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A stand-level tool for predicting the natural regeneration density
of black spruce and jack pine following fire and salvage

by T.B. Splawinski1,*, D.F. Greene2, S. Gauthier3 and Y. Bergeron4

ABSTRACT 
A tool was developed to allow managers and foresters to quickly assess reforestation needs following forest fire and sal-
vage logging at the stand level in both pure and mixed black spruce and jack pine stands. This on-site operational assess-
ment tool was created using a forest regeneration model that simulates the natural regeneration densities of black spruce
and jack pine following fire and salvage. Tree species basal areas used for simulations represent the natural range
expected in the field. Additional parameters include the abscission schedule of the species, the percentage of optimal
(exposed mineral soil or humus) post-fire seedbeds, and the timing of the salvage operation. The tool also allows for
rapid planning of both salvage operations and planting. It has important advantages over conventional seedling surveys
in that it can be employed immediately following fire, can guide management decisions about the planning of road con-
struction and the harvest sequence, and takes into account the entire establishment phase. Using the tool to adjust the
harvesting schedule to minimize replanting, the likely final cost of reforestation can be estimated for an entire burn. The
tool shows that a higher percentage of optimal seedbeds are necessary following salvage: (1) for black spruce to regener-
ate adequately compared to jack pine (i.e., planting of black spruce will almost always be necessary); (2) as basal area of
the species of interest decreases; and, (3) to adequately regenerate burned intact and salvaged stands in late-season fires
compared with those from early-season fires.  

Keywords: fire, salvage, black spruce, jack pine, natural regeneration, model, planting, stand-level assessment.

RESUMÉ 
Un outil a été élaboré afin de permettre aux gestionnaires et aux forestiers d’évaluer rapidement les besoins en matière de
régénération des peuplements ravagés par le feu et exploité peu après, tant dans le cas des pessières noires pures et mélan-
gées que dans le cas des pinèdes grises. Cet outil d’évaluation utilisable sur place a été élaboré à partir d’un modèle de régé-
nération forestière qui simule les densités de régénération naturelle des pessières noires et des pinèdes grises à la suite d’un
feu et des travaux de récupération. Les surfaces terrières des arbres utilisées lors des simulations sont représentatives de 
la variation naturelle retrouvée dans la nature. Des paramètres supplémentaires comme le délai d’abscission des espèces,
le pourcentage de lits propices à la germination (sol minéral exposé ou humus) et le calendrier des opérations de récupé-
ration ont été ajoutés au modèle. L’outil permet également la planification rapide des opérations de récupération et de
plantation. Il constitue un avantage important relativement aux inventaires conventionnels de semis du fait qu’il peut 
être utilisé immédiatement après un feu, qu’il permet de guider la gestion des décisions reliées à planification de 
la construction des chemins et à la séquence des opérations de récolte, en plus de prendre en considération l’ensemble 
de la réalisation des opérations. L’emploi de l’outil pour ajuster le calendrier de récolte dans le but de minimiser les coûts
de reboisement, permet également d’estimer les coûts totaux de reboisement pour l’ensemble d’une superficie ravagée par
le feu. L’outil indique qu’un plus fort pourcentage de lits propices à la germination est requis à la suite des opérations de
récupération suivantes : (1) pour la régénération adéquate des pessières par comparaison aux pinèdes grises (par ex., la
plantation d’épinettes noires sera presque toujours nécessaire); (2) dans le cas où la surface terrière des espèces recherchées
est faible; et (3) pour régénérer adéquatement les peuplements ravagés par le feu laissés tel quel et ceux récupérés à la fin
de la saison des feux de forêts comparativement à ceux ayant été ravagés au début de la saison des feux.  

