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Abstract
Several aspects of the forest carbon cycle have not been examined in detail, including sources of variation in carbon dioxide

(CO2) emissions from coarse woody material (CWM). To address this knowledge gap, we examined CO2 emissions from Acer
saccharum Marshall logs within four harvesting treatments, using closed chambers fitted to the logs. We found that CO2 emis-
sions were highest for logs in small (31.8 ± 20.4μmol·CO2·m−3·s−1) and large gaps (29.6 ± 24.4μmol·CO2·m−3·s−1) compared
to those in control (13.9 ± 8.3μmol·CO2·m−3·s−1) and thinned matrix (13.6 ± 8.0μmol·CO2·m−3·s−1) treatments. CO2 flux rates
did not differ between gap sizes, but they increased with temperature, which was higher in the small gap treatment. In addi-
tion, two individual logs fitted with multiple closed chambers revealed significant within-log variability in CO2 emissions. On
a subset of logs repeatedly sampled throughout the day, we found that log surface temperature generally peaked at midday
and was positively correlated with CO2 emissions, although this relationship was weak in one log. This study provides insight
into sources of variation in CO2 emissions from CWM while improving our understanding of the forest carbon cycle.
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Introduction
Forests are important contributors to the global carbon

cycle, both as a sink of carbon dioxide (CO2) through photo-
synthesis as well as an emitter of CO2 as these carbon stocks
decompose, combust, or transfer to other systems and pools
(i.e., blue carbon). However, many components of the forest
carbon cycle remain poorly understood. Decomposition of
soil organic matter has been studied extensively and iden-
tified as a major contributor to carbon emissions (Kolari et
al. 2009; Hollinger et al. 2021); however, the contribution of
coarse woody material (CWM) decomposition to net forest
carbon balances is less well understood (Harmon et al. 2011).
Carbon is emitted via decomposing CWM primarily as CO2,
the result of heterotrophic respiration by fungi, bacteria,
insects, and other decomposers. This comprises the majority
of carbon loss from CWM in forested settings (Chambers et
al. 2001), except perhaps in the case of wildfires (Hurteau
and North 2009). Given the prevalence of this process, a
better understanding of CO2 emissions from CWM is needed
to improve process-based models of forest carbon dynamics
(Kurz et al. 2009), as well as anticipate the carbon dynamics
following varying harvesting approaches and(or) natural
disturbances.

Forest harvesting modifies forest structure, which in turn
may influence CO2 fluxes from CWM. Previous studies have

investigated the effect of harvesting on soil carbon fluxes
(Epron et al. 2006; Peng and Thomas 2006; Stoffel et al. 2010),
but few have examined the effect on CWM fluxes. Forrester
et al. (2012) found that canopy gap creation increased CWM
carbon emissions and altered the relationship between CWM
temperature and moisture, while Griffiths et al. (2021) found
that canopy gaps can increase decomposition rates for CWM
components left in gaps. These increases in decomposition
rates (i.e., CO2 emissions) likely result from alterations in
forest structure that consequently affect local environmental
variables such as temperature and moisture. As forest man-
agers are increasingly considering the carbon consequences
of their actions (Ontl et al. 2020), it becomes critically impor-
tant to further examine the impact of canopy disturbance on
environmental variables and subsequent CO2 emissions from
forest carbon pools.

