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Abstract

Fire severity is predicted to increase in boregjiams due to global warming. We
hypothesized that these extreme events will aftgemeration patterns of black sprueeéa
mariana). To test this hypothesis we monitored seed désppeand seedling emergence,
survival and growth for six years from 2005 to 2Qifter the 2004 wildfire on Poker Flat,
interior Alaska, using 96 1 m x 1 m plots. A totdl1,300 seedlings of black spruce and
three broad-leaved deciduous treBsp{lus tremuloides, Betula papyrifera and Salix spp.)
were recorded. Black spruce seedlings colonizeddaliand unburned ground surfaces for
the first two years after the wildfire and estaidid on any topographical surface, while the
broad-leaved trees emerged less in areas of lolgeat®n, slope gradient and canopy
openness and only on burned surfaces. Vasculat péaer on the ground floor increased
the seedling establishment of black spruce anddblesved trees, most likely because of
seed trap effects. Black spruce grew faster ondalsurface than on unburned surfaces.
However, broad-leaved trees grew faster than bkmkice on burned surfaces. Black
spruce regenerates even after severe wildfire withen microtopography restricts the
colonization of broad-leaved trees. The regenandtiajectories are determined soon after
wildfire by a combination of seed limitation foraaok spruce and habitat preference for

broad-leaved trees.

Keywords Boreal forest Broad-leaved treesBurned ground surfaceMicrotopography

Seed dispersalSeedling recruitment and survivalVildfire
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I ntroduction

Climate projections suggest that extreme event$ iwdrease in frequency during this
century, and climate effects on arctic ecosystepscifically, should take into account the
impact of extreme climatic events (Flannigan et24l00; Anisimov et al. 2007). One
outcome is that wildfires in interior Alaska arecbming larger and more severe due to
climate change (Kasischke et al. 2010, Turetskal.€2010). Black sprucd(cea mariana

(P. Mill.) B.S.P.) forests are altered to decidutwests when wildfire is severe (Kasischke
et al. 2008, Barret et al. 2011), while severesfimvor less-flammable deciduous forests that
may work as a stabilizer of fire regime (Kelly €t2013). The changes in fire regime may
be an important driver of future ecosystems in ftderth American boreal region
(Kashischke and Turetsky 2006).

Black spruce forest is broadly distributed in @reegions including interior Alaska
(Engelmark 1999). This species is a semi-seroirtoee that disperses most of its seeds
soon after wildfire (Johnstone et al. 2009). Blapkuce seeds utilize remn&fghagnum
moss cover for seedling establishment if wildfircampletely burns the forest floor.
Sphagnum mosses reduce fuel consumption during wildfire enttran feather mosses and
lichens by the high water-holding capacity, and asnpatchily after wildfire (Shetler et al.
2008). Because the regeneration of black sprucestfas dependent on the severity of
wildfire (Chapin et al. 2006), severe wildfires,upbed with decreasing unburned ground
surfaces, may lead changes in regeneration paitélemsander et al. 2012; Hollingsworth et
al. 2013).

By contrast, long-distance seed-dispersed treeiesyesuch as species in the genera
Betula, Populus andSalix, often immigrate soon after disturbances and nségbéish faster
and earlier than black spruce (Greene and Johr3@d, Asuyuzaki 2009). Differences in
seed dispersal and seedling emergence betweeresdtezn determine forest regeneration
patterns, particularly immediately after disturbar{blorden, et al. 2009). In addition, the

durations and timings of seed dispersal determanest recovery patterns after wildfire
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(Mendoza et al. 2009), and large-scale disturbanui#sn delay seed immigration,
particularly for short-distance seed-dispersedisgd€uller and del Moral 2003).

Preferable habitats for seedling survival and gnodiffer from habitats for seedling
emergence between species (Haruki and Tsuyuzali Hifawa and Tsuyuzaki 2011). On
mountainous regions, topographical characteriststgh as elevation, aspect and slope
gradient, regulate the pace and pattern of foeggneration (Kondo and Tsuyuzaki 1999),
in particular, after wildfire (Hollingsworth et a2013). In this study, the regeneration of
black spruce seedlings was examined with respedhéohabitat preferences, i.e., the
combinations of microtopography and fire severitit is reported that the regeneration
patterns of black spruce should be altered due ampetition when trees producing
long-distance dispersed seeds, such as bircheg@pldrs, immigrate and colonize the
burned surfaces due to competition. Also, piongees often have high allometric
plasticity for adapting variable stresses and distnces (Akasaka and Tsuyuzaki 2005).
Therefore we compared the survival, growth andnadivy of tree seedlings between burned
and unburned ground surfaces after a large-scédiéinei