Mots clés : feu, récupération, épinette noire, pin gris, régénération naturelle, modèle, reboisement, évaluation du peuple-
ment sur place
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Introduction
Black spruce (Picea mariana (Mill.) BSP) and jack pine
(Pinus banksiana Lamb.) are the two most common conifers
in Canada (Greene et al. 1999), and are well-adapted to the
stand-replacing wildfires common to the circumboreal forest
because of their aerial seedbanks, i.e., canopy seed storage
(Enright et al. 1998, Greene et al. 1999, Stocks et al. 2002, De
Groot et al. 2004). The passage of the flaming front results in
the opening of scales on the cones, thus allowing seeds to
abscise (Lamont et al. 1991, Enright et al. 1998, Johnstone et
al. 2009, Greene et al. 2013). These seeds are then dispersed
onto organic layers that have been reduced by smoldering
combustion following medium to high severity fires, with
about 40% of the substrate on average rendered into optimal
seedbeds of a few centimetres organic thickness or less
(Miyanishi 2001, Miyanishi and Johnson 2002, Greene et al.
2007). At times, conifer recruitment can be low following low
severity fire due to fewer suitable seedbeds as less organic
matter is removed (Veilleux-Nolin and Payette 2012), and by
lower availability of seeds (Lecomte et al. 2006). 

The abscission period for black spruce seeds is more pro-
tracted than for jack pine, requiring roughly five years to
abscise 90% of seeds compared to about one year for jack
pine (Greene et al. 2013). Salvage operations are typically
scheduled within the first few months following fire to mini-
mize degradation of fire-killed boles by saprophagous beetle
larvae and by checking (St-Germain and Greene 2009). The
removal of these stems effectively removes the non-abscised
portion of the aerial seedbank (Greene et al. 2006, 2013;
Splawinski et al. 2014), and the operation also leads to dra-
matic mortality among the first cohort of germinants. This
has a negative effect on black spruce, and to a far lesser extent
jack pine, regeneration potential (Greene et al. 2006, 2013;
Splawinski et al. 2014). Stands that exhibit poor stocking 
following salvage must be planted at a cost of about CAD
$800/ha (St-Germain and Greene 2009). 

With the exception of seedling surveys, managers and
foresters currently do not possess stand-level tools to assess
reforestation needs following fire and salvage in both pure
and mixed black spruce and jack pine stands. The conven-
tional seedling survey is often carried out in the first year or
two following fire, and therefore cannot take into account
subsequent recruitment. Thus it is not possible to rapidly
make decisions about which areas within a recent burn will
likely need to be planted. An on-site assessment tool capable
of identifying reforestation needs immediately after the fire
should reduce the planning time of both salvage operations

and subsequent planting, and can save money on replanting.
Further, it can show the manager the percentage of stands
that would have acceptable stocking levels if the salvage was
delayed for a specified period. 

The objective of this paper, therefore, is to develop an
operational tool using the Splawinski et al. (2014) regenera-
tion model that will permit estimation of natural regenera-
tion densities of black spruce and jack pine following moder-
ate to severe fire, either early or late in the growing season,
followed by salvage logging. Here we define moderate to
severe fires as those that result in 100% tree mortality within
a stand and not the intensity of the fire itself. This objective
will be accomplished by identifying the proportion of good
seedbeds required to obtain adequate stand stocking under a
range of expected pre-fire basal areas. As examples of model
output, we produce four figures, two of which illustrate sim-
ulation results, and two (the assessment tool itself) that can
be used in the field by foresters in a fresh burn, perhaps as
laminated cards that fit in a shirt pocket for easy use or on a
smartphone.

Materials and Methods
Splawinski et al. (2014) developed a regeneration model
capable of simulating the natural regeneration densities
(seedlings/m2) of black spruce and jack pine following fire
and salvage at the stand level during the establishment phase
(the first six years post-fire). The main parameters are: (1)
initial seed availability, computed as a function of source tree
basal area, seed survival through the passage of the flaming
front, and salvage proportion; (2) seed abscission as a func-
tion of time since fire; (3) seedling survivorship as a function
of seed mass (germinant size), seedbed proportion, and
granivory; (4) the timing of salvage operation; and, (5)
seedling and seed mortality as a function of salvage opera-
tions. 

