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ABSTRACT

Global change models predict that high-latitude

boreal forests will become increasingly susceptible

to fire activity as climate warms, possibly causing a

positive feedback to warming through fire-driven

emissions of CO2 into the atmosphere. However,

fire-climate feedbacks depend on forest regrowth

and carbon (C) accumulation over the post-fire

successional interval, which is influenced by

nitrogen (N) availability. To improve our under-

standing of post-fire C and N accumulation patterns

in boreal forests, we evaluated above- and below-

ground C and N pools within 70 stands throughout

interior Alaska, a region predicted to undergo a

shift in canopy dominance as fire severity increases.

Stands represented gradients in age and succes-

sional trajectory, from black spruce (Picea mariana)

self-replacement to species replacement by decid-

uous species of trembling aspen (Populus tremu-

loides) and Alaska paper birch (Betula neoalaskana).

Stands undergoing deciduous trajectories stored

proportionally more of their C and N in above-

ground stemwood and had 5–7 times faster rates of

aboveground net primary productivity of trees

compared to stands undergoing a black spruce

trajectory, which stored more of their C and N in

the soil organic layer (SOL), a thick layer of mostly

undecomposed mosses. Thus, as successional tra-

jectories shift, total C and N pool sizes will remain

relatively unchanged, but there will be a trade-off

in pool location and a potential increase in C and N

longevity due to decreased flammability and

decomposition rates of deciduous stemwood. De-

spite often warmer, drier conditions in deciduous

compared to black spruce stands, deciduous stem-

wood has a C:N around 10 times higher than the

black spruce SOL and often remains standing for

many years with reduced exposure to fungal

decomposers. Thus, a fire-driven shift in succes-

sional trajectories could cause a negative feedback
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to climate warming because of increased pool

longevity in deciduous trajectories.

Key words: Climate warming; Fire; Carbon;

Nitrogen; Succession; Black spruce; Trembling

aspen; Alaska paper birch; Deciduous.

INTRODUCTION

Over the last 30 years, fire activity has increased in

boreal forests in conjunction with climate warming

and drying (Soja and others 2007; Balshi and oth-

ers 2009; Flannigan and others 2009) to a level that

has been unprecedented in the last 10,000 years

(Kelly and others 2013). Because boreal forests

store a large proportion of global terrestrial carbon

(C) stocks (McGuire and others 2009; Pan and

others 2011), increased fire consumption of vege-

tation and organic soils and subsequent release of

CO2 into the atmosphere are predicted to cause a

positive feedback to climate warming (Randerson

and others 2006; Bradshaw and others 2009),

especially if increased burning mines previously

protected ‘‘old’’ C in this huge pool. Although

boreal forests have historically been considered C

sinks (Pan and others 2011), increased fire could

shift the biome to a net C source over multiple

disturbance cycles (Bond-Lamberty and others

2007; Turetsky and others 2011). Increased fire

activity is also expected to volatilize nitrogen (N)

(Harden and others 2002; Neff and others 2005;

Boby and others 2010) in this already N-limited

ecosystem (Van Cleve and Alexander 1981) be-

cause most N is stored in organic soils which are

often greater than 50% consumed by fire (Kasis-

chke and others 1995). Reduced N availability may

limit forest productivity and regeneration and thus,

C accumulation and storage during the post-fire

interval (Harden and others 2000).

Changes in the fire regime may also alter pat-

terns of C and N accumulation by triggering pat-

terns of forest regrowth that differ from the pre-fire

stand. For example, increased fire frequency and

extent can reduce seed availability (Romme and

others 1998; Johnstone and Chapin 2006b), while

increased fire severity can increase seed germina-

tion (Johnstone and Chapin 2006a). These changes

in initial establishment parameters, combined with

species-specific growth habits and competitive

abilities, can alter stand composition and structure,

and ultimately the rate and amount of C and N

stored during post-fire succession (Weber and

Flannigan 1997). Thus, the balance between fire-

driven losses of C and N and their re-accumulation

rates will determine whether increased fire activity

creates a positive, neutral, or negative feedback to

the climate system.

In boreal forests of interior Alaska, recent studies

have shown that high severity fires that leave be-

hind a shallow soil organic layer (SOL) favor ger-

mination and seedling establishment of deciduous

species like trembling aspen (Populus tremuloides

Michx.) and Alaska paper birch (Betula neoalaskana

Sarg.) over that of black spruce (Picea mariana Mill

B.S.P.), an evergreen conifer (Johnstone and others

2010a, b). Light-seeded deciduous species prolifer-

ate on high-quality mineral soil seedbeds and are

able to outcompete slower-growing black spruce

(Johnstone and Kasischke 2005). Because initial

patterns of seedling recruitment tend to predict

future stand development (Johnstone and others

2004; Johnstone and others 2010a, b), many re-

searchers predict that increased fire severity and

consumption of the SOL will trigger a canopy shift

from black spruce to deciduous forests, especially

on moderate to well-drained sites (for example,

Johnstone and others 2010a). This shift could have

numerous consequences for ecosystem function

because of species-specific effects on productivity,

albedo, evapotranspiration, flammability, and

wildlife habitat (Chapin and others 2008; Hunt-

ington and others 2012).

Our primary objective was to quantitatively

evaluate the contribution of two drivers, time after

fire and successional trajectory, to the development

of above- and belowground C and N pools during

post-fire succession. We hypothesized that above-

ground C and N pools would increase with time

after fire in stands undergoing both black spruce

and deciduous (trembling aspen or Alaska paper

birch) successional trajectories, but that the rate of

increase would be substantially higher in stands

proceeding along deciduous trajectories (Fig-

ure 1A) because of substantially more stemwood

stored in deciduous trees. In contrast, we hypoth-

esized that soil C and N pools would increase fastest

in black spruce successional trajectories (Figure 1B)

because the cool, moist conditions, dominate moss

understory, and slow decomposition rates associ-

ated with these stands (Cleve and others 1983a;

Viereck and others 1983) would promote the

development of a thick SOL horizon. Overall, we
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predicted that increased stemwood contribution to

C and N pools in deciduous trajectories and in-

creased SOL contribution in black spruce trajecto-

ries would cause an increase in total C:N ratios with

time after fire, but the magnitude of this increase

would be greatest in deciduous trajectories (Fig-

ure 1C) because of a higher C:N of stemwood.

