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Preface 
 

In 2008, a study conducted by Sophie Lu (a UTSC intern at ACER) looked at the 

regeneration condition of small trees and shrubs at Go Global Forest plot. 

Approximately 1500 forest understory plants were examined in terms of 

distribution, species richness and health conditions. Her study suggested black 

chokeberry as the most dominating regenerative species at Go Global plot.  

 

After two months of tree measurements at the Go Global forest plot, many signs 

had made me worried about the forest future. Besides the increasing number of 

diseased trees spotted, not many seedlings and saplings were noticed. Many 

saplings had to compete against invasive shrub chokeberry which currently 

dominated the forest understory. Furthermore, many seedlings were killed from 

visitors, deer browsing and extreme weather events. This had motivated me to 

conduct a study on forest’s current condition, its natural regeneration and 

suggest ways to better protect the forest from diseases and damage.  

 

It is not possible to complete this project without the valuable support and 

encouragement of many people. I would like to give my sincere and heartfelt 

thanks to all of them who have helped me in this endeavor.  

 

Special thanks goes to Daniel Kim. With his tireless effort in developing the 

QGIS maps, I was able to complete my project results section and give a more 

thorough analysis for the subject matter.   
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I also acknowledge with a deep sense of appreciate, my gratitude towards my 

team members, Amy Chen, Talent Huang, Daniel Kim and Sam Xing. Without 

their active help, cooperation and kind encouragement, I never would have 

completed this project.  

 

I am ineffably indebted to the Association for Canadian Educational Resources 

(ACER) for their conscientious guidance and constant supervision as well as 

providing all necessary assistance regarding the project. I would like to give my 

sincere appreciation to President Alice Casselman, P4C Coordinator Kathryn 

Chin and Program Coordinator Ana Maria Martinez.  

 

Last but not least I extend my gratitude to University of Toronto Master of 

Environmental Science program for providing me this valuable opportunity to 

broaden my horizon.  
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Glossary of terms 

 
 
Basal Area: This term defines the area of a given section of wood log that is 

occupied by the cross-section of tree trunks and stems at their base.  

 

Basal Sprouting: This term describes how stems/branches emerging from the 

root of a tree at soil surface.  

 

Crown Volume: Tree Crown a term used to describe the mass of foliage and 

branches growing outward from the trunk of the tree. Crown volume calculation 

uses crown spreading and crown height.  

 

DBH: Diameter at breast height. This is a tree measurement that expresses the 

diameter of the trunk of a standing tree at 1.3 m height from the base of the tree.  

 

Deciduous Forest: forest where trees or shrubs that lose their leaves seasonally  

 

Deer browsing: This is a term used to describe deer feeding on or leisurely 

nibbling at foliage, lichen or berries of young trees and shrubs. 

 

Forest regeneration: The act of renewing tree cover by establishing young 

trees, generally promptly after the previous stand of forest has been removed.  
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Leaning: A tree is defined as leaning only when the trunk deviates more than 

30 from the perpendicular.  

 

Quadrat Sampling: This is a sampling method for plants or animals that do not 

move much. A quadrat is a standard unit of area for study of distribution of trees 

over a large area. The 1-hectare large Go Global forest plot is divided into 25 

square plots each of 20 X 20 m.  

 

Root collar: The transition zone between root and stem.  

 

Swathing: A method to survey trees within a quadrat. Starting from the 

northwest corner, surveyor moves clockwise and surveys trees within 2 m from 

each side in a spiral way until the centre.  

 

Triangulation: This is a term used to describe the process of determining a point 

by measuring angles to it from points at eight ends of a fixed baseline in 

trigonometry. This process is used in tree measurement to locate a specific tree 

to a reference side within a quadrat.  
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Executive Summary 

 
This project aims to determine the natural regeneration condition of the 

understory community of Go Global forest plot. The one-hectare forest plot was 

measured using Quadrat Sampling method. Trees with DBH (diameter at breast 

height) of 1.3 cm to 4 cm from five randomly selected quadrats were assessed. A 

tree age class histogram was made to determine regeneration condition and tree 

distribution was mapped to determine spreading patterns. It was found that not 

only the forest is losing its species richness; the number of regenerative species 

has become alarmingly low. This could be the result of deer browsing and the 

dominance of an invasive shrub, a crossbreed of black chokeberry and 

chokecherry (for simplicity, it will be shortened to black chokeberry for the rest of 

the paper).  

 

Eradication black chokeberry is an urgent restoration measure. Fixing up the 

deer fence, spraying chemical repellent and putting up educative signs to stop 

visitors from stepping on seedlings are other measures for forest regenerative 

species protection.   

 

 
 
 
 

 
 

 
 

 



Natural Regeneration of a Deciduous Forest 9 

Introduction and Project Description 
 
 

Forest Regeneration 
 
Sugar Maple (Acer saccharum) and American Beech (Fagus grandifolia) are two 

shade-tolerance species dominating the majority of deciduous forest In Southern 

Ontario. A beech-maple forest usually occurs on deep, not strongly acidic soils, 

at a mid-to-lower sloped terrain (Fike, 1997).  

