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Executive Summary

In 2008 a prescribed burn was carried out to reduce tree encroachment , manly aspen but
also pine and spruce, on the red-listed Saskatoon / slender wheatgrass ( Amelanchier alnifolia /
Elymus trachycaulus ) shrub/steppe ecosystem in the Red Hills portion of U ncha Mountain Red
Hills Provincial Park . Monitoring included  transects , quadrats and circular plots to record the
condition of the vegetation before the burn (2007) , and the subsequent response to the burn
(200 8 and 2016) .

There was a wide range of responses to the burn by different components of the vegetation.
Some herb species, notably grasses, increased their coverin response to fire . Some species,
notably rose, spirea, peavine and forbs, were resistant to the burn , in that their behaviour
paralleled the unburnt vegetation . Other species, notably broad -leaved trees , shrub s,
Saskatoon and kinnikinnick, were resistant to the burn, in that their cover initially decreased
but has subsequently recovered . Finally some species, mainly conifers and aspen, were not
resilient to the burn and their cover has not recovered.

Aspen tree death increased with increasing fire severity . Aspen sucker density initially increased
with increasing fire  severity; this difference was gone by 2016. The number of aspen suckers

had also decreased from approximately 130,000/ha in 2008 to 12,000/ha in 2016. Sucker
height also increased to  approximately 2 m on low severity sites  to 2.7 m on high severity

sites.

The reduction on tree cover and the increase in forb and grass cover  indicate the project has
made progress towards the goal of reducing the woody plant species cover, especially aspen,
and increasing the cover of forbs and graminoids. Consistent with the original vegetation

prescription , we recommend that  the area be reburntinth e next few years to kill the aspen
suckers.
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1.0 Introduction

Aspen ( Populus tremuloides ) trees have been observed as encroaching on non -forested
vegetation types in numerous areas in northwestern BC (Haeussler 1998, Veenstra and

McLennan 2002). This commonly occurs in the Saskatoon / slender wheatg rass ( Amelanchier
alnifolia / Elymus trachycaulus ) shrub/steppe (SBSdk/81) ecosystem ,Whichisared -listed
ecological community in BC (CDC 2016) . Within Uncha Mountain Red Hills Provincial Park the
encroachment of aspen on the Saskatoon / slender wheatgra ss shrub/steppe ecosystem was
recognised as an issue in the Lakes District Land and Resources Management Plan (LRMP)
(Government of British Columbia 2000) and the Uncha Mountain Red Hills Management

Direction Statement (MDS) (Ministry of Water, Land and Ai r Protection 2003).

As a result of the direction in the LRMP and MDS, a vegetation management plan for the park
was developed (de Groot and Armitage 2007), the grasslands and shrub/steppe ecosystems in

the park were described, a restoration and burn plan w ere written, and pre  -burn vegetation
conditions were described (Helkenberg and Haeussler 2008, de Groot 2008), and a prescribed
fire was completed along with initial monitoring of post -burn vegetation conditions (de Groot

and Haeussler 2008). Since 2008 th ere has not been any monitoring of the burn. The purpose
of this project was to revisit the burn site and remeasure the monitoring plots to determine the
effectiveness of the prescribed fire.

The objectives of the fire were:

1) To reduce the cover of woody pl ant species, especially aspen, and increase the cover of
forbs and graminoids.

2) To assess the effectiveness of burning as a treatment for controlling aspen
encroachment on SBSdk/81 shrub/steppe.

2.0 Methods

2.1 Field Methods

A one half hectare survey area with 5 100 m line intercept vegetation monitoring transects and
50 Daubenmire quadrats (20 cm x 50 cm) was established in 2007 before the burn following
standard methods used for grassland vegetation monitoring in BC (Gayton 2003). P re-burn

vegetation was recor ded August 14 -18, 2007 (de Groot 2008, Helkenberg and Haeussler 2008)

The prescribed fire was carried out on May 9 th 2008 by staff of the Nadina Fire Zone of the

B.C. Ministry of Forests and Range Northwest Fire Centre. The burn followed the vegetation
management prescription and prescribed fire burn plan for the area (de Groot 2008). The
ground layout of the burn closely followed the mapped target area ( Figure 1). The fire was
contained entirely withinthe targ et area as laid out on the ground. The east half of the

monitoring plot is within the area targeted for burning and the west half is in the unburn t
control.  The burn was patchy with unburn t areas creat ing a mosaic effect over the burn area.
Fire intensi ty was variable, ranging from severely burn t where there was heavier fuel loading to
light ly scorched in areas with few fuels.

