
 

 

Quadra Hill Baseline Report 

August 2024 

 

Photo credit: Mira Martini 

Prepared by 

Mira Martini, Kyle Rasmussen, Nicholas Stewart, Annika Vaughan, and Ruby Waddell for the 

Galiano Conservancy and the University of Victoria’s ER471/412 field course 

Assisted by 

Eric Higgs, Keith Erickson, Adam Huggins, Eve Ruth, Clem Castagnas and Thomas Heinrich 

Territorial Acknowledgement 

We acknowledge that we live on, research in and write on the unceded traditional Coast Salish 

territory of the lək̓ʷəŋən and W̱SÁNEĆ peoples who have historically, and to this day, cared for 

and nurtured this land. 

 



 

2 

Table of Contents 

  

1.0 Summary………………..…………………………………………………………………….…….1  

2.0 Introduction…………………….…………………………………………………………….....….1 

2.1 Site History……………………………………………...…....….....…...…………………..…1 

2.2 Goals…………………………………………………………...…………………………...….2 

2.3 Objectives………………………………………...........………………………...…………….3 

2.4 Carbon Sequestration…………………………............…………………………………..……3  

3.0 Methods………………………………..…………….............………………………………..…….4 

3.1 Plot Logistics …………………....…………….............…………………………………......…4 

3.2 Tree size………………………………………............………………………………………..5 

3.3 Tree age…………………………………….............…………………………………………..7 

3.4 Coarse Woody Debris……………………………………………………………............…….7 

3.5 Site Description…………………...…....…………………………………….……………....…9 

4.0 Results……………………………………………………………………….............………....……9 

5.0 Discussion and Recommendations………………………............…………………………12 

5.1 Observations…………………………………………........………………………………….12 

5.2 Limitations…………………………………………………........……………………………13 

5.3  Recommendations………………………………………...........…………………………….13  

6.0 Acknowledgements…………………………………............………………………………..…14  

7.0 References…………………….…………………...........……………………………………..….14  

8.0 Appendix………………………………………............……………………………………..……15 

 



 

1 

 

1.0  Summary 

This report presents empirical data on the site characteristics of Quadra Hill (District Lot 58), Galiano 

Island. Historically, the site was impacted by extensive logging, and subsequent reforestation efforts have 

resulted in predominantly young seral forest stands of mixed broadleaf and conifer species.  

These data will be used to evaluate the site’s above-ground carbon storage capabilities, and act as a baseline 

to monitor the effectiveness of restorative thinning in enhancing forest resilience and accelerating the 

transition of these stands into mature forests exhibiting old-growth characteristics. 

The data was gathered using provincially standardized mensuration techniques outlined in the Field manual 

for describing terrestrial ecosystems, 2nd edition, (BC Ministry of Forests & BC Ministry of Environment, 

2010), according to the guidelines laid out by the ecological forest prescription prepared by Herb 

Hammond, Adam Huggins, and Keith Erickson (Hammond, Huggins & Erickson, 2024). The focus is on 

tree metrics, coarse woody debris (CWD), and broad site characteristics. 

Key findings suggest that selective thinning interventions could significantly increase forest complexity 

and carbon storage over time.  

  

2.0  Introduction 

2.1 Site History 

Quadra Hill (QH) is located on the ceded traditional territory of the Tsawwassen First Nation, and within 

the shared, asserted, unceded and traditional territories of the Penelakut, Hwlitsum, Lelum Sar Augh Ta 

Naogh, and other Coast Salish Peoples who hold traditional rights and responsibilities in and around 

Galiano Island. Pre-contact, the land was likely used for hunting and harvest (Huggins & Thompson, 2023). 

Following European settlement, a large portion of the property was clearcut in the 1940s and 1990s by 

forest company MacMilan Bloedel and other ownership (Huggins & Thompson, 2023). In 1993, the 

property was sold to private owners. Various small-scale disturbances occurred on the land, such as 

subsistence gardening and goat grazing. 

The property provides a critical link to the mid-Island conservation corridor. It is adjacent to other GCA-

owned properties, such as the Millard Learning Centre and Vanilla Leaf Land (see Figure 1). When the 

property was put up for sale in 2022 (Huggins & Thompson, 2023), the Aqueduct Foundation secured funds 

to purchase the property for the GCA in 2023. The GCA later received the Environment and Climate 

Change Canada Nature Smart Climate Solutions grant. 