The most important consideration to make during forest research is to treat forest 

as a system that is constantly adapting to the changing climate and changing 

physical environment. The Go Global forest was impacted by Dutch Elm Disease 

in the 1980’s which led to a complete elimination of elm trees. This had left 

spaces for American Beech and Sugar Maple trees to spread which have 

become the dominating species today. The effect of any changes would only be 

seen decades later. The forest system’s resilience depends on its vegetation 

productivity which further depends on canopy gap, nutrients, climate and 

herbivory (Akashi, 2009). The only way to predict forest future is through the 

study of forest regeneration by assessing the growth and distribution of sapling 

so we could take corresponding actions if necessary.  

 
Background of ACER 

 
The association for Canadian Educational Resources (ACER) is a charitable 

community education organization (ACER, 2012). Founded in 1987 by Alice 

Casselman, ACER has made tremendous effort in delivering programs that 
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enable citizen scientists to accurately and efficiently collect data and to learn the 

effect of climate change on local ecological sustainability. ACER has many 

different forest monitoring programs to protect local ecology and to facilitate the 

exchange of information between organizations and citizen scientists. These 

programs include the “Youth Stewardship Project”, “Go Global”, “Let’s Plant, 

Measure and Mulch”, “Measuring Our Resources” and “Planting for Change”. 

These projects have been extremely successful among the students in engaging 

and educating them about the importance of stewardship.  

 

Beginning in late 1990s, ACER had established many one-hectare forest plots 

throughout Southern Ontario in collaboration with Environment Canada, the 

Ecological Monitoring and Assessment Network and the Smithsonian Institution 

(Butt, 2010). Trees in these long-term forest plots have been measured using the 

Smithsonian Institution/Environment Canada biodiversity tree monitoring 

protocols by various groups including company volunteers, students and 

naturalist clubs (Butt, 2010). These experimental forest plots are used to study 

the effect of climate change at a micro-scale. The yearly data at these forest 

plots is a valuable resource for tracking the minor changes in forest ecosystem 

and studying the gradual effect of a changing climate.  

 

Site History and Current Condition 
 
Humber Arboretum consists of various botanical gardens and natural areas 

surrounding the Humber River (Humber Arboretum, 2012). The Arboretum 
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situates at the Carolinian bioregion which is the most diverse ecosystem in 

Canada and is home to over 1,700 plant and animal species (Humber Arboretum 

2012). Founded in 1977, the Arboretum was established through the initiative of 

Humber College horticulture students as a plot for research and education for 

conservation and restoration practices, as well as a natural sightseeing spot for 

the general public (Humber Arboretum, 2012).   

 

Figure 1.3.1 Satellite Image of Humber Arboretum (Google Maps, 2013) 

Humber Arboretum has over 6 km walking trail and covers approximately 250 

acres of the West Humber River Valley between Highway 27 and HW247. On the 

satellite image of Humber Arboretum (fig. 1.3.1), the white arrow points at the 
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Centre for Urban Ecology. The urban ecology centre is close to the Humber 

College North Campus entrance to the Arboretum. The location of Go Global 

Forest plot relative to the Urban Ecology Centre and Humber College campus is 

marked by a white square.  

 

The Go Global forest plot is a one-hectare pot located next to the Urban Ecology 

Centre. The sampling result of one-hectare plot is often robust enough to assess 

the biodiversity of the site (Lu, 2008) and to compare with other experimental 

plots globally. This plot had undergone many changes in the past few decades. 

The forest used to have a much wetter microclimate and contained many trilliums, 

marsh marigolds and black cherries in the understory community. Hickories 

prefer dry condition and started to take over as the climate dried up. Bitternut 

Hickory first appeared at late 1970’s and early 80s and started to aggressively 

expand its way into the forest. In addition, Shagbark Hickory was harvested at 

the same time for commercial uses. Since then it had been declining at an 

alarming rate. By the 1980’s, slippery elms and rock elms went extinct from 

windstorms and cow herding. The Dutch Elm Disease wiped out all the elm trees. 

Beech trees have very low tolerance to root damage. The forest trail was first 

built among the beech trees at turn of the century. This sharp decline of 

American Beech trees from root fracture started to take place. Inter-species 

interaction also plays an important role in forest composition. Currently white ash 

is declining; losing to other tree species. Manitoba Maples have come in since 

the last decades and have been invading other maple species.  
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Established in 2001, the plot was aimed as an experimental plot to study the 

effect of climate change. The entire plot is divided into 25 quadrats, each of 400 

m2. These 25 quadrats are formed by connected the 36 T-bars (for the rest of the 

report, it will be called poles). Figure 1.3.2 shows the exact locations of each 

quadrat. Quadrat 1 to Q15 lies on flat terrain. Q16 to Q20 are located on inclined 

plain hill. Q21 to Q25 sit at the bottom of the hill crossing a deer fence. This 

report only looks at quadrats that are off the trail as the study focuses on forest 

regeneration with minimum sunlight exposure and full canopy coverage.  

 
Figure 1.3.2: Go Global Forest Plot Showing Locations of the 25 Quadrats (Lu, 2008) 
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Hypothesis and Study Approach 
 
The objective of this report was to determine whether the forest is undergoing 

degradation. It was hypothesized that the forest is regenerating itself enough to 

cope with deer browsing, anthropogenic damage and natural degradation and 

remain healthy in the next few decades. A sapling was defined as trees with DBH 

of 1.3-4cm (Gravel, Beaudet, & Messier, 2011). Natural Regeneration of a 

Deciduous Forest looked at regeneration of woody tress in instead of seedlings 

(<1.3cm DBH) or shrubs. Seedlings were not considered due to their low survival 

rates.  