On May 12 ', 2008, three days after the burn, post -fire burn impact monitoring was initiated
(Table 1). This consisted of recording fire intensity in each of the Daubenmire quadrats and
along the transects established in 2007 and taking photos inward along each of the transects.
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Figure 1. Location of burn within Red Hills?

Table 1. Project timeline

Date Activity

August 14z 18, 2007  Transectsand Daubenmire quadrats establishedand initial measurements
completed

May 9, 2008 Prescribed burn carried out

May 12, 2008 Post-burn fire intensity recorded in Daubenmire quadrats and along
transects, and aspen plots established

July 17, 2008 Initial post-burn recording of aspen mortality and sucker density

July 29z 31, 2008 Initial post-burn remeasurement of Daubenmire quadrats and transects

Sept1,2and5, 2016 Remeasurement of Daubenmire quadrats, transects and aspen plots

Three classes of fire severity as modified from  Wang (2003) were used to describe the impact

of fire on the vegetation (depth of burn): Low (litter unburnt or lightly scorched ); Medium
(litter burn t but without or with very limited duff consumption); and High (forest floor
completely consumed and possible consum ption of organic matter in the Ah horizon) 2, This fire
classification was relative to conditions found within the burn area. As this was a spring burn,
shortly after snowmelt, the duff layers had not dried out. Thus, the High sever ity class does
not imply an extremely hot fire that would cause soil degradation such as might occur in late

summer after a prolonged dry period.

! The mapped grasslands were identified as Open Range in the Vegetation Resources Inventory (VRI)
(Grassland Conservation Council of BC 2004, de Groot and Armitage 2007)

2 Wang (2003) and de Groot and Haeussler (2008) referred to the three burn severity classes as Scorched,
Light, and Severe. These have been changed to Low, Medium and High to be more intuitive.
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Figure 2. Location of monitoring plots

At this time 15 aspen monitoring plots were also subjectively located ( Figure 2, Appendix 1).
Five plots were s ituatedin Low, fivein Medium and fivein High sever ity burn areas. In each
aspen monitoring plot, the ten trees closest to plot centre were marked with numbered

aluminium tags and diameter at breast height (DBH) was measured. Live aspen suckers were

counted withina 1.78 m ra dius (1:1000 ™ of a hectare) plot at plot centre. There were no live
suckers in any of the plots in May, 2008 . These plots were revisited to record aspen tree
mortality, sucker production, sucker height and Venturia infection severity (aspen and poplar

leaf and shoot blight (  Venturia macularis )) on July 17,2008  and Sept1 -5, 2016 . Tree and
sucker vigour was  measured following the classes given in Appendix 1, and the height of the

tallest aspen sucker per plot was recorded.

The vegetation along the transec ts and in the quadrats was remeasured July 29 to 31, 2008
and again Sept 1-5, 2016 , following the methods used in de Groot (2008) and Veenstra and
Haeussler (2002).

2.2 Data Analysis

Ground cover types and plant s pecies abundances and (mean % cover) were firs t determined
separately for the unburnt and burnt sectors of each line intercept transect and for unburnt and
burnt Daubenmire quadrats  in each year (2007, 2008, 2016) . The mean change in percent
cover from 2007 to 2008, from 2008 to 2016 and from 2007 to 2016 (overall) was then
calculated for each ground cover type and for each plant species.

