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 Monitoring forest biodiversity is a useful tool to understand the impacts of 
increased temperature and changing precipitation patterns associated with 
global climate change. Forests are significant for both economic and natural 
values and need to be monitored for the development of any adaptive 
management strategy.  Long-term monitoring plots (104) were set up in the late 
1990’s across Canada with 25 set-up in Southern Ontario.  Fourteen of these sites 
were re-measured from 2008 to 2009 for 3 monitoring projects to assess change 
over time.  
 Diameter at breast height (dbh), height of tree, species identification, tree 
location via triangulation, and health status were collected from tagged trees 
during benchmark data collection at these sites. Current monitoring added 
crown measurements, canopy height and tree status.  For this study, the 
diameter class frequency distribution, basal area, stems/hectare, species 
distribution, tree loss and gain and regeneration of trees were investigated for 
each forest study site.  
 
 This report found that there is an overall loss of trees across the sites from 
the benchmark measurements to recent sampling.  Close to 2000 stems in the 14 
hectares overall were lost in these forest plots.  Much of this is attributed to the 
loss of younger trees in the 4-10cm and 10-20cm dbh classes. In addition, species 
increased from a north to south gradient.  The lack of an increasing trend in 
basal area values in a North to South gradient can be explained by the 
exposure of varying forest management practices, land-use impacts and natural 
phenomena. In the past, timber extraction and land clearing, along with cattle 
grazing influenced the forest sites in the area between Lake Ontario and Lake 
Simcoe. More recently management practices to minimize hazardous trees 
along trails resulted in tree loss. In addition, in the past decade the forests of 
southern Ontario region have faced droughts, insect infestations and blowdowns 
that have also contributed to tree stress and loss.   
 
 The paper also confirmed that biodiversity increases in a north to south 
trend and that the number of sampled quadrats needs to be higher to 
accurately assess biodiversity, confirming that one hectare plots provide the 
most species identified per area monitored.  
  
The following recommendations are made to enhance future forest biodiversity 
monitoring efforts: 

! Maintain data in a central repository and keep copies with partners such 
as academic institutions. 

! Follow protocol to ensure comparability amongst study sites. 

Executive Summary 
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! Share monitoring reports and data with forest managers (e.g. municipal 
and conservation managers) to help them identify risks to their forests and 
to provide input to assist in watershed management. 

! Sample for biodiversity using more than 5 quadrats as it does not 
accurately represent the species count.  

! Sample for basal area and stems/hectare using a minimum of 5 quadrats  
! Establish additional plots to capture changes in other forested types, as 

well as, locations with unique characteristics  (e.g, headwaters, areas 
representing variability in future climate change impacts and spatial 
variability)  

! Establish a monitoring timetable with appropriate time intervals to meet 
forest management objectives. 

! Consider tree migration patterns in future studies. 
! Have more trained eyes in the forest….developing citizen scientists is 

crucial. 

 
Standardized methods for measuring the success of practices and the health of 
the ecosystem are important in ensuring that data can be shared between 
organizations to draw accurate conclusions. Some components that require 
codification include water quality, canopy cover, tree health, streambank 
condition and vegetation cover. 
When determining the best management practices, the pragmatic knowledge 
from organizations that have experience working with Riparian Zones is 
invaluable. In order to incorporate this information, organizations that operate 
within watersheds in Ontario were surveyed in terms of their current practices 
and recommendations for a standardized protocol. Existing protocols such as 
the Ontario Steam Assessment Protocol were taken into consideration 
throughout this process. 
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Southern Ontario Forests have undergone a great deal of change in the past 200 years. 
Historic landcover maps from the pre-European settlement times paint a very different 
picture of Southern Ontario forests than what is seen today. Over time, due to society’s 
changing land-use demands, forests species have been removed and landcover has 
been significantly altered until today’s forests are fragmented and smaller in size 
(Waldron 2003). Originally, forests covered 85% or more of Southern Ontario, whereas, 
now urban areas forests make up often less than 5% and in rural-agricultural areas they 
make up 20-30 % of the total landcover.  
 
Many pressures along with climate change influence the remaining forests at risk. 
Changes are inevitable and forests are impacted by further fragmentation and 
disturbances due to both urban intensification and sprawl. Monitoring these impacts is 
essential for developing adaptive climate change management strategies that can be 
implemented to conserve forests. Although Southern Ontario was monitored in the past 
for forest timber inventories, the need for measuring/monitoring forests eventually 
ceased as agriculture and then urbanization became the predominant land-use for the 
area. Fortunately the establishment of international monitoring plots occurred when 
Environment Canada adopted the Smithsonian Institution protocols for biodiversity 
monitoring in the late 90’s.  
 
In the late 1990’s, the Association for Canadian Educational Resources (ACER) 
established many long-term forest diversity monitoring research plots in collaboration 
with Environment Canada, the Ecological Monitoring and Assessment Network (EMAN) 
and the Smithsonian Institution. The trees in these one hectare plots were measured by 
various groups, including naturalist clubs, Royal Botanical Gardens (RBG) staff, university 
students and volunteer “citizen scientists’. The data was collected using the Smithsonian 
Institution / Environment Canada biodiversity tree monitoring protocols. Then in 2008 
and 2009 three projects resulted in a total of 14 “re-measurements” of these forest bio-
diversity plots (Figure 1).  
 