Currently, the site shows significant forest regeneration. Surveys conducted in 2022 and 2023 revealed that 

more than half of the property is currently Douglas fir - Salal ecosystems (Huggins & Thompson, 2023). 

Keith Erickson (R.P.Bio), GCA ecologist and consultant on the Quadra Hill project, assessed that the site 

shows evidence of tree planting by the MacMilan Bloedel logging company, as stands display homogeneity 
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in tree species, diameter and height (personal communication, June 26, 2024). Natural regeneration is also 

present throughout the site, though most of these trees display symptoms of suppressed growth due to the 

crowded canopy restricting access to sunlight. 

 

Figure 1: Map of QH property relative to nearby protected areas, spanning the middle portion of Galiano 

Island. The map was created by the GCA, and retrieved from Thompson & Huggins, 2023.  

2.2 Goals 

The goals of this restoration project are outlined in the “Quadra Hill forest: Ecological restoration 

prescription” (Hammond, Huggins & Erickson, 2024). These goals are to:  

1. accelerate the transition of the young Douglas fir (Pseudotsuga menziesii) plantation to a mature 

Douglas fir forest with old-growth characteristics, including associated species composition, 

ecological structures, and ecological processes 

2. promote biodiversity 

3. promote carbon sequestration and increase stored carbon over time 

4. incorporate measures to mitigate risks of wildfire 
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5. provide empirical baseline data to monitor the effectiveness of restoration treatments in achieving 

goals 1 through 4. 

2.3 Objectives 

The objectives of this project are to support the five goals by identifying existing species and habitat types, 

assessing stand features such as tree diameter, height, and the size of the live crown, and assessing coarse 

woody debris features such as the diameter and decay class. These data will be analyzed to assess the health 

of the forest and the capability of the current stand to capture carbon. A general site description will provide 

data on the location itself, such as the moisture regime and volume of fine woody debris, which can be used 

to assess wildfire risk, and identify areas suitable for thinning to promote forest maturation, such as trees 

suppressing understory vegetation or trees species of different age or species. 

 

2.4 Carbon Sequestration 

 

One of the main goals of this site, and part of the reason this project received funding from Environment 

and Climate Change Canada (via the Nature Smart Climate Solutions Fund), is to increase carbon 

sequestration. Three of the eight objectives provided by the government for this fund focus on carbon 

(Government of Canada, 2024): 

● Avoid GHG emissions by halting or reducing the conversion of carbon-rich ecosystems to 

another less carbon-rich ecosystem (e.g. from a forest/grassland/wetland to cropland or an urban 

development). 

● Restore carbon storage and biodiversity in converted or degraded ecosystems. 

● Reduce GHG emissions caused by natural resource use, including by implementing new forest 

harvesting management practices. 

As noted in the baseline report (Thompson & Huggins, 2023), “Forests within the Islands Trust area of the 

CDFmm [Coastal Douglas-fir moist maritime] have been shown to sequester more carbon per hectare than 

anywhere else in BC, most likely due to ‘the high density of maturing forests, which store and take in more 

carbon to support their growth’”. This quote is in reference to the matured forests of the Island trust, but 

Quadra Hill is not yet included in that category. 

Restorative or “selective” thinning is the method prescribed by the GCA to assist in forest maturation. The 

forest at QH has an average of 950 stems per hectare, and it’s said that an optimal density for a stand of 

similar age is approximately 300–500 stems (Hanson & Zuckerman, 2024). Thinning 40–60% of the stems 

would improve both the site’s carbon sequestration as well as the health and longevity of the forest. An 

overly dense stand of trees is more susceptible to both disease and fire due to competition over increasingly 

limited resources (Hanson & Zuckerman, 2024). In the GCA’s approach to thinning, there are a two key 

facets: removing fine woody debris to reduce wildfire risk and leaving coarse woody debris on the forest 

floor. In the Quadra Hill ecological restoration prescription (2024), the thinned stems left on site will likely 

serve to “increase total carbon stores as CWD in the short term (10 to 50 years)” and “contribute to longer 

term soil carbon pools and soil biomass capacity.” A forest that has a lower risk of both fire and disease, 

combined with reduced competition, will likely result in a healthy, mature forest in the long-term. 
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Mature forests sequester significantly more carbon than young ones. In Coastal Douglas fir forests, young 

stands (<50 years old) at the optimal density capture approximately 75 metric tons of carbon per hectare, 

while a mature old-growth stand (>300 years old with a density of 80–130 stems/hectare) can capture north 

of 250 metric tons of carbon per hectare (Hanson & Zuckerman, 2024). The long-term goal is to assist the 

forest in achieving full capacity carbon sequestration. 

