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Abstract 

Total Organic Carbon (TOC) found in soil is an indicator of the forest health and is indirectly related to the relative 
amount of spawning salmon. Our team studied two creeks; Spanish Bank Creek which sustains a consistent salmon 
run and Salish Creek, which has not had as much success. It was firstly hypothesized that Spanish Bank Creek 
would have higher levels of TOC than Salish Creek, because it has a higher yield of spawning salmon, and therefore 
a healthier creek. We took multiple soil samples from the mouth, middle and headwaters of each creek and applied a 
H2O2 catalyst to determine the percent decrease of organic matter, which is a presentation of TOC. In addition to our 
primary hypothesis, a secondary hypothesis was made pertaining to the levels of TOC at locations within each creek. 
It was predicted that the headwaters would have the highest levels of TOC, as this is where the salmon are dying. 
This study found that there was a significant difference (p = 0.0075) between the two creeks, where Spanish Bank 
had a greater average TOC (by 0.3 g), however there was no significant difference (p = 0.6015) in TOC levels 
among the locations within each creek. 

Introduction 

 For years, it has been known that spawning salmon act as a keystone species in their respective ecosystems 

(Garibladi & Turner, 2004). When the salmon population die after spawning, their carcasses provide nutrients such 

as nitrogen (N), carbon (C), Phosphorus (P) to freshwater systems (Juday et al. 1932). It has been found that streams 

with higher salmon population density have a greater level of nitrogen and organic carbon isotopes (Bilby et al. 

1996). These nutrients are thought to have significant impact on the productivity of the freshwater ecosystem (See 

Figure 1).  

Figure 1. A model of the salmon life cycle. Salmon are born in the creek (1), then live their lives in the ocean (2), 
and finally return to spawn in the original creek (3). Our proposed model expands on the creek events, where salmon 
die after spawning (A), decompose (B), and their carcasses deposit nutrients, which increase levels of organic 
matter (C). 
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The health of an ecosystem is directly related to the chemical makeup of the soil. Total organic carbon 

(TOC) is one of the crucial components of soil as it has many benefits, which includes its ability to regulate 

respective nutrient and moisture levels. Thus, the determination of TOC is of great importance to characterize the 

health of a site (Schumacher, 2002). Hydrogen peroxide (H2O2) can be used to  measure TOC levels in soil. H2O2 

acts as a catalyst to break down large carbon chains into glucose (Maksimovic & Vucinic, 1998). This glucose then 

reacts with oxygen and is further broken down into carbon dioxide (CO2) and water (H2O) (Greenwood & Goodman 

1965).   

In this experiment, the TOC from the organic matter in the soil, bond with the oxygen (O2) that is in H2O2 

to form carbon dioxide bubbles and water. A large part of the soil organic matter will be decomposed by H2O2 and it 

is possible to determine TOC by treating a sample of soil with H2O2 and noting the weight differences. In other 

words, the larger the percent decrease in weight of the samples after the treatment, the greater amount of TOC in the 

soil. Moreover, the treatment with H2O2 will not affect the combined water content or the weight of the inorganic 

material (Petigara et al. 2002).  

Our first hypothesis is related to the relative healthiness between both Spanish Bank and Salish Creek. 

These two creeks, both located in Pacific Spirit Park, were chosen as they were the best representation of the lower 

mainland ecosystems, and in closest proximity to our facilities.  The null hypothesis (HO1) for this states that there is 

no difference in TOC between Spanish Bank and Salish Creek. The alternative hypothesis (HA1) is that we will 

observe a difference in organic carbon levels between the two creeks. According to British Columbia Streamkeepers 

(2000), Spanish Bank has had a more consistent salmon run, with a higher yield of returning salmon. We thus 

predict that Spanish Bank is a healthier creek, and is expected to have an overall higher % decrease in carbon, which 

is a direct relation to the amount of TOC.  

