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Abstract 

 

This research project evaluates the outcomes of returning prescribed fire to endangered 

Garry oak meadows as a restoration treatment. This project was done in partnership 

with Parks Canada and involved a case study on a three-year post-burn site on Tumbo 

Island in the Gulf Islands National Park Reserve. Soil chemical properties were analyzed 

three years post burn in the summer of 2019 and compared to pre and post-burn 

vegetation survey results. Analysis identified beneficial changes in soil chemistry still 

present three years post treatment. Invasive species occurrences increased across the 

site, regardless of treatment, and around half of the invasive species occurrences were 

recorded on burn treatments areas in 2018. Prescribed burns on shallow soil Garry oak 

meadow sites showed beneficial outcomes for soil chemistry, reduced conifer 

encroachment, increased diversity and Arbutus (Arbutus menziesii) seedling recruitment. 

These findings aid in determining restoration plans for shallow soil Garry oak meadows, 

highlighting the numerous benefits from prescribed fire, while also suggesting that 

additional treatments in conjunction with prescribed fire will be needed to control 

invasive plants when planning to restore these ecosystems. 

 

Keywords:  Garry oak meadows; restoration; prescribed fire; soil nutrients; invasive 

plant species; shallow soil   
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1.0 Introduction 

Garry oak (Quercus garryana) meadow ecosystems are one of the most 

endangered ecosystems in Canada, with less than 5% remaining in their original state 

(Garry Oak Recovery Team 2018). Garry oak ecosystems provide essential habitat for 

over one hundred species that are endangered either provincially or federally (Pellatt et 

al. 2007). Garry oak ecosystems have a long cultural history of traditional management 

by the Coast Salish peoples (McCune et al. 2013). Regular burning, annually or 

biannually, by the Coast Salish peoples maintained the meadow habitat and associated 

species, such as camas (Camassia spp.), a cultural keystone species (Garibaldi & 

Turner 2004; Pellatt & Gedalof 2014). Since European settlement, Douglas-fir 

(Pseudotsuga menziesii) trees and invasive plants have encroached on the Garry oak 

meadows, as a result of changes in the disturbance regime due to fire suppression 

(Pellatt & Gedalof 2014; McCune et al. 2013). There are at least 147 known invasive 

species in Garry oak and associated habitats (GOERT 2018). These invasive plants take 

up space, available nutrients and light, limiting the growth and presence of native 

species. Many of the invasive plants have high nitrogen requirements, and explosive 

growth when plant available nitrogen is readily available for them (GOERT 2011). The 

changed disturbance regime in Garry oak meadow habitats today has resulted in 

increased nitrogen availability, which in turn has resulted in expansive growth of invasive 

plants. This has led to increased competition and often outcompeted native plants, which 

cannot take advantage of the increased nitrogen to grow faster. This pulse of invasive 

plant growth leads to an increased fuel load present in the ecosystem and thus higher 

intensity fire on the landscape (GOERT 2011). Douglas-fir trees have their most 

productive growth on moist, nitrogen-rich soils (Organisation for Economic Co-operation 

and Development 2008), so increased nitrogen built up in the soil supports increased 

encroachment. It has been suggested that returning fire to these ecosystems may 

restore species diversity and ecological integrity. Although research has focused on the 

effects of prescribed burning on the establishment of Garry oak plant communities, not 

enough is known about its effects on soil properties. 

Fire has been linked to Garry oak meadows for thousands of years. The open structure 

of Garry oak meadows was maintained through frequent, low-intensity fires. Fires act as 
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an ecological rejuvenator; they reduce competition, increase mineral nutrient recycling 

and maintain successional stages while creating openings (Deur & Turner 2005). The 

increase in open area provided by the fire, allowed for easier cultivation of camas 

(Camassia spp.), which was an important starch food source (Garibaldi & Turner 2004), 

on deep soil sites and created viewscapes for hunting and habitation. Prescribed fires 

are complex, as fire alters both the aboveground ecosystem, through changes to 

biomass and successional stage, and the physical, chemical and biological processes 

occurring in the soil (Raison et al. 1985; Neary et al. 1999). Fire changes the availability 

of nutrients by changing the soil pH, as well as volatizing certain nutrients and leading to 

the leaching and runoff of others. Ecosystems such as Garry oak are disturbance driven 

systems that rely on short interval return times of fire to maintain the habitat and 

subsequently the species composition.  

This case study examines the plant community ecology and its changes overtime with a 

prescribed fire treatment. Examining the outcome using plant community ecology allows 

for a holistic approach to the restoration treatment, rather than focusing on a desired 

endangered species or detrimental invasive species (Gillet et al. 2012). Furthermore, 

plant species have direct and indirect impacts on other plant species through facilitation, 

allopathy and competition, which makes an individualistic approach to ecosystem 

restoration ineffective (Lortie et al. 2004). Restoration treatments generally manipulate 

environmental factors (light availability through thinning, nutrient availability through 

prescribed fire) and these changes cause a cascade of impacts through the plant 

community, with different species reacting differently. For this research, plant community 

ecology analysis will showcase the overall impacts of a prescribed fire treatment on the 

plant community as a whole. This approach to view community changes give a better 

indication if the ecosystem will be able to support the various species that rely on it and 

fulfill its ecosystem functions.   

