
 

O

n

t

a

r

i

o

 

F

o

r

e

s

t

 

B

i

o

Ontario Forest 

Biodiversity 

Project:  

Lake Ontario to 

Lake Simcoe  
 

By: Phillip Medeiros 

 



Ontario Forest Biodiversity Project, 2009 1 

TABLE OF CONTENTS 

EXECUTIVE SUMMARY………………………………………………………………………i 

 

1.0 INTRODUCTION…………………………………………………………………………2-4 

1.1 ACER: Background……………………………………………………………………2 

1.2 History of Established Plots……………………….…………………………………..2 

1.3 SI/MAB Protocol……………….......………………………………………………….2 

1.4 Forest Biodiversity..………...…………………………………………………………3 

1.5 Project Overview..…………………………………………………………………….3 

1.6 Importance of Community-based Long-term Monitoring...…………………………...4 

1.7 New Protocols...……………………………………………………………………….4 

 

2.0 METHODOLOGY……...…………………………………………………………………4-5 

2.1 Field Preparation...……………………………………………………………………4 

2.2 Quadrat Sampling...…………………………………………………………………...5 

2.3 Data Collection and Entry.……………………………………………………………5 

 

3.0 SITE SUMMARIES……………………………………………………………………….5-9 

3.1 Albion Hills..…………………………………………………………………………..5 

3.2 Scanlon Creek..………………………………………………………………………..6 

3.3 Mono Cliffs……………………………………………………………………………7 

3.4 Humber Forest...………………………………………………………………………8 

 

4.0 PRELIMINARY 2009 DATA ANALYSIS……………………………………………10-17 

4.1 Species Distribution………………………………………………………………….10 

4.2 Tree Height Class Distribution………………………………………………………12 

4.3 Diameter Class (dbh) Distribution…………………………………………………..13 

4.4 Regeneration…………………………………………………………………………14 

4.5 Species Richness and Tree Density Distribution…………………………………….15 

 

5.0 PRELIMINARY SITE DATA COMPARISON………………………………………17-23 

5.1 Albion Hills Comparison (2002 to 2009)…………………………………………….17 

5.2 Humber Forest Comparison (2003 to 2009)….……………………………………...19 

5.3 Mono Cliffs Comparison (1997 to 2009)…………………………………………….20 

5.4 Scanlon Creek Comparison (2001 to 2009)………………………………………….21 

 

6.0 RECOMMENDATIONS……………………………………………………………….23-24 

 

7.0 CONCLUSION……………………………………………………………………………..24 

 

8.0 ACKNOWLEDGEMENTS………………………………………………………………..25 

 

9.0 REFERENCES……………………………………………………………………………...26 

 

10.0 APPENDIX…………………………………………………………………………..27-30 

 



Ontario Forest Biodiversity Project, 2009                                                                                                                        i 

 

 

 

 

ONTARIO FOREST BIODIVERSITY PROJECT: LAKE ONTARIO TO LAKE SIMCOE 

EXECUTIVE SUMMARY 

 

  For 12 years the Association for Canadian Educational Resources (ACER) has 

been involved with organizations and stakeholders to establish several one-hectare forest 

biodiversity plots across Ontario as part of its Go Global initiative. The rationale of 

establishing these plots at outdoor education centers was to involve students and teachers 

in monitoring changes in forest biodiversity, i.e. to measure and assess the effects of 

climate change on tree species.  The purpose of the Ontario Forest Biodiversity Project 

(OFBP) was to revisit selected plots and compare original site data to assess tree growth, 

health, and measure any changes in forest biodiversity. 

 

 This project revisited four forest biodiversity plots situated between Lake Ontario 

and Lake Simcoe. The sites located at various latitudes and altitudes represent various 

microclimates with differing soil composition, precipitation patterns, and species 

distribution. A field crew was trained in forest biodiversity protocols, measurement, and 

assessment techniques using the Smithsonian Protocol and ACER’s additional 

monitoring protocols. Five 20m by 20m quadrats at each of the four forest plots were 

randomly selected, assessed, and measured in this study. 

 

Any untagged, i.e. new trees that are now a minimum of 4cm dbh, were entered 

into the database. These trees were too small to be included in the baseline inventory and 

represent the growth within the last decade.  In examining the species of these trees none 

was a typical Carolinian species. The data and digital photos were sent to Environment 

Canada for further analysis to test predictions regarding the effects of changing climates 

on forest biodiversity. 

 

It was determined, according to the data, if typical Carolinian species are moving 

north; they have not yet reached a minimum of 4 cm dbh for temperate climate protocol. 

For a better understanding, an assessment of understory tree species is recommended, i.e. 

an assessment of trees that have a dbh less then 4cm. 

 

The Ontario Forest Biodiversity Project achieved its research goals set out in the 

proposal. This project, along with the Niagara Peninsula Project (NPP), the Niagara 

Escarpment Project (NEP), and future monitoring projects, will assist in tracking changes 

in tree species and ecosystem health that are occurring in central Ontario. 
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1.0 INTRODUCTION 

 

1.1 ACER: Background 

The Association for Canadian Educational Resources (ACER) is a charitable organization 

founded by Alice Casselman in 1987. ACER believes that systematic environmental monitoring 

of forest ecosystems will assist in determining an action plan for future forest biodiversity caused 

by destabilizing climates. Several programs are offered through ACER that encourage 

community involvement in planting and monitoring trees and forest biodiversity.  

