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SUMMARY

Many North American forests have been shaped by fire, and fire suppression or exclusion over
the last century has had consequences for forest structure and on understorey and forage
species. Reintroduction of fire as a restoration tool into these forests has been touted as a
means to restoring historical ecological conditions. However, thinning either by removing
commercially marketable trees, or slashing of forest undergrowth has been suggested as an

alternative to fire.

We conducted an analysis of the response of understory and overstorey vegetation to thinning
and prescribed burns in the Southern Interior Rocky Mountain Trench in British Columbia. Using
data from up to ten sites to which different thinning and prescribed fire treatments were applied,
we analyzed the response of litter, bare solil, grasses, forbs, and exotic species in the
understorey. We also tested the change in forage yield over time as a result of a combination of
grazing exclosures and thinning/burning. Finally, we analyzed the impact of thinning and
burning on the regeneration of new trees, and on the relationship between overstorey and

understory vegetation.

Exotic species increased over time in the pooled dataset, regardless of treatment. Within
Redstreak, exotic species increased over time but the rate of increase was not affected by
treatments. It is likely that increase in bare mineral soil combined with burning provided more
resources, leading to increases in native grasses, but no corresponding increases in exotic
species. In Miller Road, where native vegetation declined after sixteen years, this decline was
greater in sites that were not burned. Results from both sites indicate that thinning is unlikely to
be as effective as burning in improving native vegetation, added effect of increased exotic
species. Pooled results from the other eight sites showed that these treatments maintained

native grasses at a sustained level compared to controls where grasses declined.

Pooled across all sites, overstorey was consistently negatively related to understorey species,
confirming that a dense canopy can inhibit understorey development. Exclosures had no effect

on pinegrass yield, but increased bunchgrass yield in thinned sites.

While some of the available evidence indicates that burning and thinning are unlikely to be
surrogates for each other, it appears vegetation response to management action is complex and

may depend on other factors such as site characteristics.
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1.0 INTRODUCTION

Historically, many terrestrial North American ecosystems have been shaped by fire, and
continue to require intermittent fire to maintain native species diversity and ecosystem structure
and function (Switzer et al. 2012, Ryan et al. 2013, Steel et al. 2015). The use of fire by many
indigenous nations modify ecosystems and clear vegetation undergrowth is well documented
(Abrams and Nowacki 2008, Ryan et al. 2013). However, fire exclusion and suppression
became widespread in parts of Western North America, due to European immigration leading to
resettlement of indigenous communities, climate change, preservation of commercial forests
and increased cattle grazing leading to reduction in fire frequency and intensity (Veblen et al.
2000, Cumming 2011, Power et al. 2013, Ryan et al. 2013).

Fire suppression endeavors have led to changes in forest structure. Pre-fire suppression
ecosystems are usually composed of early successional, shade intolerant trees, in which
canopies are single-layered, and trees are widely spaced. In addition, the understorey is sparse,
and highly diverse, with bunchgrass present (Keane et al. 2002, Keeling et al. 2006). Fire
suppression and exclusion in forest-grassland mosaic ecosystems had led to domination of
conifer stands in Western North America (Tveten 1997, Gallant et al. 2003). Sustained fire
suppression has also reduced native species diversity, with attendant increases in exotic
species (Macdougall et al. 2013). Years of effective fire suppression may build up forest
undergrowth and fuels resulting in catastrophic wildfires and danger to urban areas (Parisien et
al. 2020).

Thinning and prescribed fire are restoration tools that have been used to manage fire-
maintained ecosystems. Structural restoration involves using mechanical methods such as
slashing and logging to restore forest structure and composition to their historical conditions
before fire is reintroduced in to the system, while process based or functional restoration
involves simply re-introducing fire or other ecological processes (Stephenson 1999). Thinning
and prescribed burning can mediate the interaction between understorey and overstorey
vegetation in forest ecosystems. Mechanical thinning, by removing small and medium sized
trees can alter forest structure, change the availability and distribution of canopy fuels, and
increase soil resources (Switzer et al. 2012, Ryan et al. 2013). In addition, thinning can be
economically viable when commercially important trees are selected from removal, while
allowing other trees to remain to contribute to stand structure. Introducing fire to fire-supressed
ecosystems using techniques mimicking historical fire patterns can restore overstory and

understory forest structure and increase native species diversity. Prescribed fire can remove




ground fuels and reduce tree density by killing small trees, reduce frequency of crown fires, and
may restore historical fire regimes (Brockway and Lewis 1997, Schoennagel et al. 2004)