The second hypothesis is related to the amount TOC at varying locations of each creek (mouth, middle, and 

headwaters). The null hypothesis (HO2) for this states that there is no difference in TOC levels between locations 

along both Spanish Bank and Salish Creek. The alternative hypothesis (HA2) is that there will be an observable 

difference in TOC levels depending on the location along the creeks. These salmons return to the furthest point of 

the creek, the headwater, as they travel back from the ocean to their origin of birth (Groot, 1991). Thus, we predict 

that the headwater location of both Spanish Bank and Salish Creek will have the highest amount of TOC as this is 

where salmon are spawning, dying, and decomposing.  
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Methods  

We carried out an experiment to determine the TOC levels in the soil of two creeks; Spanish Bank and 

Salish Creek. Upon arrival, we identified three locations at each creek: mouth, middle, and headwater. We found it 

the easiest to first locate the mouth of the creek, which was where the creek met the ocean. At this point, both Salish 

Creek (also known as Acadia Creek) and Spanish Bank Creek meet Acadia Beach and Spanish Bank Beach, 

respectively. We then determined the relative locations for the headwater and the middle waters. Due to the difficulty 

of determining where the start and middle of the creeks were, the most accurate method that we used was to follow 

the creek to the furthest point of adequate water flow and bank width, and classified this as the headwater. From this 

point, we followed the creek in the opposite direction, back towards the mouth, and stopped at a central distance 

between the mouth and the headwater, which we determined as the middle for each creek.  

Once these three locations at each creek were marked (with yellow tape), we proceeded to measure distance 

from the creek bank outwards, at each location. We laid out a transect line from the edge (bank) of the creek waters, 

and measured outwards, away from the creek. We marked at 5 metre increments; 0, 5, and 10 metres from the bank. 

At each point of collection (0m, 5m, 10m) we collected 5 samples, repeating this at the mouth, the middle, and the 

headwater. We collected a mass amount of soil at each point (approximately 75 grams) into labelled ziploc bags, and 

then transferred these large samples to an indoor location, to avoid contamination from the outdoor environments 

(See Figure 2A).  

We then took our samples to a dry flat area, to protect our experiment from external disturbances and 

contamination. Using a spoon, 10.00 grams of soil (with an uncertainty of ± 0.5g) were weighed in a plastic weigh 

boat with a scale to the nearest hundredth of a gram. Prior to this step, we weighed the empty weigh boats, and then 

weighed by difference. In each soil sample, 10 ml of 3% hydrogen peroxide (H2O2) was added using a 10 ml 

graduated pipette (See Figure 2B). At this stage, bubbles should be seen, which is an indication that the 

decomposition reaction is occurring. Although 10 ml of water should have been added to the sample as well, the soil 

in this case was moist enough that this step was omitted with every sample being tested. We weighed each sample, 

following the initial addition of H2O2, and after 1 hour, we measured weight loss in each sample (See Figure 2C). 

We repeated this procedure twice at each creek. Thus, data was collected in Spanish Bank on October 27th, 

November 7th, while data was collected in Salish Creek on October 31st, November 10th. In total, we have 

collected 45 replicates per creek for each day. In the end, we finished off our experiment with 90 samples in total for 

each creek.   
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Figure 2. Process of collection and experimental procedure. Samples were collected at creek locations into ziploc 
bags (A). These samples (~10 g each) were then weighed, and H2O2 was added to each (B). Upon addition of H2O2 , 
a reaction occurred, where bubbles and foam were visible (C). 

We used pure organic compost collected at the UBC garden as the positive control, as it is known to contain 

high levels of TOC, and thus would show a large percentage decrease in weight (Zmora-Nahum et al., 2005). In 

contrast, we collected raw sand from the sandbox at a school playground to be used as the negative control, as it 

should show little to no decrease in weight.  

Upon calculating the change in weight (g), the percent decrease in soil mass was calculated by dividing the 

change in weight over the initial weight  For each hypothesis, the variance between these values were calculated 

using a one-way ANOVA test. We chose to do one-way ANOVA tests for each hypothesis. Our first ANOVA was 

compare the means of TOC levels between the two creeks. The second ANOVA was to compare the  means between 

the locations (mouth, middle, head). Both tests were used to determine whether they are statistically significantly 

different from each other. The healthiness of the two creeks were tested in the first hypothesis using all the data 

collected in each creek. The one-way ANOVA test was used again for th second hypothesis utilizing the data 

categorized in terms of creek location (mouth, middle, head), regardless of the specific creek. Ultimately, the F-

Value and the P-Value, under a value of 5% significance, was determined for each hypothesis (Calculations; See 

Results). 
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Results 

 

Figure 3. Side-by-side bar graph of the average percentage decrease of organic carbon levels at the mouth, middle 
and headwater locations at two creeks: Salish Creek (blue) and Spanish Bank (red). The coupled bars on the far 
right represent the comparison of overall TOC level decrease, regardless of relative location. Error bars represent 
the standard deviation present between results from each creek. Note that the error bars have the same range of 
variation within creeks.  