Between the years of 1996 and 1998, ACER ventured into a partnership with Environment 

Canada, the Niagara Escarpment Biosphere Reserve Studies (NEBRS), the Smithsonian 

Institution, and Ecological Monitoring and Assessment Network (EMAN), in order to establish 

several one hectare tree plots all along the Niagara Escarpment. The purpose of establishing the 

tree plots was to motivate local communities to get involved with monitoring changes in forest 

biodiversity. ACER established several one hectare tree plots across central Ontario. These tree 

plots are monitored by ACER staff and several other volunteers, and the collected data is entered 

into a forest biodiversity online database. More than a decade later, forest biodiversity plots 

spanning between Lake Ontario and Lake Simcoe were revisited to determine what changes have 

occurred. 

 

1.2 History of Established Plots 

In the late 1990s, the four plots analyzed within this report were established by ACER and 

local site partners at each of the plots. The goal of establishing the plots was to ensure consistent 

data collection by involving students that would visit the outdoor education centers. The outdoor 

education centers were provided with ACER data sheets, protocol training, equipment, and 

resources for consistent measuring.  

 

• 1997: The Mono Cliffs plot was established by ACER and Mono Cliffs Outdoor 

Education Center coordinators and staff. 

• 1998: The Albion Hills plot was established by ACER and Albion Hills Conservation 

Area coordinators and staff.  

• 2000: The Humber Forest plot was established by ACER and representatives of the 

Humber Arboretum and Arborvitae. 

• 2001: The Scanlon Creek plot was established by ACER and Scanlon Creek Outdoor 

Education Center coordinators and staff. 

 

1.3 SI/MAB Protocol 

The Smithsonian Institution/Measurement and Assessment of Biodiversity (SI/MAB) 

protocols were supported by the Ecological Monitoring and Assessment Network (EMAN) of 

Environment Canada in the early 1990’s to ensure consistent data gathering techniques across 

Canada (Dallmeier, F. 1992). The accumulation of data collected in the Niagara Escarpment 

Project (NEP), the Niagara Peninsula Project (NPP), and similar projects concerning changes to 

biodiversity can be compared and monitored by researchers to identify and plan for possible 

future threats to biodiversity (Environment Canada 1. 2003). 
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1.4 Forest Biodiversity 

There has been a global decline in species biodiversity and has been recognized as the 

leading environmental issue facing all of humanity today (Maclver 1, 2000). Environment 

Canada defines biodiversity as “the variability among all living organisms – within species, 

between species and of ecosystems – resulting from four billion years of evolution” (Maclver 1, 

2000). Forest ecosystems also have economic value such as lumber, various foods, medicinal 

products, and various recreational activities (Environment Canada 2, 2005). However, it has 

become a single consensus among scientific communities globally that overall global 

biodiversity is steadily decreasing in prominence.  

The decline in biodiversity globally can be sourced back to many human activities such as 

unsustainable fishing, agricultural and forestry practices; as well as the developmental pressures 

that have reduced the size of natural areas. The internationally accepted idea is that the Earth 

contains an endless supply of resources and that commercial, industrial, and residential wastes 

can be produced and disposed of at an alarming and unsustainable rate. It is the rapid 

urbanization and removal of Carolinian Forests in Ontario that is allowing the impacts of human 

activities to become more apparent. According to the United Nations Intergovernmental Panel on 

Climate Change (IPCC),  projected climate change caused by human activities is more rapid then 

what has occurred in the past 40,000 years and possibly even the past 100,000 years. Due to this 

unstable changing of climates, 20-30% of global plant and wildlife species will be at a much 

higher risk of becoming extinct if trends continue (IPCC, 2007). 

 

1.5 Project Overview 

The purpose of the Ontario Forest Biodiversity Project: Lake Ontario to Lake Simcoe was to 

revisit four biodiversity forest plots established by ACER in the late 1990’s and early 2000’s to 

assess any changes that have occurred since their establishment. The data gathered and analyzed 

would then be sent to Environment Canada, Mono Cliffs Outdoor Education Center, Scanlon 

Creek Conservation Area, Humber College, and Albion Hills Outdoor Education Center. The 

data can thus be assessed for accurateness as well as be a reference for future site endeavours.  

Based on the interests of ACER’s preference of plot locations and the cooperation of outdoor 

education managers, four one hectare forest biodiversity plots were chosen between Lakes 

Ontario and Simcoe. A field crew composed of a University of Waterloo co-op student, a 

graduate of Trent University, and a graduate of the University of Waterloo were trained by 

ACER in measuring and monitoring forest biodiversity. The measurement methods and system 

established by ACER is based on the Smithsonian Protocol developed by Dallmeir et al 

(Dallmeir, 1997). Five of the potential twenty-five 20m by 20m quadrats were randomly selected 

using a random number generator and were assessed at each of the four sites. Measurements 

began on November 2, 2009 at the Mono Cliffs Outdoor Education Center plot. 

Site supervisors were notified of our intentions to assess the forest biodiversity plots. Five 

quadrats per site were measured, assessed, and photographed for visual representations of any 

findings. All the data was then sent to Environment Canada for further review analysis. 
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Figure 1: Selected 1ha forest biodiversity plots between Lake Simcoe and Lake Ontario. 

 

1.6 Importance of Community-based Long-term Monitoring 

Long term community monitoring, involvement, and support is vital to data analysis. By 

motivating the community to staying involved with forest biodiversity monitoring. The 

community thus begins to take ownership and promote environmental stewardship (Casselman, 

2008). Community based projects tend to be consistent over longer periods of time when data 

gathering is concerned. 

 

1.7 New Protocols 

Along with gathering the dbh and height measurements according to the Smithsonian 

Protocol and ACER’s addition of measuring procedures, new measurements called the “crown 

width” and “crown depth” were added to the protocol. The crown width and crown depth 

calculations are useful to determine the  total leaf index as well as the potential carbon 

sequestration. Other uses of this data can be “ecological studies, estimation of the palatability of 

leaves to arboreal fauna, estimation of growth and site, atmospheric pollution mitigation 

(particularly urban trees), correlating reflectance from airborne or remote scanners with ground 

parameters” (Brack, 1999). 