In combination, both processes can introduce or change disturbance regimes, releasing
resources for establishment or spread of native species in the understorey (Gundale et al. 2005,
Dodson et al. 2008). They can also trigger the germination of seeds in the soil and canopy seed
bank by reducing litter accumulation and allowing seeds to access resources at the soil surface
(Haase 1986, Goubitz et al. 2004). By altering overstorey and understorey vegetation, thinning
and prescribed burning can increase the amount and heterogeneity of light, nutrients and water
available to understorey plants and mature trees. However, the increased nutrient availability
and open ground surface provided by both thinning and prescribed fire may also favor the
introduction of exotic or invasive species (Potts and Stephens 2009, Symstad et al. 2014).
Clearly, the use of both thinning and burning in ecosystem restoration can be complementary,
however, it remains uncertain from the literature if both actions are necessary to achieve
restoration goals. A meta-analysis by Fulé et al. (2012) showed that combined thinning and
burning treatments performed better than thinning but worse than prescribed burns in reducing
surface fuels, but better than both treatments in reducing stand density. In Dodson et al. (2008),
total species richness of understorey vegetation in the Cascades was higher in combined
thin/burn treatments than in thin only and burn only treatments, although this was accompanied

by an increase in the number of exotic species.

Studies have reported positive, neutral or negative effects of grazing on plant diversity and
productivity (Bakker 1985, Milchunas and Lauenroth 1993, Stohigren et al. 1999, Lu et al. 2017,
Hao and He 2019). Grazing is expected to reduce cover and yield of desirable native species
due to consumption, resulting in an increase in bare soil, and vegetation patchiness (Adler et al.
2001, Molino and Sabatier 2001, Roxburgh et al. 2004). Grazing can also stimulate grassland
productivity (Semmartin and Oesterheld 1996). Altesor et al. (2005) showed that in Uruguayan
Campos, simulating grazing in sites that had been ungrazed for nine years increased
productivity compared to ungrazed treatments, and areas that had been continuously grazed for
25 years. High intensity grazing can also increase exotic species richness and cover due to the
disturbance and gap creation by native species loss, leading to replacement by fast growing
exotics with characteristics such as short life histories and high seed production that enable
them to thrive in highly disturbed environments (Pettit et al. 1995, Souther et al. 2019).

The Rocky Mountain Trench Ecosystem Restoration Program (Trench ER) was set up in the

East Kootenay region of south-eastern British Columbia to restore a landscape that supports a




mix of native trees, native plants and animals, while providing forage resources to wild and
domestic grazers (Bond et al. 2013). Historically, the grasslands and open forests in this region
have been maintained by frequent low-intensity fires occurring every fifteen years, on the
average (Bond et al. 2013). More recent suppression of these fires have given rise to forest
ingrowth and encroachment of forest into open grasslands, reducing forage for domestic and
wild grazers (Bond et al. 2013). Ecological restoration in this system followed a three-phase
process. In phase one: ingrown forest stands were thinned to between 20 and 70% of their
basal area. The site conditions and stand history dictate what kind of tree removal was carried
out (harvesting, spacing or slashing). In phase two, prescribed burning was used in some sites
to kill small trees, while in phase three, sites were allowed to rest so that regenerated stems

could grow (Page and Machmer 2003).

2.1 SAMPLING METHODOLOGY

Overall, we obtained data from a total of 11 sites (Table 1). All 11 sites contained understorey
data sampled with different sampling methods. Forage data was available for eight sites, while

tree data was available for five sites.




Table 1: Table showing all the sites in this included in this study and the types of data obtained

from the sites. Stars indicate sites in which vegetation sampling was not in permanent quadrats.

Numbers indicate paired treatment sites.

Treatment BEC zone | Understorey data | Forage | Tree
data data
Site Thin Burn
Gina Lake Logged: Feb 2002, Fall 2011 Ppdh2 Yes Yes Yes
Slashed: 2006, 2010

Hawke Road Logged: December 2005 | No burn IDFxk Yes Yes Yes
Slashed: 2005

Hofert Control* No thin No burn IDFxk Yes Yes Yes

Hoodoo East! Logged: December 2010 No burn IDFxk Yes Yes Yes

Redstreak (Treatments: 2003 2005 IDFxk Yes No No

Thin/Burn, Thin only,

Control)

Miller Road (Treatments: 1997 1998 Ppdh2 Yes No No

Burn only, Thin, Thin/Burn,

Control)

