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This report, “Gaps in Climate Change and
Biodiversity: Implications for Monitoring,
Science and Adaptive Planning,” identifies the

research needed to fill information gaps that hinder
effective modelling of the impact of climate change on
Canada’s biodiversity. Critical uncertainties remain
about Canada’s socio-economic, climatic and
ecological systems, specifically how regional and local
climate impacting biodiversity will change, and how
species and ecological systems will respond to a
changing climate. We are limited in our ability to
measure or predict specific impacts, including the net
result of various possible climate change impacts on
multiple species or in given locations, as well as their
rates of change. There is a pressing need for climate
and climate change models to produce variables that
facilitate ecological management and policy directions.  

1.  The Biodiversity/Climate Change Issue

The global decline in biodiversity is now recognized as
one of the most serious environmental issues facing
humanity. Despite its importance, ecosystems are
being degraded and species and genetic diversity are
declining at an alarming rate. This is due to the impact
of a number of forcing agents, including a changing
climate, growing human populations and increasing
resource consumption. A global goal has been defined:
to reduce the rate of biodiversity loss by 2010. 

Climate change has been described as one of the major
challenges of the 21st century to conserving biodiversity.
The threat it poses is further compounded by the fact
that humans have altered the structure of many of the
world’s ecosystems through habitat fragmentation,
land degradation, pollution and other disturbances,
making them more vulnerable to further changes. 

Canada’s climate is already changing: generally
speaking, the country is getting warmer and wetter.
Sub-regions of Canada are changing at a faster rate
than other regions. In Ontario, for example,
significantly wetter conditions have already been
recorded in the lee of the Great Lakes in the shift of
the “normal” climate from 1961-1990 to the most
recent 30-year period, 1971-2000. Likewise,
temperature changes are more rapid in some sub-
regions, such as the Arctic, than in others. Overall, the
adaptation deficit, as measured by insured and
uninsured losses, has been increasing exponentially
over the last 30 years, due in large part to extreme
weather conditions. 

In Canada, climate change is one of multiple threats
facing biodiversity. The fragmented landscape is
creating islands of isolated habitats, which impede the
ability of biodiversity to adapt naturally to a changing
climate. Many ecosystems have to simultaneously
contend with invasive species, disease, acid rain,
nitrogen loading, hunting and a host of other stresses.
These impacts act synergistically to create even greater
change. 

Responses to deal with these threats will require
improved scientific understanding of the linkages
between the climate, biodiversity and the processes of
desertification, along with an enhanced capability to
predict potential biodiversity and land-use changes. 

Some knowledge does exist through previous research
of the sensitivity, fragility and adaptive capacity of
certain species to a changing climate but there is
considerably less knowledge around the integrated
impacts of the physical and chemical atmosphere on
multi-taxa species. Such knowledge is critical in the
Canadian context. In a northern ecosystem, the
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conservation of a single species may be more critical
to the way that ecosystems function than it would in a
highly diverse tropical ecosystem, with its abundance
of species and genetic variations. Canada can ill afford
to lose even one species in a climate where species
have specifically adapted to harsher conditions.

Because the climate of the future will eventually
respond to all of the greenhouse gases (GHGs)
collected in the atmosphere, ecosystems and
communities would still need to adapt to change even
if all anthropogenic emissions were to cease
immediately. Although a wide range of adaptation
activities has been designed or planned by Canada, few
have been implemented to date. In many cases,
adaptation actions have been delayed because the
knowledge base and partnership processes required to
support implementation do not exist or must first be
strengthened.

2.  The Status of Biodiversity 
Conservation in Canada

Canada is a signatory to both the Convention on
Biological Diversity (CBD) and the Cartegena
Protocol on Biosafety. It has further responded to the
issue of biodiversity loss by ratifying the CBD in
Parliament, establishing a Biodiversity Convention
Office, producing a Science Assessment on
Biodiversity and adopting the Canadian Biodiversity
Strategy. In addition, Canada has endorsed the findings
of the Millennium Ecosystem Assessment, which
identifies the various goods and services provided by
ecosystems and emphasizes civilization’s
overwhelming reliance on them. 

Furthermore, Canada is a participant in the United
Nations Framework Convention on Climate Change
(UNFCCC), which seeks to stabilize GHG
concentrations in the atmosphere at a level that will
avoid dangerous human interference with the climate
system. It has also helped to draft action programs to
manage dryland ecosystems and arid regions as part of
the United Nations Convention to Combat
Desertification (UNCCD). 

The integration of adaptation and mitigation actions
within the context of climate extremes, biodiversity
conservation and sustainable development all call for
greater synergy in implementing the CBD and other
relevant multilateral environmental agreements.
Canada has recognized that the implementation of the
CBD, UNFCCC, UNCCD and the Canadian
Biodiversity Strategy will all play a significant role in
combating desertification, reducing loss of biodiversity
and helping ecosystems adapt to climate change. Joint
action on these international measures will moreover
facilitate synergies in protecting biodiversity such as
the reduction of GHG emissions from deforestation. 

This current series of white papers has been prepared
to identify the knowledge gaps that hamper Canada’s
ability to move forward on its international and
national commitments in biodiversity conservation.
The lack of human and financial resources has been
the greatest barrier to the implementation of the
Canadian Biodiversity Strategy. In addition, a
monitoring network support capacity is necessary to
undertake coordinated climate change/biodiversity
monitoring and research in Canada.  

3.  Gaps in Monitoring

3.1. Climate 

The existing climate monitoring network in Canada is
sparse, even in densely populated areas, such as
southern Ontario and Quebec. This has led to large
gaps in observations and subsequent analysis of long-
term means, trends and extreme climatic conditions.
Given the sparseness of the network and station
closures, particularly in the northern regions of
Canada, it is not possible at the present time to create a
reliable “Atlas of the Climate of Canada.”

The variety of observation stations, with their
considerable diversity of technology – especially
among electronic auto stations, which are owned and
operated by a multitude of agencies – has created
analytical chaos. There are few regulations to govern
observing standards, programming and quality control
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of the observed climatic data. Confounding the
expectations of scientists, nearby long-term climate
data are neither readily available nor easily integrated
into research studies. Scientists have been disappointed
to learn that it may take months of analytical
processing to prepare useable climate datasets. 

The lack of data is hindering climate model
verification. To improve model verification, more
complete observations must be obtained in certain
regions and weather stations need to be established in
diverse environments, particularly forests. More than
half of Canada is forested, yet monitoring and
understanding of our forests’ buffering capacity in the
face of the changing climate is virtually non-existent.
All but one of the previous attempts to establish co-
located climate monitoring towers in forest
biodiversity observing sites have failed due to lack of
technical knowledge within the bioscience community.  

3.2. Biodiversity 

Significant gaps exist in the Canadian observation
network, impacting scientific reliability to evaluate
past, present and future biodiversity. Current
monitoring sites are, for the most part, sites of
opportunity, owned, operated and managed by
community groups without ongoing technical support.
Financial and institutional support is insufficient to
keep current biodiversity monitoring sites active or to
establish new ones. Continued support for periodic re-
measurements of climate change/biodiversity
monitoring sites is vital. 

Outside of government, the only other major climate
change/biodiversity monitoring project that remains to
this day is the nationwide, community-supported
network of biodiversity observing sites affiliated with
the Smithsonian Institution. Despite financial
constraints after the initial installation and measuring
of sites and technical limitations with the climate
stations, this network has played an important role in
developing knowledge, information and biodiversity
monitoring databases within Canada. It has helped to
identify new species of forest canopy Lepidoptera
(including a hybrid of pine and spruce budworm),

signalled the first occurrence of gypsy moth in an area
and documented the advancement of new fungus
species detrimental to tree growth as a result of climate
warming. Furthermore, it has helped to develop and
test the adaptation baseline and has given us important
information on impacts to biodiversity. The
standardized biodiversity monitoring plot design
allows compatibility and comparable reliability in data
collected at different sites around the world. The use of
a 1-hectare plot gives a relatively large sample and has
been shown to be robust enough to capture both the
biodiversity of a site in the tropics and in the
Carolinian zone of southern Ontario at its most
biologically diverse. 

Along with protected areas (IUCN) and Global
Biosphere Reserves (UNESCO), the Smithsonian
Institution Monitoring and Assessment for
Biodiversity (SI/MAB) sites, provide an essential
starting point for creating an effective, community-
based platform to monitor changes in ecosystem
functioning and resilience. The development of a
nationally coordinated monitoring program, including
maintaining or reinvigorating current long-term
climate change biodiversity monitoring sites and
establishing new ones, should be considered a priority.
The program must have clearly defined goals and
sampling designs that determine the variables to be
monitored. Globally standardized biodiversity
monitoring protocols, flexible and accommodating of
different forest environments, need to be adopted as
the national standard in place of the confusion that
currently exists.

To meet the full range of monitoring requirements,
permanent plot networks should be expanded to
include sites subject to a broader range of climate
extremes, human activities and impacts. It is critical to
strategically establish biodiversity monitoring sites
now, prior to climate extreme events (e.g., ice-storms,
extreme wind and drought), allowing for direct
comparisons of impacts. Additional sites need to be
established nationwide across meaningful gradients to
model key climate variables, such as temperature and
drought frequency, within and between bioregions. 
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To be effective, the comprehensive monitoring
program needs to address the four themes under which
most biodiversity monitoring activities fall: monitoring
based on species at risk; monitoring based on
population trends; monitoring based on status and
trends in habitat-based biodiversity; and monitoring
based on threats to biodiversity (e.g., climate change).

A standardized methodology is required for applying
multi-taxa designs. While there are protocols for
monitoring multi-taxa, there is no integrated structure
and governance to support such monitoring in Canada.
The SI/MAB sites have already proven useful for
multi-taxa monitoring. However, multi-taxa
monitoring needs to be expanded to encompass more
ecosystems across Canada; a few super sites will not
suffice.

Community monitoring and measuring of climate
change/biodiversity sites needs to be adopted as a key
strategy for early detection of invasive species and the
best use of available resources. Staff trained in biology
and climatology are necessary to support community
initiatives in climate change/biodiversity monitoring.
At present, few people with highly specialized
taxonomic training are available to lend expertise, nor
can most community initiatives call upon people with
highly specialized climate training and instrumentation. 

4.  Gaps in Science

4.1. Climate 

The modelling of initial conditions, interactions and
feedbacks in the climate system from large impact
features, such as clouds, ice and large bodies of water
(e.g., the Great Lakes) needs to be improved. Global
Climate Model (GCM) resolution is coarse (typically
no better than 2 degrees longitude by 2 degrees
latitude) and must be enhanced by statistical or
dynamical downscaling so that models can be verified
and sensibly applied to biodiversity. This will require
considerably more financial and computational
resources, as computational demand increases
exponentially with finer resolution. 

Statistical downscaling input data have been developed
for only a few Global Climate Models (GCMs) and
emission scenarios. Some regional climate modelling
has been done, but not for all areas. The Canadian
Climate Change Scenarios Network (CCCSN) is in a
position to add other model/scenario predictor input
data.

Global/Regional Climate Model resolution can also be
improved by expanding the areas covered by regional
climate modelling experiments and a greater
representation of specific high-priority regions, such 
as the Great Lakes, the Arctic and Hudson Bay.
Inadequate representation in these areas impedes
climate change assessment and may, in some cases,
underestimate actual climate trends. 

Models need to be developed relating climate change
scenarios to biodiversity. The prediction of climate
change effects on key biodiversity drivers and likely
biodiversity outcomes requires greater baseline
information. Model output parameters should be
expanded to include those important to biodiversity,
such as freeze-thaw cycles, drought frequencies, wind
intensities and snow-cover duration. 

Climate models are needed to predict the probability of
climate extreme events within climate change
scenarios, along with their probable impacts. Improved
forecasting of changes in the severity and frequency of
an extreme event like flooding must be synthesized
with models that predict the impacts of gradual
changes, such as sea-level rise, salt-water intrusion and
increased coastal erosion.  

Methods to include estimates of climate extremes and
climate variability, in addition to model averages, are
essential. Since most outputs of climate models are
means (i.e., mean annual temperatures), specific
variables that will measure the extremes need to be
developed. Extreme indices determined from the
atmosphere must be coupled with extreme variables
that are important to biodiversity, as it is often the
extremes that reshape biodiversity. Besides the
atmospheric extreme indices that have already been
developed (five-day maximum precipitation, simple
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day intensity index of precipitation, heat wave duration
and consecutive dry days), there is a need to develop
other extreme indices that have a direct bearing on
biodiversity, such as windstorms, wind intensity, snow
cover, freezing rain, and soil temperatures. The results
should be used in conjunction with other models that
predict the impact of gradual changes in climate in
order to gauge the unified effects of sudden and
gradual change. Spatially resolved projections for
water availability, water balance, river flows,
increasing demand on river flow for human use and
reduced flows, which will all affect water quality, are
specifically required. 

A forest climate monitoring program in highly altered
landscapes needs to be co-located in the SI/MAB sites
to understand the biometeorological exchanges and
processes that influence biodiversity. Results from one
forest biodiversity monitoring site indicated that
forests can potentially have a profound buffering
impact on changes in climate. This buffering capacity
protects animals from overly rapid temperature
increases and mitigates the effects of climate change
on resident populations by providing an oasis with a
cooler climate.

4.2.  Biodiversity 

Committed scientific research based on climate
change/biodiversity monitoring sites is necessary.
Research programs on climate change/biodiversity
monitoring need to be implemented, using a paired
plot design to measure managed versus unmanaged
impacts for forest management, ecotourism and
agriculture. 

SI/MAB sites can help to facilitate forest management
comparisons, including evaluation of harvest and
silviculture techniques. For example, research
conducted on one of these sites has indicated a
potential maladaptation process in forests and a
subsequent need for human intervention, such as
planting to enhance diversity and increase forest
adaptivity. 

The consequences that climate change and climate
extremes will have on biodiversity needs to be more
fully understood. The focus should be on identifying
and redefining the limiting thresholds in duration,
intensity and severity of extremes, below which
ecological resilience and adaptive capacity declines.
Again, the SI/MAB sites have proven useful for
assessing the impacts of climate extremes, such as the
recovery and mortality of trees affected by severe ice
storms. This research can provide valuable information
for predicting mortality and recovery rates and
possible outcomes of future drastic weather events
precipitated by climate change.  

To facilitate investigations into the cumulative impacts
of global change on forest biodiversity, a transect of
biodiversity observing sites across physical, chemical
and ecological gradients is required. Research on these
sites will help increase understanding of forest
dynamics and ecosystem processes to assess the
impact of disturbance and predict change. 

Long-term climate change/biodiversity monitoring
datasets are critical for research on global climate
change. Further research is required to establish
biodiversity monitoring sites to specifically track
climate change, which the scientific community
currently lacks. 

It is not known how extreme events shape the edges of
some species distributions. Improved identification of
risk thresholds of climate extremes for biodiversity is
crucial to better support the next generation of models. 

Data sharing among partners establishing biodiversity
monitoring sites remains inadequate. A central agency
to support climate change/biodiversity monitoring is
required to ensure sharing of data, research and
information. 
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5.  Gaps in Adaptation Approaches and
Integrated Research for Planning/Policy     

To develop sound adaptation options under climate
change, transfer functions (concepts of how
ecosystems function, which can be used in another
setting or problem from the one for which they were
developed) must be identified relating interactions
between key ecosystem processes and climate
change, climate variability and extreme events. 

Basic scientific knowledge about biodiversity and
biodiversity-climate interactions needs to improve.
Environmental indicators at test sites that are
potentially within the influence of local or regional
anthropogenic stresses should be assessed. Research
is also required to determine new critical thresholds
of climate extremes for multi-species, as well as
ecosystems. 

Improved modelling is necessary to investigate and
predict potential interactions between climate change,
disturbances, interactions between species and other
factors affecting species ranges and distributions.
Models using biodiversity and climate parameters for
multiple species, processes and ecosystems must be
developed. In addition, threats and stresses likely to
affect biodiversity need to be identified, along with
their potential interactions with climate change
impacts. Based on this knowledge of stresses and
interactions, bio-climate models can then be
enhanced to predict future eco-region scenarios and
their implications for different management actions
and ecosystem functions.