 

2.0 METHODOLOGY 

 

2.1 Field Preparation 

 Site supervisors at each of the four plots were contacted and notified that permission to 

gather fall data was required. Arrangements between ACER and the plot supervisors included 
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accommodations for overnight stays and meals throughout the day when required. A schedule 

was then prepared on when specific sites would be visited by ACER staff and volunteers. 

 

2.2 Quadrat Sampling 

 Five 20 meter by 20 meter quadrats at each of the four sites sampled were randomly 

selected using a random number generator. This approach would avoid any biases that can be 

generated by ACER’s data measuring team. If a randomly selected quadrat within the plot 

depicted substantial human impact such as trails or obstructions, than an alternate quadrat was 

selected based on a second set of randomly generated numbers. 

 

2.3 Data Collection and Entry 

 Each of the trees found within the selected quadrats were measured and assessed 

according to diameter at breast height, tree height, crown height, crown width, and general 

health. The gathered data was organized and entered into a standard excel spreadsheet. This 

newly acquired data was also entered into a cumulative excel spreadsheet where new and 

original data from previous years could be compared. As data was entered, accuracy and 

completeness of each of the measured quadrats was ensured. Along with data collection, high 

resolution digital photographs were taken and logged in order to depict visual confirmation of 

observations. GPS coordinates were also taken at each of the NW corners of the quadrats 

assessed. The coordinates were uploaded and used to generate GIS maps of the measured quadrat 

locations. 

 

3.0 SITE SUMMARIES 

 

3.1 Albion Hills 

The Albion Hills plot is located on a 

steep slope near the Albion Hills Outdoor 

Education Center and the Etobicoke Outdoor 

Education Center. The Albion Hills Outdoor 

Education Center is located 6km north of 

Bolton, Ontario and is on Regional Road 50. 

The plot is located deep in the nearby forest just 

off of a cross country ski trail and a small 

building where the centers refine sugar maple 

(Acer saccharum) sap into maple syrup. The 

quadrats assessed in this study are dispersed 

across the steep slope and provide an accurate 

representation of a variety of tree species that 

adapt at various altitudes.  

                                                                                                  

Figure 2: Albion Hills plot. 
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 The quadrats have experienced many blow downs. Blow downs were located within the 

tree plot as well as outside of it. The trees that have fallen were of large stature and either 

crushed or damaged many nearby trees when they fell. 20% of the trees assessed were being 

noted as dead and/or missing due to nearby 

blow downs. Sightings of trees that had been 

struck by lightening were also noted. Trees 

being struck by lightening influenced the 

amount of blow downs within the plot.  

There were also fallen trees that were 

leaning against other trees within quadrats 1, 2, 

6, and 7; this made these quadrats unsafe to 

measure. If these quadrats were randomly 

selected to be assessed, they were replaced by a 

second randomly generated quadrat. Quadrat 24 

was initially selected randomly to be assessed 

however none of the trees had been tagged or 

had any baseline data. Therefore, quadrat 24 

was replaced by another randomly generated 

quadrat.  

The steep slope of the hill that the plot 

was located on made it difficult to establish the 

quadrat line ropes, measure the various tree 

angles using a clinometer, and acquiring GPS 

coordinates. No wildlife or invasive species 

were seen or found at this site. The lack of 

      Figure 3: Tree struck by lightening.           wildlife can be sourced to the presence of 

                                                                              students and field coordinators with the outdoor 

education centers that use the nearby ski trail for manoeuvring through the forest. Many cyclists 

were also spotted riding an unmarked trail that was located parallel to the western border of the 

tree plot. There were no sightings of invasive species or vandalism by students and locals. 

 

3.2 Scanlon Creek 

The Scanlon Creek Conservation Area is located east of Highway 400 and 7km north of 

Bradford, Ontario. The plot is located deep within the on-site forest just off a public path. 

Students from the on-site Outdoor Education Center do not venture this far into the forest; 

however locals do walk the trails for recreational purposes. The topography of the site is a very 

subtle slope that peaks at the north side of the plot and slopes downward towards the south side 

of the plot. Many of the largest trees found within this plot were cut down in the mid 1980’s due 

to a worry that they may fall on the adjacent path. Therefore, there are many large fallen  

trees within the plot and this has supported the cycling of nutrients within the plot. Large gaps in 

the upper canopy also allow sunlight to reach the forest floor. Of the four sites visited, Scanlon 

Creek appeared to be the healthiest because of the cycling of nutrients and not containing many 

dominant trees, but many co-dominant trees.  
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This plot also exemplified the plot 

with the most regeneration. This can be 

sourced to the large openings within the 

upper canopy and to the many paths that 

pass through the plot. An issue that became 

prominent when analyzing the data was that 

there were many trees that were not 

incorporated during the plot’s initial survey. 

As the trees were surveyed and tagged, the 

triangulation measurements that are to be 

performed according to the Smithsonian 

Protocol were not gathered. This resulted in 

the initial surveyors missing many trees that 

even had larger dbh measurements than trees 

that were tagged. Order of abundant 

regenerative tree species are ironwood 

(Ostrya virginiana), American beech (Fagus                  Figure 4: Scanlon Creek plot 

 grandifolia), and sugar maple (Acer saccharum).  

There was a lack of wildlife in this forest during ACER’s visit; however site coordinators 

do claim that there have been many sightings of deer, fox, and coyotes. Sightings of wildlife 

possibly occur due to the lack of human presence in this side of the forest. There were no 

sightings of invasive species present at any of the quadrats assessed or any vandalism by the 

public. 
 

