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Abstract  

The relative abundance of two tree species, western redcedar (Thuja plicata) and 
western hemlock (Tsuga heterophylla) was measured on two islands, Calvert Island and Cedar 
Island, along the northwest coast of British Columbia, Canada. The composition of their 
associated vegetative communities was studied by estimating percent cover of three layers 
(moss & groundcover, small vegetation to 0.5 meter and large vegetation to 1 meter) around 
the base of 8 western redcedars and 8 western hemlocks in each site. The similarities in tree 
species was calculated and it was found that western redcedar had an overall greater DBH than 
hemlock for both sites, with an average DBH of 18.07 cm on Calvert Island and 28.7 cm on 
Cedar Island. Western hemlock had an average DBH of 3.2 cm on Calvert Island and 7.2 cm on 
Cedar Island. However, density was found to be greater for western hemlock on Calvert Island 
and greater for western redcedar on Cedar Island.  
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Introduction 

 British Columbia has the greatest number of species of any province in Canada with 

around 70 000 documented species and an estimated 70 000 more that have yet to be 

discovered (Biodiversity, 2010). This can partially be attributed to its wide range of 

biogeoclimatic zones which include Coastal Western Hemlock, Alpine Tundra, Ponderosa Pine 

and Sub-Boreal Spruce (Figure 1). Covering over two-thirds of the province’s 944 735 km², trees 

and forests have a great influence on this biodiversity (Natural Resources Canada, 2001).  



 

 

One of the most intact and diverse areas of British Columbia is located on the central coast. 

Situated in this region is a place often referred to as the ‘Great Bear Rainforest’, which now 

constitutes roughly 20% of the world’s remaining temperate rainforests (Armstrong, 2009). This 

unique area is populated by species such as salmon, bald eagles, wolves, deer and black bears, 

including the infamous Kermode bear. The Hakai Institute on Calvert Island is located within the 

bounds of this temperate rainforest and boasts much of this robustness and biodiversity. The 

trees growing on Calvert Island and the surrounding area include western hemlock (Tsuga 

heterophylla), western redcedar (Thuja plicata), sitka spruce (Picea sitchensis), shore pine 

(Pinus contorta var. contorta), and western yew (Taxus brevifolia) (Pojar & MacKinnon, 2004). 

Two of the most common species are the western hemlock and the western redcedar which are 

subsequently the two trees that we have chosen to study.  

Even with the implementation of increased protection for the area, there are still numerous 

risks that can reduce the overall integrity of the rainforest. Forestry has long been a major 

Figure 1. Biogeoclimatic zones of British Columbia. Retrieved from 

http://www.for.gov.bc.ca/hfd/library/documents/treebook/biogeo/biogeo.htm 



contributor to the British Columbia economy and with the large old growth forests along its 

coast, the pressure to cut them down is intense. Fortunately the area surrounding Hakai has 

not been subjected to any intense clear cutting, however some logging has occurred. Outside of 

these logged areas, forests have been modified throughout the island in other ways. First 

Nation communities have been utilizing cedar for thousands of years through the process of 

bark stripping. This is very evident in certain older trees where the scar lobe can be clearly seen 

(Millennia Research Limited, 2007).  

On a small island just off of Calvert Island we saw observable differences in forest 

community structure and species composition that lead to questions about succession and 

disturbance regimes. Weber et al. (2003) investigated the limitations of shade tolerance on the 

recruitment of cedar and hemlock in Coastal Western Hemlock (CWH) forests and Moeur 

(1996) noted some contradictions to the accepted theories on the success of hemlock over 

cedar after disturbance occurred.  

In order to explore the possible causes of low recruitment of hemlock on Cedar Island, we 

first had to establish the statistical significance of the differences in species abundance and 

composition then compare it to other locations on the adjacent Calvert Island. 

Study area 

In this study we looked at two different sites within the Calvert Island region. The first site, 

on Calvert Island, was located adjacent to the trail towards West Beach. The center point of this 

study area is at N 51⁰16’50”, W 128⁰08’09.9” (Figure 2).The area was fairly dense with a large 

amount of deadwood along the forest floor and a thick layer of moss growing over top. As far as 



we observed, there were no obvious stumps from logging in our site area, however we did find 

one located just outside of our study area. The site was fairly flat and was at low elevation, with 

no point located greater than 7 meters. Site #1 was chosen due to its close proximity to the 

Hakai Institute along with a good stand of trees and understory.  