Risk assessment models that can be applied directly
to biodiversity must be developed across Canada,
specifically to assess the risk of species loss and
habitat degradation. Tools and guidance in the form
of scientific predictions of ecological states are
necessary to pinpoint priority ecosystems and to
formulate climate change adaptation options,
especially ones that are scale-dependent and take into
account climate extremes and rapid rates of change
for planning/policy purposes. The next generation of
climate models also needs to address the current

uncertainty around socio-economic futures related to
climate change, including future population
dynamics, development of new “greener” energy
sources and technological development. 

Baseline and long-term climate change/biodiversity
monitoring data is needed to define the acceptable
levels of change and for assessing climate change
impacts. At present, few abiotic and biotic
observations have been collected over the long term
at the same site. An adaptation baseline must first be
established to document change over time. The
family diversity-by-heat adaptation baseline,
illustrated in this report, could be used as an effective
diagnostic tool to identify areas where the
biodiversity is not in equilibrium with the present
climate, and also as an environmental predictive tool
for climate change.  

Current and predicted rates of climate change make it
incumbent upon us to expand beyond classical
approaches to adaptation (e.g., building of corridors,
section 4.2.1) to accelerate and improve the adaptive
capacity of ecosystems by building resilience. Studies
indicate that many additional species will be lost if
adaptation- and resilience-building actions are
delayed, while management options will become
more limited and expensive and have a lower
likelihood of success. We urgently need to develop
future adaptive management actions now. SI/MAB
sites can help in assessing proactive adaptation
options, such as the planting of trees from more
southerly regions, which may be better able to
respond to warming temperatures. Scenarios for
managing extremes must be developed and tested and
creative solutions identified without delay.

6. Strategic Recommendations

Establish one agency in Canada with institutional
support and responsibility for the integrated
monitoring of climate change impacts, including those
relevant to biodiversity: a Canadian Action Network
for Climate Change/Biodiversity Monitoring. 
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Put in place a support mechanism for a Canadian
Action Network for Climate Change/Biodiversity
Monitoring that will allow Canada to meet its national
and international biodiversity commitments. 

Facilitate the establishment of a “World Biodiversity
Organization” (WBO), parallel to the World
Meteorological Organization (WMO), to design global
standards and protocols for monitoring. 

Ensure integrated linkages between the Canadian
Action Network for Climate Change/Biodiversity
Monitoring and the global climate change/biodiversity
monitoring network of Smithsonian Institution
Monitoring and Assessment for Biodiversity
(SI/MAB) sites. 

Provide support for climate change and biodiversity
research at all levels. Previous well-formulated and
integrated monitoring, science and planning projects
addressing climate change issues for biodiversity have
lacked the political, managerial and financial support
to be sustainable.

Provide support for sound monitoring, science and
adaptive planning. Due to catastrophic gaps in
monitoring, science and planning, there is little or no
knowledge to guide policy development at any level.
As a result, most actions taken on biodiversity and
climate change are largely ad hoc and responsive, not
anticipatory and preventative.

Establish more SI/MAB plots across ecological,
chemical and climate gradients in highly altered
landscapes in Canada to detect change and develop
adaptation responses, including paired plots in
managed and unmanaged landscapes. 

Use the biodiversity framework grid to identity key
goals and priorities for establishing proper sampling
designs for new climate biodiversity monitoring sites,
such as integrated and targeted networks, and for
science, including research on ecosystem processes,
assessment of impacts and monitoring change. 

Increase the coverage of the biodiversity global site
networks, which evaluate climate extremes under
increasing human impact, by connecting them through
GIS and remote-sensing-type technologies. 

Use the proposed Hazard Identification and Risk
Assessment (HIRA) process to help communities
across Canada identify critical levels of vulnerabilities
at which a native ecosystem is less able to adapt to the
impacts of climate change and climate extremes.
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Biodiversity is the variability among all living
organisms – within species, between species and

of ecosystems – resulting from four billion years of
evolution.

Biodiversity supports human societies ecologically,
economically, culturally and spiritually. Despite its
importance, ecosystems are being degraded and
species and genetic diversity are declining at an
alarming rate. This is due to the impact of a number of
forcing agents, including a changing climate, growing
human populations and increasing resource
consumption.

The global decline in biodiversity is now recognized as
one of the most serious environmental issues facing
humanity. A global goal has been defined: to reduce
the rate of biodiversity loss by 2010.

1.1.   The United Nations Convention on
Biological Diversity (1992)  
http://www.cbd.int/

In response to the present and impending loss of
biodiversity, the United Nations enacted the United
Nations Convention on Biological Diversity (CBD) in
1993. Canada was the first industrialized country to
sign and ratify the CBD in 1992. There are presently
189 Parties to the CBD, 188 member states and the
European Community.

The three objectives of the CBD are:

■  the conservation of biodiversity;
■  the sustainable use of biological resources; and
■  the fair and equitable sharing of the benefits 
that result from the use of genetic resources.

Scientific studies now make it clear that the climate is
changing at regional and global levels and that many
ecosystems are already being impacted by these
changes. Climate change has been described as one of
the major challenges of the 21st century to conserving
biodiversity, combating desertification and ensuring
the sustainable use of natural resources. Its threats to
ecosystems and to the spread of desertification are
further compounded by the fact that humans have
altered the structure of many of the world’s ecosystems
through habitat fragmentation, land degradation,
pollution, and other disturbances, making ecosystems
more vulnerable to further changes. Responses to deal
with these threats will require improved scientific
understanding of the linkages between the climate,
biodiversity and the processes of desertification, along
with an enhanced “environmental forecasting”
capability to predict potential biodiversity and land-use
changes.

It should be noted that in a country as vast as Canada,
there are significant differences over short distances
and time-scales in the changing climate, its
variabilities and extremes. Given the number of
scientific studies that point to the differing localized
rates of species and ecosystems adapting or
maladapting to the changing climate, it is clear that
Canada can ill afford the loss of even a single species
(Environment Canada, 2003).

1.2.  The United Nations Framework
Convention on Climate Change (1992)
http://unfccc.int/2860.php

The United Nations Framework Convention on
Climate Change (UNFCCC) seeks to stabilize
greenhouse gas (GHG) concentrations in the 
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atmosphere at a level that will avoid dangerous human
interference with the climate system. Because the
climate of the future will eventually respond to all of
the GHGs collected in the atmosphere over time, even
cutting future GHG emissions to zero will not stop
most changes. Hence, ecosystems and communities
will need to adapt to change even if anthropogenic
emissions are reduced to near zero today. 

Climate change is likely to have significant impacts on
most or all ecosystems, since the distribution patterns
of many species and communities are determined to a
large extent by climate. However, ecosystems and
biodiversity responses to changes in regional climate
are rarely simple. At the most basic level, changing
patterns of climate will alter the natural distribution
limits for species or biological communities. In some
cases, it may be possible for species or communities to
migrate in response to changing conditions if there are
no significant barriers to migration. Rates of climate
change will also be critical, and these will vary at
regional and even local levels. The maximum rates of
spread for some sedentary species, including large tree
species, may be slower than the predicted rates of
change in climatic conditions. 

The most vulnerable ecosystems will include those
habitats where the first or initial impacts are likely to
occur, and those where the most serious adverse effects
may arise or where the least adaptive capacity exists.
These include, for example, Arctic, mountain and
island ecosystems. Tools and guidance in the form of
scientific predictions of ecological states are essential
to pinpoint priority ecosystems and to guide climate
change response options.

Organisms and ecosystems have a natural but limited
ability to adjust to climate change. It is clear that as the
climate has cooled and warmed over the past hundreds
of thousands of years, the various major ecotypes and
the animal communities that inhabit them have shifted
cyclically to the north and south. Projected climate
change, driven primarily by human-induced causes, is
faster and more profound than anything in the past
40,000 years and probably even the last 100,000 years
(IPCC, 2007). The United Nations Intergovernmental

Panel on Climate Change (IPCC) Working Group II
report suggests that 20 to 30 percent of global plant
and animal species are likely to be at higher risk of
extinction if increases in global average temperature
exceed 1.5 to 2.5 degrees Celsius.

1.3. The United Nations Convention to
Combat Desertification (1994) 
http://www.unccd.int/

The United Nations Convention to Combat
Desertification (UNCCD) promotes an innovative
approach to managing dryland ecosystems and arid
regions. It defines desertification as “land degradation
in arid, semiarid and dry sub-humid areas resulting
from various factors, including climatic variations and
human activities” (Millennium Ecosystem Assessment,
2005). It also acknowledges the consequences of
desertification: losses in biological and economic
productivity, as well as complexity in croplands,
pastures and woodlands. 

The UNCCD recognizes that combating desertification
is necessary to improve conditions in developing
countries, particularly the least developed. To combat
desertification and mitigate its effects it outlines long-
term integrated strategies that focus simultaneously on
improved productivity of land and the rehabilitation,
conservation and sustainable management of land and
water resources. Its chief mechanism for implementing
these strategies is through the development of action
programs to manage dryland ecosystems and arid
regions (UNEP, 1996). 

To address the underlying causes of desertification and
drought and identify measures to prevent and reverse
them, action programs have been detailed for Africa,
Asia, Latin America and the Caribbean, and the
Northern Mediterranean (UNEP, 1996). The UNCCD
also recognizes that the implementation of the
UNFCCC, the CBD and related environmental
conventions will play a significant role in combating
desertification.
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1.4.  The Canadian Biodiversity Strategy
(1995)
http://www.cbin.ec.gc.ca/

At the United Nations Conference on Environment and
Development in 1992, more than 156 countries and the
European Union signed the CBD. That same year,
Canada affirmed its commitment to the CBD through
the production of two key documents: The Canadian
Biodiversity Strategy and The Science Assessment on
Biodiversity.

By ratifying the CBD, Canada committed itself to the
development of a national strategy. Under the direction
of the Canadian Biodiversity Office, the federal,
provincial and territorial governments signed the
Canadian Biodiversity Strategy in 1995. As an over-
arching document, it serves an important role in
identifying international and national contexts for
biodiversity, defining the vision and outlining many
directions for biodiversity conservation.

The current decline of global biodiversity is a strong
cross-cutting issue that has the gravity and urgency to
integrate decision-making and mobilize individuals
and agencies. Canada, like many countries, recognized
the significance of this global biodiversity challenge,
including the difficult task of integrating many diverse
science and policy issues. To some, this was seen as an
exercise to build cooperative policy structures and
management agreements while to others, it was a
singular opportunity to share biodiversity observations
and knowledge in the field, the laboratory and the
classroom.

The emerging Canadian Biodiversity Strategy had the
following vision (BCO, 1995): “A society that lives
and develops as a part of nature, values the diversity of
life, takes no more than can be replenished and 
leaves to future generations a nurturing and dynamic
world, rich in its biodiversity.”

The strategy’s five goals are to:

■  conserve biodiversity and sustainably use biological
resources;

■  improve our understanding of ecosystems and
increase our resource management capability;

■  promote an understanding of the need to conserve
biodiversity and sustainably use biological
resources;

■  maintain or develop incentives and legislation that
support the conservation of biodiversity and
sustainable use of biological resources; and

■  work with other countries to conserve biodiversity,
use biological resources sustainably and share
equitably the benefits that arise from the utilization
of genetic resources.

The strategy’s guiding principles are:

■  Biodiversity has ecological, economic, social,
cultural and intrinsic value. 

■  All life forms, including humans, are ultimately
connected to all other life forms. 

■  All Canadians depend on biodiversity and have a
responsibility to contribute to biodiversity
conservation and to use biological resources
sustainably. 

■  All Canadians should be encouraged to understand
and appreciate the value of biodiversity and
participate in resource and air, water and land-use
decisions. 

■  An ecological approach to resource management is
central to achieving biodiversity conservation and
the sustainable use of biological resources. 

■  Development decisions must reflect ecological,
economical, social and cultural values. 

■  Healthy and evolving ecosystems and the
maintenance of natural processes are prerequisites
for in-situ conservation of biological diversity and
the sustainable use of biological resources. 

■  Ex-situ measures may be required to support the
conservation of some species and populations and
are essential to ensuring the sustainable use of many
agricultural, forest and aquatic resources. 
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■  The knowledge, innovations and practices of
indigenous and local communities should be
respected, preserved and maintained and used with
the support and involvement of those who possess it. 

■  Conservation of biodiversity and sustainable use of
biological resources should proceed on the basis of
the best knowledge available, using approaches
which must be refined as new knowledge is gained. 

■  Biodiversity conservation requires local, regional,
provincial/territorial, national and global co-
operative action and a sharing of knowledge, costs
and benefits.

Two strategic directions were identified for Canada.
The first, the sector approach, promotes the integration
of biodiversity conservation into management agencies
such as agriculture, forestry, and aquatic. The second,
the eco-region approach, functionally integrates
science, issues, agencies and people within and across
ecological boundaries using the ecological framework.

Concurrently, a science team composed of
government, university and private sector scientists
was commissioned by Environment Canada to
undertake a science assessment. Separate from the
strategy document, the science assessment reviewed
current scientific understanding and offered
recommendations that were specifically targeted at
relevant science and policy initiatives (BSAT, 1994).

The 215-page assessment, with an accompanying 15-
page executive summary, included a conceptual
overview followed by specific chapters that focused on
the compatibility of major land uses with the
protection of biodiversity and environmental stressors,
such as genetically modified organisms, environmental
pollutants and atmospheric change.

The science assessment chapters were submitted for
peer review, followed by a policy workshop. The final
assessment contained both scientific and policy
recommendations and, more importantly, the science-
based rationale for the proposed actions. The science
assessment was well received nationally and
internationally.

1.5.  The Millennium Ecosystem Assessment
(2001)
http://www.millenniumassessment.org/en/

index.aspx

The global Millennium Ecosystem Assessment (MEA,
2005) further clarified the impacts on biological
diversity and emphasized that protecting biodiversity
is in the self-interest of all humans and their societies.
Biological resources are the pillars upon which
civilizations are built. Loss of biodiversity threatens
essential ecosystem goods and services, while also
interfering with the earth’s hydrological, weather and
climate systems. The various “goods and services”
provided by ecosystems include: 

■  provision of food, fuel and fibre;

■  provision of shelter and building materials;

■  purification of air and water;

■  detoxification and decomposition of wastes;

■  stabilization and moderation of the Earth’s climate;

■  moderation of floods, droughts, temperature
extremes and the forces of wind;

■  generation and renewal of soil fertility, including
nutrient cycling;

■  pollination of plants, including many crops;

■  control of pests and diseases;

■  maintenance of genetic resources as key inputs to
crop varieties, livestock breeds, medicines and other
products;

■  cultural and aesthetic benefits; and the

■  ability to adapt to change.

1.6. White Papers: Knowledge Gaps (2008)

In 2008, it was concluded that in order for Canada to
move forward on the climate change/biodiversity issue
in accordance with its national and international
agreements, knowledge gaps needed to be identified in
a number of key areas. To meet this objective,
Environment Canada commissioned a series of six
white papers identifying knowledge gaps in climate
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change and biodiversity science, governance,
implementation, management actions, adaptation and
other issues. 

This white paper, “Gaps in Climate Change and
Biodiversity: Implications for Monitoring, Science and
Adaptive Planning,” is organized in three primary
sections: 1) Climate Change, Variability and Extremes;
2) Biodiversity and 3) Integrated Approaches.
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2.1.  Climate Changes and Biodiversity:
Canada’s Climate is Already Changing

The climate of Canada is already changing.  A summary
of the various indicators of a changing climate is
provided in the national maps in Figures 1 to 34 by
Vincent and Mekis (2004, 2006) and Mekis and
Vincent (2005, 2008) and www.hazards.ca. Generally
speaking, Canada is already getting warmer and wetter.

The changes in the long-term climates are non-linear.
Sub-regions of Canada are changing at a faster rate
than other regions. In Ontario, for example,
significantly wetter conditions are already recorded in

the lee of the Great Lakes in the shift of the “normal”
climate from 1961-1990 to the most recent 30 year
period, 1971-2000. Likewise, temperature changes are
more rapid in some sub-regions compared to others
(MacIver, 1998 and www.hazards.ca).

