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Abstract

A small stand of drought-stressed Trembling Aspen (Populus tremuloides) near Saskatoon, Saskatchewan, Canada, was sur-
veyed before and after a prescribed fire. A headfire in grass understorey fuel caused near complete mortality of established
stems and of all aspen saplings. In the second and third years post-fire, only limited establishment of saplings was observed.
Woody encroachment by aspen into grassland is challenging to control in the Aspen Parkland ecoregion; our results indicate
that combining prescribed burning with secondary stress from drought conditions can enhance the fire effects.
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Introduction

The encroachment of woody species into grass-
lands is an issue of significant ecological and eco-
nomic concern (Van Auken 2000; Soubry and Guo
2022). In the Aspen Parkland on the northern edge of
the Great Plains (Coupland 1961), expansion of both
low shrub species such as Snowberry (Symphoricar-
pos occidentalis Hooker) and Wolf Willow (Elaeag-
nus commutata Bernhardi ex Rydberg) and trees such
as Trembling Aspen (Populus tremuloides Michaux)
is common (Romo ef al. 1993; Romo 2003). The con-
sequences of this woody encroachment include re-
duced cattle grazing capacity, fragmentation of areas
of grassland habitat, reduced connectivity between
grassland fragments, and reduced grassland biodiver-
sity through habitat loss (Romo 2003; Twidwell et al.
2013). The causes of these increases in woody plant
abundance are complex and likely include the post-
European-settlement reduction in the frequency and
intensity of fire, a change in grazing regime from one
dominated by migratory bison to one dominated by
sedentary cattle, and changing climatic conditions
(Chen et al. 2017; Soubry and Guo 2022).

Methods, such as mulching and herbicides, can be
used for woody plant control (e.g., Waddingon and
Bittman 1987; Zentner and Bowes 1991; Paragi and
Haggstrom 2007), but suffer from poor public accep-
tance and may not be suitable on lands where conser-
vation is a management objective. Improved methods
for controlling woody encroachment that align with

natural disturbance processes are of interest to range-
land managers with both conservation and grazing
objectives.

Prescribed fire is increasingly being used for grass-
land management as social acceptance of fire as a man-
agement technique becomes more widespread and the
organizational capacity to safely conduct fire improves
(Twidwell et al. 2013; Gross and Lamb 2025). Region-
ally relevant fire prescriptions are needed for diverse
management objectives, including control of aspen
and other woody species (Gross 2023). Past studies
have found that fire, as an isolated control tactic, will
readily kill mature aspen stems, but it is often inef-
fective for long-term control of aspen encroachment
because it stimulates vegetative reproduction (i.e.,
suckering) and creates soil conditions necessary for
seedling establishment (Bartos and Mueggler 1981;
Brown and DeByle 1987; Ripley and Archibold 1999;
Fraser et al. 2004; Paragi and Haggstrom 2007; Guedo
and Lamb 2013; Margolis and Farris 2014). After fire,
aspen’s regeneration response can result in thousands
of saplings per hectare (Fraser et al. 2004; Kreider and
Yocom 2021). Thus, long-term control is typically
thought to require repeat fires, high intensity fires,
or secondary control methods (Bartos and Mueggler
1981; Guedo and Lamb 2013). However, repeat and
high-intensity prescribed fires are difficult to imple-
ment because of high costs and such limitations as the
availability of personnel and the right weather condi-
tions (Gross and Lamb 2025).
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Given these challenges, it is important to explore
the combination of fire with secondary control fac-
tors. Combined burning and grazing, for example,
was highly successful in mitigating post-fire sucker-
ing in European Aspen (Populus tremula L.) in south-
ern Europe (Ascoli ef al. 2013), and fire can open
dense shrub canopies sufficiently to allow grazing
animals to enter shrubby areas (Tarleton and Lamb
2021). Drought may be a relevant secondary factor,
because aspen is drought-sensitive and exhibits lower
growth rates and increased mortality under dry con-
ditions (Michaelian et al. 2011; Worrall et al. 2013;
Chen et al. 2017). Given that stressed plants can be
more vulnerable to fire (Nolan et al. 2021), greater
efficacy of prescribed fire on aspen might be expected
under drought conditions.