 

 

 Site #2 was located on a small island (referred to as ‘Cedar Island’ for this report as no 

proper name could be found) situated 94 meters offshore from Calvert Island in Purth Bay. It 

was significantly smaller than Calvert Island at only 0.66 hectares. The center point of Site 2 was 

located at N 51⁰39’07.6”, W 128⁰05’49.0” (Figure 3). In comparison to the other site, Cedar 

Island was far less dense which allowed for a quicker setup and data collection. The elevation 

was slightly higher than on Calvert with a height at our center point of 30 meters above sea 

Figure 2. Google earth image of our site location (red circle) for Calvert Island 



level. In order to reach this site we had to pack all of our equipment into kayaks and paddle 

approximately 40 minutes where we docked on the west side of the island (the rest of the 

island was generally too steep to climb). Another site adjacent to Cedar Island was considered 

but it was determined that working anywhere in that area would not be feasible. The shore 

rose steeply and there were very few places to beach and tie up our kayaks.   

 

 

Goal 

In doing this study we were trying to determine:  

1. Whether there was a statistically significant difference between the relative 

abundance and density of western redcedar and western hemlock on Calvert Island 

and Cedar Island.  

Figure 3. Google earth image of our site location (white circle) for Cedar Island 

 



2. Whether the composition of understory vegetation differed based on tree 

abundance and location. 

After looking at what we were trying to understand, we developed the following hypotheses: 

Are the vegetation compositions different on Calvert Island and Cedar Island? 

- Null: There is no statistically significant difference between the vegetation composition 

on Calvert Island and Cedar Island. 

- Alternate: There is a statistically significant difference between the vegetation 

compositions on Calvert Island and Cedar Island. 

Does the composition and richness of the herbaceous layer differ between Cedar and 

Hemlock? 

- Null: There is no statistically significant difference between the herbaceous layer 

between Cedar and Hemlock communities 

- Alternate: There is statistically significant difference between the herbaceous layer 

between Cedar and Hemlock communities 

 

Methods 

 After we chose our two locations and developed our hypotheses, we were able to 

design our sample plots. To eliminate any edge effect that could possibly influence our data, we 

created a 20 meter buffer surrounding the Cedar Island site and a 20 meter buffer from any 

trail on Calvert Island. According to Davies-Colley, Payne & van Elswijk (2000), the appropriate 

distance for eliminating any edge effect on a forest is 50 meters, however since Cedar Island is 

so small we had to compromise and chose 20 meters. Our next step was to find the center of 

Cedar Island and measure four 20 meter long by 2 meter wide belt transects along each of the 

cardinal directions. This allowed us to sample the trees in a total area of 160 meter² in each of 



the two treatments. To ensure that each transect was as straight as possible and remained on 

course we flagged at 5 meters intervals and adjusted it accordingly. At the 20 meter mark of 

each end of the four transects and in the center we took a GPS coordinate. We then uploaded 

these coordinates on to the computer to further ensure our belt transects were in the 

appropriate location and direction.  

 These belt transects were used to sample western redcedar and western hemlock 

abundance by counting each individual from each species along the 20 meter tape. We 

recorded each tree’s location to the nearest centimeter, which side of the belt transect it was 

on and the diameter at breast height (DBH). Starting from the center point, we carried a 1 

meter PVC pipe on either side of the transect line and walked until encountered a western 

redcedar or a western hemlock. We only recorded trees that were 1.5 meters or taller. We 

chose to do this since that is the height in which you measure the DBH of the tree. If any tree 

was small than this we would not be able to measure the DBH accurately. These trees were not 

ignored but were simply measured as part of the shrub layer which will be described shortly. 

Only one person measured all of this data for each tree to reduce any sources of error and 

another person recorded the data to keep the information organized. Using this data we were 

able to determine the relative abundance of the two tree species, their density and their 

average size.   

 While we sampled the trees, we also measured the percent cover of the shrub layer. For 

this we used the point-intercept method with a plumb bob. At every meter interval we would 

drop the plumb bob directly below the center of the belt transect and recorded the species it 



came in contact with. This data helped us determine which species were present or absent in 

the area and their relative percentage.  

 For the composition of the herbaceous layer associated with the two tree species, these 

we selected 8 trees per site; four western redcedar and four western hemlocks. This can be 

furthered divided into one western redcedar and one western hemlock per 20 meter transect. 