 
 
 
 
 
 
 
 
 

Section 1: Introduction 
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Forests have significant functions in the environment. They represent a biome that 
houses a significant amount of the world’s biodiversity of flora and fauna providing 
habitats for numerous ecosystems. In terms of biogeochemical and hydrological 
processes they are an integral part of soil conservation, water cycling and air quality 
mediation for pollutants.  In areas of pollution trees can clean water and decrease air 
pollution. For example trees can and have been able to mitigate impacts of human 
activity that has resulted in the acidification of soil and the accumulation of nitrogen a 
by-product of industrial pollution. (Colombo et al.,1998).  
 
In addition, trees play an important role in carbon sequestration. Terrestrial forests 
primarily act as carbon banks through the storage of carbon in above and below 
ground biomass of both trees and forest understorey plants. Forests are also active in 
preventing large increases in the amount of greenhouse gases through photosynthesis, 
specifically in dry tableland forests. With increased levels of carbon dioxide in the 
atmosphere several alarming changes can occur.  Changes are not limited to 
increased temperatures but will also change precipitation patterns and increase in the 
number of extreme weather events such as drought (Colombo et al., 1998).  Some 
invasive species fare better than others in conditions with increased levels of carbon 
dioxide and they could become dominant over the natural species (Smith et al., 2000).  
In Ontario, the impacts of climate change are expected to significantly alter forest 
composition and function (Schindler, 1998, Environment Canada, 2000).  
 
Thus the purpose of establishing long-term monitoring terrestrial biodiversity plots is to 
maintain a database that will provide significant insight into the species that populate 
the various locations, as well as how the forest ecosystem responds to a changing 
climate. The data can be analyzed to identify tree species at risk and those that are 
flourishing. It is expected that, in the plots of South Central Ontario over the span of time 
from the benchmark measurements to recent re-measurements, the data will give 
insight into the presence of invasive species.  
 
There are several baseline measurements that can be compared in these plots from the 
initial benchmark data to the recent data. These basic measurements are; species 
composition, diameter at breast height (dbh), basal area and stem density, height 
comparisons and mortality rates. It is also possible to compare species biodiversity 
change looking at the species and family levels.  In the recently measured plots canopy 
cover measurements were also introduced. This allows for investigating the potential 
leaf area index and also potential carbon sequestration levels of sampled forests. This 
report will consider changes from the benchmark measurements for each of the plots 
for species distribution, dbh class distribution, basal area and stem/hectare values and 
tree loss and gain. In addition, the report will explore the optimal sampling area of these 
plots to effectively capture accurate information of the attributes of the forest being 
monitored.  

Section 2: The Significance of Monitoring Forests for Climate 
Change Impacts 
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The 14 plots (one re-assessed in two separate studies was treated as a separate plot) 
that are assessed for this report are located in the South Central region of Southern 
Ontario. These plots were initially chosen to represent the predominant forest type of 
southern Ontario, namely the maple/Beech forest. Each plot is easily accessed to allow 
for monitoring by citizen scientists.  
 

 
 

Figure 1: Forest Biodiversity Monitoring Plot locations in South Central Ontario. 
 
 
These plots vary in their management and land-use history. In addition, there are also 
differences in their exposure to human impacts. This area is highly urbanized along the 
shores of Lake Ontario and, to a lesser extent, Lake Erie. The majority of the plots are 
located on and around the Niagara escarpment area (Figure 1), with the most northern 
located in Wiarton and the most southern located in Backus Woods in Long Point.  
Six of the plots are located south of Lake Simcoe to just north of Lake Ontario’s 
northwest shore. These six are the most likely to be impacted by human activities as they 
are close to the cities and are managed for trail use and recreational purposes. 

Section 3: Study Area 
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Historically, Scanlon Creek, Albion Hills and Mono Cliffs were adjacent to or exposed to 
livestock or agricultural influences. More recently these sites along with Boyne River and 
Humber College are used for activities such as hiking and are exposed to trail users. 
 Backus Woods and Short Hills Nature sanctuary are the two forests with the most 
southerly locations and both have had less impact on the forests from humans. These 
forests were expected to have little disturbance since they are located in less densely 
populated region and with low public access. Permission is required for access and 
there are restrictions on activities in these areas. 
 

 
 
 
4.1 History of SI/MAB plots 
 
The Smithsonian Institute / Man and Biosphere (SI/MAB) biodiversity monitoring program 
began in the 1990’s (EMAN, 2003). Over 500 sites exist worldwide with 104 sites in 
Canada (MacIver, 2009). In southern Ontario there are 25 sites mostly located in and 
around the Niagara escarpment. The long term study and observation of these forested 
areas is of great importance in understanding the natural environment especially within 
the context of climate change. Examining how ecosystems function and the role that 
biodiversity plays within this habitat can allow for anticipated negative impacts to be 
mitigated (Dallmeier 2000). 
 
