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Preface 

This project is to study the relationship between biodiversity of tree species and the 

carbon storage rates of White Spruce. Also, this project will introduce a new direction of 

monitoring growth, and health of tree species in forests in warming climates. 

Many thanks to Alice Casselman, president of Association of Canadian Educational 

Resources, University of Toronto Scarborough team of Field Research Scientists-Daniel 

Kim, Yafei Deng, Amy Chen and Sam Xing, Heather Auld , Bob Baker of Baker Forestry 

Services, Vince D’Elia  of Toronto and Region Conservation Authority, and Kathryn Chin 

for all the support and direction of this project. 
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1. Glossary of Terms 

Biodiversity – a community of multiple populations of organism within an ecosystem that 

interact with one another 

Carbon Sequestration – ability for a tree to take in carbon dioxide during photosynthesis 

and convert it to biomass 

Citizen Scientist – local individuals, students, young adults, adults who monitors trees 

around them 

Clinometer- measures the height of the tree using angles and a base distance of 20m 

Crown Volume- portion of the tree that makes up the branches, twigs and leaves.  

Diameter at Breast Height (DBH) – trunk diameter at 1.3m above the ground 

Foliage- the leaves of the tree 

Hectare- an area of 10,000m2 

Shannon, Simpson, Evenness, and Dominance Indices – ecological indices to quantify 

biodiversity  

Silviculture – forest management practice to convert barren lands into natural forests 

Smithsonian Institution Monitoring and Assessment of Biodiversity (SI/MAB) – protocol 

to monitor trees in forests  

Splining Interpolation – technique to interpolate missing data points based on what is 

available 

Quadrat – a sample area or subset sample and is generally made up as a square 
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2. Executive Summary 

The scope of this report was to look in depth the relationship of biodiversity of tree 

species and carbon storage of White Spruce conifers in the Humber Arboretum 

Biodiversity plot and a White Spruce plantation located west of Albion Hills 

Conservation Site.  In ecology, biodiversity would improve ecosystem functions and 

increases adaptability to change climates. Biodiversity can be quantified using 

ecological biodiversity indices such as the Shannon and Simpson indices, and the 

carbon storage was determined on a per year basis using the Biomass and nutrient 

above ground calculator, which is available on the Ministry of Natural Resources 

website. Diameter at breast height and tree height were the parameters measured and 

used in the analysis using the Smithsonian Institution Monitoring and Assessment of 

Biodiversity protocol set out by the Association of Canadian Educational Resources. 

Results show that White Spruce in the plantation, which has no biodiversity, doubled in 

carbon stored in its trees than the White Spruce in the Humber Arboretum Biodiversity 

plot, which has a low biodiversity. Biodiversity does very little to help promote carbon 

storage and growth in White Spruce trees. The reasons for the low carbon storage of 

White Spruce is that the age of the trees in the biodiversity plot compare to the ones in 

the plantation are not similar to compare and younger trees in the biodiversity plot may 

not uptake carbon as well as older trees. Biodiversity does not affect younger White 

Spruce trees growth significantly to see increased carbon storage per annum literature 

shows. They may not perform well in storing carbon in diverse plots because its nutrient 

demand cannot be sustained either by increased competition due to increased species 

densities of other trees and grass or indirectly increasing tree nutrient demand caused 
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by the increased concentration of carbon dioxide in the atmosphere. These conclusions 

suggest that the Biomass and Nutrient Calculator for carbon storage may be a useful 

nation-scale tool to quantifying carbon storage of Canada’s natural tree species. 

Recommendation to further this area of research is to analyze trees of similar age to 

better determine the effects of biodiversity on White Spruce carbon storage. Also, 

monitoring a range of biodiversity plots, tree species and its carbon storage can aid 

foresters to produce more effective planting programs to optimize tree growth and 

carbon storage. 

3. Introduction and Project Description 

Picea glauca (White Spruce), also used as Christmas trees, is a common tree in 

Canada and is a climax species in many forests (MNR, 1995). White Spruce has been 

used for pulpwood and in paper processing, and has been planted in conifer plantations 

to promote reclamation and restoration of natural forests in southern Ontario (MNR, 