 

This study examined DBH data of all trees and understory species age structure 

to identify age gaps, species composition for dominance and distribution pattern 

of young trees relative to mature trees. This report also provided suggestions to 

why the forest is at its current state. Restoration measures were proposed to help 

set the forest back to its healthy states.  
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Methodology 
 
 

Mature Trees Measurements 

Mature trees (DBH>4 cm) measurement was carried out following the protocol 

from the 2012 Fall Measuring Our Resources: Train the Trainer Manual by 

ACER. See Appendix A for Mature Trees Data Sheet for a list of required data.  

 

The entire Go Global forest plot is one hectare. The plot was divided into 25 

quadrats, each 20 X 20 m in area. Each quadrat has four sides formed by 

connecting ropes between the 4 poles (fig. 2.1.1).  The side facing North is 

always side one. The side facing east is side two. The third side always faces 

south and the fourth side faces 

west. 

 

To measure mature trees, the first 

step was to locate a tree by 

swathing. One person holding a 2 

m stick walked clockwise from the 

northwest pole. Trees within 2 

metres would be measured in this 

sequence. The next round started 

with a 4 m metre stick and the 

same process repeats until all area within a quadrat was surveyed. This 

procedure was used to ensure that none of the trees were missed. The distances 

Figure 2.1.1 Ropes Used to Connect Poles to 
Form the Four Sides 
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between the tree and side a (right hand side facing the side at which the tree is 

closest to) and side b (left hand side) poles were recorded. The process of 

triangulation was used to determine location of a tree within a quadrat. Once the 

exact location of a tree was determined with a GPS unit, the exact location of 

each tree could be deduced. 

 

Once a tree was found, the first thing would be a tag check. All tree tag names 

follow the same “plot code - quadrat name – tree number” format. For example, 

the first tree at Go Global plot would be HAF-02-01. The second step was to 

identify tree species using tree atlas of common Southern Ontario tree species 

guideline combing the result of using an iPhone app Leafsnap.  

 

The DBH measurement 

required a diameter tape. The 

diameter of the tree was 

measured 1.3 m above the 

base of a tree. If the tree 

branched off from below 1.3 m, 

the branch would not be 

included in the measurement. 

All measurements were based 

on the main branches. Crown 

width measurement required Figure 2.1.2 Correct Position for Holding a 
Clinometer 
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two people standing at the two edges of tree crown holding a meter tape against 

the tree trunk. The crown at its widest width was measured. The second crown 

width measurement was done at an angle perpendicular to the first 

measurement.  

 

Height measurements involved 

a clinometer, a tangent table 

(Appendix C) and a 30 m tape. 

The surveyor stood 20 m from 

the tree in any direction holding 

a clinometer towards the tree 

parts (fig. 2.1.2). Clinometer 

readings were recorded when it 

was aimed at the base, first 

branch and top of the tree. 

Conversion of clinometer angle 

readings to height in metres were done using the angle-tangent-height table. If 

the upper and lower angle had the same sign, the total height is the sum of lower 

height (using the table) and upper height. If the lower height was negative, then 

the total height was the upper height subtracting the upper height. A person 

standing behind the tree facing the clinometer person gave the compass bearing 

reading (fig. 2.1.3). The final step was to check the status of the tree. This check 

involved a quick assessment of the tree’s general condition and health condition 

Figure 2.1.3 A Surveyor Giving Compass Bearing 
Measurements 
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and signs of defects at tree trunks, branches and leaves. Dead/Diseased trees 

only needed triangulation data.  

 

Young Trees Measurements 
 
Young tree (1.3 cm < DBH < 4 cm) measurements followed a similar protocol. 

See Appendix B for Young Trees Data Sheet for a list of required measurements.  

 

A tree gauge was calibrated so 

trees with DBH above 4 cm 

would not fit. It was used to 

distinguish young trees from 

mature trees. Once a young 

tree was found, it was located 

the same way as mature trees 

using the triangulation method.  

 

A caliper ruler instead of a 

diameter tape was used to 

measure the DBH of young 

trees. It was also used to measure root collar (see fig. 2.2.1 for the green ruler). 

Root collar measurement measures the thickness or diameter of the part of tree 

where roots join the stem. The caliper was placed gently at the base of the tree 

and tightly against the ground. The measurement results were recorded in mm. A 

Figure 2.2.1: Equipments Required for Young Tree 
Measurements 
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1.5 m tape was used to measure the total height of a young tree from root collar 

to the tip base of a terminal bud on the tallest branch. The crown width procedure 

was the same as mature tree measurements. Both results were recorded in cm.  

 

Any signs of abnormality were noted in the comments section of the data sheet. 

General conditions and health check result was noted in the diagnosis section.  

 

 
Project Design & Data Processing 

 
Using a random number generator, five quadrats away from the trail were 

selected. The selected quadrats were Q1, Q2, Q7, Q11 and Q23. Quadrat 23 is 

located downhill; access was denied after a storm event, so it was changed to 

Q13, another randomly generated number. Mature trees and young trees were 

measured following the protocol described in the above section.  

 

Quantum GIS is a GIS software, free of charge for downloading and was used to 

map all trees within the quadrat. Daniel Kim did all the GIS mapping for Go 

Global plot at Humber Arboretum. He also finished the maps with young trees 

mapped at a separate layer from mature trees (see fig. 3.5 to fig. 3.9).  