Understanding the spatial and temporal variability of CO2

from CWM is equally important for carbon modelling efforts
and forest management. Field studies of CO2 flux from de-
caying logs often rely on chambers placed at one location
along the log’s length (Forrester et al. 2015; Noh et al. 2019),
assuming that chosen location is representative when scal-
ing up. Boddy et al. (1989) tested this assumption and found
variation in CO2 emissions within a single log, suggesting
that the variation was due to differences in fungal species
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composition and moisture within the log. Further study is
needed to understand the significance of this within-log vari-
ation. In addition, by convention, CO2 flux rates are measured
midday as this time period provides the least variation in
moisture and temperature with the greatest flux values. How-
ever, when scaling such flux rates to a seasonal or annual rate,
it is assumed that flux at other times of the day or year can
be predicted by the relationship among temperature, mois-
ture, and flux found at midday. Alternatively, daily flux rates
can be estimated by multiplying by hours in the day. A com-
parison of continuous flux measurements against weekly flux
measurements has been conducted for soils, suggesting that
continuous flux measurements throughout the day improve
predictions of flux from temperature and moisture and that
a combination of both methods would be ideal to maximize
coverage of both temporal and spatial variability (Savage and
Davidson 2003). However, to the best of our knowledge, no
previous studies have examined daily variation in CO2 flux
from CWM.

Our objectives were to (1) quantify the impact of silvicul-
tural treatments and the resulting effects of temperature and
moisture conditions on CO2 emissions from decaying CWM
and (2) characterize the small-scale spatial (within log) and
short-term temporal (12-hr sequence) variability in CO2 emis-
sions from decaying wood. We focus our work on 12 instru-
mented Acer saccharum Marshall (sugar maple) logs placed in
a replicated silvicultural study (part of the Adaptive Silvicul-
ture for Climate Change network) (Nagel et al. 2017; Jevon et
al. 2019; Clark et al. 2021) in northern NH, USA. We expect
these results to improve the understanding of variability in
deadwood carbon fluxes and provide information to help re-
fine forest carbon models.

Methods

Study site
This study was conducted at Dartmouth College’s Second

College Grant (SCG) (44◦91′N, 71◦10′W) in northern NH, USA.
This forest is dominated by hardwood tree species, primar-
ily Acer saccharum Marshall (sugar maple), Betula alleghanien-
sis Britton (yellow birch), and Fagus grandifolia Ehrh. (Ameri-
can beech), with Acer rubrum L. (red maple), Picea rubens Sarg.
(red spruce), Fraxinus americana L. (white ash), Populus grandi-
dentata Michx. (bigtooth aspen), Prunus serotina Ehrh. (black
cherry), Abies balsamea (L.) Mill. (balsam fir), and Acer pensylvan-
icum L. (striped maple) in lesser amounts. Prior to project es-
tablishment in 2017, stand basal area averaged 24.9 m2·ha−1

and tree density 559 trees·ha−1. The site has spodosol soils
(Petrenko and Friedland 2015) and has a mean annual tem-
perature of 3.2 ◦C and mean annual precipitation of 1179 mm
(30-year climatology 1981–2010; Jevon et al. 2019). Average
site elevation is 550 m a.s.l., and snowpack generally devel-
ops in November and persists through March.

This research site is part of a larger network of forests
that participate in the Adaptive Silviculture for Climate
Change experimental network, or ASCC (Nagel et al. 2017).
At the SCG, four 10 ha replicate blocks were established, and
each block included stands with small gaps (approximately

0.1 ha, N = 18), large gaps (approximately 0.4 ha, N = 3), ma-
trix (thinned areas between gaps), and control (no harvest of
any kind) treatments. Further details of this ASCC study de-
sign can be found in Clark et al. (2021). The current study——an
addition to the larger ASCC project——was conducted in one of
these four blocks, where in the spring of 2019, three freshly
cut 2.5 m long Acer saccharum logs were placed in each of the
four treatments (i.e., 12 logs total, 3 replicate logs in each
treatment). However, for the gap treatments, given site con-
straints, two logs were placed in one large gap, one log in
another large gap, and likewise two logs were placed in one
small gap and one log in another small gap. The average mid-
point diameter of these logs was 30.0 cm (range 25.8–33.9).
These logs form the basis of an ongoing study of CWM mois-
ture dynamics in response to precipitation and drying events
(e.g., Woodall et al. 2020). The current study of CO2 flux was
added two years later (2021), as new collaborators recognized
that this design allowed us to examine the influence of har-
vesting treatments on CO2 flux. However, the two-year delay
was rather beneficial, given the well-reported initial lag in
decay (i.e., negligible flux rates in the first years of decay) ow-
ing to delayed fungal colonization (Harmon et al. 1986) or
low initial nitrogen content that limits fungal activity (Rinne-
Garmston et al. 2019).