Overall the adaptation deficit, as measured by 
insured and uninsured losses, has been increasing
exponentially over the last 30 years, largely due to
extreme weather conditions.

The potential impacts of a changing climate on
biodiversity are summarized in Table 1, adapted from
the Convention on Biological Diversity.
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AND EXTREMES

 
Figure 1. Listing of precipitation indices (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008) 
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Figure 2. Trends in total annual precipitation and total annual rain and snow indices 

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 3. Trends in seasonal precipitation for 1900-2003

Brown and green dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude

of the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 4. Trends in seasonal precipitation for 1950-2003

Brown and green dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude

of the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 5. Trends in seasonal rain indices for 1900-2003 and 1950-2003

Brown and green dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude

of the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008). 
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Figure 6. Trends in seasonal snow indices for 1900-2003 and 1950-2003

Brown and green dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude

of the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 7. Trends in snow to precipitation ratio for 1900-2003 and 1950-2003

Brown and green dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude

of the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 8. Trends in two precipitation, rain and snow indices for 1900-2003

Brown and green dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude

of the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 9. Trends in two precipitation, rain and snow indices for 1950-2003 

Brown and green dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude

of the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 10. Trends in maximum number of consecutive dry and wet day indices  

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 11. Trends in no. of days with > 10 mm, >20 mm, > 50 mm total precipitation  

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 12. Trends in highest 1-day total precipitation, rain and snow indices  

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 13. Trends in highest 3-day total precipitation, rain and snow indices 

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 14. Trends in highest 5-day total precipitation, rain and snow indices

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 15. Trends in highest 10-day total precipitation, rain and snow indices

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 16. Trends in daily rain, snow, precipitation totals, days with >75th percentile

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 17. Trends in daily rain, snow, precipitation totals, days with >90th percentile

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 18. Trends in daily rain, snow, precipitation totals, days with >95th percentile

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 19. Trends in daily rain, snow, precipitation totals, days with >99th percentile

Trends are shown for 1900-2003 and 1950-2003. Brown and green dots indicate trends significant at the 5% level. The

size of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and

Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 20. Listing of temperature indices (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008) 
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Figure 21. Trends in annual daily maximum, minimum and mean temperature indices 

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 22. Trends in diurnal temperature indices for 1900-2003 and 1950-2003

Blue and red dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude of

the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).

gaps in climate:Layout 1  7/31/08  7:44 PM  Page 35



Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Figure 23. Trends in growing degree days and growing season length indices

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008). 
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Figure 24. Trends in frost-free season indices for 1900-2003 and 1950-2003

Blue and red dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude of

the trend. Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).  
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Figure 25. Trends in maximum, minimum and mean temperature deviation indices  

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 26. Trends in number of days with ice, frost or consecutive days with frost   

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008). 
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Figure 27. Trends in heating and cooling degree days indices

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008). 
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Figure 28. Trends in cold wave duration and frequency indices 

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 29. Trends in daily minimum temperature indices, days with <10th percentile 

Seasonal trends are shown for 1900-2001 and 1950-2001, annual trends for 1900-2003 and 1950-2003. Blue and red

dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude of the trend.

Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 30. Trends in daily maximum temperature indices, days with < 10th percentile 

Seasonal trends are shown for 1900-2001 and 1950-2001, annual trends for 1900-2003 and 1950-2003. Blue and red

dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude of the trend.

Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 31. Trends in number of summer days, hot days and tropical nights indices 

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 32. Trends in heat wave duration and frequency indices 

Trends are shown for 1900-2003 and 1950-2003. Blue and red dots indicate trends significant at the 5% level. The size

of the dots is proportional to the magnitude of the trend. Crosses denote non-significant trends (Vincent and Mekis,

2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 33. Trends in daily minimum temperature indices, days with > 90th percentile 

Seasonal trends are shown for 1900-2001 and 1950-2001, annual trends for 1900-2003 and 1950-2003. Blue and red

dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude of the trend.

Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Figure 34. Trends in daily maximum temperature indices, days with > 90th percentile 

Seasonal trends are shown for 1900-2001 and 1950-2001, annual trends for 1900-2003 and 1950-2003. Blue and red

dots indicate trends significant at the 5% level. The size of the dots is proportional to the magnitude of the trend.

Crosses denote non-significant trends (Vincent and Mekis, 2004, 2006; Mekis and Vincent, 2005, 2008).
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Table 1. Examples of projected impacts of climate change on biodiversity

(Adapted from CBD Information Report, Annex 1: Biodiversity and Climate Change, 2007. UNEP/CBD/SBSTTA/12/7)

The Changing Projected 
Climate Climate Impacts Impacts on biodiversity 

Increased number of hot
days

Increased water
temperature

Sea level rise

Melting permafrost

Decreased ice cover (later
freeze and earlier breakup)

Glacial retreat and
decreased snow cover

■ Increased heat stress on biodiversity, loss of sensitive species and 
possible extinctions

■ Increased exposure to pests and diseases

■ Increased drying of wetlands and waterways

■ Invasion by more heat-tolerant species

■ Decreased dissolved oxygen

■ Increase in instances of disease among fish 

■ Loss of cold- and cool-water fish species

■ Increased vulnerability to invasive alien species 

■ Reduced productivity of marine systems (coral reefs and seagrass beds)
and possible extinctions

■ Salt water intrusion in coastal wetlands and other inland waters (islands
especially vulnerable)

■ Inundation of lowlands and coastal wetlands

■ Increased mortality and disturbance of critical habitat 

■ Increased erosion (beaches/coastal cliffs)

■ Changes in nutrient cycling and soil biodiversity

■ Reduced access to food sources as a result of repeated freeze-thaw cycles

■ Loss of cryosoil-based ecosystems and species

■ Land instability, increased sedimentation and erosion

■ Drainage of lowland Arctic tundra

■ Reduced winterkills

■ Changes in deposition of sediments in floodplains, affecting aquatic life

■ Changing hydrological regimes

■ Changes in seasonal cues for mountain biodiversity

■ Increased predation

■ Disruptions in hibernation patterns

■ Reduced insulating protection from snow

■ Loss of snow bed ecosystems and species

Increased air
temperatures
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The Changing Projected 
Climate Climate Impacts Impacts on biodiversity 

Increased instances of
drought 

Increased flooding 

Decreased freshwater
availability in lakes and
coastal zones

Disruption in growth
and reproduction

Heightened storm surges

■ Loss of ground cover leading to desertification and loss of soil
biodiversity

■ Increased water stress on biological communities 

■ Reduced availability of food and fodder

■ Salinization, compaction, cementation of soils

■ Increased risk of fire

■ Changes in natural flow regimes of rivers and streams

■ Changes of alpine grassland to steppe

■ Increased erosion of soil biodiversity

■ Increased land degradation

■ Increased threats from water-borne disease

■ Increased habitat destruction from flooding

■ Changes in natural flow regimes of rivers and streams

■ Decline of water levels and availability in freshwater lakes

■ Significant impacts on near-shore coastal biodiversity  (e.g. bird and
aquatic species)

■ Disappearance of coastal wetlands

■ Emergence of new land and property ownership issues

■ Changes in biodiversity, biomass and productivity

■ Changes in fires, insects and disease regimes

■ Increased mortality

■ Damage to forest structure, alteration of succession patterns and
landscapes

■ Increased mortality of ecosystems and disturbance of critical habitat 

■ Habitat loss (especially mangroves, reefs, sandbars and beaches)

■ Increased erosion and sediment damage

Changes in precipitation
regimes

Increased frequency of
extreme climatic events

Table 1. Examples of projected impacts of climate change on biodiversity .... cont.
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The existing climate monitoring network in Canada is sparse, even in densely populated areas,
such as southern Ontario and Quebec, creating large gaps in observations and subsequent
analysis of long-term means, trends and extreme climatic conditions. Today, it is not possible to
create a reliable “Atlas of the Climate of Canada” given this sparse network and station
closures, especially in the Northern Regions of Canada.

The variety of observation stations with a significant diversity of technology, especially electronic
auto stations that are now owned and operated by many, many agencies has created an
analytical nightmare with few regulations to govern observing standards, programming, and
quality control of the observed climatic data.

More than half of Canada is forested, yet our monitoring and understanding of the buffering
capacity of the forest to the changing climate is virtually unknown.

Previous attempts to establish co-located climate monitoring towers in forest biodiversity
observing sites have been successful at only one site in Canada, the rest have failed due to the
lack of technical knowledge of the bio-science community.

Expectations by biodiversity scientists that nearby long-term climate data are readily available
and easily integrated into their studies have not been met and the scientists have been sadly
disappointed to learn that months to years of analytical processing is required to prepare
useable climate data sets.

Previous well-formulated and integrated monitoring, science and planning projects addressing
climate changes for biodiversity have lacked the political, managerial and financial support to
be sustainable. 

The one project that has survived, outside of government, has been the community supported
network of biodiversity observing sites across Canada and internationally with the Smithsonian
Institution (Karsh et al., 2007). 

Some knowledge exists from previous research to help understand the sensitivity of some
species to a changing climate, their fragility and adaptive capacity. However, there is even less
knowledge focused on the integrated impacts of the physical and chemical atmosphere on
multi-taxa species.

In conclusion, the monitoring, science and planning gaps are catastrophic, thereby providing
little or no knowledge to guide policy development at all levels. Actions, as a result, are largely
ad-hoc and responsive, not anticipatory and preventative.

BOX 1

Gaps: Climate changes and biodiversity - Canada’s climate is already changing
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2.2.  Tools for the Investigation of Climate Change and Biodiversity

The Canadian Climate Change Scenarios Network (CCCSN) (www.cccsn.ca) is an extremely valuable
information source for Canadian and international researchers seeking information on climate change scenarios
and impacts (Figures 35 and 36).

 

 

 

 

 

 

Figure 35. Climate change

scenarios network

Figure 36. Projected

temperature distributions
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The CCCSN provides information on:

■  New climate change science

■  New global climate change models

■  New regional climate change models

■  New climate change scenarios, impacts and
adaptation

The network provides: 

■  Global Climate Model (GCM) simulations and
Canadian Regional Climate Model (CRCM)
simulations; 

■  bioclimate profiles for Canada; 

■  links to IPCC guidelines on scenario use and
interpretation; 

■  online instructions for using scenarios and
downscaling tools, including the Statistical

Downscaling Model (SDSM), the Automated
Downscaling Tool (ASD) and a weather
generator (LARS-WG); 

■  links to other tools used in impacts and adaptation
research; and 

■  scenario reports and selected scientific publications
related to climate change scenarios and impacts and
adaptation research. 

The network allows the user to:

■  visualize GCM and CRCM experiments; 

■  analyze and compare atmospheric variables and
extreme variables where available; 

■  extract and download data for a particular location
or region for further analysis; and

■  access archives of historical climate databases.

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Emphasis needs to be on developing models relating climate change scenarios to ecosystems and
biodiversity. Models need to be designed to predict climate change effects on key biodiversity
drivers and likely biodiversity outcomes. 

BOX 2

Gaps: Tools for the investigation of climate change and biodiversity
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2.3. Climate Change Scenario Models

A climate change scenario is a coherent, internally
consistent and plausible description of a possible
future state of the world that has been constructed for
explicit use in investigating the potential consequences

of anthropogenic climate change. Climate change
scenarios provide data for Vulnerability, Impacts and
Adaptation (VIA) assessment studies and summarize
our knowledge of the future. They act as an awareness-
raising device and aid strategic planning and/or policy
formation.

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Resolution 
Model resolution is coarse (typically no better than 2 degrees longitude by 2 degrees latitude).
Resolution is dictated by computational cost: halving the horizontal resolution increases the
computational demand by eight times. Certain regions are inadequately represented (e.g., the
Arctic, Great Lakes and Hudson Bay). As a result, climate change assessment is impeded in these
regions. Some regional climate modelling is done, but not for all areas. Downscaling may help in
fine-tuning model results. 

Verification 
Model verification is limited by incomplete observations in some regions or non-specific
observations (e.g., long-term climate stations are often set up near airports or in open spaces and
not in representative biomes). Future climates are predicted to change in ways unprecedented in
recorded climate history, so extrapolating from the past is not useful for model verification. Present
climate models may be underestimating actual climate trends. Verification is difficult in a climate
that is chaotic and showing increased evidence of changes in climate extremes and climate
variability. 

Parameterization 
Parameterization is a way of representing processes that occur on smaller spatial scales than the
model grid. An ideal model would also include realistic coupled biosphere/ carbon cycle/
atmospheric chemistry models. However, given the limitations imposed by current computer
resources, greenhouse gas concentration time series for use in transient model runs are generally
specified, based on assumptions about anthropogenic emission rates and separate modelling of
biosphere interactions. The projections are based on results from computer models that involve
simplifications of real physical processes that are not fully understood. Different assumptions may
produce very different results.

BOX 3

Gaps: Climate change scenario models
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2.4. Climate Change Emission Scenarios

One of the primary reasons for developing emissions
scenarios is to enable coordinated studies of climate
change, climate impacts, and mitigation options and
strategies. There are several considerations ranging
from various socio-economic futures, GHG emission
rates, to technological developments, as represented by
the various IS92A and SRES scenarios. Scatterplots of
various model scenarios will assist in identifying the
range of projected climates (Figure 37 and 38). It is
important to note that although the CCCSN scatterplot
interface allows the user to enter a specific
latitude/longitude or location for which the
information is required, the data returned is for the
model grid cell of the required location and no
downscaling is applied. 

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

Figure 37: Projected change in mean air

temperature

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

Figure 38: Projected number of days with extreme

rain

In climate change emission scenarios
uncertainty, introduced because of lack of
knowledge around socio-economic futures,
including future population dynamics,
development of new “greener” energy
sources and technological development
needs to be resolved.

BOX 4

Gaps: Climate change emission scenarios
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2.5.  The Use of Bioclimate Profiles from
Climate Change Models

Bioclimate profiles are described as “climate at a
glance,” and provide a graphical representation of
climate and related indices on a site-by-site basis. A
typical bioclimate profile consists of a number of
elements that describe the temperature and moisture
conditions at the site in question. Future climate
projections are applied to observed data at specific
observation stations.

Bioclimate profiles have been developed for more than
500 locations across Canada (Figure 39).  Two climate
normal periods of historical data record are presented:
1961-1990 and 1971-2000, along with projections of
the 2020s, 2050s and 2080’s. Examples of the type of
output produced are in Figures 40 and 41. The
currently supported bioclimate models are listed in
Table 2.

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

 

Figure 39: Network of more than 500 climate stations with bioclimate profiles

Table 2. Bioclimate models currently supported by the Canadian Scenarios Network

Temperature Profile Heating Degree Days and Cooling Degree Days Corn Heat Units

Daily Growing Degree Days Monthly Growing Degree Days Daily Frost Profile

Water Surplus and Deficit Frequency of Precipitation Maximum Temperature Above  
(using Thornthwaite) a Threshold

Maximum Temperature Below Freeze-Thaw Cycles Accumulated Precipitation 
a Threshold
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Figure 40: Bioclimate profiles for water balance at Montreal International

Airport 

Figure 41. Projected precipitation frequency for Toronto (2011 – 2040)
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2.6. Knowledge of Extreme Variables

Some of the climate models produce “extreme”
indices, including such variables as:

■  Five-Day Maximum Precipitation

■  Simple Day Intensity Index of Precipitation

■  Heat Wave Duration

■  Consecutive Dry Days

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Biodiversity profiles need to be developed to include other parameters and models key to
biodiversity. Bioclimate profiles can be improved to predict future eco-region scenarios using
knowledge of stresses and interactions, and their implications for different management actions
and ecosystem functions. 

The parameters chosen must correlate to some of the major questions in climate
change/biodiversity research today, including:

•  What are the combined impacts of changes in temperature, rainfall and carbon dioxide likely
to be at the species, community, ecosystem and landscape levels? 

•  How will climate change interact with other factors, such as existing stressors and disturbance
regimes? 

•  What processes and phases of species life cycles are most likely to be affected by climate
change? 