Ultimately, this change in location (above- vs.

belowground) of C and N pools with shifting suc-

cessional trajectory would lead to a similar change

in total C and N pools with time after fire (Fig-

ure 1D). Understanding how boreal forest C and N

pools respond to climate-driven alterations to the

fire regime will help us predict the fate of these

forests under novel ecological conditions.

METHODS

Study Area

This study took place within an 800-km2 area of

interior Alaska. This region is bounded to the north

by the Brooks Range and altitudinal treeline

(67�N), to the south by the Alaskan Range (63�N),
to the west by the Dalton Highway (150�W), and to

the east by the Alaska/Canadian border (142�W),

and includes the Yukon, Tanana, and Kuskokwim

River valleys (Hulten 1968). Climate is continental,

with long, cold winters (-23�C in January) and

warm, dry summers (17�C in July) (Alaska Climate

Research Center, http://climate.gi.alaska.edu/).

Nearly half (47%) of annual precipitation (286 mm)

occurs during the growing season (June–August)

and about 35% falls as snow (Hinzman and others

2005), which covers the ground 6–9 months per

year (Slaughter and Viereck 1986). The region is

underlain by discontinuous permafrost (75–80%)

except along floodplains and on south-facing slopes

(Osterkamp and Romanovsky 1999). Soils range

from poorly drained Gelisols to well-drained, per-

mafrost-free Inceptisols (Dyrness 1982). The conti-

nental climate also proves conducive to frequent

wildfires. Fire return interval in interior Alaska was

about 196 years from 1950 to 2000 and dropped to

around 144 years during the 2000s (Kasischke and

others 2010). The region is dominated by forests of

black spruce, an evergreen, semiserotinous conifer,

intermixed with local patches of deciduous trees,

including trembling aspen and Alaska paper birch.

Tall shrubs, including willows (Salix spp.) and alder

(Alnus spp.), occur frequently across all stand types

(Alexander and others 2012). Mosses, including

feathermosses and Sphagnum spp., often dominate

the understory of mature black spruce stands

(Viereck and others 1983; Turetsky 2003), whereas

heavy leaf litter tends to limit moss cover in decid-

uous stands (Chapin and others 2006a).

Site Selection

In summers 2008–2011, we surveyed 70 stands

varying in age and trajectory for above- and

belowground C and N pools. Intermediate-aged

stands (20–59 years old) undergoing different tra-

jectories were selected using a combination of fire

scar maps (Alaska Geospatial Data Clearinghouse;

http://agdc.usgs.gov/data/blm/fire/), satellite ima-

gery, and field reconnaissance. We aimed to sample

stands ranging from black spruce to deciduous-

dominated within each fire scar, and we only

sampled stands that could have originated follow-

ing fire from a previously black spruce-dominated

stand (that is, signs of fire-killed black spruce,

regenerating black spruce in the understory, and

not on southeast facing slopes, where black spruce

typically does not grow). We did not sample poorly

drained black spruce stands because they have a

longer burn return interval and rarely transition to

other tree species. Further details regarding selec-

tion criteria of intermediate-aged stands can be

found in Alexander and others (2012). We also

sampled mature black spruce (sites described in

Figure 1. Hypothetical changes with ‘years since fire’ in (A) aboveground (B) belowground (C) total C:N ratio, and (D)

total carbon (C) and nitrogen (N) pools in deciduous (trembling aspen/Alaska paper birch) and black spruce stands within

interior Alaska.
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Hollingsworth and others 2006) and deciduous

stands (often paired with a nearby mature black

spruce stand) using the same selection criteria. To

determine stand age of mature stands, a wood core

was obtained 20-cm from the base of 10 trees

sampled randomly within the center of each stand.

Wood samples were dried at 60�C and sanded

sequentially with finer grit sizes to obtain a smooth

surface. Samples were scanned at high resolution

and analyzed for ring count using WinDendro

(Regent Instruments, Canada). Stand age was

determined to be the average of the 10 trees.

Aboveground C and N Pools and
Aboveground Net Primary Productivity
(ANPP)

Stand inventories and allometric equations were

used to produce estimates of aboveground biomass

and net primary productivity (ANPP) of trees and

large shrubs (Salix and Alnus spp.). Within each

stand, we established a 100-m-long transect, sub-

divided into five 20-m-long subsections. Along a

10 m portion of each 20 m subsection (note: a few

stands in 2008 were measured along a 5-m long

section), we measured the diameter at breast height

(DBH; 1.4 m tall) or basal diameter (BD; for stems

<1.4 m tall) of all live and dead (snags) trees and

large shrubs falling within 1 m to either side of the

transect. This generated five replicate sub-plots

within each stand. Inventories were converted to

live or dead biomass and ANPP (crown, stemwood,

and total) using allometric equations and annual

increment growth (Alexander and others 2012).

Snag biomass was computed as the difference be-

tween total live biomass and live crown biomass.

Snag biomass for alder was estimated directly from

allometric equations created from dead shrub raw

harvest data.

To convert biomass to C and N pools, %C and

%N of foliage and twigs from live trees were

determined for five randomly selected trees of each

dominant species within each stand using an Ele-

mental Analyzer (Costech Analytical Technologies,

Inc., Valencia, CA). Samples were collected from

the tops of trees either directly by hand, cutting

trees down, or using a slingshot. Prior to analyses,

all foliage samples were separated from twigs,

cleaned of debris, and ground to a homogenized

powder. Twigs were finely chopped by hand,

pooled by species for each stand, and ground to a

homogenized powder. Stemwood C and N were

determined by finely chopping then grinding a thin

section of bole (from center to bark) from five

representative samples of each dominant tree spe-

cies. Snag C and N were calculated using %C of

50% and %N of 0.12% based on mean cross-spe-

cies wood/bark values from a subset of trees col-

lected across the study area.

Belowground C and N Pools

To estimate soil C pools, we sampled leaf litter, soil

organic layer (SOL), and upper mineral soil (10-cm

depth) at 20 m intervals along each 100 m transect

(n = 5) (see Alexander and others 2012 for

description of transects). When the SOL was thin

(<10 cm), SOL and mineral soils were sampled

using a 7.5-cm diameter metal soil corer. For

thicker SOLs, samples were obtained by cutting a

‘brownie’ of known dimensions using a soil saw.

Leaf litter was collected beneath a 20 9 20 cm

quadrat at the same locations. Samples were

transported from the field in coolers and stored

frozen at the University of Alaska-Fairbanks until

the end of the field season when they were shipped

frozen back to the University of Florida for pro-

cessing and analysis.