Carbon dioxide flux measurements
To measure and capture CO2 emissions, a chamber was at-

tached to the top-center of each log. This chamber was cre-
ated by fitting a PVC pipe (10 cm diameter, average 7.1 cm
height) to the log curvature and sealing it onto the bark with
silicone caulk and clay, if needed. Within-log variability was
assessed on a subset of logs, due to time and resource limi-
tations. Thus, one log in the control treatment and one log
in the large gap (both randomly chosen) were each fit with
three collars spaced evenly along the log length. The control
and gap treatments were selected because we anticipated the
greatest differences between CO2 flux rates in these more ex-
treme treatments. CO2 flux was sampled periodically from
June to November 2021, for a total of seven sampling visits.
During each sampling visit, a cap with a low-density polyethy-
lene seal was placed over the open PVC collar and held tightly
in place with a bungee cord. Air was pumped from the cham-
ber through the Li-830 gas analyzer (Li-Cor, Lincoln, NE, USA)
for three minutes. The “Flux Puppy” software application
(Carbone et al. 2019) recorded the change in CO2 concentra-
tion every second as it was emitted from the log and accumu-
lated in the chamber.

The slope of the accumulation curve was used to determine
the CO2 flux rate (μmol·CO2·mol−1·sec−1) for each log at each
sampling visit. An analysis of variance (ANOVA) found that
log diameters were significantly greater in gap treatments;
to account for this confounding variable, flux rates were ex-
pressed per volume (m3) of wood, assuming flux was emit-
ted from a cylinder of wood below the collar whose height
was the field-measured vertical diameter of the log (Forrester
et al. 2012). For comparisons to other studies, we also calcu-
lated flux per mass (kg) of wood. To this end, large diame-
ter (12 mm) increment cores were extracted from the logs
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directly below the chambers and measured for volume and
oven-dry mass to determine density (g·cm−3). These density
values were used to convert cylinder volumes (wood below
the collar) to mass. To examine the daily variability in CO2

flux rates, we monitored flux, wood temperature, and soil
moisture every hour (from 6:00 to 18:00) for one day (27 July
2022) on a subset of three logs representing small-gap, large-
gap, and matrix conditions. These logs were chosen because
their close proximity allowed a field crew to rotate among
them on an hourly basis.

Environmental measurements
In July 2021, a hemispherical photo was taken at one me-

ter height, centered above each log and processed using the
Gap Light Analyzer software (Frazer et al. 1999) to estimate
canopy openness (%). At each sampling visit, wood surface
temperature was measured adjacent to the collar using a Du-
rac 609001600 digital thermometer (Bel-Art-SP Scienceware,
Wayne, NJ, USA) placed on the log surface north of the flux
chamber. Volumetric soil moisture (%) was measured by aver-
aging six measurements, three on each side of the log near
the collar, using a TDR150 soil moisture meter (Spectrum
Technologies, Aurora, IL, USA). We use soil moisture as a
proxy for log moisture given the close relationship between
the two (Green et al. 2022).

Statistical analyses
To address our first objective——to quantify the impact of

silvicultural treatments on CO2 emissions——we performed an
ANOVA with CO2 flux rate as the response variable and treat-
ment as the predictor, followed by Tukey’s post hoc compar-
isons among treatments. For the two logs fitted with multiple
collars, we used only the center collar for analyses to remain
consistent with the remaining 10 logs, each of which had
one centrally placed collar. Data from one log in the large-
gap treatment was excluded because the bark supporting the
collar had sloughed off during the sampling season. Analyses
were performed in R using the aov and TukeyHSD functions
in the “stats” package (R Core Team 2020).