 

Tree age was estimated using Missouri Department of Conservation guidelines 

for tree age estimation. All DBH data was converted to inch from cm and 

multiplied by a growth factor. For Sugar Maple, the growth factor is 5.5; Shagbark 

Hickory is 7.5, American Beech is 6 and Ironwood is 7. An age class histogram 
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was made for all the young trees in the five quadrats. Another histogram was 

made for all trees (mature and young) at Q1. Since Q1 is the only quadrat among 

the five randomly selected quadrats with complete tree ID information.  

 

Total number of trees in each species was tallied to make a pie chart. The basal 

area was calculated by the following formula: 

Density was calculated by dividing the number of trees by area. Biodiversity 

Index was used to compare species richness and was calculated by dividing the 

number of species by the number of trees within a quadrat. A one-way analysis 

of variance test was performed on the five groups of mean estimated age data to 

test if the five quadrats have similar age dynamics.   
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Project Results 
 
 

 

Figure 3.1 Percentage of Each Tree Species at Five Randomly Selected Quadrats of Go 
Global Plot 

Of the five randomly selected quadrats at Go Global forest plot, Sugar Maple was 

the dominating species (fig. 3.1), whereas only 1 young beech tree was spotted 

(Appendix table 3.1). At the two quadrats where Sugar Maple was not the only 

species, the relative densities of young hickory saplings were 18.75% and 37.5% 

for Q 11 and Q13 respectively. The forest plot had a mean (± standard deviation) 

density of 260±118.1 stems/ha for young trees. In comparison, mature trees at 

the same five quadrats have a cumulative density of 700±91.9 stems/ha. The five 

randomly selected quadrats showed great variability in terms of species 

composition (from 50% maple to 100% maple) and young tree density which 

ranged from 150 stems/ha to 400 stems/ha. Also depicted by table 3.1 were the 

variability in the number of young trees and biodiversity index values.  

 

81% 

17% 

2% 

Percentage of Young Trees for Each Species at Five 
Randomly Selected Quadrats of Go Global Plot 

Maple 

Hickory 

Beech 
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Quadrats Number 
of Trees 

Basal Area 
(m2/ha) 

Density 
(stems/ha) 

Biodiversity 
Index 

Relative Maple 
Dominance (%) 

Q1 8 0.1326 200 0.125 100 
Q2 6 0.0985 150 0.167 100 
Q7 7 0.1362 175 0.143 100 
Q11 15 0.1898 375 0.133 80 
Q13 16 0.2316 400 0.188 50 
Table 3.1 Tree Density, Basal Area, Biodiversity Index and Relative Maple Dominance of 
Young Trees at Five Randomly Selected Quadrats at Go Global Plot 

 

Quadrats Number 
of Trees 

Basal Area 
(m2/ha) 

Density 
(stems/ha) 

Biodiversity 
Index 

Relative Maple 
Dominance (%) 

Q1 22 2.7289 550 0.136 68 
Q2 31 36.2974 775 0.171 61 
Q7 27 2.9308 675 0.148 N/A  
Q11 30 2.0225 750 0.172 N/A 
Q13 30 3.7160 750 0.133 N/A 
Table 3.2 Tree Density, Basal Area, Biodiversity Index and Relative Maple Dominance of 
Mature Trees at the Same Give Quadrats at Go Global Plot 

When comparing mature tree data with the young tree data of the same quadrat, 

there was no obvious relationship in terms of tree density or species composition 

(table 3.2). The mature trees at the same five quadrats did not display much 

variability in terms of tree numbers of density or biodiversity index values. In 

comparison, the forest understory was not as stable. 

Sapling age was calculated from DBH values according to Missouri Department 

of Conservation guidelines for tree age estimation. According to the age class 

histogram (fig. 3.2), the estimated tree ages of all young trees in the five quadrats 

were slightly skewed to the left. The hickory saplings found were all greater than 

5 years old. There was an age gap from 1 to 5 years old for hickory trees at the 

five quadrats. The age distribution of sugar maple trees was also left skewed. 

There were trees at every age class from 1.5 to 8.5 years old. The bulk of the 
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regenerating maples were from 6 to 8 years old. There was no age gap detected 

for Sugar Maple.  

 

Figure 3.2 Age Class Histogram of All the Young Trees from Five Randomly Selected 
Quadrats at Go Global Plot 

To obtain a bigger picture, all trees from the first quadrat was randomly selected 

and graphed for age structure (fig. 3.3). The age structure for all tree species at 

Q1 was skewed to the right. Most trees were between 2 years to 7 years old. 

There was an age gap from 10 to 12 years old. Sugar Maple age spanned from 2 

to 18 years old. Although right skewed, there were trees in almost every age 

categories. There was no young Ironwood. Most are 9 to 10.5 years old. The 

three Shagbark Hickory trees were from 46 to 59 years old. It is the oldest 

species in the quadrat. There was no regeneration of hickory at Q1. A DBH 

distribution histogram was made for all trees at Q1 (fig. 3.4) for comparison.  
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Figure 3.3 Age Class Histogram of All the Trees (Mature and Young) from Quadrat 1 of Go 
Global Plot 

 

Figure 3.4 Diameter at Breast Height Distribution Histogram of All the Trees (Mature and 
Young) from Quadrat 1 of Go Global Plot 
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The five quadrats have average estimated ages of 6.2±0.97, 6.1±1.46, 6.8±0.41, 

5.4±1.66 and 6.3±1.47. Assuming that all five quadrats were equal, the one-way 

analysis of variance results (table 3.3) were calculated using mean estimated 

age data. The difference between estimated tree age values across five quadrats 

was not statistically significant at 95% confidence interval since the significance 

level (p value) was way above 0.05. This showed that the five quadrats were 

relatively uniform in terms of ages of sapling populations.  