We report a case study of the application of pre-
scribed fire to an aspen stand experiencing drought
stress: a small aspen stand that was observed to be
dying back during a dry period was subject to a
spring-prescribed fire. The objectives of the study
were to assess post-fire mortality and recovery in this
stand, including how the pre-fire size of individual
mature trees influenced mortality rates and rates of
sapling re-establishment post-fire.

Methods

Field site and study design

The study was conducted on Kernen Prairie
(52°10'N, 106°33'W), a 130-ha relic fescue grassland
on the east side of Saskatoon, Saskatchewan, Canada
(Pylypec 1986). The site is on the southern edge of
the Aspen Parkland ecoregion (Coupland 1961) and is
characterized by Plains Rough Fescue (Festuca hal-
lii (Vasey) Piper) grassland communities with sev-
eral small (<0.5 ha) isolated stands of P. tremuloi-
des in low and moist areas underlain by Dark Brown
Chernozem soils (Saskatchewan Land Resource Unit
2009).

Our study focussed on a 0.45-ha aspen stand in the
northeast corner of Kernen Prairie. The stand, which
is visible in 1960s aerial photographs, has had a static
boundary for at least 20 years and no record of a pre-
vious fire. Anecdotal observation of the stand sug-
gested that it was under drought stress, because the
area had experienced drought conditions for the pre-
vious four years (Agriculture and Agri-Food Canada
2023), and many individual stems died between 2017
and 2020. In spring 2020, one year before the fire, an
electric fence was established around the aspen stand
to prevent grazing by cattle and to allow for the accu-
mulation of understorey grass litter, primarily Smooth
Brome (Bromus inermis Leysser) fuel. The fence was
removed to avoid fire damage, then replaced post-fire
to exclude cattle during the study.

THE CANADIAN FIELD-NATURALIST

Vol. 138

The stand was burned in April 2021 with the
objective of reducing woody cover. Blacklines, or
burned fireguards, were established by ignition off
mowed fireguards in open grassland ~50 m outside
the perimeter of the aspen stand. Blacklines width
was increased by allowing backfires to creep into
the burn unit. Headfires, or fires pushed by the wind,
were started from the north and west sides and burned
through the stand. Headfire flame lengths (3—5 m)
reached into the tree canopy; consumption of grass
fuel was complete on the stand margins, but several
small patches of unburned understorey fuel remained
in the interior. Mop-up, or final extinguishment of the
fire, was conducted using hand tools and backpack
sprayers; fallen logs were turned over during mop-up
but no standing trees were cut or otherwise disturbed.

Field sampling

The stand was surveyed in 2020 (before the fire)
and annually post-fire from 2021 to 2023. Before the
fire in July and August 2020, the stand was surveyed
comprehensively, with all mature stems (>2 m high)
mapped and tagged; saplings (<2 m) were surveyed
in a 623 m? area in the north half of the stand. All sur-
veyed stems were located using a differential Global
Positioning System receiver (Geo7x; Trimble Inc.,
Westminster, Colorado, USA), measured for diameter
at breast height, and classified as live or dead (green
leaves present or absent). All stems were marked
using a numbered aluminum tag. Post-fire sampling in
August or September 2021, 2022, and 2023 included
the relocation of each mature stem for a visual mea-
sure of injury class (Table 1), adapted from Brown
and DeByle (1987). In 2021, each pre-fire sapling
location was checked. Because all pre-fire saplings
were dead in 2021 (generally completely consumed),
we did not resurvey for them in subsequent years. The
area of the stand previously surveyed for saplings was
resurveyed for new saplings each year.

Statistical analysis

We examined how pre-fire mature tree size
affected survival using a generalized linear model
(GLM). Specifically, live and dead stem diameters
were compared using a model with diameter as the
response variable, status (live or dead) as a categori-
cal predictor, and a binomial family. Models were fit
using the g/m function in R version 4.2.1 (R Develop-
ment Core Team 2022).