•  How will changes in temperature, rainfall, carbon dioxide and climate extremes affect
interactions between species (e.g., herbivory, predator-prey relations, competition and
habitat)? 

•  How will changes in temperature, rainfall, carbon dioxide and climate extremes affect structure
and function (e.g., energy, water and nutrient cycling) of ecosystems? 

•  What is the scale of the expected changes in biodiversity from climate change and climate
extremes and how fast will biodiversity respond? 

BOX 5

Gaps: The use of bioclimate profiles from climate change models

In 1996, a 30-metre climate tower was erected in a closed-canopy mature Carolinian forest
adjacent to the Wilson Tract biodiversity monitoring site in the Long Point Biosphere Reserve,
Ontario. The station was installed as part of an Environment Canada initiative to collect climate
data and relate that information to changes in forest composition. One finding was that the soil in
the plot did not freeze over a span of four years. This is significant, since it has been shown that
biodiversity is affected when soil temperature reaches freezing. 

Soil temperatures are usually related to near surface air temperature through a statistical
relationship, and while soil temperature is included in many climate models, some models have
more complex soil thermal and hydrological formulations than others. It is crucial to maintain
climate stations in forest environments in order to continue to study buffering capacity of forest
environments to climate change, especially soil freezing. 

BOX 6

Case study - Soil freezing
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2.7. Statistical Downscaling

There are three pieces of software available on
CCCSN that can be used to calculate spatial and
temporal downscaled variables (i.e., obtaining finer 

resolution scenarios of climate change than the coarser
resolution GCM output):
■  SDSM: Statistical DownScaling Model

■  LARS-WG: Stochastic Weather Generator 

■  ASD: Automated Statistical Downscaling

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

In addition to the atmospheric extreme indices already produced, such as five-day maximum
precipitation, simple day intensity index of precipitation, heat wave duration and consecutive dry
days, there is a need for other indices that have a direct bearing on biodiversity, such as
windstorms, wind intensity, snow cover, freezing rain, and soil temperatures.

Extreme events (e.g., cyclones, floods, storm surges) can drastically alter coastal and estuarine
ecosystems and their biodiversity. Models are needed to predict the probability of such events
within climate change scenarios and their probable impacts. Improved ability to predict changes
in the severity and frequency of extreme events needs to be coupled with models that predict the
impacts of gradual changes (e.g., sea level rise, salt water intrusion and increased coastal
erosion). 

GCM and RCM variables related to the water balance, for example, can feed into the
hydrological models, which will then allow for the development of hydraulic and habitat models to
make predictions about biotic communities. River flows, increasing demand on river flow for
human use and reduced flows, which will all affect water quality, need to be included. It is
unknown how extreme events shape the edges of some species distributions. Most outputs of
climate models are means (i.e., mean annual temperatures), so specific variables that will measure
the extremes are needed. 

BOX 7

Gaps: Knowledge of extreme variables

More physical and statistical downscaling models that can be applied directly for biodiversity are
needed, including spatially resolved projections for water availability and extreme events such as
flooding. 

Downscaling is currently limited by the lack of fine-resolution climate data in some parts of the
country. 

Improved downscaling for better identification of risk thresholds is necessary and will require  further
identification of these risk thresholds, especially for multi-species. 

Statistical downscaling input data has been developed for only a few GCMs and emission
scenarios. CCCSN is working on adding other model/scenario predictor input data. 

BOX 8

Gaps: Downscaling
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The distribution of biodiversity in Canada is determined to a great extent by climate. Figure 42 shows one
representation of current biodiversity in Canada. 

3  BIODIVERSITY

Figure 42. Biodiversity in Canada

3.1.  Climate Change Biodiversity Monitoring

In 1992, the Smithsonian Institution initiated a global
biodiversity observing program under the auspices of
UNESCO (Dallmeier, 1992). Using standardized  
1-hectare plot sizes and measurement protocols for
multi-taxa monitoring, the Smithsonian Institution
Biodiversity Monitoring (SI/MAB) network now

numbers more than 500 sites in approximately two
dozen countries worldwide, with the majority of sites
located in the Americas (Figure 43).  

One hundred and four of these sites are in Canada,
located across climate, chemical and ecological
gradients. Based largely in southern forest ecosystems,
they are monitored by community groups. 
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The Forest Biodiversity Observing Network enables
transect studies to interlink climate and biodiversity
information together throughout the forests of Canada.
In southern Ontario alone, there are at least 25
SI/MAB sites that allow for more detailed bioclimate
analysis (MacIver, 1998; Environment Canada, 2003).
Extensive knowledge, information and climate and
biodiversity monitoring databases currently exist in
Canada. Coast-to-coast examples of Canadian
biodiversity observing sites are presented in section
3.3 as case studies.

The Global Forest Biodiversity Observing Network
(SI/MAB sites) has the potential to provide an early
warning prediction system of changes as a result of
climate change. The network connects countries
throughout the Americas with their respective SI/MAB
sites and creates transects that run from the single pine
species sites of the Cree community of
Oujebougamou, Quebec, throughout North, Central
and South America to return once again to the single
pine species sites of Chile (Fenech et al., 2005). 

A transect of biodiversity observing sites across
physical, chemical and ecological gradients allows for
unique investigations into the cumulative impacts of
global change on forest biodiversity. The resultant
information can increase our understanding of the
impacts of climate change and help to further reduce the
adaptation deficit of the Americas (Fenech et al., 2005).
The network, using the same measurement protocols,
allows for comparative studies in forest biodiversity. 

3.1.1. Biodiversity Monitoring Applications

There are four general rubrics under which most
biodiversity monitoring activities fall:

■  monitoring based on species at risk; 

■  monitoring based on population trends; 

■  monitoring based on status and trends in habitat-
based biodiversity; and 

■  monitoring based on threats to biodiversity, 
e.g., climate change.

Figure 43. Distribution of

SI/MAB sites in the

Americas
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Monitoring is critical for providing information about
what impacts are actually occurring, validating existing
models, improving ecological understanding, developing
new models and assisting in the design of adaptation
programs. Continuous monitoring will indicate whether
or not populations are shifting and what changes, if any,
have occurred to the natural system.

The focus of climate change/biodiversity monitoring is
determining how those changes came about and to
what extent they may be detrimental to the natural
system and its resources. Monitoring can help with
assessing what can be done to lessen harmful impacts
to species and ecosystems and presenting better
choices for society. Monitoring is also necessary to
measure the state of the system and how it changes,
and to track the effectiveness of adaptation methods. 

Detailed biodiversity assessments provide the basic
information for discovering the intricate links among
species. With a well-established biodiversity baseline,
indicator species can be selected for long-term
monitoring (Alonso and Dallmeier, 2000). Table 3
shows the number of tree families and species in
SI/MAB sites worldwide and Table 4 shows tree
species identified in the international global
monitoring sites as being at risk of extinction.

In addition, monitoring enables early detection of
invasive species and disease, as well as identification
of bioclimatic changes that affect tree species
composition and other key factors in biodiversity. 

Monitoring is critical after fires, droughts, floods and
hurricanes, since pest invasions are often triggered by
extreme events. When native species colonize rapidly
in response to climate change events (including floods,
cyclones, fire and warming) and achieve a high level
of dominance (forming monocultures), it is crucial to
know under what circumstances they are suppressing
biodiversity and should be treated as invasives. 

Monitoring is also highly useful in tracking management
scenarios (e.g., managed versus unmanaged forest
stands; prescribed burn versus control). In regions of
high biodiversity, such as Ontario’s Carolinian forests,
monitoring is extremely important to capture the
biodiversity baseline and its changes. Furthermore,
monitoring of the forest tree species is only the first step:
it must be emphasized that biodiversity is multi-taxa and
not single species management. 

3.1.2. Scale Dependency 

Biodiversity is scale dependent. The relationship
between spatial scales, plot sizes and biodiversity needs
to be addressed from the outset of any project, since
there are significant differences in the species-area
relationships of different habitats. In many cases, the
relationship is “hump-shaped,” wherein forest diversity
peaks at areas approximately 1 hectare in size. 

Table 3. Number of tree families and species in

international SI/MAB sites

LOCATION FAMILIES SPECIES

World 146 2,334

North America 25 96

South, Central America 
and Caribbean 103 1,304

Africa 98 765

Asia 59 223

Table 4. Red listed tree species in international SI/MAB

sites

SOUTH AMERICA AFRICA
(BOLIVIA, PARAGUAY) (CAMEROON, NIGERIA)

Aspodosperma polyneuron Afzelia africana
Afzelia bipindensis
Afzelia pachyloba

Cedrala fissilis Cordia platythyrsa
Cedrala odorata

Balfourodenddron riedelianum Diospyros crassifora

Minquarta guianensis Eribroma oblonga

Virola surinamensis Gossweilerodendron 
balsamiferum
Lophira alata
Lovoa trichiloides
Nauclea diderrichii
Nesogordonia papaverifera
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Figure 44 illustrates the scale dependency of forest
biodiversity. Backus Woods and CARE sites in Ontario
were compared to data from England collected by
Crawley and Harral (2001), which showed that
maximum diversity for minimum area occurs around
the 1-hectare size unit (Environment Canada, 2003). In
the family- diversity-by-area continuum, the
Carolinian mixedwood forests of Backus Woods –
located in one of our most biologically diverse areas
in Canada – are very close to the peak of the curve,
indicating that a sample size of 1 hectare is required to
adequately sample the maximum forest species for the
minimum area. Preliminary analysis indicates that
sampling an area smaller than 1 hectare at Backus
Woods results in significantly less families and
species (Environment Canada, 2003). The CARE site,
with a fewer number of families, peaks at the same
scale, but its maximum value is less than the more
diverse site at Backus Woods. This suggests that there
might be a series of related curves illustrating the
family-diversity-by-area relationship, with family
diversity increasing with increasing area (up to a 
1-hectare size unit).

3.1.3.  Current Status of the National Biodiversity
Observing Network
www.canadabiodiversity.ca

Information on the Network of Biodiversity Observing
Sites (NBOS) in Canada can be found on
www.canadabiodiversity.ca.

This web site provides case study examples of coast to
coast biodiversity in SI/MAB sites and analysis and
information on atmospheric change and biological
threats in Canada (Figure 45).

The Canadian SI/MAB baseline is represented by 104
forest biodiversity observing sites from coast to coast
with a predominance of sites in Ontario and Quebec.
Table 5 shows the evolving and known SI/MAB sites
across Canada, with Ontario and Quebec representing
58% of them, the Maritime Provinces representing
19% and Western Canada, and the Prairies and the
North representing 23%. 

Of the 104 NBOS forest monitoring sites in Canada,
37 provided data to Environment Canada for data
sharing and analysis. This includes 20 sites in Ontario
(two sets of measurements for Backus Woods), nine in
Quebec, four in British Columbia, two in Nova Scotia
and one each in the Northwest Territories and Yukon
Territory. The largest distribution of NBOS forest
monitoring sites is in areas of high human populations,
namely the Mixedwood Plains, Atlantic Maritime,
Boreal Shield and Pacific Maritime (Table 6).

Table 7 shows the distribution of NBOS sites by land
ownership, with the greatest number established by
research groups in government and universities,
followed by national parks and biosphere reserves. To
date, less than half of all national parks and biosphere
reserves have established NBOS forest monitoring
sites. As explained in section 4.1.2., this is a critical
deficit since most of Canada’s parks and reserves are
expected to experience shifts in dominant vegetation
under climate change.

Figure 44: Scale dependence of the species-area

relationship 

The slope of the log species-log area curve, z,

plotted against log (area)

gaps in climate:Layout 1  7/31/08  7:45 PM  Page 62



Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Figure 45: Network of Biodiversity Observing Sites (NBOS) in Canada

Table 5. Distribution of NBOS sites in Canada by

province and territory

PROVINCE OR TERRITORY NUMBER OF NBOS SITES

Alberta 2

British Columbia 14

Manitoba 5

New Brunswick 7

Newfoundland and Labrador 1

Nova Scotia 10

Northwest Territories 1

Ontario 48

Prince Edward Island 2

Quebec 12

Yukon Territory 2

Total 104

Table 6. Distribution of NBOS sites in Canada by 

eco-zone

ECO-ZONE NUMBER OF NBOS SITES

Arctic Cordillera 0

Atlantic Maritime 19

Boreal Cordillera 2

Boreal Plains 3

Boreal Shield 13

Hudson Plains 2

Mixedwood Plains 46

Montane Cordillera 6

Northern Arctic 0

Pacific Maritime 10 

Prairies 2

Southern Arctic 0

Taiga Cordillera 0

Taiga Plains 1

Taiga Shield 0

Total 104
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A comprehensive monitoring network for Canada is required. We are faced with gaps in the
Canadian observation network, which impacts the scientific reliability to evaluate past, present and
future biodiversity. There is an inadequate number of sites, as the current sites are for the most part,
sites of opportunity, owned, operated and managed by community groups.

A nationally coordinated monitoring program, including maintaining or reinvigorating current long-
term climate change biodiversity monitoring sites, and establishing new ones, needs to be
considered a priority. To meet the full range of monitoring requirements, permanent plot networks
must be expanded across Canada to include sites subject to a broader range of climate extremes,
human activities and impacts. Protected areas (IUCN), Global Biosphere Reserves (UNESCO) and
Smithsonian global reference sites, based on scientifically sound, standardized monitoring protocols,
are essential to provide an effective, community-based platform to monitor changes in ecosystem
functioning and resilience

Monitoring needs to be well coordinated nationally and have clearly defined goals and sampling
designs that determine the variables to be monitored. Baseline and long-term monitoring information
is critical for defining the acceptable levels of change and for assessing climate change impacts. 

Long-term climate change/biodiversity monitoring datasets are critical and often useful for research
on climate change internationally. A strong need exists for the bio-monitoring sites, which would be
specifically set up to track climate change – not normally the case. 

Despite a predominance of forest cover in Canada there is little or no information on forest climate
(e.g., the majority of climate stations are located in open areas compared to ones under forest
cover). 

Committed scientific research based on climate change/biodiversity monitoring sites is necessary.
There is a lack of true research sites and super sites with multi-taxa designs. 

Data sharing among partners establishing biodiversity monitoring sites remains inadequate. It is only
when local climate biodiversity monitoring information is shared that trends across regions can be
identified. 

BOX 9

Gaps: Monitoring

Table 7. Number of NBOS sites in Canada by land ownership type

LAND OWNERSHIP NUMBER OF SITES

Aboriginal Reserve 3

Biosphere Reserves 19

Conservation Authority, Nature & Wildlife Reserve 13

Education Centre 4

Parks, National & Historic Sites 22

Parks, Provincial & Territorial Park 8

Research Station (University, Government) 23

Other (private lands) 12

Total 104
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3.2. Biodiversity Framework 

The biodiversity framework is one possible means of
conceptualizing and framing the various goals and uses
of the biodiversity observation sites. The Canadian
SI/MAB network continues to expand at an
unprecedented rate. 

Using the SI/MAB protocols, numerous agencies have
established the 1-hectare plots in forest environments
or smaller biodiversity plots in grassland and tundra
locations. The goals and objectives of each group are
different, making it difficult to communicate
respective methodologies and results in spite of the
common focus: biodiversity. For this reason, a
framework was established to delineate the diversity of
goals and objectives faced by different groups using
the same biodiversity site (MacIver, 1998). This
biodiversity framework is shown in Figure 46. 

3.2.1. Conservation

The SI/MAB plots are intended to contribute to the
continued protection of biologically diverse areas or to
set aside land for long-term monitoring (i.e., as part of
a land trust holding). An example of this is Galiano
Island (see Section 3.3.2.1). 

3.2.2. Education and Awareness

Outdoor education centres, biosphere reserves, urban
and rural schools and universities often establish
SI/MAB sites. Examples include sites along the
Niagara Escarpment in Ontario, Humber Arboretum
and Toronto Island. 

3.2.3. Training

With demand for training courses increasing, quality
control standards are important for the subsequent
electronic sharing of the biodiversity observations and
scientific databases. This component provides a unique
opportunity to “train the trainers” using science-based
protocols, thereby serving as a bridge between the
educational and science categories. 