 SS Df MS F p 
Between  10.340 4 2.585 1.360 0.262 
Within 89.328 47 1.901 
Total 99.668 51 
Table 3.3 One-Way ANOVA Results Using Mean Estimated Age Data of Five Randomly 
Selected Quadrats 

The follow five maps (fig. 3.4-fig. 3.8) contain all trees in the quadrats, mature ad 

young, mapped with Quantum GIS. 

 

Figure 3.5 QGIS map of Young Trees (Green) and Mature Trees (Black) of Q1 at Go Global 
Forest 
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Figure 3.6 QGIS map of Young Trees (Green) and Mature Trees (Purple) of Q2 at Go Global 
Forest

 

Figure 3.7 QGIS map of Young Trees (Green) and Mature Trees (Purple) of Q7 at Go Global 
Forest 
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Figure 3.8 QGIS map of Young Trees (Green) and Mature Trees (Purple) of Q11 at Go 
Global Forest 

 

Figure 3.9 QGIS map of Young Trees (Green) and Mature Trees (Purple) of Q13 at Go 
Global Forest 
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Discussion 

 

Forest Present and Future  

Reproduction of American Beech by root sprouts tends to have higher growth 

rates than the mode of seeds; the survival rate of root sprouts reproduction is 

higher at low light levels (Beaudet et al., 2007). Sugar Maple, on the other hand, 

reproduces by seeds. Their frequent seed dropping could soon produce a rich 

seedling bank under shaded conditions on undisturbed leaf litter (Beaudet et al., 

2007). For a natural canopy-covered secondary forest with dense tree population, 

seeds cannot be transported over long distance by wind and tend to fall under 

“mother trees”. Therefore on the QGIS maps saplings were almost always found 

in proximity to clusters of mature trees of the same species. In addition, there 

tend to be less obstruction such as fallen tree trunks under big trees comparing 

to open spaces. Another explanation for this distribution pattern might due to the 

competitive advantage of chokeberries which blocked all sunlight from seedlings 

at open areas where mature trees are not present. (Enoki & Abe, 2004). Maple 

tree would more likely to be found under beech trees (Tilman, 1988). This was 

found to be true for the only mature American Beech (fig. 3.5). 

The age structure demonstrated different dynamics in ironwood, Shagbark 

Hickory and Sugar Maples resulting from an interaction of demographic rates 

(establishment, growth and mortality) (Gravel et al., 2011). Both Sugar Maple 

and Ironwood population were relatively young (fig. 3.3). The only few Shagbark 

Hickories are above 40 years old which were introduced to the forest at the time 
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when the species was first introduce to Humber forest. However Shagbark 

Hickories are aging and no saplings are coming along to compete with the other 

two species. This might be explained by Shagbark Hickory’s preference for 

sunlight. Especially at the current rate of chokeberry expansion on the forest floor, 

Shagbark Hickory seedlings would have a hard time fighting through to the 

sunlight.  

The graph also showed that the age distribution was not uniform in all age 

classes. Sugar Maple has a lifespan of approximately 75 years (CBC News 

Online, 2005). But there was no Sugar Maple older than 20 years old on the 

histogram. Both the age class histogram (fig. 3.3) and DBH distribution histogram 

(fig. 3.4) showed several gaps. There was no Sugar Maple with DBH above 40 

cm. This might be due to the fact that the history of Sugar Maple at Humber 

forest was pretty recent. Furthermore, a sharp decrease in frequency with 

increasing age was expected for Sugar Maple relative to hickory and beech due 

to maples’ lower survival rate under shaded conditions (Kobe, Pacala, Silander, 

& Canhan, 1995). Sugar Maple growth favours canopy damage, especially at 

seedling-to-sapling stage.  

The quadrat contains a high proportion of regeneration species. The age gap 

was significant. This shows that the forest is not developing at a steady rate. It 

makes sense that the Sugar Maple population is generally younger than hickory 

population since sugar maple population came after the establishment of hickory 

population. Also, hickory grows at faster rate. Calculated from historical data, 

mature hickory tree growth was 0.601 cm DBH/year; whereas Sugar Maple was 
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0.251 cm DBH/year. Saplings of Sugar Maple would grow fast at canopy opening. 

A recent research on a beech-maple forest over 32-year period of time showed 

no difference of annual growth rate between sugar maples and beech trees of 

given sizes. They averaged out to be 0.45 cm growth of DBH  (Runkle, 2013) 

which is close to the combined growth of the two most dominating species: 

hickories and Sugar Maples.  

Regeneration rate could not be calculated, as this is the first time for collecting 

regeneration data. In addition, trees that were cut down to make the trail could 

have had a negative impact on the natural regeneration rate due to the forest 

destruction of seedlings as well as soil erosion and degradation of soil quality 

(   kov , Svoboda,   K enov , 2011). Canadian Forest Services has estimated 

natural regeneration rate from harvested forest in Canada which at 2008 was 

36.8% (Canadian Forest Services, 2013). Quadrat 1 had a regenerate rate of 

31.8% which is pretty close to this number. The overall regeneration state of the 

five quadrats is slightly lower than expected but still sustainable. There was huge 

difference in terms of regeneration rate between quadrats which shows that this 

parameter is highly dependent on micro-environment and inter-species 

interaction.  