1995 and Watt, 1996). White Spruce is a very important species in our Boreal forests 

and the need to promote growth of White Spruce is precedent. It grows well with 

trembling aspen, white birch, balsam fir, red pine, white pine, yellow birch and in 

plantations (MNR, 1995). With increasing carbon dioxide concentration in the 

atmosphere the need for trees to sequester carbon is imperative. Additionally, providing 

new and innovative techniques for forest managers to enhance tree growth and improve 

carbon sequestration to offset the rise in carbon dioxide is a continuous process. Forest 

biodiversity increases the productive of individual species through competition of 

nutrients, or through symbiotic processes. Intercropping of crops has shown to improve 
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yields of crops in grain –legume compare to monocultures (Hauggaard-Nielson et al., 

2012). Since White Spruce is commonly seen growing with other tree species, 

increasing biodiversity within an area may increase the ability for White Spruce to 

sequester more carbon. The objective to this project is to determine the carbon 

sequestration of White Spruce in a biodiversity plot, and compare it to the carbon 

sequestration of White Spruce in a one species plantation plot to determine any 

significant changes in carbon sequestration using a biomass calculator provided the 

Ministry of Natural Resources (MNR). Also, White Spruce diameter at breast height 

(DBH), crown volume, and height will be measured in both plots and analyzed. 

4. Methods Used to Achieve Objective 

4.1 Site Descriptions 

The Humber Arboretum Biodiversity Plot (HAB) lies on the floodplains of the Humber 

River, and it was formerly known as the Etobicoke Tree Nursery.  The soil in this plot is 

rich loamy sand, which had been silted up by flooding of the Humber River in the past 

after the construction of the Claireville Dam (TRCA, na). Also, the area is ideal for tree 

growth thus previously being a nursery. The soil at this plot has not been disturbed or 

treated by fertilizer since the mid 1960’s when it was bought by Humber College. The 

Humber Arboretum is located on the South West side of Humber College, which is 

bounded by Finch Avenue, Highway 27, Rexdale Boulevard and Highway 427. The 

Northeast corner of the plot is located N 43° 43’38.0” and W079° 36’44.2’’. 
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The HAB site is a climate change experimental plot designed to monitor the growth and 

biodiversity of trees in a warming climate. The purpose of the experiment is to assess 

the potential change in forest ecosystems in terms of species biodiversity and resilience. 

With the emphasize on biodiversity, trees of different species was planted in three 

stages starting from the fall of 2002, spring of 2003, fall of 2003 and there was a 

replanting in 2004 for missing and dead trees. There were a total of 2230 trees and 

shrubs planted in designated 20m by 20m quadrats that make up the one hectare. At 

the start of the project there were more than 61 different species of trees and shrubs 

planted (Karsh, 2012). The planting design had an average of 86 plants with spacing of 

approximately 2.5 m between trees and shrubs per quadrat. The site currently has 

mature trees that include the planted trees and the old Etobicoke Nursery trees that 

were planted in the 1980’s. It is also cover in heavy tall grass, fauna, and shrubs.  For 

the purpose of the study, White Spruces that were measured for carbon sequestration 

were located in quadrat 1, 5, 24, and 27. 
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Figure 1: GIS map of the Humber Arboretum Biodiversity Climate Change 

Study plot, which includes various species measured and its location. 
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Each square is 20m by 20m in area. White Spruce locations are circled in 

black. Developed by Daniel Kim 

The control site selected was a Picea glauca (White Spruce) plantation located on the 

west side of the Albion Hills Conservation Site managed by the Toronto and Region 

Conservation Authority (TRCA), located west of the Field Centre. The conservation site 

is bounded by Highway 50 in the northeast, Old Church Rd. in the southeast side, 

Patterson Side rd. on the northwest side and the Humber Station Rd. in the southwest.  

The site is roughly 30 km northwest from the HAB site, and the White Spruce plantation 

is located on the rolling hillside with a slope of moderate 5-9 and sand to loamy sand 

soils encompassing a floodplain overdeveloped with shrubs and tall grass. The soil is 

highly permeable and well drained, which allows the spruce to access more nutrients for 

optimal growth.  This plantation is biophysically similar to that of the HAB plot because it 

is close in distance terms of having the same climatologically factors such as rainfall, 

humidity and daily temperature. The total area of the plantation is approximately 

8,700m2 and was planted in 1964. The plantation design had planted 1550 stems of 

White Spruce per hectare of land, which is approximately 2.5m between every tree. 