This case study evaluates the impacts of returning fire to a shallow soil Garry oak 

meadow site. The research was conducted at a Parks Canada research site on Tumbo 

Island in the Gulf Islands National Park Reserve (GINPR), BC. This research site 

underwent a prescribed burn in September 2016 with pre and post vegetation 

monitoring. Field work was conducted in the summer of 2019 to study the post fire 

impacts on the soil nutrients and the associated vegetation communities. Understanding 

soil conditions may be key to restoring Garry oak meadows. Garry oak ecosystems are 
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naturally nitrogen poor, and when nitrogen levels increase the prevalence of invasive 

species increases as well (GOERT 2011), furthering the loss of the ecosystem. In this 

study the term óinvasivesô will be used to refer to any non-native plant species, thus 

referring to both exotic and more noxious invasive plants together. Chemical analysis of 

the soil carbon, nitrogen and pH between burned and unburned plots and their 

respective vegetation communities can increase the understanding of the outcome of 

management practices on these endangered ecosystems. 

Assessing the effects of a prescribed burn after a period of three years will help us 

determine the effectiveness of prescribed burns and the longevity of their impact on the 

soil characteristics, as well as the native and invasive plant populations. The goal of this 

project was to increase the understanding of the management techniques being used 

and determine best management practices for Garry oak meadow ecosystems, with a 

specific focus on shallow soil sites. This work will contribute to baseline data for the 

Tumbo Island research site and help inform future restoration plans for all shallow soil 

Garry oak meadows.  



15 
 

2.0 Objectives  

The primary goal of this study was to increase the understanding of the effects of 

prescribed fire on soil characteristics and plant communities in Garry oak ecosystems. 

The objectives for this study were three-fold. First, this study determined the effect of fire 

on soil chemical characteristics. Total carbon, total nitrogen, ammonium, nitrate and pH 

were analyzed. Then the changes in the plant communities pre and post burn were 

examined. Finally, the soil variables for burned and unburned plots were compared to 

vegetation data from the same plots to ascertain the best management practices for 

these sites. 

Garry oak ecosystems are under serious threat and should be a priority for restoration 

efforts. By increasing the understanding of the effects of prescribed burns through this 

case study, future burns conducted by Parks Canada and other organizations can be 

most effectively conducted to increase the success of restoration activities in these 

important ecosystems. Furthermore, most research focuses on deep soil Garry oak 

meadow ecosystems when using prescribed fire for restoration, where as this study 

focuses on shallow soil Garry oak meadow ecosystems, giving more information to this 

habitat type.  

2.1 Sub objective 1: To determine the effect of fire on soil 

chemical characteristics. 

Hypothesis: Prescribed burns result in lower nitrogen due to volatilization during burning. 

The plant available forms of nitrogen, ammonium and nitrate, will be measured, as well 

as total nitrogen (plant available and unavailable forms).  

Hypothesis: Prescribed burns result in lower total carbon due to combustion during 

burning.  

Hypothesis: Prescribed burns result in higher soil pH due to the ash by-product which 

decreases the acidity of the soil. 

The soil chemistry data was compared between treatments (burned and unburned) for 

each variable to test the null hypothesis. Determining the effect of fire on the soil 

chemical characteristics is important as soil is the growing medium for the ecosystem. 

This study examines the effect of the fire three years post burn to see if the treatment 
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has lasting effects, which will aid in determining the best frequency of prescribed fire 

treatment.  

2.2 Sub objective 2: To determine the effect of fire on plant 

communities. 

Hypothesis: If prescribed burning results in decreased nitrogen in burned plots, native 

plant frequency will increase, and invasive plant frequency will decrease in burned plots. 

Determining the effect of fire on plant communities is vital to understanding the 

effectiveness of prescribed fire as a restoration treatment for shallow soil Garry oak 

meadows. By examining the changes in species occurrences (native and invasive), as 

well as the diversity, decision makers will have an increased grasp of the potential 

outcomes of using this restoration treatment on similar habitats. 

Sub objective two tested the hypothesis by comparing the species composition between 

treatment types and plot diversity between treatments pre and post burn. This 

experiment aids in determining the effectiveness of using prescribed fire as the main 

restoration treatment for shallow soil Garry oak meadow habitats. 
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3.0 Methods  

3.1 Study Site 

Tumbo Island is one of the southern and eastern most islands in the Strait of Georgia 

and part of the Gulf Islands in British Columbia (Figure 2). The study site is located on 

the southeast corner of Tumbo Island. Tumbo Island was a homestead in the 19th 

century but has been uninhabited since before Parks Canada acquired it in 1997, where 

it was subsequently included in GINPR in 2003 (Kenney et al. 1988; Parks Canada 

2017). Tumbo Island was the location chosen by Parks Canada to conduct their 

prescribed burn experiment. Tumbo is uninhabited by humans, reducing property risk 

associated with the burn, but the site is visible by the nearby populated eastern portion 

of Saturna Island, which allowed the burn to also be an educational experience for locals 

as they could witness a burn with no risk to themselves.  