It is noteworthy that the total basal area for mature trees at Q2 was significantly 

higher than other four quadrats. It is safe to state that Q2 has much higher level 

of competition. The total basal area for all young trees at the same quadrat was 

the lowest among the five. High level of competition might suppress individual 

tree growth (Fast Farm Line, 2009), therefore an inverse relationship was seen.  
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From the analysis of variance test, the mean estimated age between the five 

quadrats are statistically similar (p>0.05). Since the mean age of understory 

saplings has similar age across five randomly selected quadrats, we could 

project that the average of the entire forest understory community from 1.3 cm to 

4 cm DBH are around 5-6 years old. We could conclude that this tree “baby 

boomer” would become the backbone of future forest composition. This young 

population of maple could result from natural succession and better adaptability 

of sugar maple species. The relative dominance of Sugar Maples, at least at the 

plateau, is the highest comparing to other species. It would be safe to predict that 

in two decades, the forest will become more uniform.  

The age histogram of a healthy forest should be uniform cross age classes. A 

normally distributed age histogram shows a decline of seedling and non-uniform 

growth. The most worrisome fact about the age class histogram was the fact that 

the number of young trees from 1 to 4 was very low. It could reflect a potential 

physiological limitation as individual sugar maples transition from seedling to 

sapling stage (Goldblum & Rigg, 2002). A migration of saplings away from the 

trail could be underway but has not progressed to the point where mature trees 

have established. Recent changes in temperature could be sufficient enough to 

stimulate an elevational migration (Goldblum & Rigg, 2002). It is unclear how 

many of these young trees would make it to maturity from deer browsing, natural 

destructive events and disease. The forest is impacted by a number of invasive 

species including garlic mustard, dog strangling vine, Manitoba Maple, 

chokecherry and black chokeberries. Garlic mustard invasion has a strong 
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negative effect on seedling survivorship (Stinson, Kaufman, Durbin, & 

Lowenstein, 2007). The low number of regenerating species comparing to all 

understory plants and the over 95% dominance of shrub chokeberries at all 

quadrats cannot be ignored. The sharp decline of maple tree number that are 

lower than 6 years old correlates well with the time deer came to the Humber 

forests (A. Casselman, personal communication, August 15, 2013). If these 

shrubs with high competitive advantages and the deer browsing continue, the 

forest will go down decades later.  

A healthy forest should have a variety of tree species so the system was more 

resistant to bottleneck events. Back in 1980s, Humber forest was occupied by 

elm trees which were completely wiped out by Dutch Elm Disease. A boom in 

American Beech started shortly after. The Go Global plot has a few bur oak, 

white ash and aspen. However none was detected in the quadrats where 

samples were taken. The biodiversity index for mature tree community is already 

low. There was only one American Beech tree. Looking at the species richness 

of young trees, only three species was identified in total. The only beech sapling 

found in the five quadrats was dying. Domination of maple in young trees but not 

among mature trees signifies a loss of biodiversity among tree saplings. Although 

seedlings of Ironwood and blue beech were spotted, none of the saplings were 

found in the five quadrats. Considering the low survivorship of seedlings in 

general, this future forest biodiversity is not promising.  

Although this forest is defined as a beech-maple forest (common in Northeastern 

US and Southern Ontario), the co-dominance of Sugar Maple and American 
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beech will be gone if no anthropogenic interference takes place. American beech 

trees have been almost all eliminated from over half of the quadrats. This 

phenomenon has been seen in other forests, as climate gets warmer. Change in 

climate favours maple regeneration over that of beech so this long-term shift in 

species composition is expected even without the construction of the trail (Runkle, 

2013). Sugar maple might be slowly taken over by Manitoba Maple which has 

started at the downslope quadrats. Manitoba maple is considered an invasive 

species at Southern Ontario due to its irregular crown forms, multiple stems and 

the fact that it is prone to ice damage and short lived (ISA Ontario, 2011). 

Bitternut Hickory trees are common. We could argue that he forest itself might 

have undergone natural succession.  

 

Methodology Examination 

Lu had sampled approximately 50 seedlings and saplings in a quadrat. She 

divided the quadrat into 100 mini-quadrat and applied sweeping method. She 

suggested randomly sampling of 13 mini-quadrats within a quadrat would be the 

best way to measure understory dynamics (Lu, 2008). Although the numbers of 

trees and species composition varied, the age composition was quite uniform 

across different quadrats. Therefore in terms of age dynamics, using five 

quadrats out of 25 quadrats would be adequate.  

The two histograms (fig. 3.4 & fig 3.5) showed similar pattern. The DBH 

histogram was slightly more spread out than the age class histogram; but both 

showed gaps. The age class histogram was only used for simple comparison 
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since the actual tree age could only be determined accurately from tree ring 

counts which was too invasive of a method to age young trees.  

The samples did not include quadrats by the trail due to clear cutting and the lack 

of canopy cover. These 13 quadrats that the trail is going through were 

eliminated from the sampling process. However these quadrats have different 

dynamics since they are constantly disturbed. To obtain a more representative 

picture of the forest understory dynamics, quadrats by trail should be sampled. 

Moreover, to study nutrient flux at different elevation, one quadrat from each of 

the plateau, slope and downhill area should be selected.  