The significance in difference of TOC between Salish Creek and Spanish Bank (Hypothesis 1); and the 

difference in TOC between locations along both Salish Creek and Spanish Bank (Hypothesis 2) were determined. 

We constructed a side-by-side bar graph (Figure 3) to summarize both hypothesis. The error bars represent the 

standard deviation of the averages of each creek. It is evident that Spanish Bank has a much larger range of error, 

when compared to the smaller error bars of Salish Creek. By comparing the average percentage decrease in TOC 

levels at various locations, (mouth, middle, and head) (blue= Salish and red= Spanish), we were able to see trends 

in the data. Firstly, Spanish Bank shows a greater % decrease at the middle, headwaters and TOC levels overall. In 

terms of these locations, although there is little variance between the two creeks at the mouth and head, a 

significantly greater decrease in TOC level at the middle waters of Spanish Bank is observed.  

A one-way ANOVA test was used to further investigate our two hypotheses. Table 1 shows the summary of 

our F-test related to differences in organic carbon levels between the two creeks. Values in Table 1 were calculated 

using various equations. 
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Analysis Results 

Table 1. Summary of F-test analysis (One-Way ANOVA) for Hypothesis 1 (difference in TOC between two creeks).  

Table 2 similarly shows the summary for the F-test related to difference in organic carbon levels between 

varying locations along each creek. See Calculation #2 for an example of how to calculate the values.  

Table 2. Summary of F-test analysis (One-Way ANOVA) for Hypothesis 2 (difference in organic carbon level 
between mouth, middle, headwater). 

Discussion 

Salmon carcasses are an important source of organic matter in coastal streams (See Figure 1). Mass 

migrations of salmon can import about 55% of nutrients to the streams through their spawning behaviour (Moore et 

al., 2007). The nutrients support increased productivity within the ecosystem which then lead to an increased amount 

of TOC chiefly through leaf litter that is deposited from the trees (that utilize those very nutrients). TOC is one of 

the crucial components of soil as it has the ability to: absorb both naturally-occurring and anthropogenically-

Spanish Bank Salish Creek Total

N 86 89 175

Mean 1.4805 1.1596 1.3173

Std. Dev. 0.8255 0.7421 0.7983

F – value 7.3226

P – value 0.007491

Mouth Middle Headwater Total

N 56 59 59 174

Mean 1.2455 1.3964 1.3164 1.3207

Std. Dev. 0.8656 0.8431 0.6879 0.7994

F – value 0.50988

P – value 0.601481



The Expedition, UBC Chang, Kim, Kunik, Llewellyn, Penner �7

introduced organic compounds, absorb and release plant nutrients, and hold water in the soil environment. 

Ecosystems that have healthy levels of TOC (as well as other nutrients) also have the ability to support healthier 

streams; thus they are able to support more salmon (Helfield & Naiman, 2001). This fertilization of the soil and the 

population of salmon are interwoven in a positive feedback mechanism where the healthy ecosystems provide 

suitable habitats for salmon to spawn and reproduce, and increased salmon spawning increases the health of the 

stream and the surrounding forest.  

This phenomenon was observed in our experiment as Spanish Bank Creek is known to have a larger salmon 

run than Salish Creek, and it also displayed greater levels of TOC (indicating a healthier ecosystem). In relation to 

our hypothesis 1, and according to ANOVA, the result is significant at p < 0.05 (p=0.0075). Therefore, we reject Ho  

and support HA . Thus, there is a difference between organic carbon levels between Spanish Bank and Salish Creek.  