Wolf Creek? Logged: 2000 2004 Ppdh2 Yes Yes No
Slashed: 2002

Sheep Creek North? Logged: 1999 No burn Idfdm?2 Yes Yes No
Slashed: 2002

Lewis Creek* Slashed: 2009 2012 IDFdm?2 Yes Yes No

Rocks* Slashed: 2004 2006 IDFdm?2 Yes Yes No

Stoddart North* Logged: Feb 2002 No burn IDFxk Yes No Yes
Slashed: 2015

2.1 STAND STRUCTURE/OVERSTOREY SAMPLING

In each treatment and control site, a plot centre was randomly located and permanently marked.
Plot centers ranged from five to fifteen per site. In each plot centre, nested fixed radius plots

were established to sample different tree layers:

a 1.78m radius within which 4G/Germinants were sampled;

b. a 3.99m radius within which 2P (7.5 — 12.5 cm dbh), 3S 3S/Sapling (=1.3 m height
and <7.5 cm dbh), and 4R/Regeneration (<1.3 m height) trees were sampled

c. a5.64 m radius within which 4R/Regeneration (<1.3 m height) and 3S/Sapling (=1.3

m height and <7.5 cm dbh) trees were sampled.




d. a 11.28 m radius within which 1M/Mature (12.5 — 30 cm dbh) trees were sampled;
and
e. a 25.23 m radius within which 1D/Dominant (>30 cm dbh) trees were sampled.

Within each plot center, all trees within each were counted and identified to the species level.

The diameter at breast height was also measured.

2.2 UNDERSTOREY VEGETATION SAMPLING

The experimental design for understory vegetation sampling varied across sites. Two sites,
Redstreak and Miller Road had three experimental units applied to plots within sites. In
Redstreak, the treatment units were: thin/burn, thin/not burned, and a control that was neither
burned nor thinned. In Miller Road, the treatment units were: burned/not harvested,
harvested/not burned, harvested/burned and a control that was neither burned nor harvested.
Other sites used in this analysis did not have any controls or differences in treatments within
sites (see below).

Sampling methodology also varied across sites. Our analysis of vegetation data is based only
on data collected using the Daubenmire sampling method to maintain consistency. In most sites
(all sites except Miller Road), between 12 and 20 Daubenmire quadrats were established every
5m along a transect within each plot (Multiple Daubenmires per plot). Within each Daubenmire
frame, the percentage cover of individual plant species was reported. From this data, the total
species richness of plant functional groups like exotic plants and grasses was calculated. In
Lewis Creek, Rocks and Stoddart North, plot locations were not permanent from year to year.
The complete sampling protocol can be found in Machmer et al. (2001) and (Greene and Harris
2015). In Miller Road, ten permanent 50 meter transects were established in a stratified random
fashion within each treatment along which herbaceous vegetation was sampled in ten 20cm X
50cm Daubenmire frames. Therefore, 100 plots were sampled in Miller Road every time period
randomly located along the transects. These plots were nested within 1m X 2m plots in which
trees were sampled (Tree data for Miller Road was not available for this report). See Ross
(2011) for full details of study design for Miller Road. Hofert Control did not have any treatments

within sites.




2.3 FORAGE SAMPLING

Four 1 m x 0.5 m quadrats were randomly placed in each of the 25.23 m radius plots (4
guadrats per plot). The quadrats were placed such that they do not overlap Daubenmire frame
locations. Herbaceous vegetation in each quadrat was clipped to ground level in mid-July, after
peak growth is reached. The quadrat positions were then changed in order to capture full growth
in the subsequent years. Kinnikinick (Arctostaphylos uva-ursi) was not clipped, as it is not of
direct interest for ecosystem restoration, due to its unpalatability to livestock (Crane 1991). Four
1m x 2m cages were established adjacent to each of the quadrats, and a 1 m x 0.5 m area
within these cages was clipped to ground level. While we obtained forage data from seven sites,
not all sites had data from caged and uncaged plots sampled in the same year (Greene and
Harris 2015).

Clipped samples were separated by functional group: bunchgrasses (rough fescue, bluebunch
wheatgrass, Idaho fescue, stipa spp.), pinegrass, other grasses and exotic plants. Samples
were stored in a paper bag, air-dried for 48 hours, then oven-dried at 70°C to constant mass.
Dried samples were weighed, and converted from g/0.5m? to kg/ha by multiplying by 20.

2.0 DATA ANALYSIS AND RESULTS
3.1 STAND STRUCTURE/OVERSTOREY

3.1.1 Data analysis

We extracted overstorey/tree data from five sites: Gina Lake, Hawke Road, Hoodoo East and
North Stoddart and Hofert Control (Table 2). All of these sites excluding Hofert Control were
thinned, while Gina Lake was also burned. Hofert Control did not have any treatments. We
counted the number of trees of different layers and species within each plot in each site, and
calculated total tree number per hectare using appropriate conversions based on plot sizes
within which trees were measured. We then pooled the data and conducted a global analysis to
test the overall influence of thinning and time on the number of saplings and germinants (i.e. 4R

and 4G trees), and the number of trees in layers other than 4R and 4S.