Detailed information on the parameterization and limits
of the model are available in Splawinski et al. (2014). Briefly,
the model uses three types of seedbed classes in simulations:
good, poor, and lethal. Each seedbed class is characterized by
a single survivorship value. The good-seedbed category is
subdivided into exposed mineral soil and living mosses
(feathermoss and Sphagnum), while the poor-substrate cate-
gory includes lichens, burnt or residual duff, and thick layers
of unburnt leaves or dead mosses. Finally, the lethal-seedbed
category includes firm but non-burnt logs, charred logs,
rocks, and standing puddles. An average lethal-seedbed pro-
portion of 10% was obtained from four wildfires: the same
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three used for model validation in Splawinski et al. (2014), as
well as unpublished data from the 2010 La Tuque wildfire
(northwestern Quebec). In this approach, if the good-
seedbed proportion is increased, the poor-seedbed propor-
tion is decreased accordingly, while the lethal proportion
always remains constant at 10%.

The post-fire regeneration model was validated using
field data obtained from three fires, two in Quebec and one
in Saskatchewan. Log-transformed regressions were per-
formed on observed versus simulated seedling densities of
black spruce and jack pine, for all fires and treatments, to
determine if the intercept was significantly different from 0
and slope significantly different from 1. Results of the analy-
sis are in Table 1. 

A sensitivity analysis was also performed, indicating that
the model is most sensitive to seed mortality resulting from
the passage of the flaming front and the post-fire granivory
rate. It assumes a 53% seed survival rate following the passage
of the flaming front for black spruce and a 100% survival rate
for jack pine (Greene and Johnson 1999, De Groot et al.
2004). There is a relative lack of empirical data on post-fire
granivory rates. However, based on two studies (Greene and
Johnson 1998, Charron and Greene 2002), the survivorship
through the granivory stage is estimated at 95% for the sum-
mer of the fire itself and is subsequently reduced to 43% for
the reminder of the simulation (Splawinski et al. 2014).

Prescriptive simulations
Unlike Splawinski et al. (2014), here we examine the minimal
proportion of good seedbeds required to yield one
seedling/m2 across a range of basal areas under an early and
late season fire date. In conifer plantations, trees are typically
spaced approximately two metres apart to minimize compe-
tition, thereby increasing growth and volume (Zhang et al.
2002); however stems in naturally established stands tend to
be distributed heterogeneously. Clumping is often observed
on good seedbeds (which make up a relatively low propor-
tion of total seedbeds), whereas poor seedbeds will exhibit
lower densities (Greene et al. 2006, Splawinski et al. 2014).
Therefore a seedling density of -1/m2 (10,000/ha) or greater
is considered adequate to re-stock a naturally regenerated
stand (Greene et al. 2002).

Two scenarios were simulated: (1) regeneration density of
black spruce and jack pine in burnt intact stands; and, (2) in

100% salvaged stands. Moreover, an
early and a late season fire are exam-
ined. First, a June fire date was used,
since late spring/early summer rep-
resents the period of most frequent
fire occurrence in the Canadian
boreal forest (Stocks et al. 2002). Sec-
ond, an August fire date was used, as
this month represents the late fire
season (Stocks et al. 2002). 

These fire dates were also selected
to illustrate the potential differences
in seed predation following early and
late-season fires. Based on the lim-
ited granivory data currently avail-
able for the boreal forest, the Splaw-
inski et al. (2014) regeneration
model assumes that 5% of seeds will

be consumed during the summer of the fire, after which the
rate will rise to 57% for the remainder of the simulation. This
is based on the argument that medium to high severity fires
will greatly reduce granivore populations, with a significant
amount of time necessary (at least four months) before they
are able to re-establish (Splawinski et al. 2014). Thus the ear-
lier the fire, the more time the first cohort has to establish
under a lower granivory rate; conversely the later the fire, the
more seeds will end up germinating in the second cohort
under a higher granivory rate.

A December salvage date is used for both fire dates as this
month represents the median salvage month observed in the
Lebel-sur-Quevillon wildfire (Splawinski et al. 2014). Simula-
tions are carried out for pre-fire basal areas ranging from 
5 m2/ha to 50 m2/ha, in increments of 2.5. This represents the
range of basal areas expected in the field as observed in the
temporary plot data of the Quebec Ministry of Forests,
Wildlife and Parks in the boreal forest of northwestern Quebec
(Lake Matagami lowland ecological region 6a). This ecological
region is delimited using a hierarchical ecological classification
system, with territories sub-divided based on ecological factors
(Blouin and Berger 2005). For every increment of basal area,
the percentage of good-seedbeds that will yield ≥ one
seedling/m2 is identified. Although the model simulates
seedlings/m2, and the basal area parameter is in m2/m2, both
are converted to seedlings/ha and m2/ha respectively, as this
represents the standard used by foresters in the field. 