  

3.0  Methods 

3.1 Plot Logistics 

The 116-acre area was divided by ecological community into 39 plots. The baseline prescription (Huggins 

& Thompson, 2023) selected five pole-sapling conifer communities and one pole-sapling mixed community 

for treatment. Two 200m2 circular plots with a radius of 7.98 metres (size based on the density of the trees 

in the treatment area) were assigned as sampling sites in each ecological community (10 plots in total, see 

Figure 2). The locations of these plots were randomly determined, then located with a high precision GPS 

(Arrow 100+). The centre of each plot was marked with a rebar stake by Adam Huggins.  

Treatment area 4 and its two plots were set aside as a control group in order to track the progress of the 

restoration in other plots and study the effect of leaving the forest untreated. The data from six treatment 

plots were collected June 26–28, 2024 by the authors of this report and the Galiano Conservancy 

Association summer staff members Eve Ruth, Clem Castagnas and Thomas Heinrich. The two remaining 

treatment plots were completed the following month, July 9–10, by the same Galiano Conservancy 

Association summer staff members.  
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Figure 2: Forest restoration treatment areas, including the eight treatment plots and two control 

plots (Monitoring Plots in legend) represented as purple circles. Map created by the Galiano 

Conservancy Association. Retrieved from Thompson & Huggins, 2023.  

 

 

3.2 Tree size 

 

The data collected on trees included the number of trees, the species (identified according to Pojar & 

MacKinnon’s Plants of Coastal British Columbia (1994)), the diameter at breast height (DBH) measured 

with a Lufkin artisan DBH tape, the tree’s height as well as its crown height, and the crown class 

(dominant, co-dominant, intermediate, or suppressed). Stems within each plot, alive or dead, were 

measured only if they had a DBH greater than or equal to 7.5 cm. 

 

Stem height was determined using trigonometric formulas, shown in Table 1, based on the observer’s 

angle of view, measured with a Suunto clinometer, and their horizontal distance from the given stem, 

measured at the standard forestry height of 1.3 metres using a Keson long line reel tape (see Figure 3). 

Measurements included the angles between the observer’s eye level and a) the tree's apex, b) the bottom 

of the live crown, and c) the base of the tree. 
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Table 1: Trigonometric formulas used to calculate tree height, live crown, and live crown ratio of trees 

sampled in each plot.  

Calculation Formula Variables 

Tree height h=(tanA1)+(tanA2)*d for when the 

angle to tree base is negative 

h=(tanA1)-(tanA2)*d for when the 

angle to tree base is positive 

h = tree height 

A1 = angle (degrees) 

between eye level of 

observer and tree apex 

A2 = angle (degrees) 

between eye level of 

observer and tree base 

d = distance of observer 

from tree 

Live crown foliar mass h=(tanA1)-(tanA3)*d for when the 

angle to tree base is positive 

h=(tanA1)+(tanA3)*d for when the 

angle to tree base is negative 

 

h = live crown height 

A1 = angle (degrees) 

between eye level of 

observer and tree apex 

A3 = angle (degrees) 

between eye level of 

observer and bottom of live 

crown 

d = distance from tree 

Live crown ratio LRC = LCh / Th LRC = live crown ratio 

LCh = live crown height 

Th = tree height 
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Figure 3. A visual representation of the trigonometric formulas (University of British Columbia, n.d.), 

where h = tree height, A1 = angle (degrees) between eye level of observer and tree apex, A2 = angle 

(degrees) between eye level of observer and tree base, and d = observer distance from tree. 

 

3.3 Tree Age 

Stand age was assessed by coring three trees from each plot that represented the standard (median) DBH 

size of the plot. Douglas firs were the primary choice due to their dominance in the plots and their wood's 

minimal resistance to the borer, though one grand fir (Abies grandis) was also cored as an exception in a 

plot where it had a wider distribution. 

