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FIGURE 2 | Ecoregion differences between (A) stand age, (B) pre-fire proportion of black spruce, (C) pre-fire aboveground C pool, (D) pre-fire belowground C pool,
(E) burn depth, (F) residual belowground C pool, (G) aboveground C combusted, and (H) the proportion of total C combustion from belowground. Generalized linear
mixed effects models were used to assess the effect of ecoregion and letters represent results of Tukey-Kramer post-hoc pairwise comparisons. See
Supplementary Table S2 for model results and Table 1 for means.

above. When a significant effect of ecoregion was detected,
we used Tukey-Kramer post hocanalysis to test for pairwise
differences in marginal means between ecoregions.

RESULTS

In assessing the pre-fire structure of these fire-prone ecosystems
(Q1), we found that stand age, proportion of black spruce,
stand basal area, aboveground biomass, aboveground C pools,
SOL depths, belowground C pools, total C pools, and the
proportion of total C stored belowground differed between
ecoregions (Figure 1, Table 1 and Supplementary Table S2).
Only site drainage class and pre-fire stand density did not differ
between ecoregions (Table 1). In general, the northern Taiga and
Alaskan ecoregions were more similar to one another than to the
southern boreal ecoregions (Boreal Plains and Softwood Shield).
Compared to the southern ecoregions, sites in the northern
boreal ecoregions burned at an older age (Figure 2A), were more
dominated by black spruce (Figure 2B), had lower aboveground
C pools (Figure 2C), and stored proportionally more of the
total ecosystem C belowground than aboveground (Table 1). In
addition to these north versus south differences, we also observed

distinct characteristics of the Taiga ecoregions, where pre-fire
SOL depth, belowground C pools (Figure 2E), and total pre-
fire C pools were higher compared to the Alaskan or southern
boreal ecoregions.

Ecoregion differences were also apparent in the rates at
which C accumulated (Q2). We found significant interactions
between stand age and ecoregion in predicting each of pre-
fire aboveground, belowground, and total C (Figures 3A–C,
Table 2 and Supplementary Table S3). Pre-fire aboveground
C increased slightly in the Taiga Plains and Taiga Shield, but
we found no significant relationships between aboveground C
pools and time of stand establishment in the Alaskan (Alaska
Boreal Interior and Boreal Cordillera) or southern boreal (Boreal
Plains and Softwood Shield) ecoregions (Figure 3A and Table 2).
Pre-fire belowground C pool increased over time in the Boreal
Plains but did not change with time after fire in the other
ecoregions (Figures 3B,C and Table 2). Total C pools, the
majority of which is from belowground (Table 1 and Figure 3C),
significantly increased over time in the Taiga Shield and Boreal
Plains (Figure 3A and Table 2). The rate of increase in each of
aboveground, belowground, and total C pools was much higher,
albeit not significantly different due to large standard errors, in
the southern boreal ecoregions compared to the northern.
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FIGURE 3 | Ecoregion specific effects of time after the previous fire, based on
stand age at the time of the most recent fire, on natural log transformed
pre-fire (A) aboveground C pools, (B) belowground C pools, and (C) total C
pools (g C m−2). Colors represent ecoregions and lines represent model fits of
ecoregion specific significant relationships and 95% confidence intervals.
Non-significant relationships are not shown. See Supplementary Table S3
for model output and Table 2 for estimated intercepts and slopes.

In examining the relationships between soil characteristics and
depth (Q3), we found that bulk density (g cm−3), C fraction
(%), and C stock (g C m−2) varied with depth and that these
relationships differed between ecoregions and total thickness of

the pre-fire or unburned SOL profile (Figure 4, Table 3 and
Supplementary Table S4). We found that bulk density (g cm−3)
always increased with depth and within each total SOL thickness
categories this increase was always greatest for the Taiga Plains.
When comparing within each ecoregion, increases with depth
were greatest when total SOL thickness was 0–20 cm (Figure 4
and Table 3). Carbon content (%) decreased with depth in all
ecoregions and SOL thickness category, but this decrease was
greatest for all ecoregions when SOL thickness was <20 cm.
Within each total SOL thickness category the decrease in C
content with depth was greatest in the Taiga Plains. In all cases, C
stocks (g C m−2) increased with depth and this rate of increase
was greatest for shallow SOL (<20 cm) in the Taiga Plains
(Figure 4 and Table 3). Despite having high C stocks, the Taiga
Shield had the smallest increase in cumulative C stocks with
depth across all SOL thickness categories (Figure 4 and Table 3).

We found ecoregion differences in most of our metrics
of fire severity (Q4). Specifically, burn depth, residual SOL
depth and C, aboveground C combustion, proportion of C
combustion from belowground, and proportion of total pre-
fire C combusted were different between ecoregions (Figure 2,
Table 1 and Supplementary Table S2). Burn depth (Figure 2E)
was slightly higher in the Alaskan ecoregions and residual
belowground C pools (Figure 2F) were highest in the Taiga
ecoregions, but these differences did not result in any significant
ecoregion differences in belowground or total C combustion
(Table 1). The most notable difference in fire severity between
ecoregions, was that aboveground C combustion was higher
(Figure 2F) and the proportion of total C combustion coming
from belowground was lower (Figure 2G) in the southern
compared to the northern ecoregions.

DISCUSSION

Through compiling a spatially extensive dataset spanning six
ecoregions in North America’s western boreal forests, we were
able to assess how the structural and functional attributes that
relate to above- and belowground C stocks of these fire-prone
ecoregions differ. Our study sites captured a broad gradient in
pre-fire conditions of tree productivity, stand age, and ecosystem
C storage as well as burn depth and C combustion from fire both
within and among ecoregions. Given the breadth of our study
sites, and that they were chosen to be representative of burned
forests within each ecoregion, our results should allow future
research to estimate C accumulation, storage, and combustion
throughout the western North American boreal forest.

Our regional analysis highlighted pronounced ecoregion
differences associated with latitude in boreal forest structural
and functional attributes relating to C sequestration and
storage. In general, southern ecoregions (Boreal Plains and
Softwood Shield) were more similar to one another than to
the northern ecoregions, suggesting that differences in long-
term climate between these regions are more important than
ecoregion differences in geological and biogeographical history,
soil development, and parent materials, for predicting ecosystem
C dynamics. The age distributions of our examined field sites
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