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EXECUTIVE SUMMARY

The purpose of the Laidman Lake prescribed burn project is to investigate the use of fire
for rejuvenating lichen site types that become dominated by mosses, and for
rejuvenating sites affected by the recent mountain pine beetle epidemic (Dendroctonus
ponderosae) for enhanced rates of lichen recovery. The study area is located
approximately 120 km southwest of Vanderhoof in Ungulate Winter Range (UWR)
U-7-012 in the Tweedsmuir-Entiako caribou (Rangifer tarandus) winter range.

Permanent sample plots were established in 2008 in the area within the proposed burn,
and in an adjacent control area. The area had been attacked by mountain pine beetles
in the early 2000s and was in the grey attack stage when the study began. Preparation
for the prescribed burn began in March 2009 with the knockdown of trees in the
treatment area. The prescribed burn was conducted September 24, 2009 and post-burn
sampling was conducted in September 2010. Plots were sampled again in 2017 to
assess conditions eight years after the prescribed burn.

Abundance of most vegetation types was reduced immediately following prescribed
burning, including Cladina mitis, Cladina rangiferina and red-stemmed feathermoss
(Pleurozium schreberi). By 2017, foliose lichens were observed in two of the 36
vegetation quadrats, but no caribou forage lichens were found. Kinnikinnick
(Arctostaphylos uva-ursi) abundance was lower eight years following the burn than prior
to the burn, while twinflower (Linnaea borealis) abundance was slightly but not
significantly lower (p<0.001, p=0.11 respectively). Several species initially decreased
following the burn, but then increased to pre-burn or higher levels by 2017 including
willow (Salix sp.), soopollalie (Shepherdia canadensis), spikelike goldenrod (Solidago
spathulata), bunchberry (Cornus canadensis) and dwarf blueberry (Vaccinium
caespitosum). Although grasses and sedges were not abundant before the prescribed
burn, two additional species (Calamagrostis canadensis, Carex spp) invaded following
the burn, and all species increased immediately after the fire and continued to increase
until 2017. Fireweed (Epilobium angustifolium) also increased following the prescribed
burn (p=0.002). The prescribed burn also resulted in an increase in exposed soll
immediately after the burn, which continued into 2017. Although litter was similar before
and immediately after the burn, by 2017, litter had decreased below pre-burn levels
(p<0.001).

On the control (MPB), percent cover of both Cladina sp. and Cladonia sp. decreased
from 2008 to 2017 but not significantly (p=0.442, p=0.059 respectively), while red-
stemmed feathermoss increased slightly, but not significantly (p=0.410). Also, neither
twinflower abundance nor kinnikinnick abundance changed significantly between 2008
and 2017 (p=0.11, p=1.0, respectively).

On the control (MPB), an average of 21% of all trees and 29% of MPB-killed trees fell
between 2008 and 2017 resulting in average fall-down rates of 2.4 and 3.2 trees/year
respectively, and volume of coarse woody debris increased from an average of

18.4 m*/ha in 2008 to 50.2 m%ha in 2017.
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Lodgepole pine (Pinus contorta) comprised over 90% of regeneration on control and
prescribed burn plots in 2008 prior to the burn, and on control plots in 2017. Trembling
aspen (Populus tremuloides) was the dominant regenerating species on prescribed burn
plots in 2017 (73% of regeneration), with lodgepole pine making up the bulk of the
remaining trees (25%).

In the short term, the Laidman Lake prescribed burn was successful in increasing the
amount of exposed soil for lichen recolonization, reducing the abundance of kinnikinnick
and twinflower (two main dwarf shrub competitors that increase following mountain pine
beetle disturbance), and eliminating red-stemmed feathermoss, which outcompetes
terrestrial lichens in later stages of succession. The lack of colonization by caribou
forage lichens soon after fire is consistent with the general pattern of lichen colonization
and succession in boreal forests, where Cladonia species start becoming abundant 10-
30 years following fire and Cladina species start becoming abundant 30-50 years
following fire.