In order to eliminate any bias in the selection process we used a random number generator 

from random.org for each of the 16 trees (8 on each treatment). Since there was not always a 

tree at the randomly chosen point, the ‘nearest neighbour’ technique was used to chose a tree. 

Some of the western redcedar and western hemlock trees were therefore sampled outside of 

our belt transect. These were not included in the data used to calculate the average DBH and 

density of the relative abundance of both tree species on the two islands. These nearest 

neighbour trees were used to analyze the composition of the vegetative communities. Once a 

random or nearest neighbour tree was selected, four 0.5 meters by 0.5 meters quadrats were 

placed around its base, 1.5 meters away from the tree at each of the cardinal directions. 

 Following this, percent cover was estimated based on 3 categories of layers. Layer 1 

included groundcover (moss and/or lichen) or other (litter, rock, etc). Layer 2 included small 

herbaceous plants to 0.5 meters and layer 3 included large herbaceous plants from 0.5 to 1 

meter.  

The following is a list of the plant species found within vegetation quadrats: 

1. Salal 

2. Salmonberry 

3. Bunchberry 



4. False lily-of-the-valley 

5. False azalea 

6. Red huckleberry 

7. Thimbleberry 

8. Heart-leaved twayblade 

9. Deer fern 

10. Twinflower 

11. Clasping twisted-stalk 

Figure 4 shows a visual representation of the sampling plan for tree, shrub and vegetation 

abundance and richness. 

 
Figure 4. Diagram of sampling plan for tree, shrub and vegetation abundance and richness 



Data Analysis 

The first step in our data analysis was to determine the relative abundance of western 

redcedar and western hemlock and how they differ between Calvert Island and Cedar Island. To 

do this we first had to enter our data into Microsoft Excel. In doing this we were able to 

calculate the total number of stems per hectare for each of the tree species for both islands 

(Figure 5 &6).  Our next step was to determine the average DBH of both tree species. We 

produced two pivot tables in Excel that showed us that on both islands, western redcedar 

grows to be larger than western hemlock on both sites with an average DBH of 18.07 cm on 

Calvert Island and 28.7 cm on Cedar Island. Western hemlock had an average DBH of 3.2 cm on 

Calvert Island and 7.2 cm on Cedar Island (Figure 7 & 8).  
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Figure 5. Stem density per hectare for Calvert Island. 
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Figure 7. Calvert Island: Average tree DBH for two tree species (western redcedar and 

western hemlock) C is Western Red-cedar, H is Western Hemlock. The lines are error 

bars with 1 standard deviation. 

 

Figure 6. Stem density per hectare for Cedar Island. 



 

 

 

After testing the tree data, we then began analysis of the shrub layer data from along 

transects (this data includes cedar and hemlock trees that were less than 1.5 meters in height). 

Again using Excel, we calculated the percent coverage for each of the 5 species we found using 

our point-intercept method. On each site the amount of coverage we found was roughly the 

same (between 77-79%), with salal being the dominant species. The overall distribution was 

different however (Figure 9 & 10).  
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Figure 8. Cedar Island: Average Tree DBH for two tree species (western redcedar and 

western hemlock) C is Western Red-cedar, H is Western Hemlock. The lines are error 

bars with 1 standard deviation. 
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Figure 10. Cedar Island percent coverage of shrub layer 

 

Figure 9. Calvert Island percent coverage of shrub layer. 



To test the data from all three of the vegetation understory layers we ran a multivariate 

analysis of community structure data using PRIMER. Firstly we calculated the Bray – Curtis 

Similarity which gives a triangular similarity matrix. Then we performed the Nonmetric 

Multidimensional Scaling (nMDS) to illustrate the rank order of similarities within and between 

the samples on each site. The original figure showed an anomaly with layer 1 that was 

irrelevant to the purpose of our study. We then removed layer 1 from Primer and conducted 

the process again. The STRESS level of 0.09 shows the accuracy of the nMDS map which is good 

(Figure 11 & 12). Then we used a one-way analysis of similarities (ANOSIM) to test the 

difference between vegetation communities at both sites. The result from this test gave us a 

global R of 0.114 with a 0.1% which tests as ‘very low probably that it happened by chance’. 

Next we refined our analysis to ask how the hemlock and cedar communities are different 

between the two locations.   