Height and stem diameters are easy measurements that provide a good 

estimation of sapling state. However, they are not effective in estimating a 

sapling’s root system size or physiological condition, especially after a stress 

event such as freeze damage (Haase, 2008). Other physical conditions 

measurements such as root mass and shoot mass should be included in future 

sampling. There are many other criteria that could be included for the future. 

These include forest floor disturbance, light availability using a Plant Canopy 

Analyser and soil conditions (pH and nutrient availability from particle size test). 

Combining these information would give a more thorough examination at the 

forest’s regeneration state. Sugar Maple is generally a shade tolerant species so 

the effect of canopy opening varies. Sugar Maples favours small-scaled 

disturbances and grow faster in canopy openings relative to beech (Gravel, 

Beaudet, & Messier, 2010). Soil nutrient has a strong influence on maple 

regeneration (Gasswer, Messier, Beaudet, & Lechowicz, 2010).  
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Quadrat 23 had many newly matured Manitoba Maple trees. The entrance to the 

quadrat was blocked for safety reasons; therefore no data was collected. 

However when the area is re-opened in the future, it would important to assess 

the regeneration of Manitoba Maples comparing to the native Sugar Maple 

species. In addition, since all young trees were tagged with triangulation data, 

mortality rate could be calculated years later to project the long-term state of the 

forest. Measuring the entire forest understory community might give a more 

representative picture of species interaction at forest floor level.  

 

Restoration Recommendations 

There had been two herds of deer wintering Humber Arboretum site from 2005-

2006. They are eating almost all greenery on the forest floor except the black 

chokeberry. A deterministic herbivore-vegetation model suggested that the deer 

population must be managed artificially if the only limiting factor on deer 

population growth is food (Akashi, 2009). Therefore the most urgent restoration 

measures for the forest is to fix the deer fence which had two wide openings at 

two places where deer could pass freely to the forest. Both seedling stocking 

guards and chemical repellents were proven effective in reducing and delaying 

browsing severity with their effects being additive (Miller, O’Reilly-Wapstra, Potts, 

& McArthur, 2011). Therefore, implementation of these two methods is 

recommended to control the adverse effect of deer browsing. Having a person 

checking the deer fence gate every night is another way to prevent deer from 

entering the forest.  
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Invasive species garlic mustard, Phragmites and dog strangling vine were under 

control. ACER currently has programs aimed to reduce the number of garlic 

mustard in the forest. Studies showed that both full and partial removal of garlic 

mustard could rapidly increase diversity and species equitability in the forest 

understory communities (Stinson et al., 2007). The dominating black chokeberry 

population in forest understory was the major issue. Some saplings were pushed 

by close by chokeberries from straight 

standing to leaning. 

The majority of understory community are 

what appeared to be a crossbreed 

between black chokeberry and 

chokecherry. Black chokeberry (Aronia 

melanocarpa) from the Ottawa region is a 

salt tolerant and amazingly adaptable 

plant. Chokecherry (Prunus Virginiana) is 

also an adaptive species which thrives in 

disturbed territory (Chester, 2010). This 

species spreads fast and blocks most 

sunlight that has made through the top canopy. Therefore taking up nutrients 

from young trees and preventing tree seedlings from growth. The chokeberry is 

not a favourable food source for the deer population as the plant produces toxins 

such as cyanide containing toxin amygdalin; making it more prevalent in the 

forest. Lu’s research from 2008 had found close to 1500 black chokeberry in one 

Figure 4.3.1 Cross-Breed Chokecherry and 
Black Chokeberry Prevalent in the Go Global 
Forest 
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single quadrat (Lu, 2008). As shown on fig. 4.3.1, most of the Go Global forest 

understory has been occupied by this invasive species. Even more so, some of 

them have grown taller than maple and hickory saplings; effectively blocking 

most sunlight for native understory species. Eradication of chokeberry is one of 

the most urgent restoration measures for Humber Forests.  

An alarming portion, one-third, of young hickory trees were found to have leaf 

spots. Most of them are clustered. The only beech tree found had dry leaves and 

was dying. Therefore disease control is another urgent issue. Lastly, occasionally 

groups of volunteers would come in for tree measurement training and garlic 

mustard pulling. If not paid close attention, many saplings would be stepped on 

and destroyed. Therefore, educating posts should be placed at forest entrance 

and warning signs should be placed by the trail to all trail walkers, camp kids and 

volunteers. In addition, placing tree guards would make seedlings stand our more 

to passengers.  
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Conclusions 
 
 

In conclusion, the future of the forest is not promising looking at its age structure 

and species composition. The forest is losing its species richness. Most forest 

understory is dominated by sugar maples. Decades down the road, the forest 

would become more maple sugar dominant with many bitternut hickory. In 

addition, one third of the young hickory population is diseased. Number of trees 

from ages of 1 to 4 is declining rapidly. The forest will shrink if no human 

interference is involved to stop the forest from retreading.  