We recommend conducting the next sampling session in five years (2022) to assess
vegetation and regeneration conditions.
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INTRODUCTION

The winter range of the Tweedsmuir-Entiako caribou (Rangifer tarandus) population is
located in the area in and around Entiako Provincial Park, including the area to the
southeast of the park in the Vanderhoof Resource District (Cichowski 1993). During
winter, Tweedsmuir-Entiako caribou forage on terrestrial lichens in mature lodgepole
pine (Pinus contorta) forests. The recent mountain pine beetle (Dendroctonus
ponderosae, MPB) epidemic in the Omineca region has affected most of the winter
range, including the designated Ungulate Winter Range UWR U-7-012, which was
established in low elevation pine winter range in the Laidman Lake area (BC Ministry of
Environment 2005). Recent studies have shown that abundance of dwarf shrubs
increases following mountain pine beetle attack, while terrestrial lichen abundance
decreases (Seip and Jones 2010, Cichowski et al. 2009, Cichowski 2011, Waterhouse
2011, Cichowski and Haeussler 2013). Disturbances such as fire may help to mitigate
the post-MPB increase in dwarf shrubs by re-establishing site conditions that are
favourable for terrestrial forage lichen recolonization. Therefore, prescribed fire could be
used as a potential tool for restoring site conditions that would encourage lichen growth.

The Laidman Lake prescribed burn project was initiated in 2008 as part of a broader
project to strengthen the understanding of caribou winter range ecology and to improve
management policy for UWRs in the Omineca region (Sulyma and McNay 2009). The
purpose of the project was to investigate the use of fire for rejuvenating lichen site types
that become dominated by mosses, and for rejuvenating sites affected by the recent
mountain pine beetle epidemic for enhanced rates of lichen recovery.

The objectives of the prescribed burn were to reduce the duff layer to reduce the
seedbed and existing vegetation, to reduce coarse woody debris, and to expose mineral
soil to facilitate lichen recolonization (Sulyma and McNay 2009). Plots were established
in 2008 in the area within the proposed burn, and in an adjacent control area (Sulyma
2009). The burn was conducted in September 2009 and the burn plots were revisited in
September 2010 (Cichowski et al. 2011).

In 2017, the Laidman Lake prescribed burn was revisited as part of a broader project to
re-assess conditions at adaptive management trials for terrestrial lichens throughout the
Omineca region (Cichowski et al. 2017). The objective for the Laidman Lake portion of
the project was to document vegetation response in the prescribed burn and in the
control area. Both the prescribed burn and the control area were attacked by mountain
pine beetles in the early 2000s, prior to the initiation of the study. In this report, we
summarize conditions at the Laidman Lake prescribed burn site eight years following the
prescribed burn, and compare them to conditions currently found in mountain pine beetle
killed forests in the control.

STUDY AREA

The study area is located approximately 120 kilometres southwest of Vanderhoof and
two kilometres south of Laidman Lake in the Vanderhoof Forest District (Figure 1). It lies
within the Nazko Upland ecosection of the Central Interior ecoprovince (Demarchi 1996)

2017 Laidman Lake prescribed burn plosatment monitoring 1
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Figurel. Location of the Laidman Lake prescribed burn site Wettderhoof Forest

District in northcentral British Columbia. The red polygons show terrestrial lichen habitat
(TLH) areas within woodland caribou ungulate winter raigd 2J(grey shaded area).

The green shaded area is Entiako Park and the purple atests represent the polygons
assessed by the reconnaissance work (Sulyma and McNay 2008).

and in the moist cold subzone of the Sub-Boreal Pine-Spruce biogeoclimatic zone
(SBPSmc) (Meidinger and Pojar 1991). The climate in the SBPSmc is characterized by
warm dry summers and cold winters (Meidinger and Pojar 1991). Forest cover is
dominated by a 103-year old lodgepole pine stand that has a moderately well-developed
understory of lodgepole pine regeneration (Sulyma 2009). Mountain pine beetle attack
resulted in the mortality of 66% of the tree layer, leaving a live tree density of
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approximately 300 stems per hectare. Much of the mountain pine beetle attack occurred
between 1998 and 2000 (Sulyma unpublished data) and the stands were already in the
post-attack grey stage when the study began in 2008. Understory vegetation is typical
of the SBPSmc 01b site series (submesic phase of the Pine -Feathermoss - Cladina
plant association) (Banner et al. 1993). Access to the study area is by an all season
two-wheel-drive road that ends less than 400 m from the southwest corner. An
unmaintained airstrip is located 550 m west of the study site, and a small camp on
Laidman Lake is situated 1.8 km north of the site.

METHODS

Pre-2017 Methods

Fieldwork was conducted September 10-12, 2008 prior to the burn, and September 23-
25, 2010, following the burn. In 2008, a systematic grid was established in each
sampling unit to provide plot centres to anchor surveys (Sulyma 2009). Five
permanently-marked plot centres were established in the control area (7.5 ha) spaced
75 m apart, and 9 permanently-marked plot centres were established in the proposed
prescribed burn area (37.4 ha) spaced 125 m apart (Figure 2). Originally, the proposed
prescribed burn area was stratified into two strata. However, site characteristics were
uniform across both strata (Sulyma 2009), so the two strata were combined.