This White Spruce plantation like other conifer plantations in southern Ontario is a 

common practice of reforestation of unsuitable, eroded agricultural lands into natural 

mixed hardwood forests also known as silviculture (Watt, 1996). Plans for reforestation 

of these lands began in the 1920s and coniferous plantations were used as the first 

phase in the restoration and reclamation of these eroded lands into natural mixed 

hardwood forests. Coniferous trees acts as a pioneer anchoring species that keep the 

soils intact with their ability to grow on thin soils. To promote succession and 
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regeneration within these plantations, thinning is performed every 20-30 years to 

promote new growth of plants by creating space and allow sunlight to penetrate the over 

story of the White Spruce. The last thinning for this site was in the period of 1998 to 

2002. The soils of both HAB plot and the White Spruce plantation were undisturbed by 

humans, especially in terms of enriched nutrient input since the beginning of each plot. 

 

Figure 2: The location of the White Spruce plantation and its perimeter at 

Albion Hills. The yellow bubble represents the north east corner of the 

sampling qradrat with coordinates of N43°55’27.0’’ W079°50’36’’. 
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4.2 Monitoring Process and Data Collection 

For forest biodiversity benchmarking and monitoring protocols were established using 

the guidelines of the Smithsonian Institution Monitoring and Assessment of Biodiversity 

(SI/MAB) Program for establishing forest inventory plots. The Si/MAB program for forest 

biodiversity observation and monitoring has become a recognized program establishing 

the program for more than 500 sites across two dozen countries (Karsh, 2012). Canada 

alone has 104 SI/MAB sites and southern Ontario has around 25. With the SI/MAB 

standardized monitoring protocols, forest ecosystem inventory and biodiversity 

monitoring can be compared with other sites around the world. All forest plots are 

standardized to one hectare plots 100m by 100m with quadrats divided up into 20m by 

20m making up 25 quadrats. The HAB plot is slightly larger having 28 quadrats.  

The HAB is not a natural forest, however we continued to use this protocol for 

monitoring biodiversity and its inventory because it was used in previous years and can 

be compared over time (Karsh, 2012 and Butt, 2010). The protocol establishes that all 

trees with DBH of 10 cm in the tropics and 4 cm in the southern Canada are measured 

and mapped.  DBH is measured at 1.3m from the ground. In each quadrat, trees are 

measured by swathing using a 2m stick (two 1m sticks taped together) going clockwise 

around in the quadrat starting from northwest corner of the quadrat and any is within the 

2 m swathing range is measured. The course of the swathing spirals into the centre of 

the quadrat (See figure 3). Each side of the quadrat is designated 1 through 4 based on 
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the North direction, where side 1 is north, side 2 is east, side 3 is south and side 4 is 

west. 

 

Figure 3: Illustration of swathing (top) and triangulation (bottom). Source: 

Association for Canadian Educationalal Resources (ACER) 

 

Once a tree has its DBH measured and equals to a DBH greater than 4cm or greater at 

1.3m height, other steps are taken to measure its height, crown depth, crown volume, 

location and health status of the tree. 

Parameters Procedure Equipment 
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Height Take the 30m measuring 
tape and measure 20 m 
from the tree of interest. 
Use the clinometer, which 
is a device that measures 
the angle of the observed 
object, and aim at bottom of 
the tree, where it touches 
the ground, and the top of 
the tree. Using 
trigonometry, the height is 
determined using angles 
measured by the clinometer 
and to 20m distance 
baseline. The compass is 
used to measure to 
direction of which the 
angles were taken, since 
the angles are subjective to 
where you see the tree. 

Clinometer, Compass, and 
30m measuring tape 

Crown Depth and width For crown depth, use the 
clinometer and aim it at the 
first branch above the 
ground. For the width, 
measure the longest extent 
of the terminal bud of the 
branch from the base from 
one side through the centre 
to the other side. Make two 
measurements, each being 
perpendicular to one 
another. 

Clinometer, 30m measuring 
tape 

Location ( triangulation) First, identify to closest side 
to the tree. Then take one 
or two measuring tapes and 
measure the distance from 
the centre of the trunk 
facing the closest side to 
each corner of the closest 
side. The distance 
measured in the right side 
of the tree is called side ‘A’ 
and the left side is called 
side ‘B’(see figure 3).  
Second method is to use 

30m measuring tape, 
portable Global Positioning 
System (GPS) (Garmin 
GPS 60) 
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the GPS to locate, 
however, the accuracy of 
the gps is not high enough 
to measure tree close to 
one another.  

Health status  Identify the species of the 
tree, using a status code 
i.e. dead or alive etc., and 
whether it is standing or 
leaning (greater than 30 
degrees dip). Mechanical 
damage or defects such as 
diseases are also identified. 