Scientists adapted the protocols so that they apply to the types of forests that exist in 
Canada. These protocols allow for standard measurement and data collection 
practices allowing the information collected to be shared and compared regionally, 
nationally and globally. The protocols were created to be long term monitoring projects 
in partnerships with communities, educators, researchers and other environmental 
organizations. Data storage and availability is a very important component of long term 
monitoring when comparing data and monitoring ecological change.  
 
4.2 Citizen Science 
 
Citizen science is the concept of having a wide range of members of the community 
participate, in this case, monitoring forestry biodiversity plots, regardless of their training 
or background in this area. People without experience in science to become involved 
in monitoring through established protocols that use comprehendible and relatively 
simple methods.  Through working in forests plots and becoming educated about some 
environmental issues in this process, citizens become more environmentally literate. A 
unique aspect of citizen science is that it allows for the participant to “see and do” 
through a hands on approach. They are able to gain an awareness of climate change 
as well as increase their understanding of the effects of climate change and their role in 
it. 
 

Section 4: Methodology 
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Participants in monitoring biodiversity not only learn and observe but also build skills in 
recording observations that can be shared with the scientific world. Citizen science 
helps to build networks of    like-minded individuals, students and community groups 
(Vaughan, 2007). The data collected for the southern Ontario plots include a wide 
range of individuals ranging from researchers, students, community groups and staff at 
various conservation institutions. In fact, the data collected and techniques used by 
ACER for forest plot monitoring are recognized and used by Environment Canada.  
SIMAB Plot Protocols 
 
In order to maintain a consistent process for the long term terrestrial monitoring plots, 
EMAN created a manual of protocols established for the one-hectare monitoring plots.  
Some of the main topics that the protocol addresses include plot establishment, record 
keeping, data and information collection methods, data compilation and model data 
sheets (EMAN, 2003). The protocol is used to ensure that each plot is dealt with in the 
same way so that data collected can be analyzed in comparison to other plots. ACER 
was part of the development of the implementation of these protocols and developed 
tools and manuals to train the participants to carry out accurate monitoring. Over the 
years scientists, educators and specialist have contributed to refining these tools so that 
data is reliable and usable. In addition, ACER has been working to ensure that data is 
managed and maintained in a repository.  
 
4.3 Quadrat Sampling and Data Collection 
 
The 14 one-hectare forest monitoring plots were established in the 90’s. All but two of 
the benchmark plots involved ACER and various partners.  From 2008 to 2009, these plots 
were revisited by three groups for separate projects and sampled according to the 
same protocols established by the Smithsonian Institution. The data from these three 
projects were combined in this study for comparative purposes. The data was compiled 
in a common database (Appendix A) and imported into a GIS for map making, using 
ARCView 3.1.  
 
In the benchmark studies all 25 quadrats within a plot were measured. Benchmark data 
included triangulation distances for the purpose of locating each tree within a quadrat, 
tree species identification, diameter at breast height (dbh), tree height and tree health 
status.  In the recent data collection efforts, due to time and resource restrictions, only 
some quadrats were sampled. These quadrats were selected using a random grid 
sampling method.  
 
Data from each 20X20m quadrat was collected in a methodological manner starting at 
the northwest corner including any new trees over 4cm diameter found in 2 metre 
swaths with the last trees situated in the centre of the quadrat. Once trees to be 
included were numbered, then both the triangulation and species of tree were 
determined. Then for all trees, dbh, canopy height, tree height, canopy width, tree 
canopy status and tree health were measured. Dbh tape, corrected for circumference, 
was used to measure the diameter of a tree at 1.3 metres  above the ground.  
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A clinometer was used to determine the heights of the tree and canopy. This was taken 
at a 20 metre distance from the tree and the compass bearing was taken to record this 
location from the tree allowing future height remeasurements to be taken from the 
same spot. The angles derived from this were converted to height using TAN tables. In 
addition, a key developed by ACER, was used to determine tree species. Canopy width 
was determined for two perpendicular directions and canopy status noted as either 
dominant, co-dominant or suppressed. Health status was determined by looking for key 
indicators of health such as branch die back.  
 
ACER developed a tool kit, namely the BioBag that contains all required equipment to 
carry out above measurements, as well as, step-by-step instructional cards that are self-
directing. Data was collected by individuals, trained by experts, to use all of the 
equipment according to standard forestry mensuration procedures.  
 
The dataset included in this study are derived from sampled quadrats from the three 
projects. In the Niagara Peninsula Project (NEP-2008) only one quadrat each was 
sampled from five sites, Borer’s Falls, Rock Chapel, Brock University, Short Hills Provincial 
Park and Short Hills Nature Sanctuary. The scope of the Niagara Peninsula project was 
mainly to investigate the factors involved in re-establishing a citizen science-based 
monitoring network in a region to facilitate and inform future re-measurement and re-
visits of the SI/MAB plots. Therefore only one quadrat was sampled, as much of the 
efforts were made in establishing networks and retrieving old data. This inadvertently has 
provided some insight into the question of what is the ideal number of quadrats for 
sampling a one-hectare plot.  
 