Data were collected at each plot centre to characterize biophysical site characteristics,
vegetation, and coarse woody debris/fuel loading. Site attributes such as terrain and soil
characteristics were recorded on Ground Inspection Forms in 2008 and followed
procedures outlined in a Field Manual for Describing Terrestrial Ecosystems (Province of
BC 1998).

In 2008, a 5.64 m radius plot was established at each plot centre to tally all trees larger
than 12.5 cm diameter at breast height (dbh). Tree dbh, height, index of beetle attack
and wildlife tree class were recorded. An estimate of the crown closure was made using
a concave densiometer following procedures outlined by Trelenberg and Hodder (2006).
Regeneration was assessed within a 3.99 m radius regeneration plot; the number of
stems were recorded by species and health (i.e. live or dead) for the following classes:
<1.3 mtall, >1.3 m tall to 7.4 cm dbh, and 7.5 to 12.4 cm dbh.

Ocular estimates of the percent cover of shrubs within the 5.64 m radius tree plot were
recorded. The shrub layer included all woody plants less than 10 m tall, except dwarf or
creeping shrubs that were generally less than 15 cm tall, which were counted in the herb
layer. The percent cover of dwarf shrubs, herbaceous plants, grasses, mosses, and
lichens were recorded using a modified cluster survey design where 0.5 m? (0.71 m X
0.71 m) quadrats were established around each plot centre (Figure 3). The target was to
establish 30 to 40 quadrats in each treatment unit to provide acceptable representation
of the vegetation community (McCune and Lesica 1992). The number of quadrats per
plot centre was a function of the target divided by the number of plot centres within the
treatment unit, resulting in six quadrats per plot centre in the control area and four per
plot centres in the prescribed burn treatment area. Quadrats were located at random
bearings and random distances (<20 m) relative to the plot centre (Appendix 1).

2017 Laidman Lake prescribed burn plosatment monitoring 3
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Figure3. Example of the modified cluster approach for establishing quadrats at each plot
centre. The example is based on plot centriéd pmescribed burn treatment area

To ensure equal distribution around a plot centre, the azimuth was divided into identical
sized sections equivalent to the number of quadrats that were to be established at the
plot, and a random bearing was selected for each section. For example, where four
guadrats were established, the azimuth was divided into four sections ranging from 1 to
90 degrees, 91 to 180 degrees, 181 to 270 degrees, and 271 to 360 degrees, and a
random number was picked within the range of each section. Random distances,
ranging between 0 and 20 m from the plot centre were also selected. To improve the
distribution of the quadrats and to avoid the potential for quadrats to overlap, only one
guadrat per plot was permitted within a one-metre radius ring around plot centre, and
only two quadrats were permitted within a three-metre radius ring. Quadrats were
permanently marked with two pigtail stakes and were given individually numbered tags.
After the prescribed burn, pigtail stakes were replaced with rebar and old quadrat tags
were replaced with new tags (see Appendix 1). Percent cover and height of vegetation
were re-measured for all quadrats in the prescribed burn treatment area in 2010, 1 year
following treatment. Percent cover of vegetation on five quadrats in the control area
(one quadrat from each plot; 143, 152, 156, 164, 174) was also re-measured in 2010.

Two 30-m transects were established at each plot centre to evaluate fuel loading.
Measurements along each transect were based on the procedures outlined by
Trowbridge et al. (1989). The total number of intersections of debris less than seven cm
in diameter were recorded in specified transect segments relative to the diameter class
(Figure 4). For pieces greater than seven cm in diameter, species and diameter for each
piece were recorded and pieces were marked with a nail at the intersection with the
transect line. Pieces greater than seven centimeters in diameter were also recorded
post-treatment in 2010 in the prescribed burn treatment area.

2017 Laidman Lake prescribed burn plosatment monitoring 5
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Figured. Transect layout for measuring fuel loading indicating the tally by diameter class for
designated transect segments (from Trowbridge et al. 1989).

2017 Methods

In 2017, methods were adjusted at the Laidman Lake site to standardize data collection
across all sites and sampling periods for the broader project on re-assessing conditions
at adaptive management trials for terrestrial lichens throughout the Omineca region.