For statistical modelling of vegetation layers and major plant species, we pool ed the line
intercept and Daubenmire data for the unburn t and burn t sectors of eacht ransect (n =10
observations per year). For trembling aspen, we used line transect data only; for other woody
species we took the mean of the transect and Daubenmire plot data.
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We used linear mixed effects modelling with maximum likelihood estimation with the Ime
function in R (Bates 2005; Pinheiro and Bates 2006) to test a set of alternative hypotheses (Ho,

Ha) about the response of shrub - steppe vegetation at Red Hills to the prescribed fire. The

vegetation response variables included percent cover of 5 v egetation layers or groups

(broadleaves trees & shrubs, conifers, herbs, forbs, grasses) and 6 major plant species

(trembling aspen, Saskatoon, prickly rose, kinnikinnick, birch -leaved spirea, peavine), and

three indices of species diversity (species rich ness, Shannondés HO6, Simpsonbds D). \
the Axis 1 value from an NMS ordination of the total plant community as a general index of

community response. The NMS ordination and calculatonof Shannonés and Simpsons indic

was done with PC -ORD version 4.25 (McCune and Mefford 1999).

The model framework had 3 components or s ets of hypotheses
A. Site sensitivity: Were unburn t (U) and burn t (B) vegetation communities initially
different? Ho: U o =B Ha:U o1 By
B. Background trend : Did the unburn t commu nity (control) change from 2007 to 2016  ?

Ho: U g =U ; =U g4; Ha ;: directional change (linear); Ha »: fluctuating (  quadratic= 2™
order polynomial)
C. Resilience: Did the burn  t community resist, recover or change relative to the unburnt

community ? Ho (resistant ): B ; = B; =B g; Ha , (resilient): B o =B I B;;Ha, (not
resilient or adaptive): B o1 B; [ Bg.

A suite of 18 alternative models (Table 2) incorporated linear combinations of these

hypotheses . Parametersa g, b, andc g were allequalto O inunburn t areas. The variable t
represented the number of years since disturbance with the pre -burn year, 2007, set at 0.

Thus, parameter a, represented the pre -burn condition (i.e., the intercept) for unburnt control
areas,and a+a g represented the pre -burn condition (intercept) for burnt areas. Also,ban d
(b+b g) represented the slope of the line, cand (c + ¢ ) represented the amount of curvature

for unburn t and burn t areas, respectively.

Table 2. Suite of alternative models for Red Hills vegetation response to prescribed fire.

Model # Description of Model Components Formula

1 Null model: site insensitive; no backgroundrend; resistant Y=a

2 Site sensitive; no backgroundrend; resistant Y=a+a

3 Site insensitive; directional background; resistant Y=a+bh

4 Siteinsensitive, fluctuating background; resistant Y=a+b+d?

5 Site sensitive, directional background; resistant Y=a+atht

6 Site sensitive; fluctuating background; resistant Y=a+a+bt+d?2

7 Site insensitive; no background; resilieh Y =a+ bt + G2

8 Site sensitive; no background; resilient Y =a+ag+ bgt + gst?

9 Site insensitive; directional background; resilient Y=a+(b+pPt+at?

10 Site insensitive; fluctuating background; resilient Y=a+ (b+pt +(c+e)t?

11 Site sensitive; directional background; resilient Y=a+g+ (b+h)t + ct?

12 Site sensitive; fluctuating background; resilient Y=a+g+ (b +h)t +c+ ¢)t2

13 Site insensitive; no background; not resilient/adaptivé Y=a+ht

14 Site sensitive; no background; not resilient/adaptive Y=a+ht

15 Site insensitive; directional background; not Y=a+(b+pt
resilient/adaptive

16 Site insensitive; fluctuating background; not Y=a+(b+pt +a2
resilient/adaptive

17 Site sendtive; directional background; not resilient/adaptive Y=a+at+ (b+ Iyt

18 Site sensitive; fluctuating background; not resilient/adaptive Y =a + g+ (b + s)t + d2

1-OEA OAODPI T OA EO Al 1 OE kd (QckrdasinyivégToverfa@E IORMIAGD EXORMT <A Al
bs>0 (increasing veg. cover).
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We tested this suite of models on the percent cover of 5 vegetation layers or groups

(broadleaved trees & shrubs; conifers, herbs, forbs, graminoids) and 6 major plant species

(trembling aspen, Saskatoon, prickly rose, kinnikinnick, birch -leaved spirea, peavine). We used
the same suite of models to examine the response of three indices of species diversity: species

richness (mean number of species per Daubenhd)y ewhil oh ) ;
measures both richness and evenness; D)awnichmdinynpsonds

measures the degree of dominance.