Results and Discussion
Following fire in intact stands, a unsalvaged black spruce-
dominated stand with ~20 m2/ha basal area for spruce will
exhibit adequate stocking (1 seedling/m2) as long as the good-
seedbed category has ≥ 9% coverage following a June fire 
(Fig. 1a) or, 10% coverage following an August fire (Fig. 1b).
A jack pine-dominated stand with the same basal area 
(20 m2/ha) should always achieve adequate stocking if the
substrates in the good-seedbed category are ≥ 4% of the total
following a June fire (Fig. 2a). However, following an August
fire in jack pine, good seedbeds must comprise ≥ 6% of the
total (Fig. 2b). This inter-specific difference is due to the
shorter abscission schedule of jack pine, where 50% of seeds
are abscised within roughly a month following fire, compared
to 10 months for black spruce (Greene et al. 2013; Splawinski
et al. 2014). As for the differences between early and late fires

Table 1. Power law regression results for observed versus simulated seedling densities
(seedlings/m2) from Splawinski et al. (2014)

Fire Species Treatment Intercept Slope r2 n

Lebel-sur-Quevillion P. mariana Lumped 0.225 1.308 0.920 6
(Quebec)

Val Paradis P. mariana Intact -0.477 0.639 0.325 16
(Quebec) Salvaged -2.541* 0.018* 0.000 19

P. banksiana Intact 0.06 0.062 0.003 10
Salvaged 0.053 1.271 0.423 17

Muskeg P. mariana Intact 0.841* 0.978 0.567 18
(Saskatchewan) P. banksiana Intact 0.553 0.735 0.498 19

Note: For intercept or slope values, * represents a significant difference from 0 and 1 respectively.
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mentioned earlier, granivory rates increase substantially
(from 5% to 57%) following the summer of the fire (Splawin-
ski et al. 2014). Thus following a June fire, jack pine will have
the entire summer to establish its first cohort under a relatively
low granivory rate (5%). However following an August fire,
pine will only have one month to establish before germination
ceases due to the end of the growing season. The remaining
seeds will be subjected to a higher granivory rate (57%).

Fires occurring later in the fire season have the potential
to produce greater proportions of favorable seedbeds than
those occurring in the spring by removing more organic mat-

ter through smoldering combus-
tion; this is primarily due to lower
duff moisture content (Kasischke
et al. 2000a, 2000b; Miyanishi
2001). This may offset to some
degree the increased seed losses to
granivores. Of course, for either
species, as the percentage of good
seedbeds rises, the required basal
area (directly proportional to local
seed supply) for adequate regener-
ation declines.

As argued by Splawinski et al.
(2014) and supported by the
empirical literature, the larger-
seeded jack pine should establish at
higher rates than black spruce on
un-salvaged, burnt sites. Further,
jack pine tends to occupy sites that
have a thinner organic layer prior
to the burn and a much higher pro-
portion of good seedbeds after the
fire (Greene et al. 2007). Generally,
while Greene et al. (2007) found an
average of 40% post-fire coverage
of good seedbeds in the boreal for-
est, that value was much greater for
pine (drier sites) than black spruce
(wetter sites), and much higher in
western Canada than in the more
humid east. This was further sup-
ported by observations made by
Greene et al. (2006) and Splawinski
et al. (2014) in northwestern Que-
bec. Based on this, an estimated
good-seedbed proportion of 27%
was calculated and subsequently
used by Splawinski et al. (2014) in
the exploratory simulations. In the
absence of salvage, therefore, we
expect pure pine stands to reliably
replace themselves, and mixed
stands to increase their proportion
of pine (cf. Greene and Johnson
1999). For black spruce however,
regeneration adequacy will depend
very much on post-fire seedbed
quality and can be problematic
even if basal area is high. This con-
straint ultimately is due to the fact
that spruce has more demanding

seedbed requirements due to its small seeds; further, it typi-
cally occupies sites with such thick pre-fire organic layers that
exposure of mineral soil by smoldering combustion is quite
rare. Sphagnum, typically found on wetter sites and consid-
ered a good seedbed for germination as it remains wet dur-
ing short droughts, is actually a poor medium for subsequent
growth due to its relatively low nutrient supply (Lavoie et al.
2007). Therefore, sites that exhibit high post-fire proportions
of sphagnum may require planting (Lavoie et al. 2007).