Following homogenization and removal of

coarse materials (>2 mm), subsamples were dried

at 60�C (leaf litter/organic + fine roots) or 105�C
(mineral soil) for 48 h to determine bulk density

and soil moisture. A subsample of each horizon was

analyzed with an Elemental Analyzer to determine

%C and %N. Total C and N contained within leaf

litter, organic, and mineral horizons were calcu-

lated as the product of each horizon’s depth, bulk

density, and C and N content. Coarse fraction

(roots, charcoal, buried wood) C and N pools for

organic and mineral soils were based on coarse

material mass values and 50%C and 0.25%N.

Occasionally, mineral soil samples could not be

obtained to 10-cm depth because we hit rock or

permafrost. In these instances, C and N pools were

computed based on a mean %C and %N and bulk

density obtained from other mineral soil samples in

the same stand, or if less than one sample was

available from that stand, a mean %C and %N and

bulk density was obtained from across all stands.

Data Analyses and Statistics

To better understand how successional trajectory

influences C and N pools, we subdivided stands

into trajectory types (trembling aspen, Alaska paper

birch, or black spruce) based on the relative con-

tribution of each species to total stand biomass.

Species occurring infrequently (L. laricina, P. bal-

samifera L., and P. glauca (Moench) Voss) were

grouped into a single ‘other’ category, and willows

and alders were grouped into a ‘tall shrub’
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category. Any species constituting at least 20% of

stand biomass was considered to be a dominant

stand component. For 48 of 64 stands, black spruce

(n = 20), aspen (n = 16), Alaska paper birch

(n = 11), or shrubs (n = 1) clearly dominated,

having greater than 66% of stand biomass. The

other stands grouped into black spruce/shrub

(n = 4), black spruce/aspen (n = 3), black spruce/

aspen/shrub (n = 3), black spruce/Alaska paper

birch (n = 6), and black spruce/Alaska paper birch/

shrub (n = 2). The single shrub stand was removed

from our analyses, and the stands containing a mix

of shrubs and trees were classified as the succes-

sional trajectory which contained the greatest bio-

mass.

We first used linear regression (JMP v 11.0) to

explore patterns in our data, including above-

ground and soil C and N pools and C:N ratios as a

function of ‘years since fire’ and soil C and N pools

as a function of organic layer depth, bulk density,

and %C and %N. Regression lines are included on

figures when significant. For response variables

potentially having curvilinear trends, we also fit

quadratic and exponential models and then com-

pared AICc values from these models to the linear

model. In no instance did curvilinear models pro-

vide a better fit (DAICc < 5). Thus, we always re-

port the more parsimonious linear model.

To improve our understanding of how above-

ground and soil C and N pools and C:N ratios vary

with ‘years since fire’ among trajectory types, we

tested for an interaction effect of trajectory type

and ‘years since fire,’ and when significant

(P < 0.05), performed Fisher’s post hoc multiple

comparison tests to determine differences among

slopes (JMP v 11.0). For pools and C:N ratios where

there was a significant effect of trajectory but no

significant effect of ‘years since fire’ or trajectory *

‘years since fire’ interaction, differences in trajec-

tories were determined using ANOVA. F values and

P values were computed based on Type III sums of

square. There were no significant effects of any

predictor variable on mineral soil C and N pools or

C:N ratio; thus, these data are presented only in

Online Appendix A.

We tested for significant differences (P < 0.05)

in C and N pools, C:N ratio, and ANPP among

successional trajectories of similar ages using an

ANOVA (JMP v 11.0). To do this, we grouped tra-

jectory types into three age categories: (1) 20–39

‘years since fire,’ (2) 40–59 ‘years since fire,’ and

(3) 60–100 ‘years since fire.’ For these comparisons,

we do not report data from stands greater than 100

‘years since fire’ because of insufficient replication

(n = 2, black spruce; n = 1, aspen; n = 0, birch). All

response variables were tested for normality and

homogeneity of variance prior to analyses and were

transformed using square-root or log + 1 transfor-

mations when they did not meet these underlying

assumptions. We report values for upper (0–10 cm

depth) mineral soil horizons in these tables but do

not include these values in soil or total C and N

pools as there were no differences in mineral soil

pools and inclusion in the total pools skew trends

driven by differences in organic layer horizons. We

also highlight marginally significant (P < 0.10)

differences because of the reduced sample size

when grouping by ‘years since fire’ categories.

Uni- and multivariate regression models were fit

to the data to determine how much of the variation

in aboveground and soil C and N pools and C:N

ratio could be explained by deciduous importance

value (IV) and ‘years since fire’ (JMP v 11.0). To

determine the deciduous IV of each stand, we

grouped tree and large shrub (Salix spp. and Alnus

spp.) species by their leaf phenology (evergreen vs.

deciduous) and then calculated an IV of the

deciduous component of each stand based on stand

inventory data, where IV = relative density + rel-

ative basal area + relative frequency. We generated

linear models containing each of the explanatory

variables independently and in combination. Since

our original study design was to sample several

forest stands of varying deciduous dominance

within the same fire scar, we also modeled our data

using ‘fire scar’ as a random effect. However, this

did not improve our models, so was left out of fu-

ture analyses. We selected the ‘best-fit’ model for

each dependent variable based on Akaike Infor-

mation Criteria (AIC) values corrected for small

sample sizes (AICc).

RESULTS

Aboveground and Belowground C

Aboveground C pools (live trees + snags) exhibited

a significant (P < 0.01 for all) linear increase with

‘years since fire’ in all three successional trajecto-

ries (Figure 2A; Table 1), but the rate of increase

was 6–8 times higher in stands undergoing trem-

bling aspen and Alaska paper birch trajectories

compared to those undergoing black spruce tra-

jectories (P < 0.0001 for both comparisons; Ta-

ble 2). The rate of increase was similar for the two

deciduous trajectories (P = 0.318; Table 2). Crown,

stemwood, and total ANPP were consistently

higher in deciduous trajectories compared to black

spruce, and by 60–100 ‘years since fire,’ total

ANPP was 5–7 times greater in deciduous stands
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(Table 3). Differences in aboveground C pools be-

tween successional trajectories were evident in all

age categories and were mostly driven by differ-

ences in components of live tree biomass, exclusive

of foliage, which was always similar among tra-

jectory types (Table 4). By 60–100 ‘years since fire,’

aboveground C pools were 6 times higher in

trembling aspen (6430 ± 636 g C m-2) and Alaska

paper birch (6324 ± 1072 g C m-2) trajectories

compared to stands proceeding along black spruce

trajectories (1006 ± 325 g C m-2). When uni- and

multivariate models using deciduous IV and ‘years

since fire’ as independent variables were fit to

aboveground C pools, both univariate variables

predicted a significant and positive linear relation

with aboveground C pools, but a multivariate

model that included these two predictor variables

and their interaction provided a better fit based on

AICc values (Table 5).