3.2.4. Science

The science category is the most limited in terms of
number of sites but highly integrated scientifically.
Locations such as Kejimkujik National Park in Nova
Scotia and the Centre for Atmospheric Research
Experiments (CARE) in Ontario are prime examples of
collaborative biodiversity research that uses paired
plots to evaluate unmanaged versus managed forest
biodiversity. Also noted here is the work of the
Association for Canadian Educational Resources
(ACER) in Ontario to understand the human impact on
forest biodiversity. 
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Figure 46: Biodiversity framework  
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3.2.5. Goals and Objectives

The vertical axes in the Biodiversity Framework grid
highlights goals and objectives, with the bottom two
levels focusing on structure and the upper two levels
focusing on process. This matrix approach has

proven effective in helping groups to set goals,
objectives, proper sampling designs and monitoring
deliverables. Understandably, as the direction
increases from left to right or bottom to top, an
increasing level of expertise and resources is
required, now and in the future.

There are some cells in the Biodiversity Framework grid that are not represented. Under represented
key areas include integrated and targeted networks, and science such as research on ecosystem
processes, assessment of impacts and monitoring change. 

In Ontario and Quebec and in Bisley, Puerto Rico, analysis has also underscored the value of using
Smithsonian SI/MAB sites established prior to a climate extreme event (e.g., ice-storms, hurricanes)
for direct comparisons of impacts. 

More SI/MAB sites need to be established to fill key gaps in the Biodiversity Framework. Once these
sites are established, financial and institutional support is required to keep them active and
sustainable.

BOX 10

Gaps: Biodiversity framework

3.3.  Coast-to-Coast Biodiversity: The
Canadian Baseline
www.canadianbiodiversity.ca

The Canadian SI/MAB baseline operates within the
context of a global biodiversity program using
standardized monitoring protocols. This evolving
Canadian baseline draws upon observations from more
than 100 sites across the country. 

3.3.1.  Canadian Benchmark and Comparison to
International Sites

Latitudinal gradients of diversity have been shown
from high in the tropics to low in the Arctic. Peru
averages 152 different plant species per hectare, with a
diameter of 10 cm or more. In northern Europe, the
average is 18 species per hectare and in the eastern

United States, it is 29. In Canadian sites, the
average number of tree species is 11 per hectare. 

Black spruce at Charlevoix is an important Canadian
monoculture benchmark: however, this is only one tree
family per hectare compared to nearly 50 in South
America (Figure 47). Backus Woods in the Carolinian
region and Bisley in Central America have similar
numbers of species (<15), and Dikola, Camaroon has
around 30 families per hectare.

In a northern ecosystem, the conservation of a single
species may be more critical to the way that
ecosystems function than it would in a highly diverse
tropical ecosystem, with its abundance of species and
genetic variations. Canada can ill afford to lose even
one species in a climate where species have
specifically adapted to harsher conditions.
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Figure 47: Diversity in

international SI/MAB sites

3.3.2.  Canadian Case Studies
www.canadianbiodiversity.ca

The first case study features old-growth Douglas fir
and Garry oak-arbutus ecosystems in British
Columbia. The number of pristine temperate West
Coast rainforests keeps shrinking, which is why
substantial efforts have been made to monitor changes
in biodiversity on Galiano Island in British Columbia
(section 3.3.2.1.). 

Northern monitoring efforts are illustrated for very
dense and slow growing White Spruce ecosystems in
the Yukon and Northwest Territories. Also included in
this example are the Black Spruce ecosystems,
Canada’s baseline, in Northern Quebec (section
3.3.2.2.). 

The wide diversity of southern Ontario is represented
by sugar maple forests along the Niagara Escarpment
(section 3.3.2.3.), managed and unmanaged red pine
forests at the Centre for Atmospheric Research
Environments (CARE) (section 3.3.2.4.), unique and
highly diverse Carolinian and Oak-Savannah
ecosystems at Long Point Biosphere Reserve (section 

3.3.2.5.) and a climate change experimental site at
Toronto’s Humber Arboretum (section 3.3.2.6.).  

The Ontario case studies show examples of how
biodiversity is reduced by human impact at the Toronto
Zoo site and by forest management practices
(controlled burns) at Long Point. They also provide
examples of the value of using tree coring and Tree
Ring Analysis to complement biodiversity monitoring
and of how climate research towers co-located in
biodiversity monitoring sites can yield information on
soil freezing and soil buffering capacity. The Long
Point case study also illustrates how community
volunteers can be invaluable as part of an early
warning system to identify invasive species.  

Ice-storm-impacted sugar maple and mixedwood
maple ecosystems are featured for eastern Ontario and
Quebec (section 3.3.2.7.). These case studies show the
value of locating sites in areas prone to experiencing
climate extremes and evaluating biodiversity before
and after impacts. 

The final case study features Canada’s East Coast,
which is represented by mixed softwood and hardwood 
stands in Nova Scotia (section 3.3.2.8.). This particular
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case study is included to show how invaluable 
1-hectare biodiversity monitoring sites can be for
multi-taxa and identifying previously unknown
species. Detailed information and photos for each 
of the case studies can be viewed at
www.canadianbiodiversity.ca.

3.3.2.1. Old-Growth, Rare, Endangered or Endemic

Populations in BC

Galiano Island encompasses more than 6,000 hectares
of the coastal Douglas fir ecosystem, one of Canada’s
most limited biogeoclimatic zones. Less than 2% of
the coastal Douglas-fir zone is protected and almost
none of it is unaltered by resource extraction and
human encroachment.  

In this coastal temperate rainforest of British
Columbia, previously unknown invertebrate species,
unique to the canopies of coastal old-growth forests,
have recently been identified. Urbanization, invasion
by exotics (such as the European gypsy moth and
Scotch broom) and agricultural activities can all
contribute to the degradation of habitats with endemic
species. Overgrazing by livestock and the eastern
cottontail rabbit, an introduced species, has facilitated
the rise of many non-native plant species.

Designated an “Ecosystem at Risk,” this ecologically
significant area is home to many diverse and healthy
ecosystems besides the remnant old-growth coastal
Douglas fir forest: a freshwater lake and creek,
naturally regenerated forest and a healthy, younger
Douglas fir plantation. Information that will aid in
protecting this system’s biodiversity is being obtained
through use of the SI/MAB monitoring protocol for
forests. 

Through outright purchases, partnerships, co-
management and conservation covenants, the Galiano
Conservancy Association has secured protected status
for 14% of Galiano Island. Since most of the island
remains privately owned, the association also
undertakes many public education projects to raise
conservation awareness.  

In 1996, the Galiano Conservancy brokered a
conservation agreement between key government and
non-governmental organizations to protect and
designate the Pebble Beach Reserve. Once established,
the 322-acre reserve had to be monitored to see how
well conservation efforts were actually protecting
biodiversity. The SI/MAB protocol for forest
inventories provided the ideal framework to make such
an evaluation.  

After undergoing formal training on the international
SI/MAB forest inventory protocols, the Galiano
Conservancy established the Pebble Beach Reserve’s
first SI/MAB site in 1999. Two years later a second 1-
hectare plot was established. Since then, five
additional 20-by-20-metre quadrats have been added to
include a stream and riparian area. A salamander
monitoring program has also been launched, along
with inventories of vegetation, soils, and coarse woody
debris in selected quadrats. 

With its rare remnant of old growth, naturally
regenerated second growth and healthy young Douglas
fir plantation, the Pebble Beach Reserve site offers
unparalleled opportunities for biodiversity research
and comparison studies of different stands on adjacent
permanent plots. Meanwhile, the original 1-hectare
plot continues to provide a reference ecosystem for
restoration treatment areas. Analysis of data collected
over time will record baseline biodiversity
characteristics never available before, including
evidence of the ecosystem’s dynamics.  

Better understanding of the way complex natural
systems function can contribute to more effective land
stewardship on Galiano Island and elsewhere in the
coastal Douglas fir zone. Raising public awareness of
the consequences of disrupting ecological relationships
and the rehabilitation of natural system functioning
may also help to slow biodiversity loss. 

The Garry oak-arbutus ecosystem in the Pacific
Maritime eco-zone, specifically on southern
Vancouver Island and the Gulf Islands, is one of the
rarest ecosystems in Canada. The proportional
abundance curves in Figure 48, which represent the
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Garry oak and Douglas fir sites on the West Coast, are
typical for old growth sites with few species: a high
proportion of one or two tree families and then a rapid
drop in proportional abundance. The other two to three
tree families are in relatively low proportions in the
understory. 

In contrast, the proportional abundance curve for the
naturally regenerated Douglas fir stand shows higher
abundance and a greater number of species in the
understory. While old stands are not necessarily
particularly rich in species, some species are clearly
dependent on them. The old-growth Douglas fir site in
British Columbia has three tree families, while the new
Douglas fir regeneration site has four. The Garry oak
site, also with three tree families, has a similar pattern
of proportional abundance to the mature Douglas fir
site.   

3.3.2.2. White and Black Spruce Forests, Yukon,

NWT and Northern Quebec

Two SI/MAB sites were established in the Wolf Creek
Research Basin in the Boreal Cordillera eco-zone with
four key objectives: 1) track changes in the Boreal
Cordillera forest ecosystem; 2) develop an inventory of

species and habitats; 3) establish a framework for
integrated research; and 4) contribute to community
education on ecosystem and biodiversity issues.

The Wolf Creek sites are located 15 km south of
Whitehorse, Yukon in relatively pristine forest. One of
the sites contains trees dating back to the 1700s.
Several fires have damaged the trees, the most recent
in 1950. There is no evidence of heavy insect
infestation or logging. Tree species include white
spruce, lodgepole pine, balsam poplar and several
willow species.

The sites are part of a larger, long-term
multidisciplinary research project on climate change,
vegetation, forestry, fisheries and wildlife in the Wolf
Creek drainage basin, where three climate stations are
also situated. To date, past and present monitoring
includes breeding bird surveys, a soil fungi survey and
tree coring for fire/insect history. Future monitoring
may include forest ground vegetation, fungi, insects
(i.e., density and diversity in relation to canopy
structure), spiders, and leaf and log decay. 

Patchiness is the main variability in forest
communities around Whitehorse and is related to

Figure 48. Diversity of tree

species in Douglas fir and Garry

oak forests, BC
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elevation, aspect, and soil type. Based on aerial
photographs, a digital elevation model and limited
ground truthing, a vegetation classification system was
developed for the Wolf Creek Watershed. One SI/MAB
site was established in each of two of the five forest
vegetation classes. 

High tree density (2,600-3,700 tree stems per hectare)
made mapping of tree positions difficult, as trees were
often only centimetres apart. Although the SI/MAB
standard for measuring a tree in a plot is 10 cm
diameter at breast height (dbh), many sites in Canada
include trees down to 4 cm dbh. It was decided to
reduce this further to a minimum size of 2.5 cm,
consistent with the minimum dbh used for forest
inventory sites in the north, where slow growth is
typical.

The biodiversity monitoring site at Gwich’in,
Northwest Territories is predominantly white spruce
(Picea glauca) (89-99%). Both the white spruce
forests at Gwich’in and Wolf Creek are typical of the
region, which features a predominance of natural
single species forests that have adapted to the local

ecology. One to two predominant tree families exist in
these sites (Figure 49). The number of species
decreases further north in the Boreal Cordillera eco-
zone, with a high predominance of forests populated
by a single tree species (monocultures) in the North
Boreal/Barren areas. 

Softwood dominated stands, namely at Forillon and
Mingan Archipelago, have three to four tree families.
Permanent shifts from softwood to hardwood cover are
occurring in these areas where harvesting has replaced
fire as the dominant disturbance. The combination of
clear cutting and fire suppression favours trembling
aspen and white birch, to the detriment of conifer
species such as black and white spruce and jack pine.

There are three sites in black spruce (Picea mariana)
forests: two at Charlevoix and one at La Mauricie,
Quebec. These stands have between one and two
dominant tree families, with an extremely high
composition of black spruce (>95%) and an average of
2,200 stems/ha. Because this is such an extensive and
important ecosystem and because there is only one
species on the site, black spruce represents the

Figure 49. Diversity of tree

species in white spruce and

black spruce stands
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benchmark species for forest diversity curves in
Canada (Figure 49).

3.3.2.3.  Sugar Maple Forests, Niagara Escarpment,

Ontario 

More than 31% of the sites in the total Canadian
SI/MAB database are sugar maple (Acer saccharum)
forests. Typically associated with the latter stages of
succession, sugar maple is one of Eastern Canada’s
most important hardwood species, valued for its wood
and syrup.

The Niagara Escarpment Plan, Canada’s first large-
scale environmental land use plan, came into effect in
1985. Created by government legislation, its goal is “to
provide for the maintenance of the Niagara
Escarpment and lands in its vicinity as a continuous
natural environment, and to ensure only such
development occurs as is compatible with that natural
environment.” A long-term monitoring strategy was
designed to assess if the plan is achieving its mandate
in the areas of terrestrial ecology, water, recreation,
open landscape character, public access and land use. 

The body charged with enforcing this strategy,
Ontario’s Niagara Escarpment (ONE) Monitoring
Program, decided to adopt the SI/MAB protocols to
track long-term biodiversity changes along the
escarpment. Sites have been established at: 1) Hilton
Falls, a transitional zone between the Carolinian
Region and the Southern Deciduous-Coniferous Forest
Region that was left relatively undisturbed during
human settlement. Recently, however, it has been
impacted by conifer plantations, road construction,
recreational use and selective logging; 2) Hockley
Valley, a 16-km-long contiguous forest block that was
largely cleared of mature trees and later reforested; 3)
Cabot Head, used as a logging and mill site in the late
1800s and early 1900s; and  4) Skinner’s Bluff,
selectively logged 30 years ago and experiencing some
impact from the nearby Bruce Trail. 

The sites were set up for long-term monitoring and it is
hoped that comparisons of monitoring variables (e.g.,

native floristic quality, species abundance, biomass,
canopy height, etc.) can be made between “control”
and “pressure” SI/MAB sites. Relatively undisturbed
or “control” sites are located in areas along the
escarpment that have the highest level of protection.
Biodiversity in control sites will be compared with
biodiversity in “pressure” sites that have been
subjected to greater human disturbance to determine
the effects of development on the natural environment. 

Monitoring of these sites will help increase
understanding of forest dynamics and ecosystem
processes that can be used to assess the impact of
disturbance and predict change. 

SI/MAB sites also provide the opportunity for
additional research activities, such as monitoring tree
health and ground vegetation, while students who
collect the data gain important theoretical and practical
knowledge of environmental monitoring. The data
collected in the sites can build on the information
gathered through other programs, such as the Forest
Bird Monitoring Program of the Canadian Wildlife
Service. 

Additional sugar maple sites have been established
along the Niagara Escarpment by the Association for
Canadian Educational Resources (ACER) in
partnership with Natural Science Schools and Outdoor
Education Centres. These include sites at Wiarton,
Mono Cliffs, Albion Hills, Boyne River and Royal
Botanical Gardens. There are sugar maples sites also at
the Metro Toronto Zoo and Bruce National Park.

The proportional abundance curves for the sugar maple
forests in the Niagara Escarpment represent five sites
on a north/south transect (Figure 50). Mono Cliffs is
represented as a single point as this site has not started
to diversify (Figure 51). The Metro Toronto Zoo site,
with the least number of tree families and the highest
level of compaction illustrates that if there are no
invasive species occupying the site as a result of land-
use changes, diversity appears to decrease as human
impact increases. 
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Figure 50. Analysis of

diversity of tree species in

sugar maple stands

Figure 51. Diversity of tree

species in sugar maple stands

and human impact 
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3.3.2.4. Red Pine Plantations at CARE, Ontario

Established in 1988, the Centre for Atmospheric
Research Experiments (CARE) is Canada’s national
experimental site for testing new atmospheric
instrumentation, as well as for detecting long-term
atmospheric change. 

Between 1988 and 1994, a SI/MAB site was located in
the planted red pine plantation; a second paired plot
was established in the unmanaged mixed hardwood
forest. Instrumented climate research towers for
temperature, humidity, wind and radiation monitor the
horizontal and vertical profiles of heat, moisture and
wind in these sites. The towers are situated in standard
open site locations, openings in the forest, forest edges
and closed forest environments. This co-location of
biodiversity monitoring along with atmospheric
monitoring marked an important step for research. 