3.3 Mono Cliffs 

The Mono Cliffs Outdoor Education 

Center is located 14km northeast of 

Orangeville and is located just off of 

Highway 10. The plot is located nearby an 

outdoor education center on site and is 

situated on a slight hilly landscape. The plot 

also has a large hill where quadrats 25 and 

15 are established. Their were many walking 

trails that are situated within the plot that 

connect the outdoor education center to the 

grass fields and forests beyond. The trails 

are currently used by students and site 

coordinators only during hikes. There is no 

public access to these trails or to the forest 

biodiversity plot unless the person is directly                      Figure 5: Mono Cliffs plot. 

involved with activities associated with the                                

outdoor education center.  

The trails were also used in the past for easy access to the sugar maple (Acer saccarum) 

tree species that holds a monopoly over the forest. The entire forest is composed of large and 

mature sugar maple (Acer saccharum) trees and there is no regeneration and very little 

understory vegetation present. There was also a large percentage of trees that were cut down 
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because they were deemed as hazards to those who may be on the paths. Of the four plots 

selected to be assessed, the Mono Cliffs plot exemplified the site with the most tree deaths. 49% 

of all trees found in at Mono Cliffs were either cut down or damaged by similar human activities. 

The individuals who cut down the hazardous trees also damaged many others and knocked down 

many quadrat corner posts which made it extremely difficult when establishing the quadrats. 

Damage to trees include scratches and crushed understory vegetation. 

  

  
Figure 6: Establishing the quadrat ropes was extremely difficult due to all the fallen trees. 

 

It was also noted that when the trees were felled, they were not done so in an appropriate 

approach so when the tree fell, it broke and killed many other trees below. Many of the trees that 

were assessed require to be retagged; the originally established tags are beginning be overgrown 

or they have fallen off. There were no observations of wildlife within the forest, probably due to 

the disturbance that has occurred. However, site coordinators and staff do claim to have seen 

many deer roaming the surrounding meadows. There were no sightings of invasive species at any 

of the quadrats or any signs of vandalism by students. 

 

3.4 Humber Forest  

The Humber Forest plot is located on the south side of campus on the Humber College 

North Campus in Toronto, Ontario. The plot itself is situated on the edge of the forest by the 

college’s arboretum. The plot is situated on a variety of landscapes. Quadrats 1 to 15 are found 

on flat ground, quadrats 16 to 20 are found on a downward slope, and quadrats 21 to 25 are 

located at the bottom of the slope.                                                                       

 There are multiple trails that encircle and cross through the plot. There are also many 

signs of vandalism on trees such as carvings, paintings, garbage hanging from branches, and the 

bending and breaking of ACER tree tags. There were also signs of garbage found in ground 

clearings throughout the forest. This is most likely caused by students who attend the college.  
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 There is also a problem with deer 

browsing that occurs within the forest. A 

six foot tall deer fence was established by 

the college to discourage deer browsing 

within the plot. This deer fence however 

proved to be a negative influence upon 

ACER’s measuring team because the 

fence divided each of the quadrats 21 to 

25 in half. It has also been seen and noted 

that deer are able to jump the fence. A 

section of the fence has also been pushed 

down in quadrat 21, either by the deer or 

by students who attend the college.  

 Extensive logging in quadrat 25 

has occurred in recent years because a new                  Figure 7: Humber forest plot. 

walking path was established sometime  

between the initial data collection in 

2003 and the newly collected data in 

2009. 65% of the trees within quadrat 25 

were cut down because they were 

deemed as a hazard for those who may 

be walking on the adjacent path. There 

were also multiple large trees that were 

logged throughout the plot for similar 

reasons.  

The Humber Arboretum Forest        

Biodiversity Research Plot was the only     

plot out of the four that was measured by 

a combination of classes of schools from 

the Toronto Catholic District School 

Board and ACER representatives. The 

students were participating in another 

ACER program called Measure and 

Mulch! in which classes of students are 

trained how to measure and assess trees      Figure 8: Students measuring at Humber Forest. 

according to the Smithsonian Protocol and 

ACER’s additional measurements. ACER staff and volunteers supervised the students who 

measured and assessed quadrats 1 to 15. When the program ended in late October, ACER staff 

measured and assessed the remainder of the quadrats. There were also no signs of invasive 

species found within any of the quadrats at this site.  
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4.0 PRELIMINARY 2009 DATA ANALYSIS  

 

4.1 Species Distribution  

Each of the four sites chosen between Lake Ontario and Lake Simcoe have unique 

growing conditions such as soils, climates, precipitation patterns, cloud cover, ground water 

levels, humidity, and topography. Each variation of the above conditions provide very unique 

ecosystems along this transect. Variable ecosystems result in different animal and plant species 

compositions; this explains why there may be some tree species found at one site and not at 

another (Figure 9 to 13). Overall, the dominant tree species at each of the four sites is sugar 

maple (Acer saccharum), followed next by American beech (Fagus grandifolia) and than 

ironwood (Ostrya virginiana). The Mono Cliffs plot presents the plot with the least variety of 

tree species being completely dominated by sugar maple (Acer saccharum), which is due to the 

sugar maple syrup operation that once occurred there. The Humber Forest plot depicts the plot 

with the most species variance of the four with thirteen different tree species.  

Figure 9: Map illustrating species distribution within five randomly selected quadrats at 

each of the four plots along the environmental gradient. 
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Figure 10: Albion Hills species distribution comparison between 2002 and 2009. 

 

 

 

 
Figure 11: Humber Forest species distribution between 2003 and 2009. 
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Figure 12: Mono Cliffs species distribution between 1997 and 2009. 

 

 

 

 
Figure 13: Scanlon Creek species distribution between 2001 and 2009. 