A standard 12-inch forestry increment borer was set at breast height (1.3 metres). It was aimed at the pith, 

its auger was aligned perpendicular to the tree, and it was twisted until it reached a point a few inches 

beyond the center, coring approximately 55–65% of the tree's diameter. The lighter or darker rings were 

counted from the pith to the last ring before the bark, resulting in the “breast height age.” 

To account for the time required for trees to reach breast height, an age adjustment was applied: 6 years 

were added to the counted age for both Douglas fir and grand fir, reflecting the typical growth period 

required for these species to attain breast height. 

 

 

3.4 Coarse Woody Debris 

 

Coarse woody debris (CWD) sampling took place over two perpendicular line-intercept transects, each 24 

metres long. The first transect was oriented along a random azimuth determined with a Brunton Truarc 15 

magnetic mirror compass. The second transect was positioned perpendicular to the first by adding 90 

degrees to the azimuth of the first transect. The data collected included diameter, length, height of the end 

from the ground, species, decay class, angle of the ground under the transect line, and the tilt angle of the 

CWD under the transect line (see Figure 6). The diameter of each CWD piece along the transect was 

measured and recorded at the point where the CWD intersects with the transect line. CWD was counted 

only if it met the minimum diameter requirement of 7.5 cm. The length of the CWD was measured only 

within the area where the diameter was greater than or equal to 7.5 cm (see Figure 4). The decay class 

was measured using a ranking system from 1 to 5, based on the 2nd Edition of the Field manual for 

describing terrestrial ecosystems (see Figure 5). 
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Figure 4: Photo showing the process of measuring the length of CWD using a 30-metre open reel tape 

measure. Ruth (right) holds the end of the tape at one end while Kyle (left) reads the length at the other 

end. Both ensure that the places they hold the tape align with the start and end of the section of the log 

whose diameter is at or greater than 7.5 cm.  

 

 

 

Figure 5. Coarse Woody Debris decay class categorization chart (BC Ministry of Forests & BC Ministry 

of Environment, 2010) 
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Figure 6: Photo showing CWD being measured at the point of intersection with the transect. Nick (left) 

uses a clinometer to measure tilt angle of the log and the ground while Ruth (right) notates the data. They 

used the Field manual for describing terrestrial ecosystems (open in the centre of the photo) to assess rot 

class. 

 

3.5 Site Description 

 

The site characteristics were described as seen from the centre of the plot, and chosen using the Field 

manual for describing terrestrial ecosystems (BC Ministry of Forests & BC Ministry of Environment, 

2010). Notated features included those that influenced on-site moisture and nutrient regimes (slope angle 

and direction, as well as the plot’s placement within a site series), general stand density and dominant 

species, as well as the understory density and dominant species. Additionally, the density and species of 

both coarse and fine woody debris were noted.  

 

4.0 Results 

The surveyed forest sites exhibited general uniformity in tree size, with trees generally falling within a 

similar range of DBH and height, with short live crowns. For example, the average tree height for each plot 

was calculated to be around 20 metres tall, as seen in Figure 7, with plot 2 having the highest average height 

at 25.92 metres, and plot 3 having the lowest at 17.42 metres. Similarly, a trend of uniformity was observed 

for the average canopy height (live crown), as seen in Figure 8. The live crown ratio of all trees averaged a 

26.35% of the tree’s height — about a quarter of each unbroken tree had live foliage.  
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Coarse woody debris predominantly clustered in a consistent decay class across most sites, with occasional 

variations in age. The coarse woody debris observed was primarily composed of decay classes 2 and 3, 

each class accounting for around 30% of total observed CWD. Class 5 was the least observed decay class, 

only accounting for around 10% of total observed CWD. Sites differed significantly in the quantity of CWD 

present. The total volume of CWD per plot varied, as seen in Figure 9. Plot 4 had by far the most CWD, 

with a total volume of 23.8 cubic metres, and plot 6 had the least CWD, with a total volume of 7.8 cubic 

metres.  

The forest ecosystem was primarily comprised of Douglas fir, salal (Gaultheria shallon), and sword fern 

(Polystichum munitum), with a dense canopy resulting from the second-generation clearcut harvest. 