To structure our linear mixed model we nested the repeated observations (2007, 2008, 2016),
within the burn  t and unburn t sector s in each o f5 transects and varied the fixed effects for each
alternative hypothesis, as follows:

Model 1 < - Ime (Y ~ 1, random = ~1|transect/sector/year), where 1 = common intercept;

Model 12 < - Ime(Y~ burn + time +bt +t2+b t2, random = ~1|transect/sector/ye ar),
where burn is a dummy variable (0 = unburn t; 1 =burn t; time =0, 1, 9, for 2007,
2008, 2016, respectively; b t = burn*time ; t2 = time*time ;b t2= burn*time*time ;

etc.

We selected the model with the lowest Akike Information Criterion (AIC) except in
cases where the residuals were badly skewed and an alternative model could be found
with only slightly higher AIC but less skewed residuals and a lower residual mean
squared error (RMSE).

We also used mixed effects models with maximum likelihood estimation to test for
differences in trembling aspen survival and regrowth on the 15 aspen plots. For aspen
vigour, Venturia blight severity, aspen sucker density and height of the tallest aspen

sucker per plot, the model structure included three 3 burn severities (lo w, medium,
high; no unburn t control), randomly applied to plots, and two post -burn observations
for each plot. The alternative models tested for differences between 2008 and 2016,

for linear and non  -linear effects of increasing burn severity, and for inter actions

between burn severity and time. The full model was specified as:

Full model: Ime(Y ~ sev + s2+ t + ts + ts2, random ~1|plot/year), where sev
=0,1,2, t=0,1 (for2008 and2016) , s2= sev*sev, ts = t*sev, and ts2=
time*sev*sev

These variab les were not transformed prior to analysis.

For % dead and % dead + dying aspen overstory trees we fitted logistic mixed effects
model s using the gimer function in the Ime4 package in R (Bates etal . 2016) . The
logistic model was needed because aspen mortal ity in 2016 was near 100% and the se
values could not be normalized. This model used a binomial distribution to predict the
probability that each ~ tagged aspen tree was alive (0), dead or dead/dying (1) in each
year across the three burn severit y classes. The dataset had 150 observations (10

trees x 15 plots in 2008 and 140 observations (10 trees x 14 plots , 1 plot missing ) in
2016. The model structure was similar to the other aspen variables except for its
random effects

Full model: glmer(Y~ sev + s2+ t + ts + ts2 + ( 1|plot/ tree/ year), where sev
=0,1,2, t=0,1 (for2008and2016) , s2= sev*sev, ts = t*sev, and ts2=
time*sev*sev

We tested the complete suite of simple to full models for each aspen variable and
selected the model with the lowest AIC . For % dead and % dead + dying, we also
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tested whether inclusion of the plot soil moisture regime, or splitting burn severity
into 2 classes (L+M, H and L, M+H) rather than three, improved the model (neither
did).

3.0 Results

3.1 Transect and Quadrat Survey Ar ea (2007 i 2016)

In the Daubenmire quadrats, Saskatoon had the greatest increase in cover in both burnt and

unburnt areas ( Table 3). Kinnikinnick ha d the second greatest increase in the burnt quadrats ,
while yarro w ha d the second greatest increase in unburnt quadrats . Common juniper and

prickly rose had the greatest decrease in cover in the burnt quadrats , while kinnikinnick and
spreading dogbane had the great decrease in the unburnt quadrats .