In the Niagara Escarpment Project (NEP-2009) 3 quadrats were sampled from Wiarton, 
Boyne River, Halton Regional Forest, Rock Chapel (2) and Long Point. Note that Rock 
Chapel was visited twice for the two separate studies. The data from the two separate 
years for Rock Chapel will be analyzed and treated separately for the primary reason 
that a years growth may skew results. These forest plots were revisited to provide data 
for the Adaptations and Impacts Research Division (AIRD) at Environment Canada for 
development and verification the accuracy of equations developed to predict impacts 
of atmospheric change on biodiversity.  
 
Finally, in the Ontario Forest Biodiversity Project (OFBP-2009) 5 quadrats were sampled at 
Mono Cliffs, Albion Hills, Humber Forest and Scanlon Creek. The data was again shared 
with AIRD and provided further insight into biodiversity change by including sites that 
help complete the gap from Lake Simcoe to Lake Ontario (Figure 1). 
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5.1 Diameter at Breast Height Comparisons 
 
The frequency distribution curve of trees can give a rough indication of the age of a 
forest and, along with height and species composition, can be used to characterize 
forest structure. Diameter class distributions for Albion Hills, Long Point, Short Hills Nature 
Sanctuary and Rock Chapel (2008) follow an inverse J-curve indicating there are lots of 
smaller and presumably younger trees followed by a decline in the mid-sized trees and 
then a slight increase of larger trees (Figure 2). This signifies an uneven aged mixed 
deciduous forest. Wiarton, Scanlon Creek, Boyne River, Humber Forest and Short Hills 
Provincial Park frequency distribution curves are skewed to the left of the graph 
indicating the forest has many young trees. Generally speaking, these trees are under 
60cm dbh. Mono Cliffs curve is the only one without high numbers of regeneration trees 
and has a bell curve that peaks at the 30-40 cm dbh class.  
  

 
 

Figure 2: Sampled benchmark (7-12years ago) diameter class frequency distribution curves for forest 
monitoring plots from north to south in South Central Ontario 

 

Section 5: Results 
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Mono Cliffs is a Sugar Maple plantation that is one hundred percent maple sugar. It is an 
even-aged monoculture forest. Halton Region and the Rock Chapel forests both have 
fewer regeneration species and Rock Chapel 2 shows a bimodal curve with peaks in 
the 4-10cm and 20-30cm dbh classes. 
 
The benchmark diameter class distribution (figure 2) is not significantly different from the 
current diameter class distribution for most of the forest plots sampled (figure 3). The 
curves have remained roughly the same. In general, there has been a loss of trees some 
of which can be attributed to both management practices and natural events such as 
blowdowns.  Regeneration numbers have decreased except for Wiarton.  
  

 
 

Figure 3: Current diameter class frequency distribution curves for forest monitoring plots north to south in 
South Central Ontario 

 
The typical inverse j-curved shape of the graphs in which there are many younger trees 
and fewer mature trees seems to remain with some forest sites showing a change in the 
steepness of the slope. Notably, both samplings at Rock Chapel (2008) and Rock 
Chapel 2 (2009) seem to have changed. The curve for Rock Chapel shows an increase 
in mid-sized trees with a drop in the proportion of regeneration trees indicating there 
was a shift due to tree diameter growth. Overall, the number of trees in the plot 
decreased. Rock Chapel 2 in the benchmark sample had fewer regeneration species 
proportionally as well as by tree count.  The roughly shaped j-curve seen in the plots 
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such as Long Point and Humber Forest indicates a mixed and uneven aged forest. Only 
in Mono Cliffs is there a bell shaped curve with a more even aged diameter class 
distribution of trees. In Short Hills Sanctuary and Short Hills Provincial Park the data was 
collected only for trees above 10cm in diameter, explaining the lack of trees in the 4- 10 
cm diameter class. Generally all these forests except for Long Point and Short Hills 
Sanctuary lack very large trees and can be classified as young forests.   
 
Plotting the diameter at breast height (dbh) class frequency distribution of trees in a 
forest helps identify the status of the forest with respect to new regeneration and mature 
trees. A quick look at the graphs above (figure 2 and 3) shows that the majority of plots 
generally have a high proportion of regeneration species in the 4 -10 cm dbh class and 
declining numbers for the mature trees in the higher dbh classes, with the exception of 
Mono Cliffs, Scanlon Creek and Borers’ Falls. Only 8 of the forest plots have very large 
trees over 60 dbh in diameter, those being Short Hills Nature Sanctuary, Rock Chapel, 
Long Point and Albion Hills (Table 1).  
 