Results

The pre-fire stand included 1047 mature trees of
which 374 (35.6%) were alive (Figure 1). Live trees
were significantly larger in diameter than dead ones
(live: 15.1 cm + 2.5 SD, dead: 2.6 cm + 2.8; F} 45
=208.9; P <0.001); following the fire in 2021, only
114 of the 374 trees living in 2020 remained alive
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TaBLE 1. Injury classes of surviving Trembling Aspen (Populus tremuloides) and corresponding indicators of fire damage at

Kernen Prairie near Saskatoon, Saskatchewan, Canada.*

Injury class

Damage characteristics

1. Dead

2. Major damage
present

3. Moderate damage
present

4. Minor damage
foliage

5. Healthy

Stems charred for full circumference for at least one metre in height; no green foliage
Majority of fire-damaged stem area charred with some browning; trace amounts of green foliage

Fire-damaged stem area is equal parts charring and browning; moderate amounts of green foliage
Majority of fire-damaged stem area is browned with some charring; most branches support green

No apparent fire damage; abundant green foliage

*Adapted from Brown and DeByle (1987).

| ® Dead pre-fire |
© Live
® Dead post-fire

FIGURE 1. Map of mature Trembling Aspen (Populus tre-
muloides) stems at Kernen Prairie near Saskatoon, Saskat-
chewan, Canada, in the stand pre-fire (a) and one- (b), and
two years (c) post-fire. Dead post-fire stems were alive
pre-fire.

(Figure 2; Table 2). Of the living trees post-fire in
2021, 64.0% were in injury class 2 (major injury),
35.1% in class 3 (moderate injury), and 0.9% in class
4 (minor injury). No stems were injury free (class 5).
Size did not influence survival, because there was no
difference in stem diameter between live individuals
in 2020 that were dead in 2021 and those that had sur-
vived (live: 15.4 cm £ 2.5, dead: 15.0 cm £ 2.4; F) 5,
= 2.3, P =0.132). Mortality was almost complete in
follow-up surveys. In 2022, only two of the 114 live
individuals from 2021 remained alive (injury class 2).
In 2023, eight live stems were observed; the two live
stems observed in 2022 that were classified as injury
class 3 and six stems classified as live in 2021 (injury
class 1-3) but not considered live in 2022 showed evi-
dence of recovery (healthy bark, budding, and small
numbers of leaves). There was no clear spatial pat-
tern to the mortality of mature individuals (Figure 1).

The pre-fire stand included 424 saplings in a 623-
m? subset of the stand (6806 saplings/ha or ~3060
saplings in the 0.45-ha stand). Post-fire in 2021, there
were no surviving saplings, and no new sapling emer-
gence was documented. In 2022, 11 of the pre-fire
saplings were found alive, resprouting from a burned
stem base marked with a tag before the fire, and 189
new saplings were documented in the sampling area
(3210 saplings/ha). In 2023, four of the 11 pre-fire
saplings observed in 2022 were confirmed alive and
one dead. Missing tags precluded confirmation of the
fate of the remaining six saplings. Thirty-eight of the
new 2022 saplings were located and confirmed alive
in 2023 and 145 new saplings were identified (3002
saplings/ha).

Discussion

As observed in many studies (Brown and DeB-
yle 1987; Ripley and Archibold 1999), prescribed
fire was effective in killing mature Trembling Aspen
stems with 30% survival one year after fire and only
2% survival three years post-fire. Our survival rates
were slightly higher than those of some previous
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FIGURE 2. Stem diameter distributions of a. living and dead pre-fire (2020) and b. post-fire (2021) mature stems of Trembling
Aspen (Populus tremuloides) at Kernen Prairie near Saskatoon, Saskatchewan, Canada. Post-fire stems include only those
that were alive pre-fire in 2020. Light grey shading indicates overlap between live and dead stem counts.

TABLE 2. Characteristics of surviving mature stems of Trembling Aspen (Populus tremuloides) at Kernen Prairie near
Saskatoon, Saskatchewan, Canada, including stem counts and basal area (m*ha) by diameter and injury class one year post-
fire (2021).