N/A 

 

We measured all mature trees in the 28 quadrats in the HAB plot, and the White Spruce 

a measured was for the entire plot. For the control plantation site, because of its lack of 

biodiversity, it was not necessary to sample the entire plot. Therefore, one 20m by 20m 

quadrat was selected at random to measure the White Spruce trees for its height, and 

DBH. The number of the White Spruce measured in one quadrat exceeded the number 

of White Spruce in the HAB plot. The northeast corner of the quadrat GPS coordinate 

as shown in figure 2. 

4.3 Data Analysis 

4.3.1 Biodiversity Quantification 

To determine the biodiversity of the HAB site, several biodiversity indices were used to 

describe the plot. The Shannon Index was used to as a measure to quantify for species 

abundance and richness. Other Indices are the Simpson Index and the Evenness Index 

which measures the species dominance and evenness of species spread, respectively 

(Appiah, 2013 and Hawkins et al., 2013). 
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The Shannon index is defined as 

            
       (1). 

Where, p is the percentage of cover of the ith species, and s is the number of species in 

the plot. As biodiversity increases in richness and cover, the Shannon index increases. 

The Simpson Index is defined as 

     
     (2). 

As biodiversity increases, the Simpson index decreases. Therefore, species dominance 

increases. The species dominance is defined as 

        (3). 

Another way to interpret the Simpson Index is calculating the reciprocal of it. 

    
 

  
  (4). 

For the Simpson Reciprocal Index, the greater the value it is the greater the diversity. 

The maximum value that this index can have is the total number of species s. 

The Evenness Index is defined as 

          
 

    
 (5).  

When the evenness value gets closer to one, species cover becomes more evenly 

distributed for s species of the plot. All diversity indices were calculated using Microsoft 

Excel. 
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4.3.2 Carbon Sequestration Calculations 

Carbon sequestration is calculated from national scale allometric equations that 

calculate the above ground biomass compartments of most common tree species in 

Canadian forests. It was developed based on the data acquired in the 1980’s during the 

ENergy from the FORest (ENFOR) program (Lambert et al., 2005 and Ung et al, 2008). 

The equations were derived from sampling thousands of trees across Canada relating 

its mass of foliage, branches, bark and trunks to the DBH and the height of the tree. 

These calculations are offered on the Natural Resources Canada (NRC) website, which 

allows the calculation of the above ground biomass in terms of foliage, branches, bark 

and wood tree compartments.  

Carbon sequestration for White Spruce was calculated by adding the foliage, branches, 

bark and wood, in kg, and dividing that amount by two. To calculate how much kg of 

carbon dioxide that would be released into the atmosphere if the tree decomposes or is 

burnt multiply the carbon stored by 3.7 (ACER). DBH and height of each tree measured 

at the plot were entered into the NRC site https://apps-scf-

cfs.rncan.gc.ca/calc/en/calculateur-calculator.  The site has two methods of calculating 

biomass. However, the tree scale was used because DBH and height was collected and 

available for data input (ACER 2013, and NRC 2013). Carbon storage and carbon 

https://apps-scf-cfs.rncan.gc.ca/calc/en/calculateur-calculator
https://apps-scf-cfs.rncan.gc.ca/calc/en/calculateur-calculator
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dioxide release estimation were both calculated for every silver maple and White 

Spruce tree in the HAB plot. 

To determine how much carbon was actually taken up by silver maple and White 

Spruce, DBH and height of the tree during planting seasons had to be collected and its 

carbon storage estimated. However, there is missing information for many trees 

possibly not taken during those years. The data collected was done by volunteers, 

citizen scientists, and student interns, which can contribute to human and experimental 

error in the data. The error can be associated with the people being too young and not 

well educated in the field.  It can be as simple as not having enough people to help 

measure the plantings. Due to this logistical constraint, linear and cubic splining 

interpolation was used to interpolate height and DBH of the trees that are missing in this 

data set. Tremblay et al, 2006 used splining interpolation method for evolution of 

organic carbon over a period of 50 years in White Spruce in plantations located in 

Quebec.  Most of the present trees have lost its tree tag identification and so, the old 

data of the present trees had to be synchronized by means of triangulation of the tree 

itself. However, there were some inconsistencies in the triangulation data, which may be 

caused by inconsistent monitoring by various groups of volunteers, and students. For 

example, side 1 may have been designated on the east side as oppose to the north side. 

