/j.landurbplan.2004.07.003


Rötzer, T., J. Dieler, T. Mette, R. Moshammer, and H. Pretzsch.
2010. “Productivity and Carbon Dynamics in Managed Central
European Forests Depending on Site Conditions and Thinning
Regimes.” Forestry: An International Journal of Forest Research
83(5): 483–496. https://doi.org/10.1093/forestry/cpq031.

Russell, M. B., S. Fraver, T. Aakala, J. H. Gove, C. W. Woodall,
A. W. D’Amato, and M. J. Ducey. 2015. “Quantifying Carbon
Stores and Decomposition in Dead Wood: A Review.” Forest
Ecology and Management 350: 107–128.

Ryan, M. G., M. E. Harmon, R. A. Birdsey, C. P. Giardina, L. S.
Heath, R. A. Houghton, R. B. Jackson, D. C. McKinley, J. F.
Morrison, and B. C. Murray. 2010. “A Synthesis of the Science
on Forests and Carbon for US Forests.” Ecological Society of
America: Issues in Ecology 13: 1–16.

Schneider, R., L. Dupont-Leduc, V. Gauthray-Guyénet, N.
Cattaneo, L. Melo, T. Simard, A. Begni, et al. 2021. “Close-to-
Nature Silviculture in Eastern Quebec: Advances over the Last
Decade.” The Forestry Chronicle 97(3): 250–262. https://doi.
org/10.5558/tfc2021-027.

Schwenk, W. S., T. M. Donovan, W. S. Keeton, and J. S.
Nunery. 2012. “Carbon Storage, Timber Production, and
Biodiversity: Comparing Ecosystem Services with Multi-
Criteria Decision Analysis.” Ecological Applications 22(5):
1612–27.

Seedre, M., and H. Y. H. Chen. 2010. “Carbon Dynamics of Above-
ground Live Vegetation of Boreal Mixedwoods after Wildfire
and Clear-Cutting.” Canadian Journal of Forest Research
40(9): 1862–69. https://doi.org/10.1139/x10-120.

Seedre, M., B. M. Shrestha, H. Y. Chen, S. Colombo, and K. Jogiste.
2011. “Carbon Dynamics of North American Boreal Forest
after Stand Replacing Wildfire and Clearcut Logging.” Journal
of Forest Research 16(3): 168–183.

Sendak, P. E., J. C. Brissette, and R. M. Frank. 2003. “Silviculture
Affects Composition, Growth, and Yield in Mixed Northern
Conifers: 40-Year Results from the Penobscot Experimental
Forest.” Canadian Journal of Forest Research 33(11): 2116–28.

Senez-Gagnon, F., E. Thiffault, D. Paré, A. Achim, and Y. Bergeron.
2018. “Dynamics of Detrital Carbon Pools Following
Harvesting of a Humid Eastern Canadian Balsam Fir Boreal
Forest.” Forest Ecology and Management 430: 33–42. https://
doi.org/10.1016/j.foreco.2018.07.044.

Sera, F., B. Armstrong, M. Blangiardo, and A. Gasparrini. 2019. “An
Extended Mixed-Effects Framework for Meta-Analysis.” Statis-
tics in Medicine 38(29): 5429–44.

Seymour, R. S., A. S. White, and P. G. de Maynadier. 2002. “Natural
Disturbance Regimes in Northeastern North America—
Evaluating Silvicultural Systems Using Natural Scales and Fre-
quencies.” Forest Ecology and Management 155(1): 357–367.
https://doi.org/10.1016/S0378-1127(01)00572-2.

Smith, D. M., B. C. Larson, M. J. Kelty, and P. M. S. Ashton. 1997.
The Practice of Silviculture: Applied Forest Ecology. New York:
John Wiley and Sons, Inc.

Statistics Canada. 2018. Human Activity and the Environment 2017:
Forests in Canada. Ottawa: Minister of Industry.

Stockdale, C., M. Flannigan, and E. Macdonald. 2016. “Is the END
(Emulation of Natural Disturbance) a New Beginning? A Criti-
cal Analysis of the Use of Fire Regimes as the Basis of Forest

Ecosystem Management with Examples from the Canadian
Western Cordillera.” Environmental Reviews 24(3): 233–243.
https://doi.org/10.1139/er-2016-0002.

Strukelj, M., S. Brais, and D. Paré. 2015. “Nine-Year Changes in
Carbon Dynamics Following Different Intensities of
Harvesting in Boreal Aspen Stands.” European Journal of For-
est Research 134(5): 737–754. https://doi.org/10.1007/s10342-
015-0880-4.