We present the first six years of monitoring reggation after a large-scale wildfire; we
focused on the life-history stages between seedssardlings, because these stages are
critical for determining forest regeneration (Gldrewin et al. 1992). We developed three
hypotheses. (1) The short duration of seed diapelstermines seedling distribution in
semi-serotinous black spruce, whereas seedlinguitemnt persists in trees producing
long-distance dispersed seeds. (2) The distributb seedlings differs between black
spruce and broad-leaved trees because of seedsdispad habitat preferences, although a
few black spruce trees established on un-prefetalmeed surfaces. (3) Black spruce does
not become dominant on completely-burned surfabesause broad-leaved trees are

growing faster by utilizing higher morphologicabpticity than black spruce.

Materials and methods
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Field research design

Poker Flat, approximately 50 km north of Fairbamkghe interior of Alaska, USA, was
selected for monitoring tree regeneration (Tsuyuztkal. 2009). Annual precipitation
averages 297.4 mm. The maximum monthly mean aipéeature was 23G in June,
while the minimum was -25°Q in January at Fairbanks for 30 years during 187d 2000
(ACRC 2007). There are two major types of uplaada forests in the region: the forests
dominated by black spruce or white spruPecéa glauca) (Van Cleve et al. 1986). Black
spruce forest is characterized by a predominanddaak spruce on nutrient-poor habitats
with permafrost (Bonan and Shugart 1989). The mcgurface is often covered with thick
moss represented §phagnum spp. Vegetation on Poker Flat is a typical blapkuce
forest in the northern part of the Alaskan boreak$t above the boundary between the
continuous and discontinuous permafrost zones.ensive wildfire coded as the Boundary
Fire occurred in this region, including Poker Ffabm June to August in 2004, and burned
at least 1,847 ki(French et al. 2011).

On a northwestern slope at Poker Flat, sixteerm 2010 m plots were established in the
spring of 2005. After the fire severities were ghly estimated based on the
ground-surface burns and tree damages, these wlts established with various fire
severities. Based on vegetation on the unburnddcas, the dominant species prior to the
wildfire were considered to be mosses represenyefpobagnum spp. and shrubs, such as
Ledum groenlandicum, Vaccinium vitis-idaea, Vaccinium uliginosum, Betula nana and
Oxycoccus microcarpus (Tsuyuzaki et al. 2013). The density of treesvbfch height was
more than 1.3 m before the wildfire was 2512/hal llack spruce accounted for 97.3% of
the densities (Tsuyuzaki et al. 2009). Becausdtbad-leaved trees did not establish well
in the study sites, the seeds were mostly immidratem the external environments. Two
seed traps (52 cm x 26 cm in surface area) weabledted on the ground surface of each
plot in the summer of 2005. The seeds were ceitket each summer from 2006 to 2010.

Because the seeds Bétula consisted of two species, a tall tr&stula papyrifera, and a
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shrub, Betula nana, and could not be distinguished, the birch seedsewot examined.
The seeds of willows and poplars were passed thrthugtraps. Therefore, the seeds were
counted only for black spruce. The seeds wereveged each summer, and were examined
for viability by a germination test in an incubateith a 28C/15°C (12 hr/12 hr) cycle and
discontinuous light (16 hr/8 hr).

Within each plot, six 1 m x 1 m quadrats were canly established. Location, aspect
and slope gradient were measured on each quadrdiffesential GPS receivers (StarBox
SSII-51CPN-19, Amtechs, Tokyo) with an antenna (GB$, NovAtel, Calgary) and a laser
level meter (Topcon ET-2, Topcon, Tokyo). Subsetjusmonitoring was conducted
annually in summer from 2005 to 2010. The peraggntaover of burned area was
measured in each quadrat, and the cover of eacih falga was recorded in the herbaceous
layer less than 1.3 m in height. The boundary betwburned and unburned surfaces was
clear, and unburned surface was defined as area®wb traces of burning remained. The
burned surfaces were covered with charred mossganio soil with various thicknesses, or
exposed mineral soils. Albedo was measured atoappately 1 m above the ground
surface with a radiometer (MR-22, Eko Instruments Od., Tokyo). Photos toward the
canopy were taken each summer in each quadraBanlabove the ground surface by a
fish-eye lens. The photos were used to evaluatepgaopenness with the freeware Gap
Light Analyzer version 2.0 (Frazer et al. 1999, dHeet al. 2004).