If 100% salvage is employed in the first winter following a
June fire, black spruce will need to be planted if the basal area

Fig. 1. Simulated percentage of good seedbeds needed for sufficient stocking according to
different pre-fire basal areas for black spruce in a burned intact stand following a June (a)
and August (b) fire, and a 100% salvaged stand following a June (c) and August (d) fire. Line
represents the minimum stand-stocking threshold of one seedling/m2. 

Fig. 2. Simulated percentage of good seedbeds needed for sufficient stocking according to
different pre-fire basal areas for jack pine in a burned intact stand following a June (a) and
August (b) fire, and a 100% salvaged stand following a June (c) and August (d) fire. Line
represents the minimum stand-stocking threshold of one seedling/m2.
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is ≤ 40 m2/ha with good seedbeds comprising 27% of the
total (Fig.1c). Following 100% salvage in the first winter after
an August fire, black spruce will need to be planted no mat-
ter what the seed source strength (Fig. 1d). For example, even
with 35 m2/ha of basal area for spruce, good-seedbed cover-
age of ≥ 65%, which is a very unrealistic value for sites dom-
inated by this species, would be required for adequate stock-
ing. By contrast, following a June fire, jack pine should
exhibit adequate stand stocking with all but the lowest 
(5 m2/ha) pre-fire basal area given a good-seedbed propor-
tion of 27% (Fig. 2c). Conversely, following an August fire the
minimum required basal area increases to 15 m2/ha (Fig. 2d).
Since jack pine releases seeds quickly following fire, a late-
season fire results in significantly more non-abscised seeds in
the aerial seedbank, which will be removed by operations as
compared to that from an early season fire with a similar sal-
vage date (Greene et al. 2013, Splawinski et al. 2014). In addi-
tion, the first summer cohort for both species will have sig-
nificantly less time to establish following a late season
fire—one month for an August fire compared to three
months for a June fire (Splawinski et al. 2014). Once again, as
mentioned earlier for burned intact stands, this may be offset
by the possibility of greater proportions of favorable seedbeds
created by late-season fires. 

The good-seedbed proportion needed to obtain adequate
stand stocking for burned intact black spruce following a
June fire is similar to that of 100% salvaged jack pine with the
same fire date under the full range of basal areas. This illus-
trates the advantage of possessing a rapid post-fire abscission
schedule, as is the case for jack pine; more seeds are abscised

prior to salvage and fewer are subjected to predation by
granivores.  

Salvaged stands (Fig. 1c, 1d; 2c, 2d) show more con-
strained regeneration than intact stands (Fig. 1a, 1b; 2a, 2b)
for two reasons. First, black spruce is much more deleteri-
ously affected by salvage than is pine because a far higher
proportion of its seeds have not yet abscised by the time sal-
vage occurs (Splawinski et al. 2014). While there are a large
number of reasons that forest companies prefer to begin sal-
vaging as quickly as tertiary roads can be constructed,
nonetheless early salvage curtails the regeneration of species
that abscise their seeds slowly over many years (St-Germain
and Greene 2009). Secondly, the harvesting equipment will
trample about 30% of already established germinants from
the first summer cohort (Greene et al. 2006).