Belowground C pools (leaf litter + organic mat-

ter (OM) horizons + downed woody debris)

exhibited a significant linear increase (P < 0.0001)

with ‘years since fire’ in stands undergoing black

spruce successional trajectories, but a significant

linear decrease (P = 0.045) and no obvious tem-

poral trend (P = 0.500) in stands undergoing

trembling aspen and Alaska paper birch trajecto-

ries, respectively (Figure 2B). The rate of increase

in belowground C pools in black spruce trajectories

was about 3 times faster than the rate of increase of

aboveground C pools of that trajectory. Differences

in belowground C pools within black spruce stands

were driven by increased depth of the soil organic

layer, which became more developed with ‘years

since fire’ (Table 4; Online Appendix 2). Stands

undergoing Alaska paper birch trajectories had

relatively high amounts of C stored in shallow

(0–5 cm) OM pools, but with little change over

time. By 60–100 years since fire, total soil C pools

were about 2 and 5 times higher in black spruce

trajectories (7395 ± 558 g C m-2) compared to

Alaska paper birch (3970 ± 703 g C m-2) and

trembling aspen trajectories (1519 ± 305 g C m-2)

(Table 4). A univariate model with deciduous IV as

the independent variable predicted a significant

(P = 0.01; R2 = 0.19) negative linear correlation

with belowground C pools, while belowground

pools exhibited a significant increase with ‘years

since fire’ (P = 0.0003; R2 = 0.10) (Table 5). A

multivariate model including both independent

variables and their interaction also provided a sig-

nificant fit (P < 0.0001; R2 = 0.30) but no better fit

than the univariate model with only deciduous IV

(DAICc < 5).

Soil organic layer depth and bulk density, but not

soil %C, influenced SOL C pools (Figure 3). For all

trajectory types, soil organic layer C pools increased

with increasing depth of the organic horizon

(P < 0.0001 for all regressions; R2 = 0.51, 0.62,

and 0.55, for aspen, birch, and spruce, respectively)

(Figure 3A). Soil C pools in trembling aspen
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Figure 2. Changes in (A) aboveground, (B) below-

ground, and (C) total carbon pools with ‘years since fire’

in stands undergoing trembling aspen, Alaska paper

birch, and black spruce successional trajectories within

interior Alaska. Regression lines are shown for pools

exhibiting a significant (P < 0.05) linear trend with

‘years since fire’.
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(P < 0.0001; R2 = 0.33) and Alaska paper birch

trajectories (P = 0.0031; R2 = 0.09) also increased

linearly with soil bulk density, but not in black

spruce trajectories (P = 0.09; R2 = 0.02; Figure 3B).

Organic soil C pools did not exhibit any obvious

patterns in relation to %C (Fig. 3C).

Total C pools (above- + belowground) increased

significantly with ‘years since fire’ across all tra-

jectories types (Figure 2C; Table 1), which did not

differ significantly (P = 0.430) in their rate of in-

crease (Table 2). Two mature (70 and 87 ‘years

since fire’) Alaska paper birch stands had substan-

tially higher aboveground C pools than other

stands because of high contribution of snags

(� 2000 g C m-2) and development of thick SOL

(9- and 15-cm depth). Despite a trade-off in loca-

tion of C pools among trajectory types, there was

no significant difference in total C pools among

trajectory types during any of the ‘years since fire’

categories, and by 60–100 ‘years since fire,’ all

trajectories stored approximately 8000–

10,000 g C m-2 in live trees, snags, leaf litter, SOL,

Table 1. Linear Regression Results of Aboveground, Belowground, and Total Carbon and Nitrogen Pools and
C:N Ratios Within Stands Undergoing Trembling Aspen, Alaska Paper Birch, and Black Spruce Successional
Trajectories Within Interior Alaska

Variable Trembling aspen Alaska paper birch Black spruce

R2 P value R2 P value R2 P value

Carbon pools (g C m-2)

Aboveground 0.78 <0.0001 (+) 0.46 0.002 (+) 0.29 0.006(+)

Belowground 0.20 0.045 (2) 0.03 0.500 0.51 <0.0001(+)

Total 0.49 0.001 (+) 0.25 0.029 (+) 0.65 <0.0001 (+)

Nitrogen pools (g C m-2)

Aboveground 0.77 0.0001 (+) 0.41 0.003 (+) 0.24 0.014 (+)

Belowground 0.16 0.080 0.00 0.792 0.10 0.136

Total 0.03 0.475 0.04 0.401 0.12 0.093

C:N

Aboveground 0.20 0.049 (+) 0.03 0.428 0.00 0.852

Belowground 0.00 0.899 0.19 0.061 0.06 0.260

Total 0.44 0.002 (+) 0.11 0.170 0.10 0.137

Response variables exhibiting a significant (P < 0.05) linear change with ‘years since fire’ are highlighted in bold. Direction of the effect on the response variables are denoted
in parentheses by positive or negative signs.

Table 2. Analysis of Covariance Results for Aboveground, Belowground, and Total Carbon and Nitrogen
Pools and Total C:N Within Stands Undergoing Trembling Aspen, Alaska Paper Birch, and Black Spruce
Successional Trajectories Within Interior Alaska

Variable Years since

fire

Trajectory Years since

fire 9 trajectory

Trembling

aspen versus

black spruce

Alaska paper

birch versus

black spruce

Trembling aspen

versus Alaska

paper birch

Carbon pools (g C m-2)

Aboveground <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.318

Belowground 0.951 <0.0001 <0.001 <0.0001 0.128 0.664

Total <0.0001 0.007 0.430 – – –

Nitrogen pools (g N m-2)

Aboveground <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.300

Belowground 0.917 <0.001 0.180 – – –

Total 0.250 0.004 0.375 – – –

C:N

Aboveground 0.899 0.389 0.461 – – –

Belowground 0.631 0.044 0.214 – – –

Total <0.0001 <0.001 0.013 0.004 0.433 0.148

If there was a significant effect (P < 0.05) of trajectory * ‘year since fire’ interaction, Fisher’s LSD post-hoc comparisons among slopes of individual trajectory types were
performed. Response variables exhibiting a significant (P < 0.05) linear change with ‘years since fire’ are highlighted in bold.
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and woody debris (Table 4). A univariate model

with ‘years since fire’ as the independent variable

was best able to predict total C pools (P < 0.0001;

R2 = 0.40; Table 5).