On each seedling in the 96 quadrats, stem herghtlee lengths of long and short axes
of the crown were measured annually with a rul€anopy area was calculated from the
two lengths with the assumption of an oval shap&though Salix spp. are short trees or
shrubs, these species often develop the seralssté#gsuccession after wildfire in black
spruce forests (Chapin et al. 2006). Therefore, skedlings ofsalix spp. were also

censused as tree.

Satistical analysis
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The relationship between burned area and topograptharacteristics was investigated by a
generalized linear mixed-effects model (GLMM). Tiesponse variable was burned area
in each quadrat, and the explanatory variables elesation, aspect and gradient. The plot
code was used as the random effect. The numbssenfs captured by seed traps and the
number of seedlings that emerged in the labora®pgriment were analyzed with a GLMM
assuming a Poisson distribution. The eight exptagavariables were years after wildfire,
burned area, elevation, gradient, aspect, canopyr@ss, vascular plant cover, and moss
cover, with the random effect of plot code.

The determinants of seedling emergence were exahby a Hurdle model because of
excess zeros in the quadrats. The Hurdle mod®nistructed by combining two models:
the count and zero-Hurdle models. The zero-Hurdledel investigates the binomial
distribution of the presence and absence of segdim the quadrats, and the count model
estimates the number of seedlings after corrediimgoverdispersion of zero seedlings.
Two characteristics of seedling emergence were man First, the seedling emergence
of black spruce on burned and unburned surfacescmagared. Second, the seedling
emergence was compared between black spruce armd-leaved tree taxa on burned
surfaces. The response variable was the numbemnefged seedlings in each quadrat, and
the nine explanatory variables were tree taxa filaseight variables used in the seed-trap
analysis, as described above. The best models sedeeted by Akaike’s information
criterion (AIC) (Burnham and Anderson 2002).

Seedling survival was compared by GLMM with thesuasption of binomial
distribution.  Survivors were assigned a value ,o&rtd the dead seedlings were assigned a
value of 1. The explanatory variables were treghteplus the nine variables used for
seedling emergence analysis. The plot code wad tmethe random effect. Like
seedling emergence, seedling survival was compéoeddlack spruce on burned and
unburned surface, and between tree taxa on buuréates. The explanatory variables of

environmental factors were the same as those irséleelling emergence analysis. The
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determinants of stem height were also examined i@ under the assumption of gamma
distribution with the random effect of plot codeThe explanatory variables were the same
as in the survival analysis. The stem height & phevious year was used for the offset
term after log-transformation (lagf + 1)), whereH, indicates the stem height in the
previous yeatr.

The allometry between stem height and canopywesacompared between burned and
unburned surfaces for black spruce and betweenespea burned surfaces. The slopes
and intercepts of the allometric relationships wesepared using standardized major axis
estimation (SMA) (Warton et al. 2012). All statsl analyses were performed with the

statistical program R (version 2.12.2) (R Core Te2012).

Results

Seed dispersal

The number of black spruce seeds captured in #pes tlecreased with time (GLMN®, <
0.01) (Fig. 1). In addition, the viable seeds dased annually during the surveyed period
(P<0.01) (Fig. 1). The number of seeds capturatientraps was positively related to the
overstory vascular plant coveP (< 0.01), suggesting that the overstory plants waas

obstacle to disperse seeds and accumulated th@sdkd ground surface.

Vegetation and environments

The burned area of the 96 quadrats averaged 66%incafrom 0% to 100%. The total
cover of vascular plants ranged from 1% to 67%08%and increased annually up to 115%
in 2010. Hurdle model indicated that the effects herb cover on tree seedling
establishment increased with increasing time (Talple The species composition of mosses
was completely different between burned and unlilswgfaces; the common mosses were
Sphagnum subsecundum Nees andHylocomium splendens (Hedw.) B.S.G. on unburned

surfaces andCeratodon purpureus (Hedw.) Brid. andPolytrichum commune Hedw. on
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burned surfaces. The total cover of moss did iftardor the six years, i.e., a mean value
of 58% in 2005 and 59% in 2010, because3hteagnum moss annually decreased in cover
on unburned surfaces due mostly by death but theSpleagnum moss on burned surfaces
increased.