We tested the change in tree number over time within site using a Kruskal Wallis test. We then
calculated the average of all the vegetation measures for exotic species, forbs, grasses, soil and
litter per plot across all quadrats. We pooled this data across sites, and used a linear regression

to analyse the relationship between mean vegetation cover and richness, and total number of




trees per hectare. We also conducted within site analyses to determine the possible impact
thinning and/or burning may have on the relationship between understory and overstorey.

Table 2: Sites for which overstorey data was available

Treatment BEC
zone
Site Thin Burn
Gina Lake Logged: Fall Ppdh2
Feb 2002, 2011
Slashed:
2006, 2010
Hawke Road Logged: No IDFxk
December burn
2005
Slashed:
2005
Hoodoo East Logged: No IDFxk
December burn
2010
Stoddart North Logged: No IDFxk
Feb 2002 burn
Slashed:
2002/2015
Hofert Control No thin No
burn

3.1.2 Results

We found that the number of old and new trees (4R and 4G) was not significantly
affected by treatment or time (Table 3, Figure 1A and B). The number of old trees

significantly decreased over time (Table 3, Figure 1B).

Table 3: The effects of burning, thinning and time on the new trees (samplings and germinants),

and on old trees across all sites.

O|d trees NeW TreeS
Site gr | Chi P lar| SN b yaie
square value square
Treatment 2 | 1.784 | 0410 | 1 | 0.014 0.907
Year from 1 | 37.417 | <0.001 | 1 | 2131 0.144
baseline

Treatment * Year

. 2 | 0.282 0.869 1 0.005 0.945
from baseline

10
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Figure 1: Response of new trees and old tress to burning and thinning over time. Plots show

means and 95% confidence intervals for each treatment.

Figure 2: Plots in Gina Lake after burning in 2011 (left), and Hoodoo East after logging in 2010.
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We did not detect a significant concave down relationship between understorey and overstorey
vegetation, therefore we defaulted to testing only linear relationships. Pooled understorey grass
richness across sites and years decreased as the number of trees increased, while grass cover
was unaffected by number of trees (Grass richness: F value = -12.019, P-value < 0.001, Grass
cover: F value = 2.923, P-value = 0.090, Figure 3). The interaction between treatment and

number of trees was significant for the grass richness, but not cover.
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Figure 3: Relationship between grasses and overstorey trees pooled across all sites and years
for which data was available. Plots show means and 95% confidence intervals for each

treatment.

Exotic plants decreased significantly as the number of trees increased (Exotic richness: F value
=6.472, P-value = 0.012, Grass cover: F value = 5.556, P-value = 0.020, Figure 4).
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Figure 4: Relationship between exotic species and overstorey trees pooled across all sites and
years for which data was available. Plots show means and 95% confidence intervals for each

treatment.

3.2 UNDERSTOREY VEGETATION

3.2.1 Data analysis

Our analysis of the vegetation data depended on the experimental design and sampling
methodology within each site. We first extracted a list of 13 noxious, problematic and exotic
species (Table Al) from the pooled data, using the field guide of noxious and invasive species
by the Invasive Species Council of British Columbia (Ralph et al. 2014). This allowed us to
eliminate exotic but agronomic species like wheatgrass and alfalfa. We used this list to calculate

total exotic species richness and cover per quadrat.

In Redstreak, which had multiple blocks which each treatment unit, we used a plot nested within
block as the random factor. We used the glmer function in Ime4 with family = “Poisson”, to
model richness counts (Bates et al. 2007), and the ‘Imer’ function with family = ‘Gaussian’ to
model exotic and grass cover. We then used Tukey post hoc tests to determine which years
were significantly different using the “emmeans” package (Lenth et al. 2018). Using the Poisson

distribution for richness analysis ensured that the residuals of our models did not have to
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conform to the assumptions of normality. In some cases, the residual of the plant cover data
was non-normal. We improved the residuals by taking the natural logarithm of grass and exotic
cover after adding 1 to avoid taking the logarithm of O.