Vehkamäki, S. 1996. “Economic Comparison of Forest Manage-
ment Methods.” Forest Ecology and Management 82(1): 159–
169. https://doi.org/10.1016/0378-1127(95)03678-4.

Viechtbauer, W. 2010. “Conducting Meta-Analyses in R with the
Metafor Package.” Journal of Statistical Software 36(3): 1–48.

Wang, C., B. Bond-Lamberty, and S. T. Gower. 2003. “Carbon Dis-
tribution of a Well- and Poorly-Drained Black Spruce Fire
Chronosequence.” Global Change Biology 9(7): 1066–79.
https://doi.org/10.1046/j.1365-2486.2003.00645.x.

Wang, W., C. Peng, D. D. Kneeshaw, G. R. Larocque, X. Lei, Q.
Zhu, X. Song, and Q. Tong. 2013. “Modeling the Effects of Var-
ied Forest Management Regimes on Carbon Dynamics in Jack
Pine Stands under Climate Change.” Canadian Journal of For-
est Research 43(5): 469–479. https://doi.org/10.1139/cjfr-2012-
0320.

Windmuller-Campione, M. A., M. B. Russell, E. Sagor, A. W.
D’Amato, A. R. Ek, K. J. Puettmann, and M. G. Rodman. 2020.
“The Decline of the Clearcut: 26 Years of Change in Silvicul-
tural Practices and Implications in Minnesota.” Journal of For-
estry 118(3): 244–259.

Zhang, J., R. F. Powers, and C. N. Skinner. 2010. “To Manage or
Not to Manage: The Role of Silviculture in Sequestering Car-
bon in the Specter of Climate Change.” In Integrated Manage-
ment of Carbon Sequestration and Biomass Utilization
Opportunities in a Changing Climate: Proceedings of the 2009
National Silviculture Workshop, eds. T. B. Jain, R. T. Graham,
and J. Sandquist, 2009 June 15–18. Boise, ID: USDA Forest
Service RMRS-P-61. p. 2929.

Zhou, D., S. Q. Zhao, S. Liu, and J. Oeding. 2013. “A Meta-Analysis
on the Impacts of Partial Cutting on Forest Structure and Car-
bon Storage.” Biogeosciences 10(6): 3691–3703. https://doi.org/
10.5194/bg-10-3691-2013.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Collin, Alexandre,
Evelyne Thiffault, Stéphane Tremblay,
Frédérik Doyon, and Philippe Nolet. 2025. “Effects
of Harvest Treatments on Forest Carbon Pools in
Eastern North America: A Meta-Analysis.”
Ecological Applications 35(3): e70050. https://doi.
org/10.1002/eap.70050

16 of 16 COLLIN ET AL.

 19395582, 2025, 3, D
ow

nloaded from
 https://esajournals.onlinelibrary.w

iley.com
/doi/10.1002/eap.70050 by Stephane T

rem
blay - N

atural R
esources C

anada , W
iley O

nline L
ibrary on [26/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1093/forestry/cpq031
https://doi.org/10.5558/tfc2021-027
https://doi.org/10.5558/tfc2021-027
https://doi.org/10.1139/x10-120
https://doi.org/10.1016/j.foreco.2018.07.044
https://doi.org/10.1016/j.foreco.2018.07.044
https://doi.org/10.1016/S0378-1127(01)00572-2
https://doi.org/10.1139/er-2016-0002
https://doi.org/10.1007/s10342-015-0880-4
https://doi.org/10.1007/s10342-015-0880-4
https://doi.org/10.1016/0378-1127(95)03678-4
https://doi.org/10.1046/j.1365-2486.2003.00645.x
https://doi.org/10.1139/cjfr-2012-0320
https://doi.org/10.1139/cjfr-2012-0320
https://doi.org/10.5194/bg-10-3691-2013
https://doi.org/10.5194/bg-10-3691-2013
https://doi.org/10.1002/eap.70050
https://doi.org/10.1002/eap.70050

	Effects of harvest treatments on forest carbon pools in eastern North America: A meta‐analysis
	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	Data overview and primary sources of carbon variation
	Effect of harvest treatments by biome on each carbon pool
	Carbon pool dynamics following harvesting

	DISCUSSION
	Carbon dynamics following harvesting
	Live trees
	Understory vegetation
	Dead biomass
	Soil
	Cutting cycle length
	Implications and limitations

	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