The elevation ranged from 244 to 437 m on the @&dcpts. The gradient and aspect
ranged between 3.4nd 29.8 and between 43%&nd 71.0 from north to west, respectively.
Therefore, a wide range of variation for each emvinental variable was captured. The
canopy openness ranged from 57% to 94%, and didliffet greatly during the surveyed
periods except when the openness was increasetafyy geated by fallen logs. The
burned area was not explained by any examined tojographical variables, elevation,
aspect and gradient (GLMMpP, > 0.1), showing that the burned area was not déggnon

the microtopography.

Seedling emergence
The seedlings consisted of four tree takRegea mariana, Populus tremuloides Michx.
(trembling aspen)Betula papyrifera Marsh (paper birch) angalix spp. (willows). During
the six surveyed years on the 96 quadrats, a tdt@aR7 seedlings emerged on unburned
surfaces and 573 emerged on burned surfaces (frig.S2edling density on unburned
surfaces was an average of 2.5 times higher thah dh burned surfaces. Seedling
emergence was high for all taxa in the first twarge 2005 and 2006, and then decreased
annually. Most of the seedlings on the unburnethsas were black spruce, and only three
paper birch seedlings were established. Tremiasmenestablished all on burned surface
followed by black sprucand willows. The most of these seedlings did me¢rge on thick
organic soil on burned surfaces, although the rhimbdtats were not recorded.

The seedling emergence of black spruce was highdsurned surfaces (Fig. 2), and
was synchronized with seed dispersal, i.e., thehmusndecreased over the years (Fig. 1),

suggesting that the seedling emergence was restring both seed dispersal patterns and
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habitat. Black spruce emerged more seedlingsdasawhere the vascular plant cover was
high. The other examined factors were not sigaifity related to the seedling emergence.
The seedling recruitments of broad-leaved treeduwned surfaces increased with canopy
openness, elevation, aspect, gradient, moss cawervascular plant cover (Table 1),

showing that microtopography was related to thellssg emergence of broad-leaved trees

more than that of black spruce.

Seedling survival

Because seedling emergence began in 2005, i.eyeameafter the wildfire that occurred in

the summer of 2004, survival and mortality wereorded annually from 2005 to 2010 (Fig.
2). When the survival of black spruce was compapetiveen burned and unburned
surfaces, no factors, including stem height andsyedter fire, were related to survival

(GLMM, P > 0.05). The vascular plant cover remained inrtieelel, although vascular

plant cover was not significantly related to sualiv These results indicated that the
survival of black spruce was constant between yiedependent of microtopography.

Paper birch displayed greater survival than blapkuce (GLMM,P < 0.01) and
Trembling aspen and willows did not differ in swal from black spruce. Canopy
openness increased surviv®l € 0.01). The other examined factors were nottedldo
survival, although year, elevation, gradient, amassncover remained in the model. Taller
trees exhibited lower mortalitie® € 0.01). The topographical factors, i.e., elematslope
gradient and aspect, were related to broad-leawss tmore than to black spruce, because

black spruce survived on unburned surfaces indeperaf any topographical factors.

Seedling growth
Height growth differed between black spruce andht+eaved trees and between unburned
and burned surfaces (Fig. 3). Growth decreasel wireasing elevation, slope gradient

and moss cover (GLMMP < 0.01) (Table 2). The growth was significanthstier on
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burned surfaces than on unburned surfades<(0.01). However, broad-leaved trees
displayed much more rapid height growth than blgmkice on burned surfacés< 0.01).

The allometric relationships between stem heigid eanopy area for black spruce
indicated that black spruce allocated more to cgrawpa growth on burned surfaces than on
unburned surfaces (SMA&, < 0.01) (Fig. 4). The slopes of the allometriatienships for
burned surfaces did not differ between the fouat@«> 0.05), while the intercepts differed
(P < 0.01), demonstrating that the allocation to ggnarea on burned surfaces did not differ
between the taxa. In total, therefore, the sterm$o evaluated by allometry, of black
spruce differed between burned and unburned swface the allocation patterns were

constant between the four tree taxa on burnedesfa

Discussion
The seed dispersal and seedling emergence of Blatice decreased with time, and the
seedling emergence of broad-leaved trees decrea8dgick spruce provides viable seeds
for several years after wildfire, by producing sesmiotinous cones (Bonan and Shugart
1989). Between Yukon and British Columbia, seeglmnecruitment of black spruce is
highest in the first 5 years after wildfires, whaelditional establishment is not observed
after 10 years (Johnstone et al. 2004). Thesétsandicate that the seedling establishment
of black sprucds determined immediately after wildfire. In thsense, short-term seed
dispersal determined the regeneration. The availsdeds of black spruce are reduced by
severe wildfire and separation from unburned seedces (Johnstone et al. 2009). When
the seed dispersal is reduced by large and sevkttrey therefore, regeneration should be
slowed or altered.