Therefore, many of the trees were identified by distance of side A and B. In the case of 

the White Spruce plantation, there was no need for interpolation because the White 

Spruce was planted as seedling at the site and therefore, the entire lifetime of the White 

Spruce will be the period at the site. 
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The carbon storage and carbon dioxide release potential of the White Spruce was 

calculated for both in the HAB plot and plantation. Then the carbon storage and carbon 

dioxide release were calculated and standardized to per year in the plot and hectare as 

a species population. F-test, t-student test, ANOVA, and descriptive statistics were all 

performed using Microsoft Excel. 

5. Project Results 

The HAB plot contained twenty two different species of mature trees, having a Shannon 

–Wiener, Simpson, Simpson Reciprocal, Evenness and Dominance Indices of 2.30, 

0.16, 6.25, 0.61 and 0.84, respectively. White Spruce makes up 31 out of 186 mature 

trees in the HAB plot. The White Spruces were clustered in quadrats 1, 5 and 24.White 

Spruce in the quadrats 1, 24 and 27 were planted in 2002 and quadrat 5 was planted in 

2003. This may suggest that all the White Spruce may have been safe from deer 

browsing, while the other tree species were not safe from it. The mature White Spruce 

trees have shown mostly to be in healthy standing status with no bark damage or deer 

browsing. The crown volume, average DBH and height of the White Spruce trees 

measured at the site are shown in table 1. 

White Spruce Measurement Averages at Humber Arboretum Plot (N=31) 

Crown Volume (m2) 6.528 SE=0.0056 

Diameter at Breast Height 
(DBH) (cm)  

8.84 SE=0.46 

Height  3.88 SE=0.13 

 

Table 1: Measurement Results of White Spruce Measurement Averages at the 

Humber Arboretum plot. 
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Species 

# of Old 
Etobicoke 
Nursery Tree 

# of 
Trees 
Planted 

Grand 
Total 

Populus balsamifera (Balsam Poplar) 
 

7 7 

Juglans nigra (Black Walnut) 2 
 

2 

Quercus macrocarpa (Bur Oak) 15 6 21 

Prunus virginiana (ChokeCherry) 
 

2 2 

Pinus strobus (Eastern White Pine) 1 3 4 

Acer campestre (English Maple) 2 
 

2 

Alnus glutinosa (European Alder) 
 

2 2 

Ginkgo 3 
 

3 

Fraxinus pennsylvanica (Green Ash) 
 

1 1 

Prunus padus (Hackberry) 9 
 

9 

Gleditsia triacanthos (Honey Locust) 8 
 

8 

Acer carpinifolium (Hornbeam Maple) 2 
 

2 

Tilia americana (Linden) 1 
 

1 

Acer platanoides (Norway Maple) 6 
 

6 

Acer rubrum (Red Maple) 18 
 

18 

Quercus rubra (Red oak) 1 
 

1 

Acer saccharinum (Silver Maple) 
 

59 59 

Acer saccharum (Sugar maple) 2 
 

2 

Acer pseudoplatanus (Sycamore) 
 

1 1 

Larix laricina (Tamarack) 
 

3 3 

Fraxinus americana (White Ash) 1 
 

1 

Picea glauca (White Spruce) 
 

31 31 

Grand Total 71 115 186 
 

Table 2: The species distribution of all mature trees categorized by the 

nursery trees and planted trees in the HAB plot. 

At the White Spruce plantation, the ground was littered with dead pines, moss, and 

cones. Inside the plantation all of the lower branches lost its pines and were considered 

dead.  There was also some evidence of understory growth of young poplars. The 

height of the White Spruce was clustered in a small range with a mean of 21.18m tall, 
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and the mean DBH of 24.28cm, SE = 0.96 cm (N=37). They are 49 years of age and the 

biodiversity indices are not applicable in this case as it is a control plot.  

The standard error and model estimates for the models of set equations for DBH 

and height of the biomass and nutrients calculator is described in two papers 

(Lambert et al, 2005 and Ung et al, 2008). The standards of error for wood, bark, 

foliage and branch compartments are low meaning that they these estimates 

represent the entire population of White Spruce across Canada. 

  

 

Table 3: Associated standard errors and model estimates wood, bark, 

branches, and foliage tree compartments for DBH set equations for White 

Spruce (Lambert et al, 2005 and Ung et al, 2008). 
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Table 4: Associated standard errors and model estimates wood, bark, 

branches, and foliage tree compartments for DBH and height set 

equations for White Spruce (Lambert et al, 2005 and Ung et al, 2008). 