For the other sites (apart from Redstreak and Miller Road), we used the plot level richness and
cover measurements for analysis. For sites with single quadrat Daubenmires per plot, we used
measurements as taken within plots for analysis. In Wolf Creek and Sheep Creek North, plot
level data, averaged across the 20 Daubenmires measured in each plot was available for
analysis. For the other sites, we calculated the plot level average across all quadrats for each
year. We pooled this data across all sites and used the site treatment as a factor in our analysis.
Each site was either thinned/not burned, thinned/burned, and a control that was not thinned or
burned. The year in which sampling was conducted across sites varied with year, therefore for
each sampling year, we calculated amount of time that had passed between the sampling year
and the year the first/baseline sample was collected. Thus, baseline samples are noted as Year
0, with subsequent samples noted in relation to the first sample. We analysed this data using
the glmer function in Ime4 with family = “Gaussian”, to model the relationship between

vegetation measures and time. (Bates et al. 2007), after log-transforming non-normal data.

3.2.2 Results
There were two sites with multiple treatment units and adequate controls, in which the

treatments were sampled at the same time intervals: Redstreak and Miller Road.

There are nine sites in which thinning and/or burning was applied across the sites without any
controls. Multiple Daubenmires (12 -15) per plot were sampled in six of these sites over time,
while the remaining two (Sheep Creek North and Wolf Creek) had only one Daubenmire per
plot. Note that in three of the multiple Daubenmire sites (Lewis Creek, Rocks, and North

Stoddart), location of plots within sites varied from year to year.

Across all sites, we found that total species and grasses alone were influenced by the
interaction of treatment and time, but total richness was not influenced by time alone (Figure 5,

Table 4). Selected exotic species were not influenced by treatments, but increased over time.
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Table 4: Table showing the response of understorey vegetation over time across eleven sites
with different management treatments in the Southern Interior Rocky Mountain Trench.

Total cover Grass Cover Exotic Cover
) Chi P Chi P Chi P
Site df
square value | square | value | square | value
Treatment 3 1.338 | 0.720 | 0.714 | 0.870 | 0.183 | 0.980
Year from 1 | 34800 | <0001 | 32.040 | <0.001 | 3896 | 0.048
baseline (Linear)
*
Treatment” Year | o | 44191 | <0.001 | 28.827 | <0.001 | ©7& | 0.079
from baseline
. Grass Exotic
Total Richness Richness Richness
. Chi P Chi P Chi P
Site df
square value | square | value | square | value
Treatment 3 1.080 0.782 | 0.355 | 0.949 | 0.517 | 0.915
Ygarfro_m 1 0.166 0.683 39.356 <0.00 | 11.575 | <0.001
baseline (Linear) 1
*
Treatment Year 3 48.060 | <0.001 | 65.626 <0.00 | 2.993 0.397
from baseline 1
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Figure 5: The response of understorey vegetation to different management treatments in the
Southern Interior Rocky Mountain Trench. Plots show means and 95% confidence intervals for

each treatment.

Redstreak

Redstreak was baseline-sampled in 2004 (Year 0) with further sampling conducted in 2005
(Year 1), 2006 (Year 2), and 2009 (Year 5). Logging in Redstreak was conducted in 2003, while
burning was done in Spring 2005.

We observed a significant effect of year and treatment on grasses (Figures 6 and 7), however
there were no differences in exotic species between treatments (Figure 7). Treatments units that
were thinned only, and thinned and burned had higher initial grass cover and richness
compared to the control unit. We therefore examined changes in grass cover and richness over
time within treatment units using post hoc tests. In the control unit, there were no significant

changes in grass cover and richness over a time period of five years. On the other hand, both
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burned and unburned units displayed statistically significant changes in grass cover and
richness as shown by post-hoc tests (Figure 6). In the unburned unit, Year 2 grass cover was
significantly higher compared to the baseline and Year 1 sample, while grass richness was
statistically similar over time (Figure 6). In the burned treatment unit, grass cover increased
every time period, while grass richness was only higher in the Year 5 sample compared to Year
0, 1 and 2 samples.

Treatment -@ Redstreak Burned -@- Redstreak Control -@ Redstreak Unburned

Grass cover

1

OO =

A~ 00N
-
_._
-
-0
-
——
=
——
—
_._
——

Grass richnes

Years from baseline sample

Figure 6: Response of grass species sampled treatments in Redstreak. Figures show means

and 95% Confidence Interval.
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Figure 7: Response of exotic specles In Redstreak. Figures show means and 95% Confidence

Interval.

Miller Road

Miller Road was baseline sampled in 1996 with follow-up sampling conducted 16 years later in
2012. Prescribed burn was applied to treatment units in 1998, and logging was conducted in
harvest plots in 1997. Unlike Redstreak, only grass cover and richness changed after 16 years,

while grass and exotic species richness did not respond to the treatments applied.