The seedling establishment of black spruce ocduome both burned and unburned
surfaces independent of microtopography, suggetiiaigsafe sites for black spruce seedling
establishment were provided on both burned and nmeldusurfaces. We did not measure

the thickness of organic layer. However, burneghoic soils of which depth is more than
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2.5 cm decrease sharply conifer establishment &loha and Chapin 2006), and the
thickness is positively and negatively relatedne seedling densities of black spruce and of
broad-leaved trees, respectively (Johnstone andsétde 2005). Interactions among
disturbance regime and plant-soil-microbial feedtsaegulate soil organic layer thickness
(Johnstone et al. 2010a). The categorization otiggl surfaces was likely to hide the
effects of thickness in this study.

The seedling emergence of broad-leaved trees likelynto be restricted by seed
limitation, because these species disperse seestslavy distances by wind and usually
produce enormous numbers of seeds (Boucher 20QBjuZaki 2009). The seedling
emergence of broad-leaved trees occurred only amedusurfaces and was further restricted
by microtopography. The unburned surfaces wereergay with moss represented by
Sphagnum spp., which often restrict the establishment ajaldrleaved trees due to low
nutrients, desiccation and/or reducing availabldewgRydin 1985; Fritz et al. 2012).
Although the seedbeds of black spruce are limitedibtic filter on post-fire black spruce
forests in eastern Canada (Mallik et al. 2010 bkpruce normally establishes on unburned
surfaces (Van Cleve et al. 1986; Bonan and Shu§&®) and the forest expansion is related
to the dominance @phagnum spp. (Fenton et al. 2007).

Vascular plant cover increased seed capture anteultant seedling emergence. The
long-distance seed dispersal patterns are detednbipetopography at large scale (Kondo
and Tsuyuzaki 1999), and wind-dispersed seedsagteired more by rough ground surfaces
and variation in microtopography at small scaleaiizg and Tsuyuzaki 2011). Therefore,
the removal of plant cover by severe wildfire sld¥ws regeneration of black spruce through
the limitation of seed supply.

The mortalities of black spruce seedlings werestanmt during the surveyed period,
independent of stem height, habitat and year, wthike mortality of broad-leaved tree
seedlings was decreased with increasing canopynegsrand stem height. The mortality

of shade-tolerant trees, includifgmariana, does not vary with size in boreal forests while
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the survival of shade-intolerant, sun trees in@sawith size (Luo and Chen 2011).
Mortality was probably reduced by the fast growtariged from canopy openness,
particularly for broad-leaved trees that are shattderant pioneer species.

Broad-leaved trees grew faster than black spruceuwned surfaces, as expressed by
stem height and crown area. When trembling aspdrbiack spruce establish on remnant
organic layer after wildfire, the stem density andmass are negatively and positively
related to the depth of organic layer, respectiu@henoy et al. 2011). These results
suggest that habitat preferences greatly diffewben black spruce and broad-leaved trees.
Area-based inorganic-nitrogen uptakes are highesewerely burned than lightly burned
sites for both black spruce and trembling aspehabimuch lower for black spruce than for
trembling aspen on the burned sites (Shenoy e2(dl3). The growth of black spruce
seedlings should be faster on burned surfaces asitslower than that of broad-leaved tree
species.

The allometry indicated that black spruce altetedstem forms between burned and
unburned surfaces. When open space is providedghrdisturbances, trees often allocate
more to canopy-area growth to obtain solar eneflagaka and Tsuyuzaki 2005; Egawa
and Tsuyuzaki 2011). Black spruce appeared toyas strategy, although growth was
slower than that of broad-leaved trees, even omdalrsurfaces. After clearcutting or
wildfire in northern Ontario, broad-leaved treespresented by trembling aspen, increased
their relative dominance, while needle-leaved traesluding black spruce, decreased
(llisson and Chen 2009). The stem forms on bumethces did not differ between species,
suggesting that their stem forms were optimized dstablishment on burned surfaces.
However, deciduous trees outcompete with conifens neineral soils after wildfires
(Johnstone and Chapin 2006). Competition and dradifference should be evident on
burned surfaces during the next stage of seediwgldpment, i.e., saplings.