Tumbo Island is part of the Coastal Douglas-fir moist maritime biogeoclimatic zone, 

characterized by dry summers and mild wet winters (Government of BC 2018; 

Nuszdorfer, Klinka & Demarchi 1991). The site has an average slope of 25% (Barlow 

2018) covered with a shallow soil layer and exposed bedrock. Tumbo Island is located in 

the Nanaimo Lowland subdivision of the Georgia Depression which is characterized by 

steep hills that erode into gentle slopes (Kenney et al. 1988). Minimal soil mapping has 

been conducted for Tumbo Island. It was included in the Experimental Farm Service 

(1958) map and the whole island was delineated as being of the series órocky 

mountainous landô. It was studied in greater detail in the 1988 soil survey but was 

amalgamated into the results of Saturna and lesser islands (Kenney et al. 1988). The 

soil is classified as part of the Dystric Brunisol soil great group (Nuszdorfer, Klinka & 

Demarchi 1991), denoting it has had minimal horizontal development and is early in its 

evolution from its parent material. The Dysrtric great group indicates that the soil 

generally has a pH less than 5.5 and an organic A horizon less than 10cm in depth 

(University of Saskatchewan n.d.).  

The habitats found on the Tumbo research site can be divided into Douglas-fir and 

shallow soil Garry oak communities. The northern approximately 50-75% of each plot 

can be characterized as Douglas-fir communities (Barlow 2018). Sites with deep enough 

soil can transition to Coastal Douglas-fir dominated areas within a few decades with 
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suppression of natural disturbance pressures usually present in Garry oak ecosystems 

(GOERT 2011). The southern 25% of each plot is an exposed coastal shallow soil bluff 

that can best be characterized as a Garry oak-Grey rock-moss-Wallaceôs selaginella 

plant association (Qgrm; Erickson & Meidinger 2007). The shallow soil area of the site 

has exposed bedrock, steep cliff faces and is xeric (Erickson & Meidinger 2007).  

 

 

Figure 2. Gulf Islands National Park Reserve Map (Parks Canada 2017). 
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Figure 3. Aerial view of study site highlighting experimental plots on Tumbo Island in the 
GINPR (Pellatt 2016). 

Parks Canada established eight permanent study plots on the southeast corner of 

Tumbo Island. These 50 m by 50 m plots are lettered alphabetically (A-H), running from 

the east to the west. Four of these plots received a prescribed burning treatment in 

September 2016 (A,C,E,G), and four were left unburned as controls (B,D,F,H) (Figure 

3). The burn treatment was applied to every second plot. Two six-by-six m deer 

exclosures were placed in each plot pre-burn. Each plot contains 20 one-by-one m 

sampling quadrants, randomly placed within each plot with a minimum distance between 

quadrats of five metres.  

In June of 2010 and 2015, Parks Canada staff collected pre-burn vegetation data within 

the quadrats, and then followed up in June 2017 and 2018 for post-burn vegetation data 

collection. Plant data was measured by frequency, using a 1x1 m PVC quadrat 

subdivided into a 20 x 20 cm grid. Frequency was recorded as the number of 20 x 20 cm 

cells within the 1 x 1 m quadrat, that each species was present in. Plants did not have to 

be rooted in the cell to count as present, but tree branches/sprouts below one metre that 

were in the quadrat were included. This data was collected by the Parks Canada team, 

and was used in conjunction with the soil data collected by this study to determine the 

effects of prescribed fire on soil and vegetation communities. 

3.2 Fieldwork 

Fieldwork for this study occurred in late July 2019. Soil samples were collected from 144 

quadrats, delineated from the original experimental procedure used at the site. A soil 
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auger was used to take a 10 cm core, which was then divided into 0-5 cm and 5-10 cm 

portion samples. The 0-5 cm depth portion is important as differences in burned and 

unburned plots in other studies have found the greatest differences in soil chemistry 

occur in the 0-1 cm layer (Miller & Fey 2004). Savadogo et al. found that composite 

samples collected for 0-10 cm depth from prescribed burn treatments were not 

statistically different in terms of physical and chemical properties and lend support to the 

idea that physiochemical changes from the fire are in the top few centimeters of the 

profile and changes are lost when samples have too great a depth (2007). Other studies 

assessing physical soil changes after fire noted textural and colour changes to a depth 

of 1 to 8 cm, which were still present after three years (Ulery & Graham 1993). These 

studies supported the methodology supplied above regarding taking two cores (0-5 cm 

and 5-10 cm) to account of physical change over the long term, while still capturing the 

chemical changes. 