 

4.2 Tree Height Class Distribution 

The tree height measurements conducted at each of the four sites enables ACER to study 

the canopy structures of each of the forests. Figure 14 depicts various tree height distributions 

measured at each of the four study plots. The heights, which are categorized into five meter 

classes and the number of trees corresponding to each class. The information portrayed from this 
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analysis is important in considering changes in tree height dominance and canopy stratification. 

Mono Cliffs tree height’s range from 10.36 meters to 33.8 meters, which is the least variation in 

tree height’s out of the four plots. This is a prime example of an unhealthy forest because there is 

no variation in age, size, or species so that if a disease were to infect the trees within the plot, 

there will be no resilience and the forest will be vulnerable to widespread mortality. The majority 

of the trees in the other three plots fall within the 0-35 meter range which is typical of a young 

successional forest.  All four plots assessed in this study are older plots containing trees that have 

been growing for many decades, and thus has a large variety in tree heights. The tallest tree was 

found at Scanlon Creek and was 38.54 meters which can be explained by the lack of logging and 

blow downs that occurred in this plot. All four sites, excluding Mono Cliffs, have multi-story 

canopies which suggests that the sites are ecologically healthy and sustainable.  

 

Figure 14: Tree height class distribution for the four plots. 

 

4.3 Diameter Class (dbh) Distribution 

 Diameter at breast height (dbh) is a standardized and accepted method of measuring the 

trunk of a tree at 1.3m above the tree base. This may be the most important measurement 

because it is used to measure tree growth. Sometimes it can be a rough indicator of a tree’s age. 

This however is not a completely accurate approach to determining a trees age because dbh age 

relationships do vary among tree species. As each year passes and a tree gets older, the tree’s 

trunk grows in diameter a fraction more. The rate of growth can vary based on precipitation 

levels, availability of sunlight, soil nutrient availability, pollution levels, as well as external 

factors such as extreme weather conditions and human activities.  

Trees with a smaller dbh are viewed as being younger trees. Figure 15 depicts dbh 

distributions from each of the four plots. Measurements were organized into classes for easy 

representation of data. It is evident that the majority of the trees contain dbh measurements that 

are between 4 and 15 which suggest that the forests are still quite young. Mono Cliffs contained 

a limited range of dbh measurements ranging from 16cm to 48cm. This is evident because many 

of the larger trees were logged and the smaller trees were crushed by the falling trees and logging 

machinery. The remainder of the plots had a substantial variety of dbh measurements ranging 
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from as low as 4.1cm from quadrat 19 at Albion Hills to as large as 62.5cm from quadrat 3 from 

Scanlon Creek. This portrays healthy forests because there is a variety of age amongst the trees 

that inhabit these sites.  

 
Figure 15: Tree diameter (dbh) class distribution. 

 

4.4 Regeneration 

 The term “regeneration” refers to the successional growth that occurs each year in the 

lower regions of or below the forest canopy. In Canada, trees that contain a dbh that is greater 

than 4 cm are considered to be mature trees and can thus be included in this study (Hayward, S. 

& Casselman, A. 1998). Trees with a dbh between 4cm and 6cm were categorized as 

regeneration trees for this project. Figures 16 and 17 depict the number of regeneration trees at 

each of the sites as well as overall new species composition. By analyzing the graphs, it is 

evident that Albion Hills had the most regeneration tree species which was closely followed by 

the Scanlon Creek plot. Albion Hills had the most regeneration tree species possibly because of 

the openings in the canopy that were caused by blow downs. Scanlon Creek possibly had a high 

amount of regeneration growth because of the large openings that were created when the forest 

was logged in the mid 1980’s of hazardous trees. Humber forest had a relatively low 

regeneration rate because of such a thick upper canopy blocking any potential sunlight from 

reaching the forest floor. Another possible solution could be that it is a very dense forest and 

there is simply no room for trees to be sprouting and growing at a fast rate because this plot 

contained the most trees per quadrat than any of the other plots assessed.  

Mono Cliffs had absolutely no regenerative growth, possibly due to the thick upper 

canopy up until 2008 and then the logging that occurred this year of potential hazardous trees 

occurred. There were sightings of very low vegetative growth on the ground throughout the plots 

so in many years to come, this plot may begin replacing the fallen trees with regenerative trees. 

Figure 17 depicts that American beech (Fagus grandifolia) is the dominant regenerative tree 

species comprising 42.86% of all new trees, followed by sugar maple (Acer saccharum) at 

22.62% and ironwood (Ostrya virginiana) at 17.86%. 

 



Ontario Forest Biodiversity Project, 2009 15 

 

 
Figure 16: Number of regeneration trees per plot. 

 

 
Figure 17: Regeneration species composition (all plots). 

 

4.5 Species Richness and Tree Density Distribution 

A variety of tree species were found at each of the four plots. An explanation as to why 

some plots had a larger species richness then others can be explained by the Growing Degree 

Days (GDD) in the area. GDD is used to estimate the growth and development of trees and 

plants during the growing season (OMAFRA, 2009). It is apparent that the southernmost plot, 

Humber Forest, has the highest degree of species richness (Figure 18). In contrast, the 

northernmost site, Scanlon Creek, has the least amount of species richness in comparison to all 
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the other plots. Mono Cliffs cannot be a valid site when comparing species richness because it is 

a monoculture for a maple syrup operation. Albion Hills cannot be accurately compared 

according to species richness either because of the total amount of blow downs that occurred in 

this plot. The Humber Forest plot is located in a region where the GDD is 2000-2500 which 

yields a higher composition of species richness (Figure 19 and 20). Scanlon Creek is however 

located in a region where the GDD is 1500-2000, which ultimately yields less species richness 

What can be determined by this analysis is that by being closer to Lake Ontario, there is 

generally a higher species richness expected then forests located further away. 