In conclusion, broad-leaved trees immigrate mohemwwildfire removes moss layer

completely. Since the establishment of black spregedlings is more in moist sites with
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high density of prefire spruce, the regeneratiohlatk spruce after wildfire takes place only
in moist sites with low fire severity (Johnstoneaét2010b). The establishment sites for
broad-leaved trees are restricted by microtopogcapbharacteristics. Thus, broad-leaved
trees do not always regenerate after severe valdiven though the cover of deciduous trees
increases at the regional scale (Alexander et0dl2P Under similar edaphic conditions, a
single gradient related to time since disturbarednsufficient to account for the full
spectrum of ecosystem dynamics that occur in bégpekice, highlighting the importance of
considering soil burn severity (Lecomte et al. 206®llingsworth et al. 2013). The
establishment patterns of broad-leaved trees \ilttitical for predicting the regeneration
patterns after severe wildfire because black spragenerates everywhere when seeds are

supplied sufficiently.
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Table 1 Seedling recruitment patterns analyzed by Hurdledels. The explanatory
variables selected by stepwise AIC are shown. Tifferences between the broad-leaved
trees were compared betweBopulus tremuloides and the other two tree tax®efula
papyrifera andSalix spp.). *: significant aP < 0.01. -: not examined in the model, because

of the low number of broad-leaved trees on burnethses.

Picea mariana Broad-leaved tree species

Explanatory variable Binomial Poisson Binomial RBois
Intercept -1.850 -4.213 -1.878* -4.928*
Factor examined
Years after fire -0.514* -1.025 -0.636* -0.742*
Burned surface +0.017 +0.042 - -
Canopy openness -0.002 +0.028*
Elevation +0.007* +0.006*
Aspect +0.004 +0.025*
Slope gradient -0.085 +0.098 +0.095* +0.128*
Moss cover +0.002 +0.009*
Vascular plant cover  -0.005 +0.038* +0.009 +0.008*
Species
Betula papyrifera - - -2.712* +0.782*
Salix spp - - -3.205* +0.140
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Table 2 Determinants of stem height, as examined by GLMNhwine random effect of

plot identification. *: significantly different &m P. mariana to the other species, or burned

to unburned surfaces, Rt< 0.01. -: not examined.
Explanatory variable All Picea mariana  Burned surface
Intercept -16.736 -1.473 -26.975
Years after wildfire +0.198 -0.019 -0.730
Environmental factor
Ground surface +0.572 +0.004 -
Burned area (%) +0.142 * +0.035 * +0.139 *
Canopy openness (%) +0.006 -0.004 +0.055
Elevation (m) -0.002 -0.002 -0.019
Aspect f) +0.100 -0.007 +0.093
Slope gradient’} -0.079 -0.030 +0.155
Moss cover (%) +0.147 * +0.021 * +0.128 *
Vascular plant cover (%) -0.034 * -0.002 +0.005
Species
Populus tremuloides +2.868 * - +3.857 *
Betula papyrifera +13.078 * - +14.088 *
Slix spp +4.756 * - +5.607 *
Stem age +2.061 * +0.745 * +4.103 *
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Fig. 1 The numbers dPicea mariana seeds captured by 32 52 cm x 26 cm seed traps (4.33
m® in total area) and the number of seedlings germéhan an incubator, shown by
box-whisker plots. Lower and upper edges of bo288b and 75% quartiles, respectively.
Whiskers: range of maximum and minimum values (lengf whiskers is 1.5 times the

interquartile range). Circles: outliers
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Fig. 2 The numbers of births (recruitment) and deaths fafity) of seedlings from 2005
to 2010. No deaths occurred in 2005 because #wlisgs began to emerge in 2005 after
the wildfire in the summer of 2004. Total numbdr umburned and burned areas is

indicated in parentheses to the right of the hab@anes, respectively. The total number of
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seedlings is shown in parentheses to the righlte@tpecies names.
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Fig. 3 Stem heights of the four tree species on unburnddbarned surfaces.

range of maximum and minimum values (length of wéis is 1.5 times the interquartile

range).

Circles: outliers.

Whiskers:
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Fig. 4 Allometry between height and canopy area for the foee species established on

Poker Flat six years after the wildfire. Closed apen circles foPicea mariana indicate

trees established on burned and unburned surfiasgsectively. Solid and interrupted lines

indicate the allometric regression lines on burmed unburned surfaces (only fé&

mariana), respectively. Allometric equations are also vghoas follows:c = aH® (c:

canopy area andt stem height)
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