To test causal relationships for the treatment differences
ultimately revealed in the ANOVA (above), we used a linear
mixed-effects model with CO2 flux as the response variable,
the environmental variables (as above) as the predictors, and
log ID as the random variable. The mixed-effects model was
created using the lme function in the “nlme” package in R
(Pinheiro et al. 2021). We used the vif function in the “stats”
package in R to test for potential collinearity between wood
temperature and canopy openness. We further tested this re-
lationship using a linear model with the lm function in the
“stats” package in R (R Core Team 2020), which confirmed
collinearity. We thus removed canopy openness from the
model. Our final mixed-effects model included CO2 flux as the
response variable and wood temperature, logit-transformed
soil moisture, and the interaction between these variables as
the predictors.

For our second objective——to characterize variability in CO2

flux rates——we first examined differences in flux rates among
the three collars placed on individual logs using an ANOVA

with CO2 flux as the response variable, followed by Tukey’s
post hoc comparisons among collars. This test was conducted
individually for the two logs with multiple collars. In addi-
tion, we tested for differences in temperature and soil mois-
ture among collars using the same ANOVA and Tukey’s post
hoc tests. To assess the daily variability in CO2 flux rates (6:00
–18:00), we present the raw data in graphical form. In addi-
tion, we assessed the relationship between temperature and
CO2 flux rates for these data by linear regression (separately
for each log), using the lm function in the “stats” package in
R (R Core Team 2020).

Results

Treatment and environmental effects
Mean CO2 emissions from Acer saccharum logs in

small (31.8 ± 20.4μmol·CO2·m−3·s−1) and large gaps
(29.6 ± 24.4μmol·CO2·m−3·s−1) were significantly higher
than those in the control (13.9 ± 8.3μmol·CO2·m−3·s−1)
and matrix (13.6 ± 8.0μmol·CO2·m−3·s−1) treatments (all
P values < 0.05; Fig. 1). Our mixed-modelling approach for
testing the influence of environmental variables revealed a
significant positive relationship between flux rates and wood
surface temperature (P < 0.05); these temperatures were
significantly higher in small gaps than in the control and
matrix treatments (P < 0.05; Fig. 1) but were not significantly
different between large gaps and any of the treatments
(P > 0.05; Fig. 1). CO2 flux rates were unrelated to soil mois-
ture (P > 0.05). Log attributes and associated environmental
variables are presented in Table 1.

Within-log variation
In addition to differences among treatments, we also found

significant within-log variation in CO2 flux rates (Fig. 2). Flux
rates were significantly higher in the center compared to
off-center locations for log 6 (P < 0.05), while the center of
log 11 had significantly lower flux compared to off-center lo-
cations (P < 0.05). Log 6 was located in a large gap; log 11 was
located in a control treatment. Neither wood temperature
nor soil moisture differed significantly among the three lo-
cations along either log (all P values > 0.05).

Temporal variation
On the day of intensive sampling, CO2 emissions increased

from 6:00 to 13:00 and then decreased in two logs while con-
tinuing to increase in the third (Fig. 3). Temperature peaked
in all three logs at 13:00 and then decreased to 18:00; how-
ever, soil moisture showed no obvious pattern throughout
the day (Fig. 3). CO2 flux was strongly and positively related
to temperature throughout the day (P values < 0.05). The R2

values for this linear relationship for logs 7, 8, and 9 were
0.88, 0.69, and 0.88, respectively (Fig. 3).