One of the findings to emerge from research at the
CARE site is that forests can potentially have a
profound buffering impact on changes in climate.
Figure 52 illustrates the buffering capacity of forest
soils. The buffering capacity is at a 2:1 ratio. For every
two-degree change in temperature in the open, there is
a one-degree change in the forest climate. This
buffering capacity protects animals from overly rapid

temperature increases and mitigates the effects of
climate change on resident populations by providing
an oasis with a cooler climate. As an insulation layer
for many species during their life cycle, snow cover
can also provide additional buffering capacity. It is
crucial to maintain the climate stations in order to
continue to study soil buffering capacity and soil
freezing. The climate stations need to be 
supported institutionally. 

The impact of global warming in the lower boundary
layers of the atmosphere will directly affect
temperatures in open areas and, to a lesser degree, in
forest environments. Invasive alien species, which are
more readily suited to this new climate, will become
increasingly prevalent. A forest climate monitoring
program in highly altered landscapes needs to be co-
located in the SI/MAB sites to understand the
biometeorological exchanges and processes that
influence biodiversity.

Part of the research at the CARE site used the
technique of coring trees, as recommended by the
international Smithsonian Institution vegetation
monitoring protocols, to accurately gauge age and
rates of growth. Examination of the increment core of
a red pine (Pinus resinosa) in the first biodiversity site
at CARE revealed that the year of planting was 1937.

Figure 52. Thermal buffering

capacity of forests to a

changing climate
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Between then and 1941, there was a rapid increase in
average ring width at diameter at breast height (dbh)
from 1 cm to approximately 8.5 cm. Ring widths
decreased steadily after that point, reaching stagnant
growth levels of approximately 1 cm average width by
1949.

Further decreases in ring widths continued past the
year of sampling in 1988 to the present (Figure 53).
This indicates the tree was heavily impacted early in
its life and shows the detrimental effects of overly
close spacing and lack of thinning in providing an
overstory nurse crop for increasing hardwood
biodiversity in the understory. Growth responses to a
management intervention would have been expected,
since pines respond to natural mortality in the stand
(species-spacing) with consequent increases in light
and growing space even in later life stages.

The managed red pine plantation at the CARE site
currently has seven tree families (Figure 54). It took
about 60 years between the initial planting in 1937 and
1988 for natural reintroduction of seven new species
into the stand. Thus, it appears that a managed
plantation, if left unmanaged (i.e., no thinning or
pruning later on in the stand’s history; no removal of

dead or dying trees), will tend toward increasing
biodiversity.  

It may take at least another 100 years for trees in the
understory to mature so that the canopy will become a
true mixedwood canopy, suggesting that the natural
rate of biodiversification will not keep pace with the
impacts and stresses associated with the anticipated
rates of climate change. This underscores a potential
maladaptation process in forests and a subsequent need
for human intervention, such as planting to enhance
diversity and increase forest adaptivity. 

Tree Ring Analysis was conducted at the CARE
biodiversity sites to enhance research findings. Using
the Tree Ring Increment Measuring (TRIM) system,
radial measurements of average ring width on cross-
sections sampled along a tree stem (every 50 cm or
less) produced a curve representing the growth layer
profile (GLP). 

Figure 55a shows the GLP (width) for a mature red
maple from the unmanaged stand, whose age can be
traced back to 1943. It shows a slow establishment
phase for the first seven years until 1949. After that
point, the tree added incrementally larger ring widths

Figure 53. Average ring

width of a red pine tree at

CARE
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Figure 54. Diversity of tree

species in red pine and

mixedwood stands at CARE

Figure 55. GLP (width) and GLP (area) of a red maple tree at CARE
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along the length of the tree stem. It experienced some
high growth years in 1956, 1957 and 1960, but showed
net annual decreases in ring width from 1958-59 and
1961-66. The most striking decreases occurred in 1962
and 1966. The tree started to respond and recover from
1967-69 and then, less noticeably, from 1980-82. From
1970-79 and 1983-88, it showed overall annual
decreases in growth. In 1988, there was hardly any
ring width along the stem.

An examination of the GLP (area) (Figure 55b) reveals
that the upper portion of the stem is never fully
developed and that there was more growth in the lower
branches than in the upper. The shape of the profile
reflects a relatively long crown; the upper crown is
severely affected by an impact on the stand, indicative
of reduced space to grow and/or reduced light from
stand closure (species-spacing). This type of growth
layer profile shows typical growth and development
patterns of a tree in an unmanaged forest stand. 

3.3.2.5. Carolinian Forest and Oak-Savannah

Ecosystems, Ontario

The Carolinian forest contains some of the highest
biodiversity in Canada and loses in green areas and the
diversity of species can be identified from the local or
municipal level to a global scale. Changes in climate
and disease patterns put additional pressure on these
areas. Today, Carolinian forests survive only in
scattered woodlands in southern Ontario, including
Long Point, Ontario, an important biosphere reserve. 

The Long Point Biosphere Reserve adopted the
SI/MAB protocol as part of a long-term forest
biodiversity monitoring initiative. This research has
produced information on the cause of decreases in
eastern flowering dogwood trees. 

The objectives of the SI/MAB sites were to: 1) monitor
and compare forest change in protected areas versus
the working landscape; 2) provide a quality learning
experience for students by engaging them in data
collection efforts; 3) raise the profile Backus Woods,
one of the best examples of Carolinian forest
remaining in Canada, as an international network

monitoring site; and 4) contribute data to the
international biosphere reserve monitoring network. 

In 1995, four 1-hectare monitoring sites were
established: two in Carolinian forests (Backus Woods
and Wilson Tract); and two in Oak-Savannah forests
(Turkey Point Sites 1 and 2). 

Backus Woods is a prime example of an old-growth
Carolinian forest composed primarily of oak and
maple species. Wilson Tract, by contrast, is a managed
Carolinian forest that has been subjected to periodic
timber extraction. The two sites in Turkey Point
Provincial Park show examples of disturbed and
natural oak parkland. In addition to tree, shrub and
ground vegetation inventories, data on salamanders,
soil health and aquatic invertebrates (mayflies and
caddis flies) have also been collected, mostly by
volunteers using SI/MAB protocols. 

A 2000 re-inventory of Backus Woods revealed an
alarming trend among eastern flowering dogwood
(Cornus florida), a species that reaches the limit of its
northern distribution in southern Ontario. Over a five-
year period, the number of dead standing dogwood
increased from 15 to 46%. After 8 years, the majority
of the eastern flowering dogwood died (Figure 56).
Analysis of samples by the Canadian Forest Service
attributed this increased mortality rate to Dogwood
anthracnose (Discula destructiva), a fungus believed to
be recently introduced in Canada, possibly on nursery
stock from Asia (Britton, 1993). Left unchecked,
Dogwood anthracnose could destroy most of the
eastern flowering dogwood in Ontario within the next
five to 10 years (Frontline Express, Canadian Forest
Service, 2001). 

Analysis of proportional abundance in these stands
showed greater diversity in the old-growth unmanaged
Carolinian site, with 11 tree families compared to the
managed Carolinian site with 9 tree families.  The
Oak-Savannah sites are much less diverse with 3 to 5
tree families per hectare (Figure 57). The old-growth
Carolinian site at Backus Woods represents Canada’s
highest tree diversity baseline with 11 tree families per
hectare. 

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

gaps in climate:Layout 1  7/31/08  7:45 PM  Page 76



Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Figure 56. Survival of eastern

flowering dogwood at Long

Point BR

Figure 57. Diversity of tree

species in Oak-Savannah and

Carolinian forests 
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Forest management practices and impacts further
reduce biodiversity.  There are five families in the
unmanaged oak-savannah site compared to three
families in the managed (prescribed-burn) Oak-
Savannah site (Figure 57). 

3.3.2.6. Humber Arboretum Climate Change

Experimental Site, Ontario

The Association for Canadian Educational Resources
(ACER), Humber Arboretum, Arborvitae and the
Atmospheric Science and Technology Directorate,
Adaptation and Impacts Research Division,
Environment Canada, developed a climate change
experimental site at Toronto’s Humber Arboretum to
monitor the impacts of biological threats on urban
forest biodiversity. 

A key goal of the project was to investigate the benefits
of forest planting design and the selection of species to
optimize greater  biodiversity and to ensure increased
climatic resilience of species under current and changed
climate conditions, particularly for urban forests.  

Approximately 2,157 trees and shrubs were planted in
2002 and 2003 in a 1-hectare biodiversity site with 25
quadrats, each 20 m by 20 m in size. Seventy-six
different species of trees and shrubs were planted – an
unprecedented number of species for a community
planting project. As well as planting for biodiversity
and climatic warming, the project also incorporated
strategies for disease resistance: no more than 5 to
10% of any one species, no more than 20% of species
in the same genus; and no more than 30% in the same
family.

The Toronto urban location proved particularly
beneficial for study. The heart of Toronto is home to
2.5 million people with some one-third of Canada’s
population living within a 160-km radius of the city.
The Toronto core has a well-documented warming bias
relative to surrounding rural sites of nearly 4.0°C in
minimum temperatures. This “Toronto warming
effect” includes thermal influences from the city’s
location on the shoreline of the Great Lakes, as well as
urban heat island effects. 

The degree of warming in the Toronto core relative to
nearby rural areas is consistent and within the range of
anticipated future warming. It is hypothesized that this
degree of temperature change in the city presents itself
as a possible “learning laboratory.” The current
observed differences in minimum temperatures serve
as an important indicator to better assess the responses
of vegetation to warming by a comparison to rural sites
outside of the city.

Climate warming in urban habitats is associated with
increased frequency and outbreaks of pests, as well as
the expansion of the range of deer and rabbits, whose
population tends to increase with warmer springs.
Despite protecting the trees with tree collars, browsing
in the Humber Arboretum site was considerable,
resulting in 20 to 80% mortality among newly planted
seedlings in all quadrats after five years. All of the
trees still living, with the exception of white spruce,
showed signs of heavy or severe browsing that may
affect future growth, survival, reproductive success
and competitive ability (Figure 58). 

The take-home message for managers is to plant trees
that are larger sized and more resilient to deer
browsing in the urban landscape.

3.3.2.7. Ice-Storm Damaged Stands, Eastern

Ontario and Quebec

In January 1998, an area from Kingston, Ontario, to
the Atlantic Maritimes was struck by the worst glaze
ice storm of the century. The impact of the storm was
concentrated in the valley of the St. Lawrence River,
with the zone around St-Jean-sur-Richelieu, southeast
of Montreal, being the most heavily hit. 

Prior to the ice storm, four permanent forest
biodiversity monitoring sites had been established in
the affected region: two sites at the Mont St. Hilaire
Biosphere Reserve, Quebec; a site at Gananoque,
Ontario; and a site at Ste-Hippolyte, Quebec.
SI/MAB protocols were used to collect data on the
forest composition and structure of the sites.  The
Mont St.-Hilaire Biosphere Reserve at Lake Hill and
Botany Bay were originally intended to study long-
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term forest dynamics in an area of old-growth forest;
the plots now serve as study sites for monitoring the
recovery and mortality of trees affected by the ice
storm. 

After the storm, a quantitative assessment of the
damage to all four 1-hectare plots was conducted.
Since the Mont St. Hilaire Biosphere lay within the
zone of greatest damage, a more global estimate of
damage within the reserve’s forests was undertaken by
sampling 117 circular quadrats (6-m radius) placed
randomly over the entire mountain. Trees were scored
for damage using a scale employed by the Quebec
Ministry of Natural Resources in their province-wide
evaluation of the ice storm’s impact.

The forests at the Ste-Hippolyte and Gananoque
SI/MAB plots were younger and different in
composition than the two plots at the Mont St. Hilaire
Biosphere Reserve. Differences in damage from the
ice storm therefore reflected the combined influence of
regional and local variation in the intensity of the
storm and differences in the vulnerability of different
tree species to ice damage. 

The damage caused to the trees by the ice storm was
ranked on a scale of 1 (not or almost not affected) to 5
(severely affected to fatal). The majority fell between
25-50% loss of canopy branches and more than 50%
branch loss but less than total loss of canopy form. This
indicates that many trees were very badly damaged and
subsequently may not be able to recover from the storm.
There is little quantitative data in the literature, but
indications are that canopy damage, in excess of 50%,
will lead to the death of many species. Tracking
individual stems in these sites over the next five to 10
years will help to establish reliable data on the fate of
stems and species with different amounts of branch loss. 

In the summer after the storm, it was clear that almost
all sectors around the Mont St. Hilaire Biosphere
Reserve had drastically less shade at ground level than
in previous years. There was an immense amount of
down wood on the forest floor, a tangle of branches
through which it was almost impossible to walk. Sugar
maple, which was the most abundant tree at the site,
also comprised the largest part of the down biomass,
but red oak and beech contributed nearly as much
debris. These three species accounted for over 90% of
the down biomass on the mountain as a whole.
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Figure 58. Impact of

browsing on white pine

at the Climate Change

Experimental Site
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Figure 59. Diversity of tree

species in sugar maple and

mixedwood stands in Quebec

Evaluation of these sites after the storm has allowed
for the assessment of damages to the natural
environment and has also yielded baseline data that
can now be used to pursue research on ecological
recovery. In addition, studying the long-term effects on
trees’ mortality and recovery rates in these sites can
provide useful information for predicting mortality and
recovery rates and possible outcomes of future drastic
weather events precipitated by climate change. 

After the 1998 ice storm that ravaged many part of
eastern Ontario and Quebec, local and provincial
authorities cut down many trees only to find that the
trees had a high resiliency to the ice-storm damage and
were able to recover after a period of time. It appeared
that trees with <50% crown damage from the ice storm
could recover after two years. Knowledge of the
critical ice-storm indices for biodiversity could have
reduced the huge losses of trees cut down as a reactive
response to the ice storm – many more trees than were
originally damaged by the storm. 

The diversity of forest stands in these regions was
analyzed. The sugar maple sites in Quebec (Lake

Hill, Laurentides) have 4 tree families while the
maple mixedwood sites at Botany Bay and Grosse
Ile, Quebec, have 5 to 7 tree families (Figure 59).
The maple mixedwood sites at Gananoque, Tiffin,
and Long Point, Ontario, have very similar patterns
of proportional abundance with the two Carolinian
sites at Long Point having 9 to 11 tree families and
the maple mixed wood sites at Tiffin and Gananoque
having between 6 and 8 tree families (Figure 60). 

3.3.2.8. Mixed Softwood and Hardwood Stands,

Nova Scotia

Kejimkujik National Park is representative of the
Atlantic Coastal Uplands natural region of Nova
Scotia, covering an area of 381 km2. The park,
established in 1974, typifies the glaciated, rolling
drumlin topography of southwestern Nova Scotia,
interspersed with lakes and streams. For 4,500 years,
the area has been used by the Mi’kmaq peoples, who
travelled the inland waterways from the Fundy Coast
to the Atlantic.
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Use of SI/MAB sites in Kejimkujik National Park and
National Historic Site began as both a training exercise
and an experiment to evaluate the utility of the
SI/MAB protocol for monitoring the impact of long-
range transport of air pollutants on Nova Scotia
Acadian forest ecology. 

The first two SI/MAB sites were established in 1994.
Site 1 was installed in a mixed hardwood stand, while
Site 2 was placed in a mixed softwood stand. Both
sites were representative of typical park forests. With
participants in the plot installation exercise coming
from government agencies, academic institutions and
industry, the creation of the sites generated significant
interest in multidisciplinary, site-based monitoring.

Research agencies and educational institutions
recognized the opportunity to carry out site
assessments for a variety of abiotic and biological
components at the sites: forest microclimate, soil
chemistry, basidiomycete and decay fungi, lichens,

micro-invertebrates, forest canopy lepidoptera and
forest bird sampling.   

Representatives of the forest industry expressed
interest in having SI/MAB sites to evaluate harvest and
silviculture techniques. This led to the installation of
SI/MAB sites and replicate quadrats outside park
boundaries on commercial forest lands. These were
paired with control sites inside the national park,
monitoring forest birds, ground vegetation and tree
regeneration. 