Spanish Bank Creek has been previously restored so that salmon now return annually, however, Salish 

Creek is currently in the process of being restored so that more salmon can return to spawn in the creek. Our results 

that we have found are significant in that they show there is a correlation between salmon populations and forest 

productivity, and perhaps in the future more creeks can be restored so that the salmon can return. Wild salmon 

populations in British Columbia have been decreasing for years (Moore et al., 2007), which has had a devastating 

effect on the local economy, environment and Indigenous culture which has had a long tradition associated with the 

salmon run.  

In relation to our hypothesis 2, and according to ANOVA, the result is not significant at p < 0.05 

(p=0.6015). We failed to reject Ho , thus there is no difference between organic carbon levels between the mouth, 

middle, and headwaters of the creeks. Our secondary hypothesis focused on the varying levels of TOC along 

different locations of the creek (the mouth, middle and head). We found no significant difference between the three 

sites across the two creeks, and we also did not observe a trend. We predicted that areas where salmon spawned (and 

subsequently died) would be the areas that had the highest TOC. However, due to the lack of research and time, the 

true locations of the where the salmon spawned remained uncertain. In subsequent studies, a focus on where the 

salmon carcasses settle within these urban creeks would be useful in identifying key locations to harvest the soil 

samples. 

Due to the nature of this experiment’s limited resources and time, a few errors have been illuminated. 

Amongst our data, a couple of the data points collected from Spanish Bank Creek showed an increase in weight. 

This may have been due to human error in recording the data or in the use of the scales, nevertheless those data 

points were extrapolated. Beyond other human error that could have taken place (pipetting, zeroing of scales, data 
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input…), other variables could have affected the data. Weather conditions were variable, therefore the soil samples 

also varied- mainly in their moisture levels. We did not need to add water to our soil samples before addition of 

hydrogen peroxide because the soil was already sufficiently moist, however in a future experiment it would have 

been more consistent to fully dehydrate the soil and then add a predetermined amount of water. On that note, when 

H2O2 was added to the soil, no uniform homogenization of the mixture was conducted which could have led to 

pockets of soil not being exposed to the catalyst.  

Although the study that was conducted could have had logistical issues; in our opinion, this experimental 

setup could have been enlarged to include more creeks, a greater amount of data points along the creeks, and 

incorporate real data on the observed levels of salmon in each stream. In addition to this, the study of nitrogen levels 

within the soil could have been analyzed using nitrogen isotope analysis, in order to measure the more direct effects 

the salmon carcasses have on the ecosystem.  

Conclusion  

As predicted, the findings of this study conclude that Spanish Bank Creek is in fact healthier than Salish 

Creek. However, the difference in TOC is not significantly different at the different locations along each of these 

creeks. TOC levels are important as they are a measure of how salmon affect forest health, and how they contribute 

as a keystone species to their ecosystem.  
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Appendix 

Data Tables 
i) 

!

!

!  
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ii) 

!  

!  

!  
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Table 3. Raw data table of soil samples collected at Spanish Bank. (i), Are the samples extracted on October 27th and (ii), are the 
sample datas extracted on November 7th, 2017. Where MO=mouth, MID=middle, and H=headwaters. Soil #1-5 is sample 
collection at 0 metres, soil #5-10 is sample collection at 5 metres and soil # 11-15 is sample collection at 10 metres (ex. MO1 to 
MO5).  

iii) 

!  

!  

!  



The Expedition, UBC Chang, Kim, Kunik, Llewellyn, Penner �13

iv) 

!

!

!  
 
Table 4. Raw data table of soil samples collected at Salish Creek. (iii) Are the samples extracted on October 31st and (iv), are the 
sample datas extracted on November 10th, 2017. Where MO=mouth, MID=middle, and H=headwaters. Soil #1-5 is sample 
collection at 0 metres, soil #5-10 is sample collection at 5 metres and soil # 11-15 is sample collection at 10 metres (ex. MO1 to 
MO5).  
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v) 

!  

vi) 

!  
 
Table 5. Raw data table of soil samples collected for controls. (v), Are the extracted data of sand from the sandbox; used as the 
negative control. (vi), Are the extracted data of soil from the UBC garden; used as the positive control.  