Discussion

Treatment and environmental effects
Harvesting treatments significantly influenced CO2 emis-

sions from logs, with higher flux rates in harvested canopy
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Fig. 1. CO2 flux rate by treatment (top panel) and log sur-
face temperature by treatment (bottom panel). Logs in gap
treatments had significantly higher flux rates than those in
the unharvested control and thinned matrix treatments. Log
surface temperatures were significantly higher in small gaps
than in the control and matrix treatments. Boxes with dif-
ferent lower-case letters indicate significant differences at
P < 0.05.

gaps than in the unharvested control and thinned matrix
treatments. This finding supports previous studies that show
increases in deadwood CO2 flux (Hagemann et al. 2010;
Forrester et al. 2012) and decomposition (Griffiths et al.
2021) in canopy gaps. In addition, midday temperatures were
higher in the small gaps than in control and matrix treat-
ments. Of the environmental variables tested, temperature
best explained the treatment differences, given its positive re-
lationship with CO2 flux. This finding corroborates previous
studies reporting that respiration rates of wood-decomposing
fungi (A’Bear et al. 2014; Boddy 1983) and the activity of other
decomposers increase with temperature (Pietikäinen et al.
2005).

However, within the harvested treatments, CO2 flux rates
did not differ between small (0.1 ha) and large (0.4 ha) gaps,
which may be explained by the corresponding lack of tem-
perature differences between these treatments. Nevertheless,
and counter-intuitively, canopy openness above the logs was
greater in the small than in the large gaps. During the three
years between harvest and our sampling, the large gaps de-
veloped significant understory regrowth that overtopped the
logs, producing lower canopy openness. Thus, even when
canopy trees have been removed, other vegetation can shade
CWM and alter temperature and thus CO2 flux rates. For
these reasons, larger gaps may not have consistently higher
temperatures than control or matrix treatments, and gap
size may not influence log CO2 emissions three years post
harvest. Future studies could examine year-to-year changes
in flux rates under various harvesting treatments as post-
harvest succession proceeds.

The range of flux rates for this study (0.003–
0.166μmol·CO2·kg−1·s−1) was lower than that of a pre-
vious study of hardwood logs by Forrester et al. (2012)
(0.1–1.1μmol·CO2·kg−1·s−1). The logs used in that study were
recently harvested and of a variety of species. In addition, the
gaps in Forrester et al. (2012) were created during the same
year that sampling began, while the gaps in this study were
created three years prior; regrowth of the understory may
contribute to the differences in flux. Forrester et al. (2012)
also found differences between CWM respiration in gaps
and closed canopy forest, although these differences were
non-significant at the log scale. For practitioners concerned
about forest carbon management, we note that although
logs in harvest gaps had higher CO2 emissions (as shown
herein), this potentially short-term effect is counterbalanced
over time by the increase in carbon sequestration from
rapid regrowth in gaps (Pregitzer and Euskirchen 2004),
which is evidenced by the potential influence of overtopping
vegetation in our current study’s large gaps. Moreover, the
ecological benefits of retained logs in gaps for biodiversity
conservation (Sandström et al. 2019) should also be consid-
ered beyond solely focusing on CO2 emissions or carbon
management alone.

Within-log variation
In addition to variation in flux rates among treatments,

flux rates differed among three locations within the two in-
tensively sampled logs, with the log center emitting much
higher (log 6) or lower (log 11) amounts of CO2. Some individ-
ual collars also experienced large variation in flux rates, and
the range of flux rates for log 6 (large gap) was greater than
that for log 11 (control). Despite these other sources of vari-
ation, flux rates among collars on a log still differed signifi-
cantly. This variation is noteworthy because most studies of
CWM emissions measure and analyze CO2 from only one lo-
cation on the log (Progar et al. 2000; Forrester et al. 2012; our
current study). Our results suggest that this sampling method
overlooks variation in log emissions, potentially leading to
measurement error when scaling up. Several factors may
contribute to within-log CO2 flux rate variability. First, fun-
gal species vary greatly in their ability to decompose wood
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Table 1. Attributes and environmental variables associated with the 11 Acer saccharum logs monitored for CO2 flux.