DBH Major damage (2) Moderate damage (3) Minor damage (4)
Count Basal area Count Basal area Count Basal area
<10 cm 1 0.002 0 0.000 0 0.000
10-15 cm 25 0.754 16 0.504 0 0.000
15-20 cm 43 2.138 24 1.123 1 0.042
>20 cm 4 0.308 0 0.000 0 0.000
Total 73 3.202 40 1.627 1 0.042

Note: DBH = diameter at breast height.

studies, which found near complete mortality within  lings were observed one year after the fire, when
the first year after the fire. Aspens with larger diam- abundant suckering would normally be expected
eters often have lower fire-related mortality (Brown (Brown and DeByle 1987; Ripley and Archibold
and DeByle 1987; Alexander and Sando 1989); how-  1999; Fraser et al. 2004; Paragi and Haggstrom
ever, we found no differences in survival based on 2007; Guedo and Lamb 2013; Margolis and Far-
size in our study. Size effects in our study may be ris 2014). The lack of saplings we observed con-
more limited than those in other post-fire studies trasts with the rapid establishment of aspen sap-
because of the much smaller maximum size and nar-  lings observed following a spring 1995 prescribed
row size range typical in small stands at the south- fire in a similar aspen stand at the same site (Ripley
ern edge of the Aspen Parkland (Cordes 1965). Inour  and Archibold 1999). The 1995 fire was conducted
prescribed fire, flames nearing maximum tree height  during a relatively moist period (Bonsal and Regier
(3-5 m) were achieved with the heavy understo- 2007), in contrast to the prevailing drought condi-
rey grass fuels, whereas in larger stands with more tions of our study beginning in 2016 and continuing
woody surface fuel, flames well below the upper can-  post-fire until 2023 (Agriculture and Agri-Food Can-
opy would be expected. ada 2023). Together, our observations are consistent

The fire achieved complete sapling kill; no sap-  with the hypothesis that drought-stressed plants are
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more vulnerable to fire (Nolan ef a/. 2021) and that
prescribed fire under dry conditions can increase its
efficacy for aspen control.

Some longer-term recovery was evident, with
densities of ~3000 saplings/ha observed two and
three years after the fire. These sapling densities are
small relative to the tens of thousands per hectare
commonly observed post-fire (Ripley and Archibold
1999; Fraser et al. 2004; Kreider and Yocom 2021).
Overall, although the aspen stand was not eliminated
by the single fire, substantial control was achieved,
with post-fire sapling densities ~43% of pre-fire den-
sities. Most saplings were likely vegetative suckers
rather than seedlings; seedling establishment is likely
extremely rare at the site, as intensive surveys of the
site over many years have not identified aspen sap-
lings in any location except in the vicinity of estab-
lished stands (Attanayake 2020; Bell et al. 2020).
The emergence of saplings two to three years after
fire indicates that the stand will likely recover in the
long-term; additional management will be required to
revert the site completely to grassland.

Cattle grazing was excluded during the recovery
period in our study, so we cannot evaluate how post-
fire grazing might impact the sapling densities. Cattle
preferentially rest in the shade of trees or tall shrubs at
this site (E.G.L. pers. obs.); they would also likely be
attracted by improved forage quality post-fire (Win-
ter et al. 2014; Gross 2023; Vera-Velez et al. 2023).
Intensive grazer activity could have positive (e.g.,
reduced competition from grasses) and negative (e.g.,
trampling and browsing of saplings) effects (Margo-
lis and Farris 2014; Tarleton and Lamb 2021). A con-
trolled grazing exclusion study would be required to
evaluate the role of grazing.

In summary, the available evidence suggests that
the prevailing dry conditions and moisture stress
induced by the drought were responsible for the lim-
ited recovery of the stand. These results suggest that
prescribed fire under drought conditions is likely
more effective than fire under wet or normal condi-
tions to achieve long-term aspen control in the Aspen
Parkland ecoregion. Prescribed fire planning for
aspen control should prioritize fires in woody areas
over open grassland during drought periods. Exclud-
ing grazing from target aspen stands starting in mid-
summer will allow grass understorey fuel buildup for
sufficiently intense spring fires during the leaf bud
period. Allowing grazer access immediately post-fire
will maximize the potential for browsing and tram-
pling to impact any aspen saplings that do emerge.
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