Table 1: Current Diameter Class Distribution of South Central Ontario Forests  
 

 
 Diameter at Breast Height Class (cm) for sampled Quadrats 
Plot Locations (N to S) 
(# of Quadrats sampled) 4-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 100+ 
Wiarton (3) 61 35 17 7 1 1           
Scanlon Creek (5) 0 22 14 8 5 1 2         
Boyne River (3) 35 20 22 9 2 0           
Albion Hills (5) 84 10 13 16 15 8 2 0       
Mono Cliffs (5) 0 2 15 23 7 0 0         
Humber Forest (5) 46 30 11 13 2 3 2 0 0 0   
Halton Regional Forest (3) 17 12 17 11 3 0           
Borers' Falls (1) 7 3 5 1 0 1           
Rock Chapel (1) 21 6 3 2 0 1           
Rock Chapel 2 (3) 51 7 10 10 7 2 1         
Brock University (1) 20 15 5                 
Short Hills Provincial Park 
(1) 18 12 6 3 2             
Short Hills Nature 
Sanctuary (1) 14 4 1 1   0 0 0 0 2   
Long Point (3) 39 16 9 3 5 6 2 2       

 
 
5.2 Basal Area and Stems per Hectare Comparisons 
 
Basal area and stem density are both useful in determining the amount of wood in a 
forest, as well as, growth over time and the health status of a forest. In this analysis we 
would expect that southern Ontario forests that have been left for naturalization after 
experiencing high impact use, such as logging or grazing, would result in increased 
basal areas and stem density.  Since every tree is measured in the quadrat, the total 
basal area was determined by summing the basal area of each tree in that quadrat. 
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In the basal area graph (Figure 4) the dark green areas correspond to the benchmark 
measurements, which generally include all 25 quadrats in the biodiversity plots. The 
subsequent light green bars and yellow bars compare the specific quadrats measured 
over the 2008-2009 period. Only three of the forests in this study had an increase in basal 
area value. Two of the three forests, Wiarton and Short Hills Provincial Park also had a 
corresponding increase in stems/ha, which can be attributed to the increased basal 
area values. Long Point reduced its stems/hectare and therefore it is likely that the 
increased basal area can be attributed to increased tree growth. The loss of large trees 
in a forest creates gaps and allows for increased growth in previously suppressed trees.  
The remaining eight plots (Boyne River, Albion Hills, Mono Cliffs, Humber Forest, Halton 
Regional Forest, Rock Chapel (1 and 2) and Short Hills Nature Sanctuary) have lost 
overall wood in the forest and this indicates that there are factors influencing or 
impacting forest growth and health. 
 

 
 

Figure 4: Basal area values (benchmark and current) of forest monitoring  
plots from north to south in South Central Ontario 

 
These forests have been highly impacted by development as they are close to major 
urban centres and have also been managed historically for timber extraction and 
farming. With the exception of Short Hills Nature Sanctuary and Boyne River, these forests 
currently have basal areas ranging from 20-35 m2/hectare. Boyne River and Short Hills 
Nature Sanctuary experienced the largest drop in basal area value. It is important to 
note only one quadrat was measured in the Short Hills Nature Sanctuary and when 
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looking at the diameter class distribution curve this can be attributed to the loss of a few 
large trees.  
 
The two forests with the high basal area values (over 40 m2/hectare), namely Long Point 
and Short Hills Nature Sanctuary are in the south and have management histories that 
focused on conservation and low impact use. These forests are not close to highly 
populated areas and have limited user access to the forests. Apart from these two most 
southern plots there appears to be no significant trends showing up in the north-south 
gradient.  
 

 
 

Figure 5: Current basal area values and stems/hectare for forest  
monitoring plots in South Central Ontario 

 
The stems/hectare values for the forest monitoring plots when mapped do not 
demonstrate any significant patterns or trends in the north-south gradient (Figure 5).  
However, the majority of the plots south of Lake Simcoe and North of the western tip of 
Lake Ontario located near the Niagara Escarpment area have low stems/hectare 
values, attributed to the high impacts and historical management activities. In addition, 
these plots have decreased number of stems/hectare from the benchmark to more 
recent values. Only, Brock University, Short Hills Provincial Park, Short Hills Nature 
Sanctuary, Wiarton, and Rock Chapel (2) have increased values for stems/hectare.  
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In general, when looking at the map (Figure 5) those plots with larger green circle and 
small orange dots indicate a forest with many large trees, whereas those with larger 
orange dots that almost fill the green dots tend to be made up of many smaller trees. 
 
5.3 Mortality Rates 
 
Mortality of trees has clearly occurred in the southern central plots in Ontario. Southern 
Ontario has experienced two drought periods since the benchmark measurements. In 
addition, there have been gypsy moth infestations and blowdown events that have 
impacted some of these forests. Although plots were sampled where trails did not exist, 
management for hazardous trees has also contributed to the loss. Although this is a non-
natural cause of tree loss, the point can be made that the trees removed, through 
expert assessment were deemed hazardous to trail users, reflecting that the trees were 
expected to die in the immediate future due to poor health.  
  