Stand data were collected fortreesO7 . 5 c¢m dbh a ndhta weeegalacted at i on
for trees <7.5 cm dbh for 2 size classes: <1.3 m and >1.3 m in height. We were able to
identify most of the previously tagged trees (O12.5 cm dbh) in the stand plots in the
control. Previously tagged trees were re-tagged with aluminum tags, and status (alive,
dead, MPB-Grey, etc.) and whether the tree was down were recorded. For trees that
were still alive, we also measured dbh and height. We numbered and tagged any new
trees that grew intothe O7 . 5 ¢ size dalsstsince the 2008 sampling session, and
also trees that were in the 7.5 to 12.49 cm dbh size class in 2008 (because those trees
were only tallied during the previous sampling session). For all newly tagged trees, we
recorded species, status, dbh and height, and also recorded the bearing from plot centre
to the new trees to aid in relocating trees during future sampling sessions. For the
prescribed burn, we collected tree and regeneration data in 5.64 m radius plots. For the
control, we collected tree data in 7.98 m radius plots and regeneration data in 3.99 m
radius plots, except in stand plot #3 where the regeneration plot was 7.98 m due to the
low density of regeneration in that plot. Stand and regeneration data were converted to
stems/ha and basal area/ha for large trees, and to stems/ha for regeneration. We
calculated fall-down rates of standing trees between 2008 and 2017 for trees O12.5 cm
dbh only because trees in the 7.5 to 12.49 cm dbh size class were not individually
marked in 2008 and therefore we could not track their fates.

In 2017, coarse woody debris (CWD) measurements followed methods outlined in the
Field Manual for Describing Terrestrial Ecosystems (Province of BC 1998). We used the
original transect bearings established in 2008, but revised transect length to 24 m, and
measured pieces O7.5 cm in diameter. For each log, we recorded diameter, species,
decay class, tilt angle, length (from the widest end to the point where the log is 7.5 cm in
diameter), height of lowest end, angle of ground, and the start and finish of where the
piece of CWD intersected the transect line. To compare CWD between 2008 and 2017,
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we calculated volume/ha in 2008 using only pieces that were O7.5 cm in diameter. In
2017, we did not measure CWD in the prescribed burn because after the burn there
were no large diameter trees left standing on the plots that could have contributed to
increased coarse woody debris on those sites.

Statistical Analyses

We conducted statistical comparisons between pre-treatment measurements (2008) and
the most recent post-treatment re-sample measurements (2017) of percent cover in
vegetation quadrats in both control and prescribed burn plots. Exploratory plots of data
revealed considerable non-normality in distributions of percent cover values. Therefore,
we used the non-parametric Wilcoxon signed ranks test to evaluate the significance of
per-quadrat changes in percent cover of each species or species group between
sampling periods. All tests and graphs were conducted in R 3.4.3 (R Core Team 2017)
using the stats and ggplot2 library packages respectively.

Prescribed burn

Preparation for the prescribed burn began in March 2009 with the knockdown of trees in
the treatment area. Trees were knocked down with a cable strung between two
bulldozers (Figure 5) to create a differential in fuel types between the burn area and the
adjacent forests, which permitted ignition of a prescribed burn when fire hazard for the
adjacent stands was low. The knockdown was conducted during winter when the ground
was frozen to minimize site level mineral soil disturbance and to promote snapping of the
boles near the ground.

Figureb. Tree knockdown conducted Ma2€@9(photos by R. Sulyma)
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The prescribed burn was conducted in September 24, 2009, using a heli-torch, and
hand-held drip torches to ignite fuel along the perimeter of the treatment area (Figure 6).
Most of the forest floor was consumed during the fire (Figure 7; A. Batho, pers. comm.)
and depth of burn averaged 4.0 cm in moss and 5.4 cm in lichen (Cichowski et al. 2011).

] 3 % A5 ‘ 1 \ el

Figure6. Prescribed burn conducted Septeb@009using heltorch and hand held
drip torch (photos by B. Nelless).

Figure7. Laidman Lake prescribed burn treatment area, one day following treatment,
Septembe?5,20® (photos ly R. Sulyma)

RESULTS AND DISCUSSION

Stand structure and regeneration

By 2017, average stand density on the control plot had decreased from 1700 stems/ha
to 1330 stems/ha on the control, with live trees, primarily lodgepole pine, comprising
46% of the stand (Table 1). As of 2017, no trees have reached 7.5 cm dbh in the
prescribed burn (Table 1). From 2008 to 2017, between 0 and 42% of all standing trees,
and between 0 and 67% of MPB-attacked trees had fallen over in individual control plots.
An average of 21% of all trees and 29% of MPB trees fell between 2008 and 2017

2017 Laidman Lake prescribed burn gosatment monitoring 8