The natural regeneration assessment tool presented in
Fig. 3 and Fig. 4 can be used by foresters in the North Amer-
ican boreal forest as laminated guides for post-fire evaluation
of the percentage of the burned area that will require plant-
ing. Basal area can be taken from inventories. While seed
source strength (i.e., basal area) also could be measured via a
prism, the field survey is primarily intended to provide a
quantification of the seedbeds; this can easily be accom-
plished through the employment of a line transect following
a simplified approach of Splawinski et al. (2014) (i.e., one
randomly oriented transect, 25 metres in length, with
seedbed type identified every 50 cm). A proxy for seedbed
quality, perhaps obtained from remotely sensed data, would
obviate the need for fieldwork, but this has not yet been
attempted by researchers. Estimates of fire severity based on

Fig. 3. Simulated black spruce natural regeneration assessment tool illustrating percent of good seedbeds needed to obtain the ade-
quate stand stocking threshold of one seedling/m2 for every increment of basal area, under both scenarios and fire dates.
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the percentage of trees immediately killed by the burn are not
well-correlated with measures of seedbed quality (e.g., resid-
ual organic layer depth); indeed, most partially killed trees
die within two years following fire (Angers et al. 2011).

The sensitivity analysis indicated the model was most sen-
sitive to seed mortality resulting from the passage of the
flaming front and the post-fire granivory rate. Therefore we
suggest that this tool be applied only to stands exhibiting
100% tree mortality and subjected to moderate to high sever-
ity fires. Extreme fire severity may greatly reduce seed via-
bility, even in the well-protected cones of jack pine (Pinno et
al. 2013). Additionally, due to limited data on post-fire
granivory rates, actual fire-wide values may differ from our
expected values (including the fixed lethal proportion). If this
is the case, then the user should make use of the original
model available from the author to adjust the predation
parameters.

The potential error associated with predictions made in
the tools (Fig. 3, Fig. 4) is moderate, based on the r2 values
(non-adjusted) obtained from power law regressions for
observed versus simulated seedling densities from Splawin-
ski et al. (2014) (Table 1). Their results indicated a variable
chance of error (1-r2) depending on the fire that was exam-
ined; the Lebel-sur-Quevillion fire exhibited little chance of
error (r2 = 0.920), the Val Paradis fire exhibited a large chance
of error (r2 = 0.000 to 0.423), and the Muskeg fire exhibited a
moderate chance of error (r2 = 0.498 to 0.567).

Unexplained variation in seedling densities observed by
Splawinski et al. (2014) was explained by five factors: seed
mortality resulting from the passage of the flaming front, the

post-fire granivory rate, the estimation of seed production
based on pre-fire basal area, first-summer age-specific sur-
vivorship of seedlings due to variation in precipitation, and
estimation of seedling survivorship based on the grouping of
seedbed types and on-site factors (Splawinski et al. 2014). 

Although a moderate prediction error exists in the tools
themselves, we believe that they provide foresters with a
novel and important method for assessing post-fire and post-
salvage natural regeneration densities, for planning opera-
tions and for estimating the cost of future interventions. We
do not suggest that they replace conventional seedling sur-
veys at this time, but be employed together in order to assess
their validity and avoid potential consequences of erroneous
decisions. 

Future research should therefore focus on evaluating the
applicability and success of this tool in estimating post-fire
and post-salvage regeneration potential. Additionally, fur-
ther data can be gathered on poorly understood parameters
(i.e., post-fire granivory rates, effect of fire severity on seed
mortality, and post-fire seedbed proportions). This knowl-
edge can then be used to improve the current assessment
tools, as well as the main model.

While the modelling approach adopted in Splawinski et
al. (2014) can be applied to any species with an aerial seed-
bank, we hesitate to suggest applying the results encapsulated
here to any other species except perhaps serotinous popula-
tions of lodgepole pine (Pinus contorta Dougl. ex Lourd. var.
latifolia Engelm.) in the western mountains of North Amer-
ica. This species is closely related to jack pine and has a sim-
ilar seed mass (and thus expected juvenile survivorship). 

Fig. 4. Simulated jack pine natural regeneration assessment tool illustrating percent of good seedbeds needed to obtain the adequate
stand stocking threshold of one seedling/m2 for every increment of basal area, under both scenarios and fire dates.
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Conclusion
This operational tool provides a novel approach for managers
and foresters to quickly assess reforestation needs following
fire and salvage at the stand level. Rapid planning of both sal-
vage operations and planting application will improve both
efficiency and response time, thereby increasing the sustain-
ability of this resource while minimizing operational costs.
Evaluation can also be used to suggest which sites should be
given ameliorative prescriptions such as partial cutting of
burned black spruce or direct seeding (Greene et al. 2006,
Splawinski et al. 2014).
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