Due to the shallow soil and exposed bedrock some quadrats only yielded a 0-5 cm 

sample. This resulted in ultimately having 281 soil samples. The previously mentioned 

deer exclosures are outside of the scope of this project due to confounding influences 

with the lack of herbivory pressure, and thus soil cores were not taken from quadrats 

within the exclosures. Originally this project proposed to compare the nematode 

communities present between treatments, but due to complications in identification this 

was not included in the final analysis. Basic information regarding genera identified and 

nematode numbers per plot can be found in Appendix A.  

3.3 Laboratory 

3.3.1 Sub objective 1: To determine the effect of fire on soil 
chemical characteristics. 

Soil samples were air-dried and sieved to 2 mm fraction size. ~20 g of each of the 281 

soil samples were sent to the BC Ministry of Environment and Climate Change Analytical 

Laboratory to determine the percent total carbon, percent total nitrogen and plant 

available nitrogen in each sample. Total nitrogen and carbon were calculated using the 

combustion method for the ThermoFisher Flash 2000 system, and available nitrogen 

was determined using a KCl extraction based on Carter SSMA 6.2. with ammonium and 

nitrate extracts measured colourmetrically (K.Beaudet personal communication 16 April 

2019).  
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Samples were analyzed in the Parks Canada lab in Vancouver for pH, moisture content 

and percentage of coarse material. The pH was measured as pH in water and moisture 

content was determined using the gravimetric soil water content calculation.  

Ϸ ὛέὭὰὡὥὸὩὶ
ύὩὭὫὬὸ έὪ ύὩὸ ίέὭὰὫ ύὩὭὫὬὸ έὪ Ὠὶώ ίέὭὰὫ

ύὩὭὫὬὸ έὪ Ὠὶώ ίέὭὰὫ
ὼρππ 

3.4 Statistics  

Statistical analysis was conducted on vegetation and environmental factor data to 

determine the impact of the treatment on the site. Data manipulation was conducted in 

RStudio (R Core Team 2019) and used the sqldf R package (Grothendieck 2017). Plant 

diversity matrices were analyzed using vegan (Oksanen et al. 2019), and biodiversityR 

(Kindt & Coe 2005) R packages. Hierarchical multivariate analysis was performed using 

Canoco 4.5.6 software and the canonical correspondence ordination plots and biplots 

were created on CanoDraw v.3.0 (Microcomputer Power 2006). 

3.4.1 Sub objective 1: To determine the effect of fire on soil 
chemical characteristics. 

Soil data was analyzed to detect differences between treatment (burned) and control 

(unburned). Plant available nitrogen (ammonium and nitrate), total percent carbon and 

total percent nitrogen, pH and percent coarse material were analyzed at both 0-5 cm 

depth and 5-10cm soil depth. Data was analyzed using the Wilcoxon rank sum two 

sample test as the data were not normally distributed (Tables 1 and 2). Soil variables 

were compared between the plots as well as between the treatments using standard 

error of the mean and 95% confidence intervals (Appendix B). 

3.3.2 Sub objective 2: To determine the effect of fire on plant 
communities. 

Parks Canada vegetation data (2010, 2015, 2017 and 2018) was analyzed. Vegetation 

survey data was compared between years, pre burn and post burn treatment, to detect 

changes in vegetation community. Plant species changes were measured as changes in 

frequency of occurrences in quadrats totalled for each plot. Short term plant community 

changes were examined by comparing the 2015 pre-burn data with the 2017 and 2018 

post burn data. For long term changes, the 2010 plant community data was compared to 

the 2018 data, to show the long-term changes at the site. Then the 2018 plant survey 
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data was analyzed for species diversity using species accumulation curves, with a focus 

on change in native and invasive plant diversity by treatment.  

The 2018 plant survey data was also compared to the corresponding 2019 soil sample 

results by each specific quadrat to investigate linkages between species and specific 

environmental vectors. The goal of the analysis was to see if any soil variables had a 

significant impact on the plant community, especially when looking at either invasive or 

native plant subgroups. This analysis assumes negligible change between 2018 and 

2019 in environmental factors to allow the analysis to be valid.  
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4.0 Results 

4.1 Soil Analysis  

Soil chemistry results for pH, ammonium, nitrate, total percent nitrogen and total percent 

carbon, as well as soil physical results for percent coarse material were compared 

between treatments using the Wilcoxon rank sum test and summarized in Table 1 for 0-5 

cm soil depth and in Table 2 for 5-10 cm soil depth.  

R results for Wilcoxon rank sum test Ÿ 2 sample test 
 
Table 1. Results for Wilcoxon rank sum two sample test for 0-5cm soil depth. 

Analysis Median 
Value in 
Burned 
Plots 

Median 
Value in 
Unburned 
Plots  

P-value Significant  
(Ŭ =0.05) 

Significantly 
higher value in 
BURNED or 
UNBURNED 

pH 5.955    5.830 0.01486 yes Burned 

Percent Coarse 
Material 

15.41760  

 

20.30948 0.02679 
 

yes Unburned 

Ammonium 2.25     3.30 <0.001 yes Unburned 

Nitrate 0.36 0.21 0.02006 yes Burned 

Total % Nitrogen 0.19 0.27 0.005318 yes Unburned 

Total % Carbon 3.6      5.8 <0.001 yes Unburned 

 
Table 2. Results for Wilcoxon rank sum two sample test for 5-10 cm soil depth. 