 

 

Figure 4: Carbon sequestration and potential carbon dioxide release when 

burned of White Spruce in the HAB plot and the Albion Hills plantation 

(P<0.05). 
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The carbon storage and potential carbon dioxide burned show that White Spruce in the 

plantation stored tripled the amount of carbon and carbon dioxide, respectively 

compared to the White Spruce at the HAB plot. F-test statistical analysis shows that the 

two plots are significantly different, as expected, since one is a biodiversity plot and the 

other is a White Spruce plantation. ANOVAs, t-test and z-test (P<0.0001) at p<0.05 

indicate that the means are significantly different, which suggests a significant change 

between the two plots may be the diversity of tree species, since the planting design, 

soil texture, proximity to floodplains, and geographical regions are similar for both plots.  

Results show that White Spruce in the HAB actually sequestered less carbon than its 

plantation counter parts. These results indicate that White Spruce may not be benefiting 

from advantages of diverse tree species and shrubs.  A study of White Spruce in 

monocultures and mixed plantations with hybrid poplar show little to no significance in 

growth, aboveground biomass increase and in height after six growing seasons 

between the two plantations (Benomer et al., 2013 and Nelson et al., 2012).  

6. Discussion  

According to the biodiversity indices, the HAB plot is considered to have a low diverse 

of tree species compare to natural forests. This is because of the large population in 

Silver Maple, White Spruce, Burr Oak and Red Maple, accompanied with very low 

counts (less than five) for over 60% of all the tree species in the HAB plot.  Appiah, 

2013, considered a tropical dry deciduous forest in Ghana to have a less diverse forest 

the Shannon and Simpson indices having a value of 3.14 and 0.06, respectively. The 

Simpson Reciprocal Index is 6.25, which is considerably low for diversity, compare to a 
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maximum value of 22 for great diversity. The Evenness index is 0.61 and is pretty 

indicating that a few species dominate the plot over other species. White Spruce is one 

of the species that have a greater dominance of plot cover over other species with 17% 

of mature stands in the plot. It is probably the case the biodiversity is not high enough 

such that White Spruce can obtain any real benefits from diversity. 

The excelled carbon storage of the white spruce in the Albion Hills can be the result of 

the soil and geographic location being more suitable then the HAB plots. The Albion 

Hills plot is located on the hillside adjacent to a floodplain with sandy soils, whereas the 

HAB plot is located directly in a floodplain region having rich loamy sand.  White 

Spruces do not grow not well in stagnant water environments (MNR, 1995). 10 of the 31 

the White Spruce trees were excluded from the carbon sequestration calculations 

because initial measurement during the planting year did not exist and had to omitted. 

This may have skewed the means. Also, it is possible that sampling one quadrat in the 

plantation site may not be sufficient enough to provide a fair representation of the site 

even after statistical analysis shows significant difference at p<0.05 confidence. 

The uncertainties of the carbon sequestration model based on the data the equations 

were derived from have some information not very well defined. Specifications relating 

to aboveground biomass such as stumps, dead branches, cones, fruits, were not 

mentioned, and every provinces biomass definition in the ENFOR information were not 

clear, and had missing data in plot information. Compartments were measured 

according to Aldred and alemdag protocol for forest biomass inventory (Lambert, 2005). 

Biomass estimates from these equations were compared with estimated values from 



The Relationship between Plot Diversity of Picea glauca and Tree Carbon Sequestration- An application for the 
Ministry of Natural Resources Biomass and Nutrients Calculation Model Talent Huang 

 

 

 
Page 23 of 32 

 

provincial equation to evaluate the loss of accuracy when scaling up from regional to 

national scale.  They have been shown to have the same bias and error with set 

equations based on DBH and height similar to the provincial equations than DBH alone. 

This tool can be given some confidence as it can be used for wider range then local or 

regional equations because of the limitation of ‘region of application’ for the use of local 

or regional equations, which remains to be poorly defined for regional equations (Ung et 

al, 2013).   

The ages in White Spruce may be a big factor and uncertainty in the results of the 

reduced uptakes of carbon in the HAB plot compare to the plantation. Young White 

Spruces may grow slowly and sequester less carbon in the same amount of time 

compare to an older tree because they have a smaller crown volume for photosynthesis 

and it may be using up its energy to establish roots. Secondly, its growth may have 

been slowed down by the increase in nutrient demand, which can increase with 

elevated carbon dioxide concentration in the atmosphere.   Since the purpose of HAB 

plot was to monitoring the growth rates, diversity and resiliency of Canada’s mixed 

hardwood and conifers in a warming climate, evidence of lowered carbon intake and 

aboveground biomass can be the result of increased carbon dioxide in the atmosphere.  