 
 

Figure 6: Percent tree loss or gain for forest monitoring plots  
in South Central Ontario 
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5.4 Species Composition  
 
Since the plots were pre-selected to represent maple/Beech forests, the prevalent forest 
type of Southern Ontario, it is not surprising that the species distribution for each of the 
plots indicate that the major component of each forest is maple followed by Beech 
(Figures 7 and 8). The Mono Cliffs monitoring plot contains only Sugar Maple as it was 
managed for Sugar Maple syrup production and other species were removed. Borer’s 
Falls also consists largely of maple sugar and Black Maple trees. It also appears as one 
travels north along the west side of the escarpment that the prevalence of Beech 
decreases. Brock University has the largest Beech composition and it is interesting to 
note that these trees are quite young. In addition, the southern most plots contain more 
red maple trees.  
 

 
 

Figure 7: Species distribution map of 10 most prevalent tree species in forest  
monitoring plots in South Central Ontario 

 
The number of maple trees also tends to decreases, in general, from a north to south 
gradient and also east of the escarpment there appears to be increased occurrences 
of Ironwood and hickory. The species distribution may be impacted by risk 
management practices since those plots in the central portion of the escarpment are 
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closer to major urban centres and more accessible to visitors and managed for trail use.  
Prior to urbanization these plots experienced farming and grazing pressures.  
  

 
 
 

Figure 8: Species distribution chart of 10 most prevalent tree species in forest  
monitoring plots from north to south in South Central Ontario 

 
By focusing on trees less than 10cm dbh it is possible to determine what the future forest 
will look like. The most dominant species is Sugar Maple followed by American Beech, 
Ironwood, white ash and then red maple (Figure 9). This indicates that there is little 
change in the dominant species composition projected for the future. Currently the 
forests are mostly Sugar Maple/Beech and the future also looks like it will be Sugar 
Maple/Beech.  
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Figure 9: Regeneration species profile (<10 cm dbh) in forest  
monitoring plots in South Central Ontario 

 
5.5 Biodiversity 
 
Research in sampling biodiversity indicates that it is scale dependent. To accurately 
assess biodiversity in a location it is necessary to monitor and measure trees within a one 
hectare plot. (MacIver et al., 2009). A one hectare plot is the optimal area that captures 
the most species in the least area sampled.  A comparison of the number of species 
present in the entire one hectare plot to the sample plot reveals that sampling 1, 3 or 5 
quadrats within a one hectare plots (or 400m2, 1200m2, 2000m2 ) is not a good 
representation of the species present in a forest (Figure 10). In all cases, except for Mono 
Cliffs, the random samples underestimate the value of the number of species present at 
the initial benchmark establishment of the plot (Table 2).  
 
This confirms that, for biodiversity estimates, it is necessary to increase the sampling area. 
It may be feasible to sample fewer quadrats if the plot is determined to be 
homogeneous or contains very few species (EMAN, 2003). This can be calculated by 
simple statistical analysis of homogeneity amongst the quadrats at a monitoring plot. For 
example, the Mono Cliffs site only has one species so no matter how many quadrats are 
sampled the species represented would be accurate. However, for the purpose of 
detecting change in regenerating species or invasive species monitoring fewer sites 
determined to be homogeneous will be hampered.  
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Figure 10: Species counts of forest monitoring plots from north to  
south in South Central Ontario 

 
The benchmark species count shows a strong increasing north-south trend. This is 
consistent with research that shows that there are more tree families present as the corn 
heat units or growing degree days increase (MacIver et al, 2009). There is an overall 
trend in species count increasing in the sampled plots from the benchmark period as 
well as the current sample quadrats. However, it is important to keep in mind that the 
ideal sampling area for species count has not been achieved due to time restrictions 
and limited staff allocated for data collection.  
 
When looking at the comparison of the sample benchmark value of species and the 
current values, five of the forests sampled show a decline in species number, four show 
an increase and three plots experienced no change (Figure 10). There is not any 
discernible trend based on the north-south gradient for decline or increase. It would be 
recommended that assessing species change requires the sampling of the entire 
hectare plot. Researchers have shown that forest biodiversity monitoring is scale 
dependent whereby forest biodiversity peaks when the sample size of a plot is 1 hectare 
(Figure 11) (MacIver et al, 2009). The percentage of underestimating the number of 
species is quite high for most forest sites in this study as only 1-5 quadrats out of the 
potential 25 were sampled (Table 2). 
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Figure 11: Scale Dependence of the Species/Area  
Relationship (MacIver et al, 2009) 

 
 

Table 2: Selected sites with % species from benchmark sampled vs. entire plot. 
 

Location percentage 
underestimated 

Wiarton 41.67 
Boyne River 35.71 
Albion Hills 35.71 
Mono Cliffs 0.00 
Humber Forest 22.20 
Halton Rf 61.11 
Rock Chapel 60.00 
Rock Chapel 2 80.00 
Brock University 63.16 
Short Hills Provincial Park 73.68 
Short Hills Nature Sanctuary 16.67 
Long Point 29.17 
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5.6 Monitoring Priorities 
 
Monitoring needs to be completed at various times for various objectives. Building a 
monitoring timetable will be useful for meeting a wide range of objectives (Table 3). 
Future work will include determining priority objectives for monitoring and managing 
forests in Southern Ontario. It will require the collaboration of experts including forestry 
and climate change researchers, and managers to determine the priority of objectives 
and how they will influence management practices. In addition, through policy it will be 
necessary to influence those who have the obligation to implement adaptive 
management strategies to support monitoring efforts as part of the climate change 
mitigation framework. 
 