The diversity of the two sites are compared in Figure
61. The mixed softwood site (eastern hemlock and
balsam fir) has 4 tree families while the mixed red
maple site has 8 tree families. Soil chemistry analysis
determined that calcium values at the sites were among
the lowest in North America, further substantiating
concern about acid deposition levels and the potential
impact to sustainable forestry. Studies of forest soil
invertebrates examined the collembola, mites, soil
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Figure 60. Diversity of tree

species in mixedwood and

Carolinian stands in Ontario
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mollusca and myriapoda. The majority of myriapoda
found at the study sites were exotic species. The forest
canopy lepidoptera monitoring at Site 1 identified new
species for Nova Scotia, including a hybrid of pine and
spruce budworm. The first records of gypsy moth for
inland Nova Scotia were made at Site 1. A variety of
acid-sensitive lichens and basidiomycete fungi were
identified, as well as a number of fungus species new
to Nova Scotia. 

3.4. Monitoring Designs

3.4.1. Paired Plots and Community Monitoring

Many agencies commonly establish at least two
SI/MAB plots. This design has worked well in the
Niagara Escarpment, centred around outdoor education
centres. Each site includes a pair of surveyed plots.
One serves both for demonstration and training; the

other is surveyed, staked and set aside for future
research. Established in the northern, central and
southern areas of the escarpment by ACER, the plots
provide a natural gradient of biodiversity and climatic
conditions for studies of comparative monitoring on a
regional scale. Pairing research and community-based
plots helps to generate comparable and compatible
data, enabling both scientists and community
volunteers to learn how human impact affects local
biodiversity. Additionally in the paired-plot design,
scientists can compare the effects of human impact on
the community plots to that in the research or control
plots. 

Because local citizens know the history of the area,
they often notice small changes in the landscape more
readily than visiting researchers. By their very
participation, local volunteers encourage the
involvement of other community members to support
plot monitoring over the long term. It has been shown

Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Figure 61. Diversity of tree

species in mixedwood stands

in Nova Scotia
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that the greater the number of enthusiastic local
volunteers, the greater the chance that the plots will be
maintained and monitored to provide timely and useful
information on changing local biodiversity.

Data collected by scientists or trained volunteers is
first audited and validated before being exchanged
locally, regionally, nationally and globally. It has been
demonstrated that when scientists use and publish the
data collected by local volunteers and students,
citizens are motivated to do even more. Meeting the
scientists at the site gives the volunteers the
opportunity to ask technical questions regarding
biodiversity, climate change and other ecological
issues in a friendly environment. 

Monitoring sites can also be chosen using an analog
approach (e.g., establishing pairs of biodiversity sites
to research growth and survival of trees in Washington,
D.C., with sites in Toronto’s Humber Arboretum, to
compare tree growth across two growing zones – the
distance that trees might be expected to shift under
climate change). 

Demonstration sites, established either by paired plot
or analog designs are necessary to evaluate realistic
surprises in adaptation responses to climate change.
Planning “on paper” is an unrealistic approach to
understand the realities of adaptation.

3.4.2. Transects

In Ontario, analysis has shown the tremendous value
of using transect studies in evaluating climate impacts
on biodiversity. One of the most distinct forestry
transition zones in southern Ontario is the Carolinian
zone in the Lake Erie Lowland eco-region. Above this
zone is the Great Lakes-St. Lawrence Forest Region,
which has a markedly different forest biodiversity at
the ecosystem, species and genetic levels. This major
ecological zone occurs along a southern Ontario
transect along and adjacent to the Niagara Escarpment

from Wiarton at Georgian Bay to Long Point along
Lake Erie. 

To show some of the tree species differences across
this transect, it is possible to interrogate the relatively
large number of SI/MAB sites (>25) in southern
Ontario. Figure 62 shows an example from southern
Ontario, where the transect of SI/MAB sites is layered
onto a regional climate-based biodiversity map, along
with the average daily atmospheric ground-level ozone
measurements. 
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To date, there has been scant scientific interest in setting up research programs with the paired
plots. More financial resources are needed for the establishment and re-measurements of key
paired research and community sites within the network. 

Community monitoring and measuring needs to be adopted by more groups. More training is
required for community groups in data entry and data validation. Connections need to be
established between monitoring and measuring groups across the country. Financial resources
need to be available to support community monitoring and measuring initiatives.

BOX 11

Gaps: Climate changes and biodiversity - Canada’s climate is already changing
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3.5.  Tools and Methods in Biodiversity
Monitoring

The Smithsonian Institution and the UNESCO Man
and the Biosphere Biological Diversity Program (now
the Monitoring and Assessment program) tested
procedures for establishing permanent forest inventory
plots in world biosphere reserves. The objectives of
this program were  to: 1) document plant diversity; 
2) provide long-term data on the growth, mortality,
regeneration and dynamics of forest trees; and 
3) create a research and education base that will foster
the conservation and management of biosphere
reserves. 

The Smithsonian Institution developed a monitoring
protocol for establishing permanent plots for the long-
term observation of biological diversity in forested
areas (Dallmeier, 1992). For the first time, a globally
standardized plot design has been adopted that is
flexible and accommodating of different forest
environments. This standardized design allows
compatibility and comparable reliability in data
collected at different sites around the world. 

The design is a square, 1-hectare size plot (subdivided
into 25 individual 20 x 20 m quadrats). The use of a
1-hectare plot gives a relatively large sample and has
been shown to be robust enough to capture the
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Figure 62. Cumulative

impact of the chemical

atmosphere 

Climate-based biodiversity

and SI/MAB observation

sites

There is a need to establish additional climate change/biodiversity monitoring sites across
meaningful gradients to be able to model key climate variables such as temperature and drought
frequency, both within and between bioregions, as well as nationwide.

BOX 12

Gaps: Transects
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biodiversity of a site in the tropics and also in some of
the most biologically diverse areas in the Carolinian
Zone of southern Ontario. The globally agreed upon
protocol requires that all trees above a certain diameter
(10 cm dbh in the tropics and 4 cm dbh in southern

Ontario) are mapped, identified for species and
measured for diameter at breast height (dbh) and total
height (m). Parameters such as tree health, understory
vegetation and other species may also be monitored in
these sites using standardized protocols. 
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3.6.  Administrative and Political Support – Will
it be sustainable?

Canada is a signatory to both the CBD and the
Cartegena Protocol on Biosafety. Canada has further
responded to the issue of biodiversity loss by ratifying
the CBD in Parliament, establishing a Biodiversity
Convention Office in Environment Canada, producing
a Science Assessment on Biodiversity and adopting the
Canadian Biodiversity Strategy.

In signing the latter in 1995, all provinces and
territories, as well as the Federal Government of
Canada, “confirm[ed] on behalf of our respective
governments that we are committed to the

conservation of biodiversity and the sustainable use of
biological resources. We will use the Canadian
Biodiversity Strategy as a guide to our actions and
invite all Canadians to join with us in conserving
Canada’s biodiversity and using biological resources in
a sustainable manner.” The Canadian Biodiversity
Strategy outlines a vision, guiding principles and
goals, and offers more than 100 recommendations for
action (http://www.cbin.ec.gc.ca/). 

Further information on the history of Canada’s
commitments, actions and international involvement in
climate change and biodiversity issues is summarized
in section 1.   

There needs to be greater follow through once climate change biodiversity monitoring sites are
established and continued support for periodic re-measurements. 

Standardized monitoring protocols in the context of international and global monitoring standards
need to be developed and tested for: inland aquatic and semi-aquatic ecosystems; marine,
estuarine and coastal ecosystems; native terrestrial species, communities and ecosystems; invasive
organisms; and ecosystem processes (initial work was completed by the Canadian Biodiversity
Science Board in the mid – 1990’s).

Like the World Meteorological Organization (WMO), a newly created “World Biodiversity
Organization” or WBO needs to be established to design global standards and protocols for
monitoring. 

BOX 13

Gaps: Tools and methods in biodiversity monitoring
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No one agency in Canada currently has institutional responsibility for the monitoring of climate
impacts, including those relevant to biodiversity – a Canadian Action Network. Despite the
commitments made in 1992, as well as recommendations in the CBD expert technical document,
Canada has yet to fulfill its expressed biodiversity commitments, nor has it responded to recent
recommendations from the Royal Society, or the Expert Report from the Convention on Biological
Diversity. 

There is no support mechanism in place for a Canadian Action Network for Climate Change/
Biodiversity Monitoring, which seriously hampers Canada’s ability to meet these commitments. Other
issues associated with gaps in governance have been addressed in the white paper by Jungcurt et
al., 2008. 

BOX 14

Gaps: Administrative and political support – will it be sustainable?
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4.1. New Integrated Models 

4.1.1. Integrated Modelling and Mapping

In addition to climate variability and change, a
multitude of other atmospheric processes directly
affects the structure and functioning of ecosystems
and, hence, the changing state of biodiversity in
Canada. Many existing biological and atmospheric
monitoring systems collect systematic observations
using inventory-type protocols and schedules to
record, archive and detect changes. However, few
abiotic and biotic observations have been collected
over the long term at the same site. Even fewer
databases, such as those on climate, have the
universality to provide the connecting spatial linkages
with site-based biological observations. 

Established in 1999, the Integrated Mapping
Assessment Project (IMAP) uses geo-referencing of
these data observations to spatially map and overlay
different thematic surfaces. For example, if the
cumulative impacts of the chemical atmosphere are
layered onto the climate-based biodiversity map for
southern Ontario, along with the location of some of
the SI/MAB plots such as the Long Point Biosphere
Reserve, it readily becomes apparent that human
intervention and management is needed in order to
reduce cumulative atmospheric stressors, rehabilitate
and adapt native biodiversity, and decrease the
potential for invasion of native vegetation by exotic
species (MacIver and Dallmeier, 2000). 

The example of Long Point, an international biosphere
reserve with some of the greatest biodiversity in
southern Ontario, illustrates this conservation
challenge. The reserve is subject to the highest loading
of ground-level ozone in Canada, high UV-B

(latitude), exceedences of acid deposition targets,
increasing heating and future global warming, and is
furthermore surrounded by a highly altered agricultural
landscape. Undertaking climate-based studies in the
forest monitoring plots located in the Long Point
Biosphere Reserve helps in obtaining quick and
relevant information on the changing state of
biodiversity. 

4.1.2. Mapping of Bioclimatic Zones

Biodiversity in Canada is facing multiple threats. The
fragmented landscape is creating islands of isolated
habitats, which has a strong negative impact on the
ability of biodiversity to adapt naturally to a changing
climate. Many ecosystems have to simultaneously
contend with invasive species, disease, acid rain,
nitrogen loading, hunting and a host of other stresses.
Moreover, all of these impacts act synergistically to
create even greater change. 

An examination of probable new bioclimate zones in
Canada reveals that most reserves and conservation
areas are in places where cities and major agricultural
zones are obstacle courses for successful climate-
driven dispersal, rapid responses and community re-
organization. To begin with Canada’s parks are
inadequate to protect biodiversity. Seventy-five to 80%
of national parks are expected to experience shifts in
dominant vegetation under scenarios of doubled CO2
levels (Scott and Stuffling, 2000). This situation is true
of many such reserves, underscoring the inadequacy of
the current protected-area system under climate
change. 

Climate is a major control of where certain plant
species will grow and flourish. Hence, as climate
changes, ecosystems, with time, will change their
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location. If natural or artificial barriers prevent this
from happening, the consequences for biodiversity will
be severe.

A doubling of CO2 levels, which will likely occur
within the next 50 years, would significantly reduce
the areas suitable for boreal forests in Canada, while
increasing the areas suitable for grasslands and
temperate forests (Figure 63). Since forests migrate
very slowly, the transition of these ecosystems to new
climatic zones would be out of sync with changes in
climate. Current ecosystems, such as the boreal forests,
will be situated in completely novel climatic regimes.
This is likely to cause dieback and loss to insects,
diseases and fire in regions where climate change
imposes the greatest stress. In turn, changes in
ecosystems can significantly affect regional climates.

The results of IMAP suggest that the number of forest
families or the biodiversity currently supported by the
heat of the Windsor area has the potential to be
situated north of Sudbury later this century with a
doubling of CO2 (Figure 64). The heat currently

available to support tree biodiversity in the Greater
Toronto Area could move well into northern Ontario.
These represent truly major changes in growing season
heat, and it may well be beyond the capacity of trees to
respond. Theoretically, the potential is strong for
forests to eventually shift northward given the warmer
temperatures in more environments under climate
change. In reality, trees and other vegetation cannot
migrate at fast rates. The result is more likely to be
stressed woodlots, dieback, loss of native biodiversity
and wildlife with more limited habitat. 

Modelling studies suggest that species at the southern
boundary of the boreal zone (e.g., southern Algonquin
Park) will experience increased mortality and
eventually be replaced by species from communities to
the south. What is unknown is the time it will take to
replace the northern species and whether the northern
species will die out before the southern species can
assume their place. Sometimes, extreme weather-
triggered events like severe ice storms, windstorms
and fire can rapidly wipe out stressed forests well
before their replacements are able to arrive. As

Figure 63. Projected forestry change in Canada for 2050 with a doubling of C02
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extreme climate events continue to escalate, the
capacity of natural ecosystems to act as buffers to
climate change is undermined. 

Results from modelling studies also bear out the need
for biodiversity monitoring that can detect changes
sparked by a warming climate, such as invasions of
unwanted species. While a warmer climate may
eventually, in an optimal scenario support more
biodiversity many of the increases in future species are
likely to come from invasions of exotics and other
species moving north. This will also mean losses of
native biodiversity. Policies may be required to protect
native biodiversity and defend against invasions of
unwanted species. 

Figure 64 shows the potential outlook for forest
biodiversity based only on the climatic influence of
temperature. In reality, land management or land use
will also play a major role in influencing the changes
that may occur. For example, agricultural lands under
active cultivation will not become woodlots. Humans
can further negatively impact the situation by adding
to the seed stocks through planting exotics for

landscaping and the introduction of exotic pests 
(e.g., gypsy moth and Asian longhorn beetle).

4.1.3. Climate Change Sugar Maple Study

The maple syrup production in Canada has grown by
76% in the last 80 years (Statistics Canada data for
1924 - 2003). Recent decline in sugar maple
production and concern over global environmental
change highlights the need for a thorough
understanding of the impact of climate change on sap
flow, quality and quantity of maple-syrup production. 

Climatic parameters that impact maple-syrup
production include temperature, precipitation, drought,
snow cover, carbon dioxide concentration, acid
precipitation and ozone concentration. These factors,
in turn alter nutrient profiles of the soil and trees,
respiration and photosynthesis rates, pest and disease
vulnerabilities, and stress response (subject to the age
of the tree). 

The results of a combined optimal minimum and
maximum temperature analyses are presented in
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Figure 65.  The number of days with minimum and
maximum temperatures in the optimal range has
increased significantly: approximately two to four days
over a 90- to 109- year period at three Quebec stations
(La Tuque, La Pocatiere, Les Cedres).  Non-significant
increasing trends are found at the remaining Quebec
and Ontario stations, while the two stations in Vermont
show a non-significant decrease in the indicator. As
any statistically significant increasing trend in this
indicator would be beneficial to syrup production, the
trend results suggest that conditions for this indicator
are improving at some sites in Quebec (MacIver et al.,
2006).   

There is a significant decrease of snow cover and
minimum temperature at La Pocatiere, Quebec (7.6
days over 83 years), while non-significant decreases
are found at the remaining locations, except that non-
significant increasing trends occur at the two Vermont
locations, (see Figure 66). Significantly increasing
trends in this indicator would not be beneficial to syrup
production (MacIver et al., 2006) . 