Aboveground and Belowground N

There was a significant linear increase in above-

ground N pools with ‘years since fire’ for all suc-

cessional trajectories (Figure 4A; Table 1). Similar

to aboveground C pools, the rate of increase was 7–

10 times faster in trembling aspen and Alaska paper

birch trajectories than in black spruce trajectories

(Table 2). There was no significant difference

(P = 0.300) in the rate of increase between the two

deciduous trajectories (Table 2). Differences in

aboveground N pools between deciduous and black

spruce trajectories were evident in all ‘years since

fire’ categories but were most pronounced 60–100

‘years since fire,’ when there was around 6 times

less aboveground N in black spruce trajectories

(6 ± 2 g N m-2) than in trembling aspen (38 ±

3 g N m-2) and Alaska paper birch (40 ± 7 g N m-2)

trajectories (Table 6). A multivariate model

including deciduous IV, ‘years since fire,’ and their

interaction as independent variables provided a

substantially better fit (P < 0.0001; R2 = 0.54;

DAICc > 5) of aboveground N pools compared to

univariate models using just deciduous IV or ‘years

since fire’ (Table 5).

There was no effect of ‘years since fire’ on

belowground N pools within any successional tra-

jectory (Figure 4B; Table 1). However, there was a

significant (P < 0.0001) effect of successional tra-

jectory. Averaged across all age classes, black spruce

(158 ± 14 g N m-2) and Alaska paper birch

(145 ± 17 g N m-2) trajectories stored approxi-

mately 40% more N in belowground pools than

trembling aspen (88 ± 10 g N m-2) trajectories

(Figure 4D). These trends were marginally signifi-

cant (P < 0.10) when compared within ‘years

since fire’ categories for stands 20–39 and 60–100

‘years since fire’ (Table 6) and appear to be a

function of a deep SOL in the black spruce trajec-

tory and a combination of a moderately deep SOL

and higher SOL %N in the Alaska paper birch

trajectory (Online Appendix 2). Similar to below-

ground C pools, belowground N pools increased

with the increasing SOL depth in all trajectories

and with bulk density in deciduous trajectories, but

not with soil %N (Figure 3F). No univariate or

multivariate model with deciduous IV, ‘years since

fire,’ and their interaction provided a significant fit

for belowground N pools (Table 5).

There was no significant effect of ‘years since fire’

on total N pools (Figure 4C; Table 1), but there was

a significant effect of trajectory type (P = 0.004)

when averaged across all age classes (Figure 4E;

Table 2). Similar to belowground N pools, total N

pools were significantly higher (�40%) in black

spruce (164 ± 13 g N m-2) and Alaska paper birch

(173 ± 19 g N m-2) trajectories compared to

trembling aspen (102 ± 9 g N m-2). When con-

sidered within individual categories of ‘years since

fire,’ these trends were marginally significant for

20–39 ‘years since fire,’ and there were no signifi-

cant differences in total N pools for other ‘years

since fire’ categories (Table 6). No univariate or

multivariate model with deciduous IV, ‘years since

Table 3. Mean (±1 Standard Error) Aboveground Net Primary Productivity (ANPP; Crown Growth,
Stemwood Growth, and Total) in Stands Undergoing Trembling Aspen, Alaska Paper Birch, and Black Spruce
Successional Trajectories Within Different ‘Years Since Fire’ Categories Within Interior Alaska

ANPP (g m2 y-1) Years since fire and trajectory type

20–39 years 40–59 years 60–100 years

Trembling

aspen

Alaska

paper

birch

Black

spruce

P value Trembling

aspen

Alaska

paper

birch

Black

spruce

P value Trembling

aspen

Alaska

paper

birch

Black

spruce

P value

Crown 100.6a 78.2a 33.7b 0.001 138.3a 245.7a 63.9b 0.005 269.8a 343.3a 44.0b <0.001

(13.7) (30.5) (11.8) (19.2) (37.7) (24.8) (57.6) (75.1) (12.1)

Stemwood 142.6a 195.7a 49.1b 0.005 158.1ab 269.9a 117.7b 0.050 138.6 235.7 43.4 0.063

(24.4) (105.8) (12.8) (27.3) (44.8) (50.4) (38.6) (80.9) (6.8)

Total 243.2a 273.8a 82.8b 0.002 296.4ab 515.6a 181.7b 0.019 410.3a 579.0a 87.4b 0.002

(36.3) (135.3) (24.4) (45.2) (69.6) (72.4) (98.1) (154.9) (15.0)

Significant differences (P < 0.05) among trajectory types within a ‘years since fire’ class are designated by different lowercase letters.
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fire,’ and their interaction provided a significant fit

for total N pools (Table 5).

C:N

Trembling aspen trajectories exhibited a significant

linear increase in aboveground (Figure 5A) and

total (Figure 5C) C:N ratio with ‘years since fire’

(P = 0.049 and 0.002, R2 = 0.20 and 0.44, respec-

tively), but no temporal trends were observed for

Alaska paper birch or black spruce trajectories for

aboveground or total C:N or for belowground C:N

(Figure 5B) for any trajectory (Table 1). There was

a significant trajectory (P = 0.044) effect on

belowground C:N when averaged over ‘years since

fire,’ where the C:N ratio was higher in trembling

aspen (38 ± 2) and black spruce (37 ± 2) trajec-

tories than Alaska paper birch (30 ± 1) (Figure 5D;

Table 2). These belowground trends were also

evident in stands 60–100 ‘years since fire’

(Table 7). Overall, by 60–100 ‘years since fire,’ total

C:N was about twice as high in trembling aspen

trajectories (104 ± 21) than black spruce (58 ± 6)

and Alaska paper birch (47 ± 9) trajectories

(Table 7).