Analysis Median 
Value in 
Burned 
Plots 

Median 
Value in 
Unburned 
Plots  

P-value Significant  
(Ŭ =0.05) 

Significantly 
higher value in 
BURNED or 
UNBURNED 

pH 5.97     5.84 0.08733 no  

Percent Coarse 
Material 

17.96011  25.72089 0.07576 no  

Ammonium 1.90     2.05 0.3218 no  

Nitrate 0.420    0.235  0.08878 no  

Total % Nitrogen 0.13     0.16 0.02145 yes Unburned 

Total % Carbon 2.80     3.55 0.001931 yes Unburned 
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*Lab results for ammonium and nitrate recorded as <0.1 mg/kg were analyzed as 0.1 

mg/kg. Total percent nitrogen results measured as <0.05 mg/kg were analyzed as 0.05 

mg/kg. These results are shown in the tables above. 

*Significant differences were maintained when both <0.01 mg/kg and <0.05 mg/kg were 

analyzed as 0 mg/kg but with different p-values. 

 
As shown in Table 1, the burned treatment resulted in statistically significant higher pH 

and nitrate at the 0-5cm soil depth. Nitrate values varied greatly within and between 

plots. Nitrate results ranged from <0.1 mg/kg to 43 mg/kg in unburned samples and <0.1 

mg/kg to 29 mg/kg in burned samples. The unburned samples had a greater range but 

fewer outliers, which overly impacted the results in the Wilcoxon rank sum test. Figure 4 

shows a boxplot of the nitrate sample results by treatment which illustrates the unequal 

spread in the data. The high number of outliers reduces the confidence in the result and 

thus nitrate should be analyzed again to confirm there is a significant difference between 

treatments. 

The unburned control resulted in significantly higher percent coarse material, total 

percent nitrogen, total percent carbon and ammonium in the 0-5 cm soil layer (Table 1). 

At the 5-10 cm soil depth, unburned soil had significantly higher total percent carbon and 

total percent nitrogen (Table 2).    
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Figure 4. Boxplot of nitrate analysis results by treatment.
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4.2 Vegetation Analysis 

The plant surveys found a total of 107 plant species across the site and 7 land cover 

types (bare rock, bare soil, tree litter, deer scat, goose scat, large burned areas and 

small burned areas). The abundance, measured as number of 20 x 20 cm portions of 

each 1 x 1 m quadrat, varied by plot, treatment and plant survey year. Plant were 

grouped by type into seven groups (trees, native forbs, invasive forbs, native grasses, 

invasive grasses, shrubs and miscellaneous, and non-vascular plants and land cover) 

and compared over different years from the Parks Canada plant survey occurrence data 

as totals of the quadrats per plot. 

4.2.1 Short Term Vegetation Changes 

Only native tree and shrub species were found at the Tumbo Island research site. 

Arbutus juveniles (Arbutus menziesii), and Douglas-fir seedlings (Pseudotsuga 

menziesii) were the most abundant tree species in the burn plots (Figure 5). There was a 

rapid peak of juvenile arbutus post burn treatment in 2017, and while still elevated in 

2018 compared to pre-treatment levels (2010), they had dropped in number by 2018. 

This pattern is followed by Douglas-fir seedlings to a lesser degree. 

* This data is property of Parks Canada and is not available for public use at this time.   

   Please contact Dr. MG Pellatt for further information. 
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Figure 5. Sum of each tree species occurrence in all burned plots combined pre-burn 
(2010) and post treatment (2017 & 2018). 

Invasive grass species occurrences increased site wide across all plots, treatment and 

control, over time in the plant surveys. Figure 6 illustrates that invasive grasses appear 

to have higher occurrence numbers in plots in later years, and generally higher in burned 

treatment plots (A,C,E,G).  
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Figure 6. Invasive grass species occurrences in all plots (burned and unburned), pre-burn (2015) and then post treatment in 2018 
and 2018. Asterisks denote invasive species. 



29 
 

Generally, there is a pattern of increased invasive plant diversity with fire, as shown in 

burn treatment plots following the burn treatment in 2016 (Figure 7). Specifically, silver 

hairgrass (Aira caryophyllea), sweet vernalgrass (Anthoxanthum odoratum), and barren 

brome (Bromus sterilis) increased greatly after the prescribed fire treatment.  

 

 

Figure 8. Native grass species occurrences in burn treatment plots pre and post burn. 

Figure 7. Invasive grass species occurrences across burned plots pre and post treatment. 
Asterisks denote invasive species. 
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Native grass species, as shown above in Figure 8, have a general trend of increasing in 

plant richness and occurrences of each species post burn treatment in 2017 and 2018. 