Log ID Collar ID TRT Open (%) Diam (cm) N Temp (◦ C) Soil VMC (%) CO2 flux

1 1 Small gap 47.50 31.0 7 25 (11) 37 (4) 43.9 (21.5)

2 2 Small gap 43.91 29.8 5 20 (11) 50 (4) 34.7 (22.3)

3 3 Matrix 5.92 25.5 5 18 (1) 11 (2) 6.5 (2.8)

4 4 Matrix 8.42 29.8 7 16 (5) 22 (3) 17.7 (8.2)

7 7 Large gap 51.61 29.3 6 24 (10) 34 (5) 30.3 (26.6)

8 8 Matrix 6.15 28.5 7 16 (5) 20 (4) 14.6 (7.5)

9 9 Small gap 39.13 29.6 7 23 (9) 24 (4) 17.6 (6.1)

10 10 Control 5.68 30.0 7 16 (4) 31 (4) 16.5 (8.7)

12 12 Control 4.28 31.1 7 16 (4) 13 (3) 5.9 (2.3)

6 06A Large gap 24.25 33.3 7 20 (7) 9 (3) 12.1 (3.4)

6 06B Large gap 24.25 33.0 7 21 (7) 9 (3) 53.8 (27.8)

6 06C Large gap 24.25 32.7 7 21 (7) 9 (3) 22.2 (10.3)

11 11A Control 6.38 29.5 5 18 (2) 14 (3) 22.8 (6.4)

11 11B Control 6.38 31.1 4 18 (2) 13 (5) 6.9 (2.4)

11 11C Control 6.38 28.4 7 16 (4) 16 (4) 17.1 (5.3)

Note: Data for one log in the large-gap treatment is excluded because the bark supporting the collar had sloughed off during the sampling season. Log ID, identifier
for individual log; collar ID, identifier for individual collar when there are multiple collars per log; TRT, harvesting treatment; open, % canopy openness above log;
diam, horizontal diameter of the log at the collar in cm; N, number of sampling visits; temp, log surface temperature in ◦C; soil VMC, % soil volumetric moisture content
adjacent to the log collar; CO2 flux in μmol·CO2·m−3·s−1. Values followed by standard deviations (in parentheses) represent means over the sampling season.

(Boddy 2001), with fungal community composition varying
along the length of a log (Boddy 2001). In addition, compe-
tition among multiple fungal species can reduce respiration
and decomposition (Progar et al. 2000; Pastorelli et al. 2017).
Fungal community variation and activity within a log may
also result from localized differences in moisture, tempera-
ture, N content, or C content (Progar et al. 2000; Pastorelli et
al. 2017). Although wood temperature and soil moisture did
not differ along our logs with multiple collars, other unmea-
sured microclimatic variables such as wood moisture, maxi-
mum or minimum daily wood temperature, or internal tem-
perature may vary, causing differences in flux rates.

Daily variation
Both CO2 flux rates and temperature varied throughout

the 12 h measurement period (6:00–18:00), peaking around
13:00. The period between 10:00 and 14:00 tended to cap-
ture the highest flux rates, and rates doubled from 10:00 to
13:00 in two of the three intensively sampled logs, followed
by a decline. CO2 emissions from log 8 (within the thinned
matrix) did not show such a peak; its flux continued to in-
crease until measurements ended at 18:00, suggesting that
other unmeasured factors may be driving hourly flux rates.
However, we note that this log showed a narrow range of tem-
perature and moisture values compared to the other logs,
which may have contributed to this difference in flux pat-
terns. Savage and Davidson (2003) found that weekly soil flux
measurements taken once manually between 9:00 and 12:00
underestimated daily soil flux values when compared to auto-
matic measurements taken hourly throughout the day. These
same authors found that soil flux peaked in the late afternoon
(17:00–19:00), in contrast to our finding of an early afternoon
peak (for logs in gaps) or no peak achieved by 18:00 (matrix
log).