 

Figure 11. nMDS ordination for both sites. Maps the similarity relationships between samples. 

Distance between points reflects relative similarity. 



 

 

 We conducted a second ANOSIM which included both sites and tree types for a two way 

crossed analysis of our questions. The test treatments between both sites, across tree types 

gave us a Global R value of 0.121 and a significance of 0.1%. Next we tested the difference 

between tree types groups, across both sites which gave us a Global R value of 0.024 and a 

significance of 4.1%.  

Following these analyses, we performed a Similarity Percentages (SIMPER) test with the 

data collected from percent cover for the 3 layers of understory vegetation of communities 

associated with the randomly chosen western redcedar and western hemlock trees. This was 

done to examine species contributions and decipher which species are responsible for the 

patterns of biodiversity observed in the communities we sampled. In interpreting the results 

from SIMPER for the two locations across both tree types, there was an average similarity 

within plots at both sites of 42.99% for Cedar Island and 69.12% for Calvert Island. For site #1 

on Calvert Island, there were three species that showed high similarity between plots, with salal 

Figure 12. nMDS ordination for both tree types. Maps the similarity relationships between samples. 

Distance between points reflects relative similarity. 

 



having an average abundance of 51.63%, bunchberry at 13.64% and false lily-of-the-valley at 

11.12%.  For site #2 on Cedar Island, salal was the species that had the highest average 

abundance per plot with 80.84%. Although, this dominance of salal was no surprise, we had 

partially expected to see a greater abundance in the diversity of herbaceous species observed 

at our sites. The two sites showed an average dissimilarity between plots of 52.05%.  Below is a 

table that summarizes the differences in average abundance of the seven species included in 

our data analysis that had significant contribution to results. 

         

Table 1. Summary of differences in average abundance of the seven species for both sites. 

 

 Calvert Island Cedar Island 

Species Average abundance (%) Average abundance (%) 

Salal 51.63 80.84 

Bunchberry 13.64 1.33 

False azalea 11.23 2.61 

False lily 11.12 5.60 

Red huckleberry 3.96 2.50 

Thimbleberry 0.89 1.96 

Twinflower 1.53 0.56 



Since heart-leaved twayblade, clasping twisted-stalk, salmonberry and deer fern only 

appeared in sample plots on Cedar Island, and in insignificant amounts, they were excluded in 

analysis. Twinflower however, was only observed in one plot on Calvert Island but was included 

in data analysis as it was needed to calculate species contributions to a 90% minimum threshold 

for accurate analysis. 

 Additional results presented us with the average abundance of species in communities 

associated with each tree species across both sites. The average similarity between sample 

plots for western redcedar was 55.62%. Two herbaceous species were found to have stronger 

associations with this tree species, salal with an average abundance of 63.72% and bunchberry 

with 9.26%. The average similarity between sample plots for western hemlock was 56.50%. 

Once again, two herbaceous species were found to have stronger associations with this tree 

species, salal with an average abundance of 68.75% and false lily-of-the-valley with 9.36%.  The 

two tree species showed an average dissimilarity between plot species of 45.11%. Below is a 

table that summarizes the differences in average abundance of eight species included in our 

data analysis. 

 

 

 

 

 

 



 

 

         Table 2. Summary of differences in average abundance 

 

 

 

 

 

 

 

 

  

 

 

 

 

Discussion 

 The purposes of this study was to examine relative abundance of two tree species: 

western redcedar (Thuja plicata) and western hemlock (Tsuga heterophylla) between Cedar 

Island and Calvert Island, and further; to examine whether the composition of understory 

vegetation differed based on tree abundance and size. Our data supports both of our 

 Western redcedar Western hemlock 

Species Average abundance (%) Average abundance (%) 

Salal 63.72 68.75 

False lily 7.36 9.36 

False azalea 6.82 7.02 

Bunchberry 9.26 5.72 

Red huckleberry 2.83 3.63 

Thimbleberry 1.00 1.85 

Twinflower 1.35 0.45 

Salmonberry 1.29 0.45 



hypothesis that there is a statistically significant difference between the herbaceous layers of 

Cedar and Hemlock communities, and that there is a statistically significant difference between 

the vegetation types on Calvert Island and Cedar Island. 