Douglas fir accounted for 77 percent of the overall tree species composition over all sites, and the next most 

commonly seen species, red alder (Alnus rubra), which accounted for 10.4% of overall tree species 

composition, shown in Figure 10. The forest displayed a dual age structure, featuring planted stands aged 

30–40 years and a younger class of approximately 25 years. The average rings counted amongst all sites 

was 28.7, with 6 years added afterward to account for growth up to breast height, resulting in an average 

age of 34.7 years. Secondary species such as Western redcedar (Thuja plicata), grand fir, and alder play 

subdominant roles, while the understory vegetation is sparse except in areas with canopy gaps that foster 

greater diversity.  

 

Figure 7: Height and DBH of all trees sampled within the 10 plots at Quadra Hill. Raw data in Appendix 

1. 
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Figure 8: Total volume of CWD at each plot in Quadra Hill. Raw data in Appendix 2.  
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Figure 9: Average proportion of canopy to tree height per plot of trees measured at Quadra Hill. Raw data 

in Appendix 1. 

 

 

Figure 10: Tree species composition of all Quadra Hill sample sites combined. Raw data in Appendix 1.  

 

5.0 Discussion 

5.1 Observations 

The data shows that the trees within the stand are experiencing stress from competition with surrounding 

trees, as the canopy consists of primarily Douglas fir trees in a similar age and height range with short live 

crowns, and the tree core samples (see Figure 11) revealed that the rings were more closely packed further 

from the pith, implying growth has slowed overtime—especially in the past 5 years.  
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Figure 11: Example of a Douglas fir core, held by Mira.  

A notable amount of the snags were present at a suppressed canopy height, primarily Douglas fir and red 

alder. Their deaths were likely due to lack of light from the dense canopy. It is not a surprise that these 

species died while suppressed, as opposed to the more shade tolerant Western red cedar. Dominant Western 

redcedar trees in the canopy were remainders from earlier logging harvests.  

Some large Western redcedar and Douglas fir stumps showed how the site had previously been more 

productive, i.e. capable of producing large trees. Tall stumps confirmed a history of pre-chainsaw harvest 

in the area. According to Keith Erickson, the need to cut the log at a higher point was likely due to a dense 

understory making working with saws difficult, also alluding to a historical ecosystem type with such an 

understory (personal communication, June 26, 2024).  

5.2 Limitations 

The use of multiple surveyors introduced a predictable margin of error due to variations in individual 

measurement techniques and interpretation of the data. While the use of a laser pointer improved the 

accuracy of tree height and live crown height measurements, the canopy was often obscured, making it 

challenging to identify the live crown and apex of every tree accurately. It was not always possible to 

measure a completely straight line from the person measuring tree height to the tree at breast height, 

potentially impacting measurement precision. Identifying the species CWD with a decay class of 4 or 5 was 

also problematic, as severe decomposition made misidentifications more likely. The terrain's tilt angle was 

difficult to measure accurately aw well, as the observer needed to position themselves close to the ground, 

which was not always feasible due to difficult terrain and dense patches of stinging nettle.  

5.3 Recommendations 
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Selective thinning should mimic the natural windthrow processes, which leave snags and fallen trees to 

facilitate carbon recycling within the ecosystem. Retaining trees near stumps is important, as they are likely 

integrated into preserved mycelium networks (due to logging machines avoiding existing stumps and 

therefore keeping the soil around it intact), which enhance nutrient exchange and overall forest health. 

Thinning Douglas firs around non Douglas fir trees, especially early successional species like red alder, 

will maximize biodiversity. Additionally, reducing Douglas fir density around desired understory species, 

such as sword fern, will support their population growth and contribute to the recovery of the desired 

ecosystem communities. 
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8.0  Appendix 

Appendix 1: Forest Mensuration Raw Data  

Plot 1 

 

Plot 2 
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Plot 3 

 

Plot 4 

 

Plot 5 
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Plot 6 

 

Plot 7 
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Plot 8 

 

Plot 9 
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Plot 10 

 

 

Appendix 2: Forest CWD (Coarse Woody Debris) Raw Data 

Plot 1 
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Plot 2 
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Plot 4 

 

Plot 5 
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Plot 6 

 

Plot 7 
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Plot 8 
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Plot 9 
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Plot 10 

 

 

Appendix 3: Plot Photosheres 
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Plot 2 
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Plot 5 

Plot 6 
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Plot 7 
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Plot 9 
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