Hourly flux rates were strongly and positively related to
temperature but not to soil moisture, indicating a similar re-
lationship to seasonal measurements (above). This result is
reasonable given that soil moisture showed no strong pat-
tern and exhibited minimal variation throughout the day.
Soil moisture often changes over the time span of several days
or longer (Green et al. 2022), while temperature may change
more quickly. This result highlights the need for measuring
log moisture directly (i.e., not using soil moisture as a proxy),
given that log moisture has been shown to influence CO2

flux rates (Gough et al. 2007; Forrester et al. 2012). However,
recording log moisture repeatedly or continuously presents
several methodological challenges (Woodall et al. 2020). Our
study and that of Savage and Davidson (2003) found that sam-
pling limitations made it feasible to measure hourly fluxes
only from three chambers; thus, our measurements of hourly
fluxes capture temporal variation but fail to fully capture spa-
tial variation. Future studies could utilize automated cham-
bers in a wide spatial distribution to capture both temporal
and spatial variation and potentially identify stronger effects
of environmental variables.

Limitations
Several aspects of this study may limit the broad appli-

cation of our conclusions. First, flux rates used for most
analyses were measured at a single location on each log.
Although this is common practice, our finding of signifi-
cant within-log variation points to unaccounted variability
in our analyses. In addition, we used only two logs to ex-
amine this within-log variation, and although we found sig-
nificant variation, we did not attempt to identify its source.
This topic could be more intensively studied in the future,
ideally using a range of species and decay stages. Secondly,
we measured flux rates between 10:00 and 14:00 during each
sampling visit; this period was found to have the highest
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Fig. 2. Variation in CO2 flux rate within two individual logs fitted with three chambers, showing significant within-log varia-
tion. Log 6 (pictured below) was in a 0.4 ha gap and log 11 was located in the control treatment. Note that vertical axes are on
different scales. Boxes with different lower-case letters indicate significant differences at P < 0.05. Photo taken by Zoe Read.

variability in flux rates during our one day of intensive flux
sampling. However, given our objective of comparing flux
rates among treatments and our protocol of sampling logs in
a different order on each sampling date, this sampling win-
dow may be valid for our purposes. Despite these sources
of variation, we were able to detect meaningful differences
in CO2 flux rates among treatments consistent with expec-
tations informed by previous work. Both sources of varia-
tion identified here——within-log and within-day——are perhaps

most problematic when scaling up spatially (e.g, fluxes per
ha) or temporally (e.g, daily or annual fluxes). Finally, we sam-
pled flux rates from logs three years post harvest, which pre-
cluded any assessment of shorter- or longer-term effects of
harvesting treatments on flux rates. Previous studies have
shown considerable year-to-year variability in deadwood flux,
with rates reaching a peak 4 years post harvest for hardwood
logs and stumps (Forrester et al. 2015) and 6–8 years for soft-
wood stumps (Read et al. 2022).
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Fig. 3. The first three rows of graphs show changes in CO2 emissions, log surface temperature, and soil moisture from 6:00
to 18:00 in three logs. The bottom row shows the relationship between CO2 flux rate and log surface temperature for each
log, with the linear model fit to the data. Log 8 was in a matrix treatment, log 9 a small gap, and log 7 a large gap. Note that
vertical axes are on different scales , particularly for CO 2 flux. VWC, volumetric water content.
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Conclusions
We found that CO2 emissions from Acer saccharum logs lo-

cated in canopy gaps were significantly higher than those
under intact or thinned canopies; however, gap size did not
influence emissions. The effect of silvicultural treatment on
CO2 emissions was likely caused by higher midday tempera-
ture in gaps, which can increase the respiration of fungi and
other decomposers. In addition, CO2 flux rates varied within
individual logs, calling into question the common practice
of using one measurement location to represent the entire
log. Lastly, flux rates and wood surface temperature increased
from morning to midday, in some cases doubling in value,
and then continued to increase or decrease toward the after-
noon, depending on the individual log. Taken together, these
sources of variation in CO2 flux rates represent important
knowledge gaps to be addressed in future studies.
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