 
Table 3: Monitoring Timetable for various objectives in forest biodiversity plots (Work in 

Progress) 
 
Objective Monitoring 

Return Period  
Quadrats needed for 
sampling/sample area 

Comments 

Biodiversity Change 10 years 25 quadrats/1 hectare Research supports this as do 
findings in this report 

Basal area/Stems per 
Hectare  

10 years 5 quadrats From the study less than 5 quadrats 
were not sufficient to represent one 
hectare plots 

Tree Mortality 5-10 years 3-5 quadrats Mortality important to determine 
population increase or decrease of 
forests (carbon sequestration 
potential) 

Forest health (Insect 
infestation/disease/blow
downs/ice storm 
damage) 

Annual  Walk through 
observations (e.g. gypsy 
moth infestation, 
blowdowns, regeneration, 
ice-storm damage 

Brings attention to surprise and 
hazard/disaster-based impacts 

Other objectives (e.g. 
climate change 
adaptation) 

Use existing 
literature  

Further analysis of 
benchmark data to see if 
changes are discernible 

Involve various forest and climate 
specialists to determine objectives 
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The key finding of this report is the measured decline in tree numbers. Mortality has 
occurred in the forest plots overall leaving fewer trees in these forests. This is due to a 
decline in regeneration, natural phenomena (e.g. insect infestation, drought, 
blowdowns, icestorms) and current management practices for hazardous trees. In the 
past 10 years this area has experienced two drought periods, insect infestations and 
increased developmental pressures through both urban sprawl and intensification. The 
future health and status of these forests, based on this finding, does not look promising in 
a changing climate scenario.  
 
Based on climate change models, researchers expect that forests will be impacted by 
increased severity in drought events, insect infestations, forest disease, increased 
variability in precipitation patterns and increased severe weather events (Environment 
Canada, 2000). Since forests are viewed as one of the major mitigating factors for 
climate change impacts, it is essential that they continue to be monitored in the future 
to verify if the observed decline will be sustained over time. Native biodiversity was also 
expected to be impacted. The results did not show any indication of increase presence 
of invasive species.   
 
However, it is consistent with expected trend that, as the growing degree days increase, 
there will an increased species count in a north-south gradient. Specifically, the current 
South Central Ontario forests located near or along the Niagara Escarpment show some 
trends in a north-south gradient. However, since it has been determined that a greater 
sampling size is required for monitoring biodiversity the benchmark data is much more 
reliable to investigate. The benchmark data for species counts indicates that there are 
more species as one travels south along the escarpment.  
 
In addition, management and historical land-use influence the basal area and stems 
per hectare of these forests. Those forests that have been historically logged or farmed 
have lower basal area values indicating there is less wood. 
 
Southern Ontario Forests have undergone drastic change over the past 150 years. It is 
clear that the forests in this region have been impacted by both historical land-use 
practices and current impacts of development. 
 
 
 
 
 
 
 
 
 

Section 6: Conclusions 
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Some of these recommendations are based on the data and analyses presented in this 
report. 

! Maintain data in a central repository and copies kept with partners such as 
academic institutions. 

! Follow protocol to ensure comparability amongst study sites. 
! Share monitoring reports and data with forest managers (e.g. municipal and 

conservation managers) to help them identify risks to their forests and to provide 
input to assist in watershed management. 

! Sample for biodiversity using more than 5 quadrats to accurately represent the 
species count.  

! Sample for basal area and stems/hectare using a minimum of 5 quadrats.  
! Establish additional plots to capture changes in other forested types, as well as, 

locations with unique characteristics  (e.g, headwaters, areas representing 
variability in future climate change impacts and spatial variability).  

! Establish a monitoring timetable with appropriate time intervals to meet forest 
management objectives. 

! Consider tree migration patterns in future studies. 
! Have more eyes in the forest….developing citizen scientists is crucial. 