A univariate model with deciduous IV as the

independent variable provided the best-fit model

for aboveground C:N (Table 5), which tended to

decrease with increasing deciduous IV. A multi-

variate model with deciduous IV, ‘years since fire,’

Table 4. Mean (±1 Standard Error) Aboveground and Belowground Carbon Pools by ‘Years Since Fire’
Category and Trajectory Type (Trembling Aspen, Alaska Paper Birch, and Black Spruce) Within Interior Alaska

Years since fire 20–39 years 40–59 years 60–100 years

Trajectory type Aspen Birch Spruce P value Aspen Birch Spruce P value Aspen Birch Spruce P value

Stands (#) 14 5 11 3 6 7 2 8 4

Above C (g C m-2)

Foliage 76 56 43 0.080 111 210 156 0.489 132 147 168 0.873

(11) (15) (8) (13) (25) (62) (27) (22) (66)

Live branches 183a 126ab 72b 0.019 279b 513a 185b 0.006 554ab 922a 143b 0.038

(24) (44) (37) (17) (55) (71) (157) (186) (46)

Stemwood/bark 807a 718a 162b 0.005 1701b 3162a 598b 0.001 5191a 4409a 681b 0.003

(131) (345) (39) (333) (553) (213) (524) (628) (220)

Total live tree 1066a 901a 276b 0.005 2091b 3885a 939b 0.001 5876a 5478a 993b 0.006

(157) (393) (71) (331) (595) (335) (708) (809) (328)

Snags 240 420 240 0.559 230 357 234 0.744 555 846 13 0.166

(55) (254) (105) (107) (111) (139) (73) (292) (6)

Total Aboveground 1305a 1321a 517b 0.014 2321 4242 1173 0.004 6430a 6324a 1006b 0.012

(176) (477) (122) (332) (663) (460) (636) (1072) (325)

Below C (g C m-2)

Leaf litter 89a 56ab 6b 0.006 140a 132a 16b 0.029 159a 160a 0b <0.0001

(20) (30) (6) (62) (37) (16) (12) (14) (0)

SOL (0–5 cm) 1685 1955 1531 0.373 2001a 1441ab 1083b 0.042 929a 1946b 1032a 0.011

(139) (127) (200) (264) (133) (214) (159) (194) (159)

SOL (5–10 cm) 418a 1633b 1296b 0.000 231 1099 1204 0.096 68 1106 1937 0.079

(118) (387) (178) (38) (348) (172) (68) (353) (316)

SOL (10+ cm) 141 465 849 0.076 176a 526a 2567b 0.049 0a 433a 4372b <0.0001

(96) (372) (305) (176) (310) (823) (0) (288) (561)

Total SOL 2334a 4109b 3682b 0.013 2548 3197 4870 0.073 1156a 3645a 7341b 0.003

(275) (666) (448) (281) (581) (680) (239) (694) (561)

Woody debris 1120 882 850 0.437 447 403 210 0.290 364a 325a 54b 0.002

(150) (151) (179) (6) (123) (94) (66) (40) (13)

Total Below C 3454a 4991b 4532b 0.027 2995 3600 5080 0.110 1519a 3970b 7395c 0.005

(345) (576) (390) (280) (564) (636) (305) (703) (558)

Total C 4759 6312 5049 0.115 5316 7843 6253 0.090 7949 10,294 8400 0.593

(352) (691) (423) (598) (735) (599) (330) (1578) (755)

Significant differences (P < 0.05) among trajectory types within a ‘years since fire’ category are designated by different lowercase. P values bordering on significant (P < 0.10)
are highlighted in italics. Note that values are shown for mineral soil horizons, but these are not included in the sum value of total belowground or total carbon pools, as there
were no significant differences in mineral soil values among trajectories.
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and their interaction as independent variables

produced a slightly higher R2 value (0.20), but the

AICc values were similar between the two models.

Belowground C:N, which decreased with decidu-

ous IV, ‘years since fire,’ and their interaction, was

best predicted by a multivariate model with all

three independent variables. A multivariate model

with deciduous IV and ‘years since fire’ was the

best fit for total C:N, which increased with both

independent variables.

DISCUSSION

As hypothesized (Figure 1A), aboveground C and

N pools exhibited a linear increase with time after

fire in all successional trajectories, but the rate of

increase was substantially faster in deciduous tra-

jectories, which had 5–7 times faster rates of tree

ANPP compared to black spruce trajectories and

accumulated 70–80% of their aboveground bio-

mass in stemwood. These findings are comparable

to the few other studies in interior Alaska reporting

aboveground C and N pools and tree ANPP for

these stand types (Van Cleve and others 1983a;

Mack and others 2008). Deciduous species annu-

ally shed relatively high-quality (that is, low C:N)

leaf litter that decomposes faster than the low-

quality, more recalcitrant litter produced in black

spruce stands, which is typically moss litter mixed

with spruce needles (Van Cleve and Alexander

1981; Van Cleve and others 1983b). More and

regular inputs of high-quality leaf litter in decidu-

ous stands may equate to higher nutrient avail-

ability (Jerabkova and others 2006) and a physical

and/or chemical restriction of moss growth (Oechel

and Van Cleve 1986; Natalia and others 2008),
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Figure 3. Total soil organic layer (SOL) carbon and nitrogen pools for all soil cores obtained within trembling aspen,

Alaska paper birch, and black spruce trajectory types within interior Alaska as a function of (A,D) organic layer depth, (B,

E) bulk density, and (C, F) % carbon and % nitrogen. Regression lines are shown for relationships exhibiting a significant

(P < 0.05) linear trend.
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reducing soil insulation and increasing soil temper-

ature (Légaré and others 2005). Warm soils with

high nutrient availability can foster tree growth and

accumulation of aboveground C and N pools, espe-

cially in stemwood (Légaré and others 2004). Thus,

properties of the trees themselves (that is, relatively

low C:N litterfall and high soil N in deciduous stands

and the opposite in spruce stands) act to reinforce

tree ANPP and standing biomass as the stand ages

(Gower and others 2000). Because aboveground C

and N pools behaved similar for both deciduous

trajectories and clearly exhibited distinct differences

from the black spruce trajectory over time, we were

able to predict reasonably well changes in both

aboveground C and N pools using a multivariate

linear model with ‘deciduousness,’ years since fire,

and the interaction of these predictors.