Post hoc tests showed that, grass cover and richness did not change significantly after 16
years in burnonly treatment units (Figure 8). In control and thinburn treatments however, grass
cover and richness significantly decreased over time. Exotic species data was not adequate for

testing in Miller Road.
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Figure 8: Response of grasses to the treatments in Miller Road. Figures show means and 95%
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3.3 FORAGE
3.3.1 Data analysis

We pooled the data from all the different sites across years and tested the effect of
management, i.e. burning, thinning and control, and the effects of enclosure, on grasses, forbs
and exotic species yield. We eliminated Stoddart North from further analysis because data was
available for only one sampling period (Table 6). We also removed from analysis years in which
pinegrass and other grasses were combined into a single sample. For bunchgrass, pinegrass
and other grass yield, we calculated the difference between caged and uncaged yield for each
plot using the log response ratio: Log (Caged/Uncaged), LRR. We placed the caged values as a
numerator, because we expected the yield in caged plots to be higher than uncaged plots, thus
producing a positive, value. We added the number 1 to both sites to prevent errors due to
dividing by zero. We included number of years from the baseline sample, in which baseline
samples were denoted as collected at Year 0, and subsequent sampling years within each site

were denoted as number of years after the baseline sample.
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Table 5: Summary of available forage data for caged and uncaged plots.

Enclosure
Site Uncaged Caged Thin | Burn
Hawke Road 2005, 2008, 2011, 2016 2008, 2016 Yes No
Hofert Control 2006, 2007, 2008, 2009, 2010, 2011, | 2008, 2009, 2010, 2011, No No
2015 2015
Hoodoo East 2010, 2015 2015 Yes No
Stoddart North 2006 No Yes No
Rocks 2002, 2009, 2015 2002, 2007, 2009, 2015 | Yes | Yes
Lewis Creek 2008, 2012 No Yes | Yes
Gina Lake 2002, 2011 2002 Yes | Yes
Wolf Creek 1999, 2000, 2001, 2004, 2005, 2006 2003, 2004, 2005, 2006 | Yes | Yes
Sheep Creek North 2000, 2001, 2004, 2005, 2006 2000, 2004, 2005, 2006 | Yes No
3.3.2 Results

Time significantly affected the difference in bunchgrass and pinegrass yield between caged and

uncaged plots (Table 6, Figure 9). Log response ratio of other grasses did not differ according to

any factor.

Table 6: Table showing yield of bunchgrasses, pinegrass, other grasses and exotic species over

time across nine sites with different management treatments in the Southern Interior Rocky
Mountain Trench.

Bunchgrass Pinegrass Other grasses
Chi Chi P Chi P
df P value

square square | value | square | value
Treatment 2 | 0.264 0.877 5.681 | 0.058 | 3.042 | 0.219
Yearfrom |, | 5565 | 0049 | 9519 | 0.002 | 2.187 | 0.139
baseline
Treatment *
Year from 2 | 7.067 0.029 5.902 0.052 3.880 0.144
baseline

20




treatment = Control == Thinonly == Thinbumn

—
1
-

L

it
w
L

o
1
o
1

1
iy
'
e
o
L
1
—
1

Log response ratio
Other grass (Caged/Uncaged)

Log response ratio
Pinegrass (Caged/Uncaged)

R
L

Log response ratio
Bunchgrass (Caged/Uncaged)
[

r
&)
L

0 5 10 0 2 4 6 0 2 4 6

Years from baseline sample

Figure 9: The effects of time and enclosure on bunchgrass and forb yield. Plots show responses

and 95% confidence intervals.

Figure 10: Forage exclusion cages in Rocks site in 2007 (left) and 2009 (right)
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4.0 DISCUSSION

4.1 How does thinning and/or burning affect tree regeneration and the relationship

between understorey and overstorey vegetation?

Partial harvests, such as thinning and burning overstorey and mid-storey vegetation provide an
opportunity for establishment of a new set of trees, through increased space and resources
provided by thinning, and nutrient release and seed stimulation of serotinous cones that occurs
after a burn (Bartuszevige and Kennedy 2009, Puettmann et al. 2013). We did not see an
increase in natural regeneration of seedlings after thinning or burning in the sites in this study.
The effects of prescribed burns on tree regeneration can be influenced by elevation, competing
vegetation, available moisture, herbivory or severity of burns (Goto et al. 1996, Johnstone and
Chapin 2006, Crotteau et al. 2013). Further, Stevens-Rumann and Morgan (2019) noted
declining tree regeneration densities can happen due to changing climatic conditions and
wildfires. Long term additional data from more sites and documentation of environmental and
site characteristics will likely make it easier to highlight the relative importance of these factors

on tree regeneration.