Table 3. Change in % cover in Daubenmire quadrats

Ground cover type Burnt Unburnt

Average change in % cover of plant species in
Daubenmire quadrats

2007 2008 to 2007 2008 to
to 2008 2016 Overall |t0 2008 2016 Overall
Soil 2.3 -1.4 0.9 2.5 -1.6 0.9
Rock 2.2 -1.7 0.5 25 2.4 0.1
Coarse Woody Debris -3.6 8.0 4.5 -1.6 1.1 -0.6
Fine Woody Debris 1.9 2.0 4.0 0.4 1.4 1.9
Litter? -2.3 -4.3
Exposed roots 0.2 -0.2 0.0 0.0 0.0 0.0
1 z litter data was collected differently in 2016 than in in 200/ and 2008 and is not directly comparable so is not shown
Plant species
American vetch Vicia americana 1.0 -1.0 0.0 0.1 -0.1 0.0
Arctic aster Aster sibiricus 0.0 0.4 0.4
EAET AT T Geaniumbickneli 02 03 05 | 00 01 o1
geranium
birch-leaved g piraea betulifolia 1.9 38 19 | 10 -5  -05
spirea
blue clematis  Clematis occidentalis -0.4 2.0 15
Canada violet  Viola canadensis 0.0 0.0 0.0
choke cherry Prunus virginiana 0.2 -0.2 0.1
Cladonia Cladoniaspp. 0.0 0.0 0.0 0.1 -0.2 0.0
common Juniperus communis ~ -4.3 0.0 4.3 0.0 0.0 0.0
juniper
common red Castilleja miniata 0.0 0.3 0.3
paintbrush
cow-wheat Melampyrum lineare 0.2 -0.2 0.0
creeping Juniperus horizontalis -1.4 -14 -2.9
juniper
cut-leaf Anemone muifida  -02  -01 04 | 00 02 02
anemone
early blue violet Violaadunca -0.1 0.0 -0.2 0.1 0.0 0.0
E?ezlal OA 3 Smilacina racemosa -0.5 0.0 -0.6
felt pelt Peltigera canina -0.2 0.0 -0.2 0.0 -0.1 -0.1
fringed aster Aster ciliolatus 0.6 0.0 0.6 0.0 0.6 0.6
fringed brome  Bromus ciliatus 0.1 -0.1 -0.1 0.0 -0.1 0.0
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Table 3A T T @Ghé@nde in % cover in Daubenmire quadrats

Plant species Burnt Unburnt

Average change in % cover of plant species in
Daubenmire quadrats

2007 2008 to 2007 2008 to
to 2008 2016 Overall [to 2008 2016 Overall
heart-leaved - pnica cordifolia 01 00 01 | 01 01 00
arnica
Kentucky Poa pratensis 0.0 0.0 0.0
bluegrass
kinnikinnick ﬁrrscitosmphy'os wa 64 144 80 | 53 24  -29
+1 ECE 65 (llum crista- 0.0 0.0 0.0
castrersis
mountain Amica latifolia 02 00 03
arnica
narrow-leaved Hieracium
hawkweed  umbellatum 0.2 0.1 03
northern Galium boreale 10 01 09 | 03 -03 00
bedstraw
one_5|ded Orthilia secunda 0.0 0.2 0.2
wintergreen
peavine Lathyrusspp. 7.5 -8.5 -1.0 3.0 -4.2 -1.1
prickly rose Rosa acicularis -2.8 -0.7 -3.5 -0.5 0.0 -04
ragged mos Brachytheciumspp. -0.1 -0.1 -0.3 -0.1 -0.2 -04
Rocky
mountain Festuca saximontana 0.0 0.0 0.0 0.4 -0.5 0.0
fescue
21 006 O/cCarexrossi 0.0 0.0 0.0 0.1 -0.1 0.0
rough-fruited - Disporum 04 05 01 | 01 04 05
fairybells trachycarpum
rough-leaved ) 1 cis asperifolia 0.0 0.2 0.2 0.0 0.0 0.1
ricegrass
Saskatoon Amelanchier alnifolia 0.0 184 18.4 2.6 5.2 7.8
short-awned o ocis pungens 0.3 0.7 1.0 0.1 1.0 1.1
ricegrass
showy aster Aster conspicuus 0.3 2.2 2.5 1.6 -1.6 0.1
slender Elymustrachycaulus 0.1 2.2 24 | 05 00  -05
wheatgrass
snhowberry Symphoricarpos albus 0.0 0.8 0.8 0.2 0.2 0.3
spreading Apocynum 2.3 n/a n/a 14 -3.9 -2.5
dogbane androsaemifolum
trembling aspen Populus tremuloides 3.8 -0.8 3.0 1.1 -2.7 -1.6
twinflower Linnaea borealis 0.2 0.7 0.9
western fescue Festuca occidentalis 0.0 0.0 0.0 0.0 0.0 0.0
western Thalictrum 10 06 16 | 00 00 01
meadowrue  occidentale
wild — Aralia nudicaulis 03 -03 00
sarsaparilla
wild strawberry Fragaria virginiana -0.2 0.6 0.5 -0.4 0.9 0.4
willow Salixspp. -1.0 0.0 -1.0
yarrow Achillea millefolium 0.2 -0.1 0.1 0.4 0.9 1.3
Species Richness per quadrat -0.9 -0.8 -1.7 0.4 -2.7 -2.2
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Along the transects , Saskatoon and kinnikinnick had the greatest increase s in cover in both
burnt and unburnt areas, while aspen had the greatest decrease in cover in both burnt and