In contrast to our expectation of increasing pools

of both belowground C and N with years since fire

across all trajectories (Figure 1B), only below-

ground C pools in stands proceeding along a black

spruce trajectory increased over time. This trend

was driven by the development of a deep SOL

(often >20 cm depth) such that by 60–100 years

since fire, the SOL represented more than 80% of

total C pools in the black spruce trajectory com-

pared to around 20 and 40%, respectively, in aspen

and birch trajectories. Belowground C pools in the

black spruce trajectory increased three times faster

(�37 g C m-2 y-1) than that of aboveground C

pools (�13 g C m-2 y-1), equating to a below-

ground C sequestration rate of 5.4 Tg C y-1 across

the upland black spruce zone of interior Alaska

(14.6 million ha), a rate similar to that reported by

Turetsky and others (2011) for the entire black

spruce zone (5.5 Tg C y-1). The accumulation of a

deep SOL over the successional interval in a black

spruce trajectory likely stems from a combination

of relatively high moss productivity in mature

stands (20–30 g m-2 y-1; Mack and others 2008)

and aggradation of dead moss on the soil surface

(Harden and others 2000) associated with slow

decomposition rates in cold, moist conditions’

characteristic of black spruce stands (Hobbie and

others 2000). In contrast, belowground C pools

decreased in the trembling aspen trajectory and

remained relatively unchanged in the Alaska paper

birch trajectory. Deep forest floor horizons are

uncommon in deciduous stands because leaf litter

inputs impede moss growth (Natalia and others

2008), and labile leaf litter combined with warm,

dry conditions in deciduous-dominated stands in-

crease decomposition rates (Van Cleve and others

1983b). In the aspen trajectory, decomposition of
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Figure 4. Changes in (A) aboveground, (B) below-

ground, and (C) total nitrogen pools with ‘years since

fire’ in stands undergoing trembling aspen, Alaska paper

birch, and black spruce successional trajectories within

interior Alaska. Regression lines are shown for pools

exhibiting a significant (P < 0.05) linear trend with

‘years since fire.’ For (D) belowground and (E) total

nitrogen pools, bar graphs of mean values across suc-

cessional trajectories (A = aspen, B = birch, S = spruce)

are shown because there was a significant effect of tra-

jectory (denoted by different lowercase letters) but no

significant effect of ‘years since fire’ or trajectory *‘years

since fire’ interaction.
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the SOL appeared to exceed leaf litter inputs,

causing a reduction in SOL depth and belowground

C pools over time. Belowground C pools in the

paper birch trajectory appeared more balanced,

perhaps because Alaska paper birch typically occur

on east-facing slopes, so tend to be cooler and

moister than south-facing aspen stands (Viereck

and others 1983). These differences in abiotic

conditions between the two deciduous trajectories

could have led to differences in decomposition

rates, and consequently, differences in the buildup

of the SOL. Overall, the combined effects of ‘de-

ciduousness’ and years since fire interacted to

determine changes in belowground C pools, al-

though the strength of the multivariate model to

predict these changes was relatively weak, likely

because of differences among the two deciduous

trajectories.

Despite little temporal variation, belowground N

pools were considerably higher in black spruce and

paper birch trajectories compared to the aspen

trajectory. In stands undergoing a black spruce

trajectory, the opposing effects of increasing SOL

depth and declining %N and bulk density over time

interacted to create relatively high, and mostly

stable, belowground N pools. These changes in SOL

characteristics likely reflect increased contribution

of moss-derived material to the SOL with stand age,

as dead mosses tend to be porous with low bulk

density (O’Donnell and others 2009) and have a

Table 6. Mean (±1 Standard Error) Aboveground and Belowground Nitrogen Pools by ‘Years Since Fire’
Category and Trajectory Type (Trembling Aspen, Alaska Paper Birch, and Black Spruce) Within Interior Alaska

Years since fire 20–39 years 40–59 years 60–100 years

Trajectory Type Aspen Birch Spruce P value Aspen Birch Spruce P value Aspen Birch Spruce P value

Stands (#) 14 5 11 3 6 7 2 8 4

Above N (g N m-2)

Foliage 3.0a 1.9ab 0.9b 0.001 3.6b 7.1a 2.6b 0.009 6.3ab 8.2a 2.3b 0.037

(0.4) (0.7) (0.2) (0.6) (1.0) (0.9) (0.3) (1.4) (0.7)

Live branches 3.3a 2.6ab 1.2b 0.027 5.2ab 9.7a 2.b 0.005 17.1a 17.1a 1.5b 0.023

(0.4) (1.1) (0.5) (1.1) (1.5) (1.2) (3.9) (3.5) (0.4)

Stemwood/bark 2.1ab 3.1a 0.8b 0.039 4.8b 9.3a 1.6b 0.002 12.8a 13.1a 1.6b 0.004

(0.3) (1.5) (0.3) (1.3) (1.8) (0.5) (1.7) (1.9) (0.5)

Total live tree 8.4a 7.5ab 2.9b 0.015 13.5b 26.1a 6.8b 0.002 36.2a 38.4a 5.5b 0.011

(1.1) (3.3) (1.0) (2.8) (4.1) (2.3) (2.6) (6.5) (1.5)

Snags 0.6 1.0 0.6 0.559 0.6 0.9 0.6 0.744 1.3 2.0 0.0 0.166

(0.1) (0.6) (0.3) (0.3) (0.3) (0.3) (0.2) (0.7) (0.0)

Total Aboveground 9.0a 8.5ab 3.4b 0.018 14.1b 27.0a 7.4b 0.003 37.5a 40.4a 5.5b 0.014

(1.1) (3.5) (1.0) (2.8) (4.2) (2.5) (2.7) 7.1) (1.5)

Below N (g N m-2)

Leaf litter 2.5a 1.0ab 0.2b 0.023 3.2 2.7 0.5 0.084 3.6a 3.7a 0.0b <0.0001

(0.7) (1.0) (0.2) (1.8) (0.8) (0.5) (0.3) (0.4) (0.0)

SOL (0–5 cm) 67.4 68.8 50.4 0.158 75.0a 55.9ab 32.1b 0.021 35.1b 83.2a 23.6b 0.004

(6.3) (10.8) (6.7) 12.4) (7.6) 8.0) (7.3) (10.2) (6.4)

SOL (5–10 cm) 15.8b 64.9a 42.4a 0.000 9.0 39.6 37.9 0.146 1.9 47.4 49.9 0.353

(4.4) (16.4) (5.8) (3.6) (12.0) (6.6) (1.9) (15.9) (17.2)

SOL (10+ cm) 6.7 19.1 35.0 0.103 5.3b 19.7b 101.4a 0.049 0.0b 21.5b 117.3a 0.003

(4.6) (16.3) (12.7) (5.3) (12.7) (32.9) (0.0) (15.2) (12.7)

Total SOL 92.5 154.6 128.0 0.069 92.5 118.0 171.9 0.165 40.7b 155.8b 190.8b 0.031

(12.5) (28.7) (17.0) (16.0) (21.2) (29.7) (9.6) (34.4) (34.8)

Woody debris 2.7 2.1 2.0 0.437 1.1 1.0 0.5 0.290 0.9a 0.8a 0.1b 0.002

(0.4) (0.4) (0.4) (0.0) (0.3) (0.2) (0.2) (0.1) (0.0)