 

Forest 

Biodiversity 

Plot 

Number of 

Species 

Total 

Number of 

Living Trees 

Average 

Number of 

Trees per 

Quadrat 

Notes 

Humber 

Forest 
13 104 20.8 

Southernmost plot 

Albion Hills 9 148 29.6 Steep south facing slope 

Mono Cliffs 1 47 9.4 Sugar maple monoculture 

Scanlon 

Creek 
9 173 34.6 

Northernmost plot 

Figure 18: Species richness and tree density for all four plots. 

 

 
Figure 19: Growing Degree Days (GDD) chart (MacIver 2, 2000). 
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Figure 20: Spatial distribution of GDD in Ontario (NAIS, 2009) 

 

5.0 PRELIMINARY SITE DATA COMPARISON 

 Prior site data from each of the plots were not gathered in the same years but rather 

between 1997 and 2003. This generates overall difficulty when comparing measurements from 

each of the four sites. However, the collected data is still a valuable asset on an individual site 

comparison basis. Within this report, comparisons between past and new data were conducted on 

the tree heights and the tree dbh distributions. Within all sites, except for Scanlon Creek, there 

are fewer living trees overall due to a variety of reasons (see Figures 21 to 28). The following 

analysis of data serves as an example of how previously collected data and present data can be 

compared to determine changes in forest biodiversity, structure, composition, sustainability, 

resilience, and distribution. 

 

5.1 Albion Hills Comparison (2002 and 2009) 

 Albion Hills is one of the younger plots established by ACER. The dbh class distribution 

(Figure 21) indicates that a large proportion of trees have a dbh between 4cm and 10cm. This 

also suggests that many of the trees within this plot are young and possibly regeneration trees. 

The remainder of the trees that have a dbh greater then 4cm to 10cm were nearly even distributed 

throughout the remainder of the dbh classes. With such a high percentage of trees found within 

the 4cm to 10cm class, it suggests that the forest regeneration rates are still present and 
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successional growth is occurring at the Albion Hills plot. There is also evidence that there are 

more trees in 2009 than in 2002 that are reaching the upper classes of dbh distributions.  

 

Figure 21: Albion Hills diameter at breast height (dbh) class comparison. 

 

The tree height class distribution of the measured quadrats at Albion Hills depict that the 

majority of the trees in both 2002 and 2009 are between 5m and 10m tall (Figure 22). However, 

there is a variation in heights from both sets of years for the remainder of the trees. This depicts a 

well defined stratified canopy.  However, with the amount of blow downs, there are 20% fewer 

trees in 2009 then in 2002. This is evident in the data by recognizing that there are no trees taller 

then 34.33m in 2009 while there were 15 trees taller then that back in 2002. Therefore, blow 

downs had a massive effect on the distribution of tree heights from the quadrats assessed. There 

was also little change in distribution for each of the classes between 2002 and 2009 which 

suggests the trees are aging at a similar rate. 

 

 
Figure 22: Albion Hills height class comparison. 
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5.2 Humber Forest Comparison (2003 and 2009) 

 The Humber Forest plot is the newest established plot of the four by ACER. The dbh 

chart (Figure 23) is quite similar to the dbh distribution of Albion Hills. 44% of trees from 2003 

and 45% of the trees from 2009 are found to be within the 4cm to 10cm dbh class. This also 

suggests that the majority of the trees from both years are still young and may be considered as 

regeneration trees. There are also 19% of the trees from 2003 and 18% of trees from 2009 that 

are located in the 10cm to 15cm range. The remainder of the trees assessed within the quadrats 

are well distributed throughout the remainder of the classes. There is also a notable gain in tree 

growth between the classes 50cm to 65cm. This suggests that the forest can sustain larger trees 

and that they will continue growing unless they are removed by human activities or natural 

causes.  

 

 
Figure 23: Humber Forest diameter at breast height (dbh) class comparison. 

  

The tree height class comparison between the data collected in 2003 and 2009 suggests 

that the forest contains a healthy and well stratified canopy (Figure 24). The height distribution 

of Humber Forest portrays a similar distribution to that of Albion Hills as well. However, the 

issue with fallen trees is that the causes were based primarily on human actions and intentions 

while Albion Hills was caused by natural events. There were also 2 trees that were located in the 

40cm to 45cm height class in 2002 but were not present in the 2009 reassessment. These trees 

were most likely seen as potential hazards and cut down.  Within both the dbh and height 

distributions, the percentage of trees within each class are relatively the same between the years 

of 2003 and 2009 which suggest that the trees are growing at a similar rate. Due to the high 

variability of tree species and tree ages, this plot is well established and will be resilient to 

ecosystem disturbances such as disease and extreme weather events. Due to human interests, 

only 69% of the trees assessed in 2002 still stand and live in 2009.   
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Figure 24: Humber Forest height class comparison. 

 

5.3 Mono Cliffs Comparison (1997 and 2009) 

 The Mono Cliffs plot is the oldest plot studied in this report in context to when ACER 

established it. This is also the only plot that is composed strictly of sugar maple (Acer 

saccharum) trees used primarily for maple syrup making in the past. According to the dbh 

distribution (Figure 25), the trees appear to be near a similar age. Due to all the trees being the 

same species and susceptible to similar outside factors such as climate and sunlight, they should 

grow and age  relatively at the same rate. Prior to being a forest, the plot used to be old farm 

lands and when the farm became unprofitable, sugar maples (Acer saccharum) were planted. 

Therefore, the trees within the plot at Mono Cliffs are of the same age and this is evident within 

the dbh distribution.Both the 2002 and 2009 dbh distributions both portray a similar dbh 

distribution with few trees having small and large dbh’s; with the majority of the trees having a 

similar dbh centered around the 25cm to 30 cm class in 1997 and the 30cm to 35cm class in 

2009.  