unburnt areas . L odgepole pine ha d the second grea test decrease in burnt areas, and prickly
rose ha d the second greatest decrease in unburnt areas ( Table 4).

Table 4. Change in % cover of plant species along line intercept transects

Plant species Burnt Unburnt
Average change in % cover of plant species along
transects
2007 2008to Overall | 2007 2008to Overall
to 2008 2016 to 2008 2016
birch-leaved Spirea betulifolia 10 -15 -05 | -13 01 1.2
spirea
black twinberry ~ -onicera 00 02 0.2
involucrata
blue clematis CIemaﬂs . 0.0 0.1 0.1
occidentalis
choke cherry Prunus virginiana 0.1 -0.1 0.0
common juniper  Juniperus communis  -3.2 0.0 -3.2 0.3 2.4 2.7
L Juniperus
creeping juniper horizontalis -0.3 -04 -0.7
Engelmann Picea engelmannii -0.5 -0.1 -0.7 -1.3 1.8 0.5
spruce
kinnikinnick protosiephylosuva 297 459 162 | 500 536 3.6
lodgepole pine Pinus contorta -1.3 -84 -9.7 -2.2 2.6 0.4
paper birch Betula papyrifera -0.5 0.6 0.8 0.0 0.0 -0.2
prickly rose Rosa acialaris -5.2 1.6 -3.5 -2.9 0.5 -2.3
Saskatoon Amelanchier 183 392 209 | -68 145 7.6
alnifolia
snowberry Symphoricarpos 05 0.4 0.0 0.0 0.2 0.2
albus
soopolallie Shepherdia 0.2 0.3 0.0 0.1 0.4 0.4
canadensis
trembling aspen  Populus tremuloides 0.0 0.0 -26.5 -5.4 -6.4 -11.8
willow Salixspp. -3.5 1.3 -2.2
Red Hills Burn Monitoring 8



Figure 3. Overview of burn site before the burn in 2007 (top) and in 2016 (bottom)
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Figure 4. View across burn area from the northeast

There were significant pre -burn differences in the vegetation of the unburn t and burn t areas
(Table 5: site sensitiv ity ). Unburn t areas had a lower cover of broad -leaved trees and tall

shrubs (64% vs 90%, Figure 5 a), notably trembling aspen (25% vs 36%, Figure 5 f) and rose
(4% vs 6%, Figure 5 h) and a denser herb layer ( Figure 5 c), dominated by kinnikinnick ( Figure
5i). There were also background changes in the unburn t plant community (  Table 5: background
trend), including decreases in aspen and spirea ( Figure 5 f,j), an increase in Saskatoon ( Figure
59g) and fluctuations in the cover of forbs, notably peavine ( Figure 5 d,k). However, many of the
key components of the vegetation such as the total cover of broadleaves, conifers, herbs

(including grasses and kinnikinnick), did not change significantly over the 9 years of the study

in unburn t areas.
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