Total Below 95.2 156.7 130.0 0.072 93.6 119.0 172.4 0.167 41.6 156.6 190.9 0.080

(12.6) (28.5) (16.8) (16.0) (21.2) (29.6) (9.8) (34.5) (34.8)

Total N 104.1 165.3 133.5 0.087 107.7 145.9 179.8 0.274 79.0 197.0 196.4 0.173

(12.6) (29.2) (16.5) (18.7) (21.8) (29.2) (12.5) (39.7) (33.6)

Significant differences (P < 0.05) among trajectory types within within a ‘years since fire’ class are designated by different lowercase letters. P values bordering on significant
(P < 0.10) are highlighted in italics. Note that values are shown for mineral soil horizons, but these are not included in the sum value of total belowground or total carbon
pools, as there were no significant differences in mineral soil values among trajectories.
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high C:N ratio (�40 C:N; Boby and others 2010). In

Alaska paper birch trajectories, relatively high SOL

%N (often >2%) combined with occasionally deep

SOL (often >15 cm) horizons, led to greater

belowground N pools compared to the aspen tra-

jectory. Higher SOL %N in birch trajectories could

reflect higher N availability in these stands. The N-

fixing shrub, Alnus crispa, is often found in the

understory of these stands (Viereck and others

1983) and has been shown to increase soil N

availability in Alaskan boreal forests (Wurtz 1995;

Rhoades and others 2001). Alternatively, paper

birch may be able to access N pools deeper in the

mineral soils on some sites, leading to higher %N.

Because of differences among the two deciduous

trajectories and the lack of a temporal trend, none

of the models tested predicted belowground N

pools.

We hypothesized that C:N ratio would increase

with time after fire across all successional trajecto-

ries but be more pronounced in deciduous trajec-

tories (Figure 1C) due to proportionally more

influence from stemwood biomass as the stands

aged, as stemwood has a high C:N ratio (�335 to

430). Our data partially support this hypothesis. In

aspen trajectories, C:N ratios increased linearly

with time since fire, coincident with increased

stemwood biomass contribution to total C pools

(from an average 17% in stands 20–39 years since

fire to 65% in those 60–100 years since fire).

Alaska paper birch C:N ratio also increased as

stemwood contribution to C pools increased from

11% (20–39 years since fire) to 40% (40–59 years

since fire), but leveled off after this due to greater

accumulation of SOL pools, which tended to have a

lower C:N ratio (�23) compared to stemwood. C:N

ratio of black spruce trajectories remained rela-

tively constant because %SOL contribution to total

pools remained constant with years since fire.

There was a change in the location (above- vs.

belowground) of pools with shifting successional

trajectory that led to total pools varying similarly

with years since fire. Total C pools switched from

being mainly in the SOL in a black spruce trajectory

(87% at maturity compared to 35 and 15% in birch

and aspen, respectively) to mainly in aboveground

stemwood in deciduous trajectories (43 and 65% at

maturity in birch and aspen, respectively, com-

pared to only 8% in black spruce). As predicted

(Figure 1D), the magnitude of this shift was

equivalent, such that all three trajectories accu-

mulated C similarly over time. Total N pools re-

mained relatively constant over time because

of changes in SOL quality described above, but

Figure 5. Changes in (A) aboveground, (B) below-

ground, and (C) total C:N ratio with ‘years since fire’ in

stands undergoing trembling aspen, Alaska paper birch,

and black spruce successional trajectories within interior

Alaska. Regression lines are shown for pools exhibiting a

significant (P < 0.05) linear trend with ‘years since fire.’

For belowground C:N ratio, a bar graph of mean values

across successional trajectories (A = aspen, B = birch,

S = spruce) is shown because there was a significant ef-

fect of trajectory (denoted by different lowercase letters)

but no significant effect of ‘years since fire’ or trajec-

tory*‘years since fire’ interaction
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proportionally less N was stored in the SOL in the

deciduous trajectories (52–79% at maturity) com-

pared to the black spruce trajectory (97%). This

reduction in the amount of C and N stored in the

SOL with a shift from a black spruce trajectory to

deciduous trajectories could increase the longevity

of these C pools. Deciduous stemwood C:N was

about 10 times higher than that of the black spruce

SOL, which could slow decomposition rates of this

material, as substrate quality is often a major

determinant of decomposition rates (Zhang and

others 2008). In addition, because stemwood often

remains standing after a tree dies, this could further

increase longevity of this pool because decompos-

ing fungi are less abundant on standing compared

to fallen wood (Rayner and others 1988). SOL

decomposability may be reduced by the cold, moist

conditions common on the forest floor of black

spruce stands, but the relative importance of abiotic

conditions versus substrate effects on tissue

decomposability across deciduous and black spruce

trajectories remain unknown. However, in tundra

ecosystems, substrate quality had more pro-

nounced effects than temperature on decomposi-

tion rates (Hobbie 1996), suggesting that similar

controls may occur in boreal forests.

CONCLUSION

As fire severity increases, successional trajectories

of boreal forests of interior Alaska are likely to shift

from black spruce self-replacement to species

replacement, where deciduous species occupy areas

previously dominated by black spruce. This shift

will inevitably lead to a variety of ecosystem-level

consequences because of differences in longevity,

growth habit, litter quality, and understory

microclimatic conditions between coniferous and

deciduous functional types. One consequence

demonstrated in this and an associated study

(Alexander and others 2012) will be a substantial

increase in aboveground C and N pools in tree

biomass because of high productivity of deciduous

trees and accumulation and storage of C and N in

stemwood. This increase in aboveground C and N

pools within deciduous trajectories will be accom-

panied by an increase in C:N ratios and an often

equivalent decrease in C and N stored in the soil

organic layer. Thus, there will be a trade-off in the

location of these pools but little change in the total

pool. This trade-off associated with a shift in forest

composition could increase C and N longevity in

this region due to more C and N stored in low-

quality deciduous stemwood. Forest flammability

will also decrease with increased deciduousness

due to decreased fuel loads in the SOL and higher

moisture content of deciduous biomass (Chapin

and others 2006b), which could further increase

longevity of C and N pools. Our findings highlight

the role of forest trajectory type in determining

rates of C and N accumulation and storage within

boreal forests and suggest that a fire-driven shift

from black spruce to deciduous trajectories could

potentially cause a negative feedback to the climate

system through changes in C and N pool longevity.
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