To establish the relative abundance of western redcedar to western hemlock trees we 

estimated the stem density per hectare at each site; we can say with confidence the SPH of 

western hemlock on Calvert Island is much higher than that of western redcedar and on Cedar 

Island western redcedar dominates over western hemlock. The total number of trees at the 

Calvert site far exceeds that of Cedar Island, and the overall forest structure is much denser. 

 When paired with the DBH calculations, a clear trend emerges that hemlock is smaller and 

denser at the Calvert island site and western redcedar is both larger and more abundant on 

Cedar Island.  

These differences between tree abundance and distribution raise the question of 

whether mature cedars play a more significant role in species richness and abundance in the 

shrub and herb layers of a forest structure; our data does not answer the question, and further 

study is required. More precise measurements of tree stand density and the inclusion of 

biomass calculations would create a clearer picture of the different successional structures. 

Further study into tree age using core sample methods would also be useful.    

Sampling of the Shrub layer showed little difference in total percent cover between 

sites, and salal was the dominant in both. On Cedar Island salal completely covered the 

understory in the absence of trees.  The relative abundance of shrub species was significantly 

different between sites, Calvert Island lacked meaningful samples of huckleberry, and Cedar 



Island lacked meaningful samples of false azalea and salmonberry, although it was visually 

observed in each.  It was interesting that only 5 plant species were detected along the 80 points 

of each site (160 total points). The Cedar Island sample showed a rank order curve (figure 10) 

typical of poor evenness, and very low numbers of trees under 1.5m. A study of the effect of 

the presence of salal on conifer growth, Fraser, et al. (1995) suggested that salal actually 

prohibits recruitment of hemlock, but not cedar, which may bear out our observation that 

there were very few living, healthy hemlock seedlings and saplings on Cedar Island. Weber et al, 

demonstrated a complex relationship in the success of western cedar seedlings in the face of 

competition by western hemlock, where shade tolerance depended on disturbance regimes 

(2003). Disturbance such as logging and windfall also have a role to play in stand dynamics, and 

according to recent studies at the Calvert Island site (Lertzman, Personal communication, June 

26th, 2012), the oldest trees date back only 70-80 years. There was direct evidence of logging at 

the Calvert Island site and none on the small and difficult to reach Cedar Island site. The 

numerous culturally modified trees on Cedar Island provide evidence of the age of the western 

cedars there.  

The data also supports the difference hypothesis for the vegetative understory, 

although no direct cause can be shown between tree species and herbaceous species richness 

and abundance.  It is clear that there is significantly more bunchberry around the cedar trees 

and more false lily of the valley around hemlock. 

Sources of Error 

Although we took great care in trying to eliminate as many sources of error as we could, 

it is impossible to complete every task perfectly. The following errors are those that may or may 



not have occurred. In setting up our sample areas, it is possible that the transects may not have 

been perfectly straight or exactly on each cardinal direction. There is a chance that since we 

were measuring the 2 meter width of the belt transects with a non-attached PVC pipe, it could 

have measured those trees just outside or not included some that were. Also when measuring 

the tree height and DBH it could have been slightly inaccurate. Some trees were growing out 

horizontally and some were difficult to find the base with all the deadwood and moss 

surrounding it. Surveying the presence or absence of shrubs could have had some errors since it 

was difficult to see the really small ones, especially those hidden under large species or had 

been trampled by us when collecting data on the trees. The trampling of species is also an error 

when calculating the percent coverage of the understory layers. Once we collected all of our 

data, it is possible to input the numbers incorrectly into Excel. Finally after we have produced 

our graphs and statistics, there is the potential to misinterpret the data and convey the wrong 

message. Most of these sources of error are most likely very minimal and we feel very 

confident that none of them have strongly influenced any of our results.   

Conclusion 

 In looking at the relative abundance of two tree species: western redcedar and western 

hemlock within two sample sites on two different islands (Calvert Island and Cedar Island), we 

noticed a significant difference in both DBH and density. It is not clear whether these are due to 

factors of disturbance regimes, such as logging, climate, elevation, shelter or exposure, or if it is 

the competitive role salal plays towards cedar and hemlock saplings. In regards to the 

composition of the herbaceous communities associated with each tree species, it was difficult 

to strongly correlate specific tree-vegetation relationships; however there was a significant and 



interesting association between western redcedar-bunchberry and western hemlock-false lily-

of-the-valley. Further research would be useful in studying the linkages found in this study as 

we were unable to draw any conclusions. 
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