 

 
Figure 25: Mono Cliffs diameter at breast height (dbh) class comparison. 
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According to the height class distribution comparison (Figure 26) , any tree that was 

taller then 35m was removed in 2009. These trees were possibly seen as hazards to the children 

and coordinators who may be on the trails within the plot. There are also no trees shorter then 

10m in 2009 and this is probably due to them being crushed by the falling of larger trees when 

they were cut down; or they were knocked over by the lumber machinery. The later is a possible 

suggestion because many of the quadrat corner posts throughout the plot were either broken in 

half, missing, bent, or pushed over and it would have required machinery to break a steal post. 

There is also a considerable number of trees within the 25m to 30m class in 2009 then what 

could have potentially grown that much from the 20m to 25m class in 2002. This suggests that 

their was favourable growing conditions for a debatable period of time which permitted trees 

from smaller classes in 2002 to grow at such a rapid pace. Overall, 52% of the trees assessed in 

2002 still stand alive and healthy in 2009.  

 

Figure 26: Tree height class comparison. 

 

5.4 Scanlon Creek Comparison  (2001 to 2009) 

 Of all the sites assessed in this study, Scanlon Creek contained the most regeneration 

trees (0 trees in 2001 to 87 trees in 2009) and was the only plot that had an increase in tree 

density (78 trees in 2001 to 170 trees in 2009). The large addition of trees to this plot however 

can be sourced to a lack of cooperation and precision on the part of those that established the site 

initially. According to the Smithsonian Protocol, when tagging a tree for the first time, 

triangulation measurements must be gathered. These measurements provide necessary 

information so that a tree can be relocated later on. When the site was initially assessed however, 

triangulation was not performed at any tree within the plot. This resulted in trees that should 

have been included in the initial assessment to be missed and excluded. Despite this issue, the 87 

trees that have a dbh between 4cm and 10cm are new growth that would not have been 

incorporated in the initial assessment anyways, thus this count remains valid. Along with the 
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51% of the trees found in the 4cm to 10cm class in 2009, there is also a strong correlation 

between the amount of trees within each class in 2001 and in 2009.  

 Being knowledgeable of the lack of precision and accurateness of how the plot was 

established, the newly added trees in 2009 were not compared to the trees of 2005 because a 

comparison would be inaccurate. Therefore, only the trees that were tagged in 2001 were 

compared to the corresponding trees in 2009 (Figure 27). The distribution of trees amongst the 

various classes in 2001 appear to have grown and shifted to the next corresponding class in 2009. 

These trees have experienced consistent growing conditions based on the uniform growth 

depicted by the dbh distribution. Sugar maple (Acer saccharum) species experienced the most 

growth, in regards to dbh, than any other species at the plot.  

 

 
Figure 27: Diameter at breast height (dbh) class comparison. 

  

  The height distribution chart depicts that the majority of the trees in 2001 had a height 

between 5m and 15m and the majority of tree heights in 2009 are in the 20m to 30m classes 

(Figure 28). It is evident that the trees found within the 5m to 15m height class in 2001 have 

grown rapidly in 8 years and are now distributed amongst the 20m to 30m class distribution. 

Variable growing conditions within the plot and species richness has permitted variable growing 

rates for each tree species. This observation can be seen when comparing the height distribution 

that is concentrated in the 5m to 10m class and the 10m to 15m class in 2001. The height 

distribution in 2009 is thus more variable spanning from as low as 5m to as tall as 40m classes. 

This observation suggests that the forest is in transition to becoming a better established forest 

that will be more resilient to ecosystem disturbances and support a greater diversity of species. 

 



Ontario Forest Biodiversity Project, 2009 23 

 
Figure 28: Treeheight class comparison. 

 

6.0 RECOMMENDATIONS 

 

• To continue monitoring the sites in the fall season to limit the impact each ACER 

measuring team has on new growth of trees and vegetation. 

 

• To ensure long term tree number identification. There were many instances when a tree 

tag would be broken, missing, or overgrown by the trees. This made identifying the tree 

rather difficult. Trees should be retagged with less invasive and more permanent 

methods. It has also been observed that some tags that were nailed into the trees made the 

tree more vulnerable to infestation and disease (Weiler, 2009). 

 

• To guarantee data from all sites should be collected at a similar time to ensure that 

comparisons can be as accurate as possible. 

 

• To make certain triangulation measurements are conducted during a plots initial 

assessment to ensure proper tree tagging. 

 

• To replace any missing or damaged quadrat corner posts, especially at the Humber Forest 

and Mono Cliffs study plots. 

 

• To discourage vandalism people can cause to the trees, especially at Humber College. 

 

• To ensure that collected data is entered electronically as well as file hard copy’s of data to 

ensure that it is available for future studies. 

 

• To suggest that with data collected pertaining to crown width and depth, that further 

analysis of these measurements be conducted for each of the four sites so that a 

comparison may be concluded. 
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• To use more precise GPS equipment to ensure accurate readings at each of the NW 

corners of each plot’s quadrats.  

 

• To conduct a complete assessment of all tree species with a dbh smaller then 4cm. This 

can possibly portray Carolinian tree species that are just beginning to establish 

themselves within the four plots. 

 

7.0 CONCLUSION 

The Ontario Forest Biodiversity  Project accomplished its established goal set out in the 

project proposal. Five quadrats from each of the four sites were measured and assessed 

completely in terms of species composition, distribution, general health, regeneration, tree 

dimensions, human impacts, and evidence of extreme weather events such as blow downs. This 

data, along with any photographs and site summaries were sent to Environment Canada for 

further analysis in regards to current predictions for atmospheric change impacts. The approach 

to analysing data within this report highlights differences in species composition and distribution 

amongst the four sites. The information gathered in this report will be posted on the ACER 

website and will also be available for future research and studies. By establishing site visits and 

ACER representatives being helpful and insightful in regards to the forests, communication 

between ACER and site representatives at each of the plots has been re-established. This ensures 

future monitoring of the sites by the local communities. 