 

To cope with the declining regenerative species, eradication of black chokeberry 

is the most urgent measure. In addition, fixing the deer fence, spray chemical 

repellent on seedlings and saplings and put on tree guards would be effective 

ways to stop deer browsing. Lastly, the forest is suggested to put up signs to 

warn passengers from stepping on regenerative species.  
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Appendix 
 
A. Recording Sheet for Mature Trees: 

 

B. Recording Sheet for Young Trees: 
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C. Angle-Tangent-Height Table at a Horizontal Distance of 20 Metres:  

 

D. Preliminary Data for Young Trees Measurements:  

Tree 
Num
ber 

Common 
Name 

Root 
Collar 
(cm) 

DBH (cm) Side 
Numbe

r 

a (m) b (m) CW1 
(m) 

CW2 
(m) 

Health 
Code 

1 Sugar Maple 6.4 3.4 1 4.20 17.72 2.97 3.20 A 

2 Sugar Maple 5.5 2.3 4 6.05 16.56 1.12 1.21 A 

3 Sugar Maple 6.9 3.3 2 11.30 9.44 3.07 3.18 A 

4 Sugar Maple 4.2 2.9 3 16.94 5.96 3.14 2.76 A 

5 Sugar Maple 4.6 2.4 3 10.56 9.87 3.24 3.46 A 

6 Black Maple 9.0 2.6 3 6.92 13.62 3.57 3.16 A 

7 Sugar Maple 6.1 2.7 3 9.28 12.55 4.18 2.76 A 

8 Sugar Maple 6.5 3.4 2 8.06 14.41 4.56 4.64 A 

          

1 Sugar Maple 6.4 3.3 2 6.73 18.17 3.02 2.85 A 

2 Sugar Maple 5.5 3.0 2 12.20 12.50 3.55 3.72 A 

3 Black Maple 3.4 2.2 4 8.20 14.60 1.58 1.75 A 

4 Sugar Maple 5.4 2.4 4 16.70 8.50 1.95 1.79 I 

5 Sugar Maple 14.4 3.9 3 6.13 15.02 2.86 2.54 I 

6 Sugar Maple 5.5 2.2 3 8.52 12.17 3.23 2.96 A 
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1 Sugar Maple 5.9 3.3 4 7.91 16.68 2.31 1.86 A 

2 Sugar Maple 4.8 2.8 1 11.91 11.64 2.56 1.91 A 

3 Sugar Maple 4.4 3.2 4 14.56 6.37 3.92 2.94 A 

4 Sugar Maple 4.9 3.1 2 11.62 9.08 2.41 2.35 A 

5 Sugar Maple 5.4 3.1 4 5.35 15.68 3.10 2.05 A 

6 Sugar Maple 5.4 3.1 4 5.63 15.15 3.20 2.46 A 

7 Sugar Maple 4.9 3.4 4 13.13 14.35 2.57 3.15 A 

          

1 Sugar Maple 3.9 2.6 2 15.43 6.35 3.10 1.05 A, LB 

2 Sugar Maple 3.3 2.1 2 15.55 5.24 2.20 0.93 A 

3 Sugar Maple 4.8 3.9 2 15.61 4.89 1.57 0.88 A 

4 Sugar Maple 4.2 3.0 3 8.42 11.83 1.22 1.81 A 

5 Sugar Maple 4.9 3.4 3 11.69 8.43 1.58 1.93 A 

6 Black Maple 3.3 1.8 4 12.81 16.30 1.20 0.56 A 

7 Sugar Maple 3.3 2.6 4 10.60 13.20 1.80 2.30 A, LB 

8 Hickory 2.6 1.7 4 8.53 12.30 1.38 0.92 I 

10 Hickory 2 1.2 3 15.20 10.91 3.80 3.2 A 

11 Black Maple 4 2.7 2 14.09 7.15 2.18 1.5 A 

12 Sugar Maple 3.1 0.9 2 13.32 8.21 1.35 0.43 I 

13 Hickory 2.2 1.8 3 12.9 13.05 1.58 0.96 A, LB 

14 Sugar Maple 3.8 2.13 3 8.42 11.71 0.63 1.03 A, LB 

15 Sugar Maple 4.8 2.7 4 13.91 6.99 1.48 2.69 A 

16 Sugar Maple 5.3 3.5 4 12.66 8.36 2.5 2.69 A 

          

1 Sugar Maple 5.4 2.6 1 5.74 13.35 1.93 2.33 A 

2 Hickory 3.6 2.3 1 14.96 4.43 1.37 1.42 A 

3 Sugar Maple 2.9 2.3 2 14.50 6.58 0.74 1.36 A 

4 Hickory 2.6 2.4 3 12.41 10.82 0.53 0.32 A, LB 

5 Sugar Maple 4.9 3.9 3 10.29 11.83 2.03 1.71 A 

6 Sugar Maple 4.5 3.1 3 6.50 13.60 3.11 1.03 A 

7 Sugar Maple 4.3 2.3 4 18.33 2.06 2.18 1.05 A 

8 Hickory 2.3 1.9 3 1.65 18.55 0.28 0.36 A 

9 Hickory 3.2 1.9 1 10.40 12.62 0.38 0.35 I, 
expse

d 
roots 

10 Hickory 2.6 1.7 3 2.76 17.61 0.51 0.43 A, LB 

11 Beech 3.9 2 3 12.08 14.73 --- --- Dying, 
few 

leaves 
on the 
South 
side 

of the 
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tree 

12  Black 
Maple 

6.1 3.9 4 8.58 11.84 3.01 2.76 A 

13 Sugar Maple 4.7 3 1 16.22 4.78 1.53 1.44 A 

14 Sugar Maple 3.9 3.32 3 10.51 13.31 1.03 1.72 A 

15 Sugar Maple 5.1 3.7 4 18.32 1.75 1.82 2.57 A 

16 Hickory 2.4 1.3 3 14.13 16.6 0.45 0.68 I 

 