There is a greater grass diversity, both native and invasive, with fire.   

4.2.2 Long Term Vegetation Changes  

There was some concern about the validity of the 2015 plant data due to potential 

inconsistencies in the collection method (M.Pellatt personal communication 10 March 

2020). As such an overall comparison of the research siteôs changes was conducted 

using the 2010 and 2018 data to evaluate the long-term vegetation community changes. 

The pattern seen in Figure 5 with an increase in desired tree species (Arbutus) and 

decrease in mature Douglas-fir overtime is clearly shown in Figure 9. In 2018 there is a 

marked increase in the number of seedlings for Arbutus menziesii as well as to a lesser 

extent Pseudotsuga menziesii seedlings. There is visually a large decrease in the 

number of mature Pseudotsuga menziesii, especially in the burn plots of C and G.  

Figure 9. Tree species total occurrences by plot in 2010 (pre-burn) and 2018 (post-burn). 
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Figure 10. Invasive grasses occurrences by plot in 2010 and 2018. 
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Grasses were examined by category (Figure 10 invasive and Figure 11 native) and 

compared by number of recorded occurrences by plot in each plant survey (2010 and 

2018). Figure 10 shows a pattern of increased diversity of species and number of 

occurrences per species across all plots in 2018 compared to 2010. Through a visual 

comparison there does not appear to be a noticeable difference between burned plots 

(A,C,E,G) and unburned plots (B,D,F,H). In Figure 11, there does not visually appear to 

be any appreciable patterns in native grass species occurrences either over time, or 

from the burn treatment, 

 

 

 

 

 

 

Figure 11. Native grasses by occurrence in all plots in 2010 and 2018. 
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4.2.3 Species abundance and diversity analysis 

Further analysis into the species abundance and diversity present on the site was 

conducted to track the overall changes in native and invasive species. Overall species 

abundance was calculated using species accumulation curves (Figure 12). This analysis 

measures the impact of the treatment (burn) on the species richness as a whole rather 

than by groups of plants. 

This diversity indices compares species richness between burned and unburned sites. 

The averaged pooled species richness accounts for the different combinations of sites 

with different species richness (Kindt & Coe 2005). As shown in Figure 12, for the middle 

range of sites, there is a greater species richness on burned than unburned sites. As the 

sites approach the maximum, the difference in species richness between treatment and 

control is reduced. 

Further analysis of the species richness based on treatment but divided by invasive 

species (Figure 13) and native species (Figure 14) illustrates that the difference seen 

between treatments in Figure 12 comes largely from the species richness differences in 

invasive species. There is minimal difference in species richness in native species 

Figure 12. Species accumulation curve showing total species richness by treatment. X-axis is 
measuring quadrats. Points on the curve show the mean species richness and bars represent 
variation depending on order in which quadrats are examined. Blue is unburned and red is burned. 
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between treatment and control. This takes into account all native plants, not just grasses 

as shown in Figures 8 and 11. The species accumulation curve for invasive species 

levels off with burned sites having slightly more invasive species per site than unburned 

sites. 

 

 

 

 

Figure 13. Species accumulation curve showing invasive species richness by treatment. X-axis is 
measuring quadrats. Points on the curve show the mean species richness and bars represent 
variation depending on order in which quadrats are examined. Blue is unburned and red is burned. 
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4.2.3.1 Invasive Plant Species 

Invasive species found during the 2018 plant survey were analyzed by rank abundance 

by occurrence per quadrat, both by focusing only on burned plots as well as across the 

total study site (summarized in Table 3). The cumulatively top six most abundant 

invasive plant species found at the Tumbo Island experiment site three years post burn 

were the same for the burned plots and the total study site, just in a slightly different 

order of predominance. Aira caryophyllea, Anthoxanthum, Hypochaeris radicata, Bromus 

horeaceus, Bromus sterilis, and Bromus diandrus were the dominant invasive plants, 

and had at least one third to over one half of their total occurrences in burned plots in the 

2018 plant survey (Figures 15 & 16). 

 

 

 

Figure 14. Species accumulation curve showing native species richness by treatment. X-axis is 
measuring quadrats. Points on the curve show the mean species richness and bars represent variation 
depending on order in which quadrats are examined. Blue is unburned and red is burned. 
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Table 3. List of invasive species found on burned plots and across total study site by 
rank abundance in 2018. Abundance calculated as number of occurrences per 20 x 20 
cm portion of each 1 x 1 m quadrat per plot. Species information from BC Species and 
Ecosystem Explorer (Province of BC 2020) and GOERT Invasive Species List (2003a). 