A study on one-year old black spruce seedling growth rates and its nitrogen, potassium 

and phosphorus demands in ambient (320 umol mol -1 )  elevated (720 umol mol -1 ) 

carbon dioxide environments  shows that nitrogen is the limiting nutrient when it comes 

to biomass, height, and foliage root ratio growth (Li et al., 2013). Nitrogen coupled with 

elevated carbon dioxide is suggested as the two key factors to optimal growth. On the 
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other hand, increased nitrogen supplies can induce potassium deficiency, which can 

also cause growth stunts. The HAB plot is directly on the floodplain that occasionally 

gets floods and can stun the growth of White Spruce as they do not grow well near 

stagnant water (MNR, 1995). 

White Spruces have a tolerant capacity to compete in diverse environments for a range 

of species densities. White Spruce growth can be affected when exceeding a density 

threshold.  A diversity study of mixed plantation of spruce with birch on the impacts of 

white pine weevil attacks in herbicide treated and non treated sites. Results show that 

the spruce had the same density (975+/-477stem per ha (sph) for herbicide treated and 

1095+/-598sph for the untreated site) through both sites while the birch (375 +/- 477sph) 

had a smaller density in the treated site and had a larger density (4325+/-66sph) in the 

untreated site (Hawkins et al., 2013). This described the resiliency of White Spruce 

trees in these two plots. They conclude that response to competition are based on the 

life stages of the tree species, species composition and site conditions and that spruce 

tree species are not influenced directly  until up to a certain density of birch trees. In the 

HAB plot, it is possible that competing grass and shrubs along with the other planting 

trees have already taken up a density that may pose to limit the spruce ability to 

compete for nutrients and sequester carbon. Also, biodiversity is not the same as 

species density because biodiversity is a quantification of diverse processes between 

diverse species in an arbitrary size of an ecosystem, where as species density is the 

amount of species cover in a fixed area. Having high densities of shrubs, grass and 

some tree species does not count towards the biodiversity of the plot. The planted 



The Relationship between Plot Diversity of Picea glauca and Tree Carbon Sequestration- An application for the 
Ministry of Natural Resources Biomass and Nutrients Calculation Model Talent Huang 

 

 

 
Page 25 of 32 

 

White Spruce in the HAB may have not fully developed to a stage in its life to properly 

compete for nutrients such a premature root system. 

7. Conclusions  

In general, tree diversity in the HAB plot has little or negative effect on the growth rates 

and carbon sequestration potential of young White Spruce. The lower carbon 

sequestration can be further dependent on the age of the White Spruce in the HAB plot, 

the soil quality and the density of the other species composition such as grass and 

shrubs that simply inhibit growth. Also, the nutrient demand may be too high because of 

the increase in carbon dioxide in the air, and absorbing nutrients be further reduced for 

the lack of a more mature intricate rooting system. The flooding at site may also stun 

the growth of the White Spruce. Using the biomass calculator suggested by ACER and 

provided by the MNR is a good nation-wide scale tool to determine the carbon 

sequestration of various natural species. This study provides some insight on the 

confidence of these biomass estimates as it was suggested that it can be used for a 

wider range then local/provincial set of model equations.  

8. Recommendations and Next Steps 

Some of these recommendations are based on the data and analyses presented in the 

report. 

 Quantifying the plot with the Shannon and Simpson index is a better approach to 

screen and record changes in biodiversity of trees and shrubs over a period of 



The Relationship between Plot Diversity of Picea glauca and Tree Carbon Sequestration- An application for the 
Ministry of Natural Resources Biomass and Nutrients Calculation Model Talent Huang 

 

 

 
Page 26 of 32 

 

time. Also, biodiversity should not limit to just trees and shrubs, but incorporating 

existing fauna and animal species.  

 Maintain databases with metadata information and in a central repository with 

copies, and changes should always be documented 

 Always document unique physical characteristics or events while in the field 

 For carbon sequestration, obtain tree height and DBH is crucial compare to DBH 

alone 

 Recommendation by Sadia et al, 2010 suggest to sample for basal (DBH) per 

hectare using a minimum of five quadrats.  

 To better study the effects biodiversity and its effect on carbon sequestration of 

certain species, it is more robust to measure trees of same age between two or 

more plots of various biodiversities to reduce the variation in development stage 

of White Spruce such as nutrient uptake, crown volume, etc. 