Stem density exhibited a strong effect on understory species richness and cover across different
functional groups. Grasses and exotic species decreased with increasing tree density indicating
that the ease of establishment and success of understorey plants declined with increasing tree
density. Stem density is an important forest parameter that has direct effects on understory
species diversity, although the nature of the relationship can range from a concave or convex to
inversely linear (Thomas et al. 1999, Olson and Kabrick 2014, Ahmad et al. 2018).
Bunchgrasses in this region been shown to have a light requirement, pinegrass prefers shady
environment (Newman and DeMaere 2002, Page and Bork 2003). Therefore, further studies
can identify the impact of thinning on the proportion of bunchgrasses or pinegrass that comprise
the understory. The inability to detect a concave down relationship across the four sites for
which overstorey and understorey vegetation data was present indicates that the best
conditions for vegetation growth is when there’s no canopy present. Within site, thinning and/or
burning in Gina Lake and Hawke Road modified the relationship between overstorey and
understory from a significant inverse relationship to one that was not significant, i.e. flat.
Thinning or burning releases understorey vegetation from the effects of dense canopy cover

and provides better conditions for survival and establishment (Puettmann et al. 2013).
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4.2 What effect does thinning and burning have on understorey vegetation?

Response of grass and exotic plants to thinning and burning was highly variable across all the
sites. In Redstreak, grass cover and richness showed significant increases one and four years
after burning in burned sites, which was not observed in control plots, while grass cover only
increased one year after burning in thinned sites, suggesting that fire was crucial in restoring
grasses in the understorey that are important for forage. In Miller Road, burnonly sites did not
exhibit a significant change in grass cover and richness 16 years after burning, while thinned
(but not burned) sites in Miller Road significantly decreased in grass cover and richness over
this time period. In a similar study in this site, Ross (2012) demonstrated an overall decrease in
grass cover, when data from burn/thin treatments was included, in addition to the treatments
included in this study for Miller Road.

In the pooled analysis, we also observed an overall decline of understorey native grasses in the
control sites pooled in this study, while grasses did not change over time in the other three
treatments. This contrasts with studies that show that burning increases grass richness and
cover due to increase in resources (Fynn et al. 2004, Morgan et al. 2015). The differences
between overall results, and the results from Redstreak and Miller Road may be driven by
pooling of data from areas with different environmental conditions and differences in burn
intensity and severity. Other studies have noted the complex nature of understory vegetation
responses to thinning and burning, and it is likely that the responses to these treatments is
species specific (Abella and Springer 2015, Willms et al. 2017). More data with within site
treatments and appropriate controls should clarify these vegetation responses, in addition to

testing the responses of ecologically important plants individually.

Understorey species can decline after thinning due damage resulting from tree cutting
operations, or burying of plants by slash (Metlen et al. 2004). Such piled slash can have long
term negative effects lasting up to 15 years (Munger and Westveld 1931, Abella and Springer
2015). The differences in the results obtained between Redstreak and Miller Road, may be due
to the increase in the amount of fuel obtained by thinning before prescribed burns (Wayman and
North 2007). Importantly, these different results may also imply that fire and thinning are not
surrogates for each other, and that burning and thinning may both be needed to obtain increase
in native grasses (Willms et al. 2017). Thinning resulted in increases in understorey native and
exotic vegetation over time across nine sites. Ross (2012) indicated that in Miller Road,
increasing forest cover may lead to increases in pinegrass, accompanied by decreases in

bunchgrass. It should be noted that since the data reported here for Miller Road were collected
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15 years after logging and 8 years after slashing, the effects of these treatments in the short
term for which there is no available data may be different from the long-term effects reported
here.

In the pooled analysis, exotics species richness also increased regardless of treatment, while
exotic species cover increased in thinonly and thin/burn sites. Generally, this suggests that the
community in thinned and burned treatments gradually shifts towards having a higher proportion
of exotic species. This mirrors results from a previous study, Newman and Hamilton (2018) in
which exotic species increased in Redstreak following two prescribed fires, although they did
not find long term increases in Miller Road. Similarly, in Bull River, another monitoring site within
this program, Page (2010) found that invasive cheatgrass increased after a cool burn. In a
systematic review of western North American conifer forests, Abella and Springer (2015)
discovered that the highest number of exotic species occurred in treatments with cutting and
prescribed fire compared to either treatment alone. Increasing opportunities for propagule
transport into forests, combined with increased disturbance frequency, increased resource
availability and increased intensity of tree removal are all factors that can play a role in
increasing exotic species in thin-burn sites (Dodson and Fiedler 2006, Collins et al. 2007, Abella
and Springer 2015). A meta-analysis of 32 studies from North American forests indicated that
thinning alone can result in increased number of exotic species, compared to burns alone in the
short term (Willms et al. 2017). Both fire and thinning can increase bare soil, remove litter and
increase the amount of light that gets to the ground surface (Bartuszevige and Kennedy 2009).
The additional influence of fire in stimulating seed germination by increasing soil temperatures
may make it more beneficial for both native and exotic species. Thus, it is possible that thinning
can create enough disturbance to induce exotic species success, but the response of exotic
species to thinning is not likely to be as strong as it is to thin/burn, and is likely dependent on
functional traits available in the species pool, the severity of the thinning treatments, and

climatic factors (Willms et al. 2017).