Overall, each of the four sites are doing fairly well in regards to canopy structure, 

composition and distribution; which all suggest ecological health and sustainability. The most 

influential factor to tree density when analyzing the data was the extent of logging and blow 

downs that occurred within each of the plots. Also, it would be useful to determine the 

management activities that occur in the plots such as tree removal for trail development and 

hazardous tree removal. 

 In conclusion, a complete re-measuring of each of the sites must occur to fully understand 

the effects of human interests and natural interventions have on a forest ecosystem. It was also 

found that Carolinian tree species are not moving north. A complete reassessment of the 

understory tree species composition must be completed which includes all trees with a dbh 

smaller then 4cm. By re-measuring the plots, it also ensures that the sites will be properly 

maintained and prepared for further studies to take place. This will also assist for a further in-

depth analysis to occur on how climate change and human activities are affecting forest 

biodiversity in central Ontario. The data collected in this study, the Niagara Peninsula Project 

(NPP), the Niagara Escarpment Project (NEP), and subsequent monitoring projects will assist in 

tracking changes occurring at each of the sites and identify any potential threats to forest 

biodiversity. 
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10.0 APPENDIX 

 

Ontario Forest Biodiversity 

Project 

Changes in Tree Species (>4cm DBH) in all 

Forest Biodiversity Research Plots 

Site Species Name Common Name 
Number of 

Trees 
Change 

      2002 2009   

Fagus grandifolia American Beech 76 60 -16 

Tilia americana Basswood 8 5 -3 

Prunus serotina Black Cherry 5 2 -3 

Quercus 

macrocarpa 
Bur Oak 1 1 0 

Tsuga canadensis Eastern Hemlock 2 2 0 

Ostrya virginiana Ironwood 16 15 -1 

Acer saccharum Sugar Maple 70 57 -13 

Fraxinus americana White Ash 5 3 -2 

Albion Hills 

Betula papyrifera White Birch 1 1 0 

      2003 2009   

Fagus grandifolia American Beech 3 2 -1 

Tilia americana Basswood 4 0 -4 

Prunus serotina Black Cherry 1 1 0 

Acer nigrum Black Maple 3 3 0 

Carya cordiformis 
Bitternut 

Hickory 
5 7 2 

Quercus 

macrocarpa 
Bur Oak 8 7 -1 

Tsuga canadensis Eastern Hemlock 7 1 -6 

Crataegus.spp Hawthorn 31 9 -22 

Ostrya virginiana Ironwood 30 21 -9 

Acer negundo Manitoba Maple 5 4 -1 

Casya ovata 
Shagbark 

Hickory 
23 19 -4 

Acer saccharum Sugar Maple 28 28 0 

Humber 

Forest 

Fraxinus americana White Ash 2 2 0 

      1997 2009   

Mono Cliffs Acer saccharum Sugar Maple 92 47 -45 

      2001 2009   

Fagus grandifolia American Beech 2 32 30 

Acer nigrum Black Maple 0 2 2 

Carya cordiformis 
Bitternut 

Hickory 
18 24 6 

Quercus 

macrocarpa 
Burr Oak 1 1 0 

Tsuga canadensis Eastern Hemlock 0 11 11 

Ostrya virginiana Ironwood 0 35 35 

Acer saccharum Sugar Maple 15 41 26 

Fraxinus americana White Ash 14 19 5 

Scanlon 

Creek 

Betula papyrifera White Birch 2 8 6 
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OFBP: 

Lake to 

Lake 

Change in Number of Trees 2009 

Site Quadrat # 
Number of  

Living Trees 
Change 

# of 

Dead 

# of 

Missing 

% of Trees 

Living 

   2002  2009             

11  44  26  ‐18  18  7  59.09% 

13  34  29  ‐5  2  3  85.29% 

17  39  34  ‐5  4  5  87.18% 

19  31  28  ‐3  2  1  90.32% 

23  36  31  ‐5  1  6  86.11% 

Albion Hills 

Total  184  148  ‐36  27  22  80.43% 

   2003  2009             

5  22  25  3  5  0  113.64% 

7  28  23  ‐5  6  0  82.14% 

13  29  27  ‐2  0  2  93.10% 

15  35  13  ‐22  22  1  37.14% 

25  36  16  ‐20  11  19  44.44% 

Humber 

Forest 

Total  150  104  ‐46  44  22  69.33% 

   1997  2009             

1  17  11  ‐6  0  6  64.71% 

4  18  10  ‐8  0  8  55.56% 

15  21  9  ‐12  0  13  42.86% 

18  21  8  ‐13  0  14  38.10% 

21  15  9  ‐6  3  4  60.00% 

Mono Cliffs 

Total  92  47  ‐45  3  45  51.09% 

   2001  2009             

3  12  44  32  3  0  366.67% 

6  17  28  11  1  0  164.71% 

10  12  39  27  6  0  325.00% 

21  9  34  25  2  0  377.78% 

25  16  28  12  3  0  175.00% 

Scanlon 

Creek 

Total  66  **173   107  15  0  262.12% 

 

 

 

 

 

 

** This count includes all trees that were added by ACER’s measuring team in 2009 and 

the trees initially from 2001. 
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Legend 

Albion Hills Plot:  

Quadrats Assessed:  

Legend 

Humber Forest Plot:   

Quadrats Assessed:  
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Mono Cliffs Plot:  

Quadrats Assessed:  

Legend 

Scanlon Creek Plot:  

Quadrats Assessed:  