 Look at various biodiversity plots and carbon sequestration of various species to 

define trends 

 When selecting plots, always look for similar biophysical properties 

 Developing citizen scientists, and promoting awareness in the forest for more 

effective monitoring  
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10. Appendix A 

 
White Spruce 

   

 

Carbon 
Storage (kg C/ 
yr*ha) 

Carbon Dioxide 
Release when 
Burned (Kg of CO2/ 
yr*ha) Carbon Storage SE Carbon Dioxide SE 

10 years in Biodiversity 
Plot 0.983766234 3.639935065 0.145380287 0.53790706 

Albion Hills White Spruce 
Plantation  2.283637617 8.449459184 0.167626841 0.620219311 

 

Table 1: Carbon Storage and Carbon Dioxide Release values and standard Errors 
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F-Test Two-Sample for 
Variances 

 
t-Test: Two-Sample Assuming Unequal Variances 

       

  
Biodiversity 

Plot Plantation   
Biodiversity 

Plot Plantation 
 

Mean 0.983766234 
2.28363761

7 Mean 
0.98376623

4 
2.28363761

7 
 

Variance 0.443843982 
1.08252190

3 Variance 
0.44384398

2 
1.08252190

3 
 Observations 21 37 Observations 21 37 
 

df 20 36 
Hypothesized Mean 
Difference 0 

  F 0.41000924 
 

df 55 
  

P(F<=f) one-
tail 0.018608408 

 
t Stat 

-
5.79050231

2 
  F Critical one-

tail 0.497726452   P(T<=t) one-tail 
1.74924E-

07 
  

   
t Critical one-tail 

1.67303396
6 

  

   
P(T<=t) two-tail 

3.49848E-
07 

  

   
t Critical two-tail 

2.00404476
9   

  

Anova: Single Factor 
     

       SUMMARY 
      Groups Count Sum Average Variance 

  Column 1 21 20.65909091 0.983766234 0.443843982 
  Column 2 37 84.49459184 2.283637617 1.082521903 
  

       

       ANOVA 
      Source of 

Variation SS df MS F P-value F crit 

Between Groups 22.63569279 1 22.63569279 26.49238395 
3.53E-

06 4.012973 

Within Groups 47.84766816 56 0.854422646 
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       Total 70.48336095 57         

 

 

 

Carbon Storage 
   

Biodiversity Plot   
White Spruce 

Plantation   

    Mean 0.983766234 Mean 2.283638 

Standard Error 0.145380287 Standard Error 0.171048 

Median 0.936818182 Median 2.102041 

Mode #N/A Mode 1.357857 

Standard Deviation 0.666216168 Standard Deviation 1.040443 

Sample Variance 0.443843982 Sample Variance 1.082522 

Kurtosis 7.07890761 Kurtosis -0.22871 

Skewness 2.313867486 Skewness 0.672045 

Range 2.925409091 Range 4.001224 

Minimum 0.3905 Minimum 0.695612 

Maximum 3.315909091 Maximum 4.696837 

Sum 20.65909091 Sum 84.49459 

Count 21 Count 37 
Confidence 
Level(95.0%) 0.303257963 

Confidence 
Level(95.0%) 0.346901 

 

 

 

Carbon Dioxide 
Release 

   

Biodiversity Plot   
White Spruce 

Plantation   

    Mean 3.639935065 Mean 8.449459 

Standard Error 0.53790706 Standard Error 0.632877 

Median 3.466227273 Median 7.777551 

Mode #N/A Mode 5.024071 

Standard Deviation 2.464999822 Standard Deviation 3.84964 
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Sample Variance 6.07622412 Sample Variance 14.81972 

Kurtosis 7.07890761 Kurtosis -0.22871 

Skewness 2.313867486 Skewness 0.672045 

Range 10.82401364 Range 14.80453 

Minimum 1.44485 Minimum 2.573765 

Maximum 12.26886364 Maximum 17.3783 

Sum 76.43863636 Sum 312.63 

Count 21 Count 37 
Confidence 
Level(95.0%) 1.122054463 

Confidence 
Level(95.0%) 1.283534 

 

z-Test: Two Sample for Means 
 

     BiodiversityPLot Plantation 

Mean 0.983766234 2.283637617 

Known Variance 0.44 1.08 

Observations 21 37 
Hypothesized Mean 
Difference 0 

 z -5.804989228 
 P(Z<=z) one-tail 3.21851E-09 
 z Critical one-tail 1.644853627 
 P(Z<=z) two-tail 6.43701E-09 
 z Critical two-tail 1.959963985   

 

 

Table 2: Statistics Results of Carbon Storage and Carbon dioxide release values 