4.3 How do thinning and prescribed fire influence differences in forage yield between
caged and uncaged plots?

Grazing exclusion is generally regarded as an effective strategy to restore degraded grasslands
(Medina-Roldan et al. 2012, Wang et al. 2019). The use of enclosures to rehabilitate overgrazed
rangelands is common in many parts of the world (Verdoodt et al. 2010, Hao and He 2019, Xu
et al. 2020). We expected the log response ratio: log(Caged/Uncaged) to be greater than one,

but we did not find that caged consistently improved yield over time. Instead, cages decreased
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yield of bunchgrass over time in cages in thinonly and thinburn plots, but increased yield of
pinegrass in thinburn plots. This suggests that grazing may be beneficial for bunchgrass yield in
the long term. Studies from Californian ecosystems have found that grazing, when applied in
short durations in the early spring can improve bunchgrass reproduction and native species
cover and richness by remove exotic species inflorescences (Safford and Harrison 2001,
Gelbard 2003, Davies et al. 2005). Also, when grazing is applied in the dormant season, it can
remove thatch and allow more light to reach the ground (Menke 1992, Gelbard 2003).
Bunchgrass has been shown to increase in vegetative growth and seedling production following
wildfires (Marty et al. 2005, Ellsworth and Kauffman 2010), but we did not find any relationship
between management and bunchgrass yield in this study. Forbs also increased in uncaged,
grazed plots. Forbs are thought to comprise less than 20% of forage consumption by cattle
(Clambey et al. 1986, Souther et al. 2019). The forb response in this study is likely due to lower
consumption of forbs by grazers compared to grasses, coupled with greater resource availability

due to grass consumption by grazers.

Pinegrass is reported to maintain abundance under partial understorey shade in this region and
can decrease in response to thinning (Page et al. 2005, Ducherer 2006, Harrod et al. 2009).
Page et al. (2005) reported decreases in pinegrass yield in a ponderosa pine zone after
thinning. One explanation is that an overly dense canopy may also be detrimental to pinegrass
success. In Northwestern USA, pinegrass production can increase following overstorey removal
(McConnell and Smith 1965, Youngblood et al. 2006, Dodson et al. 2007). Yield of grasses

apart from pinegrass and bunchgrass, did not respond to any of the treatments.
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5.0

CONCLUSIONS AND RECOMMENDATIONS

Establishment of new trees was unaffected by thinning and burning treatments.
However, grasses and exotics species clearly increase after tree removal. Removal of
overstorey can be used to stimulate understorey grass growth, but exotics will be
present and have to be controlled.

Both burning and thinning can improve richness and cover of native grasses, but exotic
species may also increase. Any management actions applied should therefore consider
the trade-offs in the increase of both grasses and exotic species.

It is difficult to reach conclusions on the impact of thinning and burning in many sites due
to lack of controls. Assessing the impact of management is confounded by time between
when treatments and sampling, time interval between thinning and burning, differences
in sampling methods or ecological differences between sites. Control sites can be
established in untouched areas around treatment locations with similar ecological
characteristics. This will provide future data that can be compared to treatment sites.
Cages appear to depress bunchgrass yield, but does not affect yield of other grasses.

Burning and thinning do not have an effect on grass yield.
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Table Al: List of exotic and problematic species used in this study.

smooth brome (BROMINE)

cheatgrass (BROMTEC)

Canada thistle (CIRSARV)

bull thistle (CIRSVUL)

field bindweed (CONVARYV)

quackgrass (ELYMREP)

leafy spurge (EUPHESU)

common St. John's-wort (HYPEPER)

summer-cypress (KOCHSCO)

Oxeye daisy (LEUCVUL)

perennial sow-thistle (SONCARYV)

Sonchus sp (SONCHUS)

yellow salsify (TRAGDUB)

great mullein (VERBTHA)
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Figure Al: Relationship between grass richness and overstorey trees for each site-year

combination for which data was available.
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Mean grass cover per plot
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Figure A2: Relationship between grass cover and overstorey trees for each site-year

combination for which data was available.
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