Rank 
Abundance 
of Species 
on Totalled 
Burned 
Plot 
Quadrats 

Invasive 
Species 

Common 
Name 

Plant 
Type 

Total 
Number of 
Occurrences 
in Burned 
Plot 
Quadrats 

Rank 
Abundance 
of Species 
Across 
Total Study 
Site 

Total 
Number of 
Occurrences 
in Total 
Study Site 
Quadrats 

1 Aira 
caryophyllea 

Silver 
hairgrass 

Grass 613 2 988 

2 Anthoxanthum 
odoratum 

Sweet 
vernalgrass 

Grass 528 1 1388 

3 Hypochaeris 
radicata 

Hairy catôs 
ear 

Forb 428 3 959 

4 Bromus 
hordeaceus 

Soft brome Grass 383 5 644 

5 Bromus 
sterilis 

Barren 
brome 

Grass 378 4 901 

6 Bromus 
diandrus 

Rip-gut 
brome 

Grass 298 6 559 

7 Aira praecox Early 
hairgrass 

Grass 220 11 303 

8 Trifolium 
dubium 

Small hop-
clover 

Forb 189 8 339 

9 Cerastium 
glomeratum 

Sticky 
chickweed 

Forb 171 9 314 

10 Rumex 
acetosella 

Sheep 
sorrel 

Forb 164 10 313 

11 Teesdalia 
nudicaulis 

Shepherdôs 
cress 

Forb 154 7 372 

12 Plantago 
lanceolata 

Ribwort 
plantain 

Forb 116 12 244 

13 Vicia sativa Common 
vetch 

Forb 58 13 164 

14 Galium aparine Cleavers Forb 56 17 61 

15 Myosotis 
discolor 

Common 
forget-me-
not 

Forb 46 18 51 

16 Veronica 
arvensis 

Wall 
speedwell 

Forb 46 14 131 

17 Holcus lanatus Common 
velvet-grass 

Grass 36 15 100 

18 Hypochaeris 
glabra 

Smooth 
catôs ear 

Forb 23 16 100 

19 Poa pratensis Kentucky 
bluegrass 

Grass 18 19 38 

20 Geranium 
molle 

Dovefoot 
geranium 

Forb 13 21 13 
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21 Centaurea 
melitensis 

Maltese 
star-thistle 

Forb 8 23 9 

22 Poa compressa Canada 
bluegrass 

Grass 8 20 14 

23 Vicia hirsuta Hairy vetch Forb 7 22 12 

24 Cirsium vulgare Bull thistle Forb 1 25 1 

25 Dactylis 
glomerata 

Orchard 
grass 

Grass 1 24 5 

 

 

 

Figure 15.  Rank abundance curve of total invasive species occurrences on Tumbo 
Island study site plant surveys in 2018. Y-axis range of 0 to 1400. 
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4.2.3.2 Native Plant Species 

Native plant species occurrence analysis between burned plots and the total site from 

the 2018 plant survey is shown in Table 4. Rank abundance curves for native plants are 

in Appendix C. The same 5 native plant species were most abundant, in the same order, 

in both the burned plots and for all the plots together. There were only four native 

species found solely in the control plots (Eriophyllum lanatum, Lonicera ciliosa, 

Goodyera oblongifolia and Lathyrus nevadensis). An interesting finding in the native 

plants was that 74% of all juvenile Arbutus trees were found in the burned plots, which is 

noteworthy as they are an iconic, much loved species associated with Garry oak 

meadows. Similarly, lodgepole pine saplings (Pinus contorta) were found exclusively on 

burn sites in the 2018 survey. Wallaceôs selaginella (Selaginella wallacei), which is a key 

plant association for the southern portion of the site (Grey-rock-moss-Wallaceôs-

Figure 16.  Rank abundance curve of invasive plant species in burned plot quadrats 
in 2018 plant survey. Y-axis range of 0 to 600. 
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selaginella plant association), had only 40% of its recorded occurrences in the burned 

plots.  

Table 4. List of native species found on burned plots and across total study site by rank 
abundance in 2018. Abundance calculated as number of occurrences per 20 x 20 cm 
portion of each 1 x 1 m quadrat per plot. Species information from BC Species and 
Ecosystem Explorer (Province of BC 2020). Species of special note are highlighted in 
blue. 