  
  

Section 7: Recommendations 
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Project Location 
Corn 
Heat 
Units 

Benchmark 
Date 

 # Quadrats 
Sampled 

(Benchmark) 

Recent 
Measurement 

Date 

# 
Quadrats 
Sampled 
(Recent) 

Basal Area 
(Benchmark) 

Stems 
/hectare 

(Benchmark) 

Basal area 
(Benchmark 

Sample) 

Stems 
/hectare 

(Benchmark 
Sample) 

Basal 
area 

(Recent 
Sample) 

Stems 
/hectare 
(Recent 
Sample) 

NPP 
Brock 
University 

3000-
3200 

2001 
25 2008 1 na 1021 na na 12.69 1075 

NPP 

Short Hills 
Provincial 
Park 

3000-
3200 

2001 
20 2008 1 31.42 503 21.3 325 28.34 1025 

NPP 

Short Hills 
Nature 
Sanctuary 

3000-
3200 

1998 
3 2008 1 37.34 375 51.06 350 42.34 525 

NPP 
Borer's 
Falls 

3000-
3200 

1998 
unknown 2008 1 na na na na 16.75 425 

NPP 
Rock 
Chapel 

3000-
3200 

2001 
25 2008 1 27.67 579 15.7 1050 14.56 675 

NEP Wiarton 
2400-
2600 1996-8 25 2009 3 40.71 1442 17.3 908.3 21.57 1016.67 

NEP 
Boyne 
River 

2600-
2800 

1996-8 
25 2009 3 26.52 1077 46.23 2150 21.66 733.33 

NEP Halton Rf 
2800-
3000 1996 25 2009 3 26.51 820 33.41 1225 21.50 500 

NEP 
Rock 
Chapel 2 

3000-
3200 

1996-8 
25 2009 3 27.67 579 29.75 550 29.28 733 

NEP 
Long 
Point 

3000-
3200 1995 25 2008 3 33.726 1089 38.692 1016.67 41.61 683.33 

OFBP 
Mono 
Cliffs 

2600-
2800 1997 25 2009 5 30.08 476 29.63 460 21.42 235 

OFBP 
Albion 
Hills 

2600-
2800 2002 11 2009 5 32.81 836.36 37.53 915 35.70 735 

OFBP 
Humber 
Forest 

2800-
3000 

2000 
24 2009 5 26.56 677.08 23.94 755 19.07 520 

OFBP 
Scanlon 
Creek  

2600-
2800 

2001 
half 2009 5 18.27 355.77 21 865 21.00 865 

 
ACER’s Projects:  NPP: Niagara Peninsula Project      

 NEP: Niagara Escarpment Project 
OFBP: Ontario Forest Biodiversity Protocol 

Appendix A 
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Location Forest Type Dominant 
species 

# of 
species 

old entire 
plot 

# of  
species-

old 
sample 

only 

# of 
species-

new 

%mortality 
or increase 

Carolinian 
species 
present 

Brock 
University Beech/Maple/Ironwood Beech 19 7 6 na yes-Blue Beech 
Short Hills 
Provincial 

Park Beech/Sugar Maple Beech 19 5 6 215.384615   
Short Hills 

Nature 
Sanctuary Sugar Maple/Beech 

Sugar 
Maple 6 5 5 50 

yes-Tulip Tree, 
Blue Beech, 
Sassafras 

Borer's 
Falls Black Maple 

Black 
Maple Oak na na 3 na   

Rock 
Chapel Sugar Maple/ash 

Sugar 
Maple 15 6 5 -35.714286   

Wiarton Sugar Maple 
Sugar 
Maple 12 7 6 11.93108 no 

Boyne 
River Sugar Maple 

Sugar 
Maple 14 9 6 -65.891628 

yes-
Leatherwood, 
Blue Beech 

Halton Rf Sugar Maple/Beech 
Sugar 
Maple 18 7 7 -59.183673 yes-Blue Beech 

Rock 
Chapel 2 Sugar Maple 

Sugar 
Maple 15 3 2 33.2727273 no 

Long Point Sugar Maple 
Sugar 
Maple  24 17 18 -32.787433 

yes-Black Gum, 
Blue Beech, 
Sassafrass, 
Tulip Tree,  

Mono Cliffs Sugar Maple 
Sugar 
Maple 1 1 1 -48.913043 no 

Albion Hills Sugar Maple/Beech 
Sugar 
Maple 14 9 9 -19.672131   

Humber 
Forest Sugar Maple/Ironwood 

Sugar 
Maple 18 14 13 -31.125828 yes- Blue Beech 

Scanlon 
Creek  

Sugar 
Maple/Beech/Ironwood 

Sugar 
Maple 10 7 9 0   
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Wiarton 147 1 11 8   8      1                  

Scanlon 
Creek  41 32 35 19  24   2  11  8 1                 

Boyne 
River 64 4 7 5      12            1         

Albion 
Hills 57 60 15 3   5   2 2  1 1                 

Mono 
Cliffs 47                              

Humber 
Forest 28 2 21 2  7  19 3 1 1   7 9     4           

Halton 
Regional 
Forest 

53  3 3  3   1       2         1      

Borer's 
Falls   2 1     14                      

Rock 
Chapel 29   1      2       1              

Rock 
Chapel 2 75   17                           

Brock 
University 8 22   1       7                1   

Short Hills 
Provincial 
Park 

4 19   7  9 1        1               

Short Hills 
Nature 
Sanctuary 

4 5   10      1          1          

Long Point 12 5 6 4 25 3  2 1   3    4 6 4 4  1  1 1  1 1    

Total 569 150 100 63 43 37 22 22 21 17 15 10 10 9 9 7 7 4 4 4 2 1 1 1 1 1 1 1 0 0 
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