Rank 
in 
Burned 
Plots  

Species Common Name Number of 
Occurrences 
in Burned 
Plots 

Rank in 
Total 
Plots 

Number of 
Occurrences 
in Total Plots 

1 Lonicera hispidula Hairy honeysuckle 265 1 785 

2 Gaultheria shallon Salal 246 2 522 

3 Festuca occidentalis Western fescue 192 3 383 

4 Arbutus menziesii 
(juvenile) 

Arbutus juvenile 165 4 224 

5 Cladonia rangiferina Reindeer lichen 103 5 187 

6 Vulpia spp. Silver grass spp. 89 11 118 

7 Lupinus bicolor     Two-coloured lupine 87 8 140 

8 Luzula comosa     Pacific wood-rush 72 6 179 

9 Trifolium microcephalum     Small-headed clover 64 10 119 

10 Trifolium microdon            Thimble clover 58 13 85 

11 Bromus carinatus California brome 44 14 81 

12 Galium trifolium      Fragrant bedstraw 41 16 79 

13 Elymus glaucus     Blue wildrye 37 9 120 

14 Carex inops       Long-stoloned sedge 33 7 172 

15 Lepidium densiflorum       Prairie pepper-grass 31 26 38 

16 Cardamine oligosperma Little western 
bittercress 

31 17 58 

17 Pseudotsuga menziesii 
(juvenile) 

Coastal Douglas-fir 
juvenile 

28 18 56 

18 Mahonia nervosa        Dull Oregon grape 23 25 39 

19 Daucus pusillus     American wild carrot 21 27 36 

20 Galium sp. Small bedstraw 20 28 26 

21 Bromus vulgaris   Columbia brome 19 29 24 

22 Sanicula crassicaulis     Pacific sanicle 18 23 41 

23 Arbutus menziesii     Arbutus   17 31 17 

24 Cerastium arvense     Matted field 
chickweed 

17 12 93 

25 Festuca rubra   Fescue spp. 16 15 81 

26 Selaginella wallacei         Wallaceôs 
selaginella 

16 24 40 

27 Trifolium sp. Clover spp. 16 30 19 
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28 Clinopodium douglasii         Yerba buena 15 19 55 

29 Trifolium willdenowii     Tomcat clover 12 20 55 

30 Madia madioides         Woodland tarweed 9 21 54 

31 Trifolium variegatum            White-tipped clover 8 34 10 

32 Trientalis borealis ssp. 
latifolia 

Broad-leaved 
starflower 

7 35 7 

33 Pinus contorta (juvenile) Lodgepole pine 
(juvenile) 

6 36 6 

34 Holodiscus discolor     Oceanspray 3 40 3 

35 Melica subulata        Alaska oniongrass 3 22 45 

36 Osmorhiza berteroi       Mountain sweet-
cicely 

3 32 15 

37 Mahonia aquifolium         Oregon grape 2 33 12 

38 Pseudotsuga menziesii          Coastal Douglas-fir 2 41 3 

39 Brodiaea coronaria           Harvest brodiaea 1 38 4 

40 Polypodium glycyrrhiza Licorice fern 1 44 2 

41 Rubus ursinus                   Trailing blackberry 1 45 2 

42 Rumex maritimus           Golden dock 1 46 2 

43 Vicia americana                 American vetch 1 42 3 

NA Eriophyllum lanatum Woolly sunflower NA 37 5 

NA Lonicera ciliosa Western trumpet NA 39 4 

NA Goodyera oblongifolia Western rattlesnake 
plantain 

NA 43 2 

NA Lathyrus nevadensis Purple peavine NA 47 1 

 

4.3 Plant Community Ecology Analysis 

2019 environmental data (percent coarse material, percent gravimetric soil water 

content, ammonium, nitrate, pH, total percent carbon and total percent nitrogen) were 

used to analyze various plant groups (forb, grass, trees & shrubs, and other (sedge, 

vine, rush, non-vascular)) to identify which environmental factors could have the greatest 

impact on the plant community. The soil samples from each specific quadrat were 

plotted against the 2018 plant survey for that plot. Canonical correspondence analysis 

was used for these analyses. The length of the environmental vector arrows and their 
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angle represents the strength and direction of the relationship between the 

environmental variable and the plant species (Pieper 2012).  

The sites were also compared to the environmental variables based on treatment 

(burned and unburned) and location (north half of plot and south half of plot) using 

biplots. There were no appreciable groups formed and instead there was just a very tight 

cluster of all the sites together. Additional details and biplots are in Appendix E. 

The environmental variables varied in their ranges recorded across the study site. pH 

ranged from 4.34 to 7.79 as measured as pH in water. Percent coarse material ranged 

from 1.8% - 78% and gravimetric soil water ranged from 0.12% - 39.75% in the samples. 

Plant available forms of nitrogen ranged from <0.1 mg/kg to 43 mg/kg for nitrate and 

<0.1 mg/kg to 27 mg/kg for ammonium. Total percent nitrogen ranged from 0.057% to 

1.8% and total percent carbon ranged from 1.3% to 52%. 

 



42 
 

  
 

Axes                                                   1      2      3      4  Total inertia 
 
 Eigenvalues                                    : 0.180  0.074  0.051  0.020         3.632 
 Species-environment correlations  :  0.626  0.519  0.435  0.318 
 Cumulative percentage variance 
    of species data                             : 5.0    7.0    8.4    8.9 
    of species-environment relation   : 49.7   70.1   84.1   89.7 
 
 Sum of all eigenvalues                                           3.632 
 Sum of all canonical eigenvalues                                    0.362 

Table 5. Summary of CCA of 2018 grass species and 2019 0-5cm depth environmental 
values. 

Figure 17. Canonical correspondence analysis of 2018 total grass species occurrence 
data using 2019 0-5cm depth environmental data. 'I' prior to species name, denotes an 
invasive species. Nitrate and ammonium are measured in ppm. óSoil Water Contentô is 
gravimetric soil water measure as percent. pH is measured as pH in water.  

 






















































