The overall conclusion of this study is that the high
production areas for maple syrup are moving
northward and Canadian production has surpassed
U.S. production because of the better optimum
conditions for sap production in Canada.
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Figure 65. Best fit linear regression in no. days

with min. temp. >=-5ºC to +5ºC 

(The optimum temperature range preferred for

sugar maple sap production between February 1

and March 1 is -5 ºC to +5 ºC, so an increasing

trend in this indicator is beneficial for maple syrup

production). Source MacIver et al., 2006  

Figure 66. Best fit linear regression in no. days

with <5cm snow & min. temp.<=10ºC

(An increasing trend in this indicator between

December 1 and March 31is not beneficial for

maple syrup production). Source MacIver et al.,

2006

Additional examples of integrative models using biodiversity and climate parameters for a variety of
species, processes and ecosystems are needed.

BOX 15

Gaps: New integrated models
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4.2.  Climate Change Adaptation Options for
Biodiversity

By scientific consensus, atmospheric change is a
reality and one that directly affects the biosphere and
biodiversity. Most key habitats and many species in
Canada will be subject to some change (coastal areas
more than others), to which some may prove unable to
adapt. Insects and fungi are capable of adapting
quickly to a changing environment because of their
genetic makeup and short generation times, but trees
are much slower to respond. These differences in
adaptive abilities will likely lead to an increased risk of
insect and fungi infestation as the climate changes.

Climate change adaptation options encompass efforts
to restore resilience to ecosystems, since resilient
ecosystems maintain biodiversity, continue to deliver
ecosystem goods and services, and protect human,
plant and animal communities from climate hazards
such as erosion, flooding and drought. 

While a wide range of adaptation activities have been
designed or planned by Canada, few have been
implemented to date. In many cases, adaptation actions
have been delayed because the knowledge base and
partnership processes required to support
implementation must be strengthened first. 

To document changes over time there is a need to
know the adaptation baseline. Yet studies indicate that
many additional species will be lost if adaptation- and
resilience-building actions are delayed, while
management options will become more limited and
expensive and have a lower likelihood of success. 

The integration of adaptation and mitigation actions
within the context of climate extremes, biodiversity
conservation and sustainable development all call for
greater synergy in implementing the CBD and other
relevant multilateral environmental agreements.
Synergies in protecting biodiversity will be facilitated
by joint action on these international measures
including the reduction of greenhouse gas emissions
from deforestation.

4.2.1. Examples of Climate Change Adaptation
Options for Biodiversity

Adaptation options can be classified under many
general thematic approaches, which include the
following:

i) Adaptation Strategies

■ Ensure options are of the “do-no-harm” variety
■ Improve predictions or plausible scenarios of future

climate change
■ Develop National Adaptation Plans that include

biodiversity
■ Undertake Adaptive Capacity Studies 
■ Prioritize intact or relatively unaffected habitats for

protection
■ Engage local people in planning and implementing

mitigation and protection strategies 
■ Design reserves to protect vulnerable life stages
■ Respond to changes already inherent in the system
■ Improve integrated monitoring and detection

programs

ii) Planned Adaptation

■ Build corridors 
■ Reintroduce species, with great care
■ Assist species regeneration
■ Employ ex-situ conservation if extinction is

imminent
■ Manage for disturbances to the ecosystem 
■ Account for projected effects of climate change

when designing new protected areas
■ Track and manage invasives (e.g., control or

eradicate invasive species)

iii) Building Ecological Resilience

■ Reduce fragmentation
■ Protect space, functional groups, climate refugia

and multiple microhabitats in replicated areas 
■ Maintain a natural diversity of species, ages, genetic

diversity and ecosystem health
■ Provide buffer zones and flexibility of land uses
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■ Ensure connectivity of habitats along gradients
■ Reduce other related and cumulative stressors

iv) Technological Adaptation Solutions

■ Efficient management of rain/snow water
availability

■ Changes in timing/type of irrigation and fertilization
■ Inoculate with soil biota to support plant vigour 
■ Establishment of aquaculture
■ Diversion of fresh water
■ Seawalls, dykes and tidal barriers
■ Bridges to cross inundated areas
■ Increase density and reliability of climate

monitoring 

v) Behavioural Adaptation Solutions

■ Early-Warning Climate Alert and Response
Programs for Biodiversity

■ Prediction of climate extremes and hazards for
emergency preparedness and disaster management
of critical biodiversity

■ Risk management assessments and priority setting
of behavioural-based action plans to reduce the
impacts of a changing climate on the functioning of
biodiversity

■ Redefinition of critical biodiversity thresholds to the
new multiplier climate

vi) Regulatory/Policy Adaptation Actions

■ Re-zone coastal areas
■ Establish protected areas
■ Natural forest regeneration or avoided deforestation

■ Decrease nutrient enhanced run-off
■ Non-chemical control of pest/disease outbreaks
■ Establish “no-take zones” 
■ Landscape scale management of water availability

and quality
■ Change trade policies

vii) Economic Adaptation Approaches

■ Changes in grazing management and water
management

■ Apply modifications in agricultural land base and
incentives for more sustainable agriculture and
forestry 

■ Offer incentives to control the spread of invasive
species 

■ Eliminate incentives that accelerate habitat loss 
■ Adopt energy efficient technologies for both

adaptation and mitigation benefits

viii) Adaptation Science

■ Model the buffering capacity of forest habitat for
biodiversity in a changing climate, especially in
urban parks and schoolyards

■ Reduce other pressures/threats 
■ Introduce species tolerant to salt, drought, pests or

higher temperatures
■ Rehabilitate damaged ecosystems
■ Multi-cropping, mixed farming, low-tillage

cropping or low-intensive forestry
■ Apply integrated models for climate and

biodiversity prediction
■ Improve the understanding of extremes/hazards and

cumulative events
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Climate change’s consequences for biodiversity need to be investigated further and more fully
developed. There is a particular need to identify the limiting thresholds in duration, intensity and
severity of climate extremes, below which ecological resilience and adaptive capacity of
biodiversity declines. Scenarios for managing extremes need to be developed and tested and
creative solutions must be explored.

Classical management and planning approaches to adaptation are too passive and too sluggish to
accommodate climate change. Reactive adaptation approaches, such as providing corridors fail
to take into account climate extremes and rapid rates of change. There is a need to expand
beyond these approaches to accelerate the environment’s adaptive capacity to build resilience.
The fact that adaptation options are scale-dependent must also be given due consideration
otherwise, biodiversity losses will continue.  

One of the lessons learned at the Humber Arboretum Climate Change Experimental site is that there
are surprises: in that specific case, warmer springs resulted in unexpectedly high rates of browsing in
the urban forest. There is a need for more experimental sites to be set up to test adaptation
scenarios. 

Future adaptive management actions recognize the urgency to adapt now, adopt pro-active,
acticipatory adaptation (e.g., Climate Change Experimental Site), accelerate science, planning
and solutions, engage communities, initiate partnerships and foster education.

Research priorities need to develop improved modelling and other assessment methods to
investigate and predict potential interactions between climate change (including increasing
carbon dioxide levels), disturbances such as fire, invasive species, diseases, salinity, grazing and
habitat fragmentation, interactions between species such as competition, predation and habitat
provision, and other factors affecting species ranges and distributions, including the effects of
population and ecosystem dynamics. There is a need to identify other threats and stresses likely to
affect biodiversity and determine how these will interact with climate change impacts (e.g., the
effects of climate change on fire regimes). 

The combined effects of multiple stresses have cumulative and additive effects on species, habitats
and ecosystems.  It is critical to monitor environmental indicators at test sites that are potentially
within the influence of local or regional anthropogenic stresses and to compare these with results
from suitable reference sites. There continues to be a lack of basic knowledge about biodiversity
and biodiversity-climate interactions, including interactions with other drivers of global change and
elevated carbon dioxide, both in the atmosphere and in the ocean. 

BOX 16

Climate change adaptation options for biodiversity
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4.3. Transfer Functions - Sensitivity Analysis

Transfer functions provide an understanding of how
ecosystems function and interact. Essentially, they are
concepts that can be used in another setting or problem
from the one for which they were developed. As well
as identifying the linkages between climate and
organisms, an understanding of ecosystem processes is
crucial in applying transfer functions. The knowledge
that can be derived from transfer functions – coupled
with an understanding of the factors that influence how
organisms adapt to climate change and climate
extremes – aids in predicting how multiple stresses
will impact an ecosystem and the environment
(MacIver et al., 2005). 

4.3.1 Heat Unit by Family Diversity

Heat is a powerful trigger. Changes of 1°C or 2°C
translate into significant biological impacts,
adaptations and vulnerabilities. Thus, the heat unit by
family diversity model for forests, suggested by
Rochefort and Woodward (1992), provides a useful
global adaptation baseline against which to examine
and evaluate SI/MAB sites as an effective tool for
environmental prediction and future planning. 

The heat unit is the accumulation of heat above the
base temperature of 5 °C commonly referred to as
growing degree days (GDD). As well as providing a
yardstick for assessment based on expected versus
observed findings, the basic relationship between the
heat unit and family diversity, illustrated in Figure 67,
makes for an effective diagnostic tool to identify sites
where the biodiversity was or was not in equilibrium
with the present climate.

When merged with the long-term bioclimate maps for
Ontario (Watson and MacIver, 1995), this baseline
relationship also served an essential transfer function.
First, the spatial variability of climate-based
biodiversity was mapped. Then, climate change
scenarios were used to calibrate and map the
anticipated and future changes in biodiversity
(MacIver, 1998). This technique also helped to identify

areas in southern Ontario that will require enhanced
conservation practices for the adaptability of native
species, including areas that will be vulnerable to
invasive exotic species.

The SI/MAB sites provided initial verification of the
family diversity baseline nationally. More importantly,
they allowed for the construction and calibration of the
biodiversity baseline for mixedwood forest species due
to the abundance of SI/MAB plots across ecological,
climate and chemical gradients in southern Ontario.
Figure 68 depicts this gradient analysis approach and
the relative linearity of the basic heat by family
biodiversity relationship for mixedwood forest sites
(MacIver, 1998).

Figures 69 and 70 show the actual forest biodiversity
using individual SI/MAB results along the climate
family diversity baseline versus heat units, defined as
growing degree days above 5°C. This baseline could
be used as an effective diagnostic tool to identify areas
where the biodiversity is not in equilibrium with the
present climate (MacIver, 1998) as well as an
environmental predictive tool for climate change.
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Figure 67. Basic heat by family biodiversity forest

baseline vis-a-vie SI/MAB sites
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Figure 69. Number of families as related to heat

units in Canada compared to SI/MAB reference

sites in the U.S.A., Caribbean and South America

Figure 70. Number of species as related to heat

units in Canada compared to SI/MAB reference

sites in the U.S.A., Caribbean and South America

There is a need to compile transfer functions
relating interactions between: 

•  key ecological processes (dispersal,
reproduction, primary production, nutrient
cycling etc.) and climate change; 

•  interactions between extreme events and
climate variability and ecosystems; 

•  species interactions and climate change; 
•  interactions between increasing carbon

dioxide in the atmosphere and ocean,
combined with temperature and rainfall
changes; 

•  climate parameters and limitation to
species distributions; and

•  bio-physical requirements of key taxa and
climate change.

BOX 17

Gaps: Transfer functions - Sensitivity analysis

Figure 68. Heat by family biodiversity for

mixedwood forests in southern Ontario 

based on SI/MAB sites observations
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5.1.  Climate Change and Biodiversity
Monitoring and Information Network

Support the establishment of a climate change and
biodiversity monitoring and information network
throughout Canada. This network will provide:

(a)  a transect of scientific expertise and/or on-the-
ground monitoring across chemical, climate and
ecological gradients to allow for unique
investigations into the impacts of climate change
on forest biodiversity and improve understanding
of its adaptive capacity;

(b)  mechanisms for the sharing and communicating of
information, data and science on climate change
and biodiversity;

(c)  training on monitoring tools and methodologies,
analysis techniques, data management and
verification tools needed to support adaptation
options and decision-making; and

(d)  A network secretariat, located at Environment
Canada, for overall coordination of the Canadian
Action Network in Climate Change/Biodiversity
Monitoring

5.2.  Climate Change and Biodiversity
Research Network

Support the establishment of a climate change and
biodiversity research network throughout Canada. This
network will provide:

(a)  integrated research on climate change and
biodiversity, including new global and regional
climate change models, hazards and extremes, and
other human pressures impacting forest biodiversity;

(b)  expert scientific advice on adaptation options and
opportunities to reduce the impacts of climate
change on biodiversity;

(c)  an exchange of scientists, environmental managers
and community leaders to increase the scientific
capacity, training and development of new study
methods and monitoring techniques for both
climate change and biodiversity; and

(d)  interlinking of research groups, such as
Environment Canada’s Adaptation and Impacts
Research Division and the Smithsonian Institution,
to take advantage of new scientific developments
(e.g., www.cccsn.ca; www.hazards.ca) to support
the next generation of model development, transfer
functions and adaptation science for effective
decision-making.

5.3. Research Activities

Support the development of research activities as
outlined in a recent Royal Society (royalsociety.org/)
report on climate change and biodiversity. The chief
aim of this research would be to improve our
understanding of biodiversity in underpinning
ecosystem structure and function, in climate regulation
and in human livelihoods. The interrelationships
between biodiversity and climate change call for
further research and evaluation by the scientific
community. In particular, the hypothesis that systems
with high biological diversity are more resilient to
global change than less diverse systems requires
testing.
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5.4. Impact Scenarios

Support the development of scenarios for impacts on
biodiversity and ecosystem services under different
degrees of climate change. Such scenarios are urgently
needed now to identify adaptive management priorities
and potentially dangerous levels of biodiversity loss.

5.5. Seasonal Climate Forecasts

Support the articulation of the benefits, needs and
applications of seasonal climate forecasts for
adaptation to reduce the effects of climate change and
biodiversity losses in preparation for the World
Climate Conference (WCC-3) in Geneva in 2009
(www.wmo.int/pages/world_climate_conference/

index_en.html).
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6.1.  Risk Analysis for Climate Change and
Biodiversity at the Community Level for
Planning/Policy Development

The Hazard Identification and Risk Assessment
(HIRA) process is recommended to help communities
identify and assess their risk from a variety of potential
threats to biodiversity that may lead to significant
ecosystem dysfunction. 

Risk analysis identifies the critical level of disturbance
caused by climate change at which a native ecosystem
becomes vulnerable. Potential threats include
tornadoes and hail (both of which cause mortality and
damage to trees, plants, animals, livestock, pets and
crops), wildfire, lightning, floods (Class 1+), heavy
snow, hurricanes (Category 3+), windstorms, extreme
heat/cold, ice storms, drought (> 1 month) and other
climate extremes.

Not only are extreme events emerging as a critical
factor in climate change; they also have a greater
correlation to predicted changes in biodiversity than
climate change alone. Although ecosystems show high
resilience to hurricanes, ice storms and other extreme
events, significant impacts on biodiversity may occur
once certain thresholds in duration, intensity and
severity are exceeded. The resulting losses in
biodiversity can reduce ecological resilience and
adaptive capacity to climate change.

The risk analysis may also include:

■  identifying ecosystems most threatened by pests;

■  determining interactions between invasive species
and native species;

■  determining which species have the potential to

increase their range under climate change and the
ecological consequences of this increase; 

■  determining which native species have the potential
to become invasive; and

■  identifying species and areas most vulnerable to the
combination of climate change and other stresses,
such as invasive species, habitat loss and
fragmentation,

Figure 71 shows a sample risk assessment grid, where
the y-axis indicates the frequency or probability of a
climate extreme or risk to biodiversity while the x-axis
indicates the impact or consequence to biodiversity
from the incidence of the climate extreme (adapted
from Emergency Management Ontario, 2004). 

The climate extremes and their impacts are ranked and
scored according to their frequency of occurrence,
their impacts or consequences and, in some cases, by
the community’s capacity to respond to a climate
extreme. With simplicity in mind, the frequency or
probability of climate extremes is ranked from 1 to 4,
with “1” reflecting a low occurrence rate and “4”
reflecting a high occurrence rate within the past 15
years.

The impacts or consequences from a climate extreme
are also ranked from 1 (negligible) to 4 (high). The
degree of consequence has been determined through
consultation with experts. A “high” impact score
reflects a likelihood of severe loss of biodiversity and
ecosystem functioning. Events that have a low
probability but are high impact such as severe ice
storms in a community where adaptive capacity is
limited, are often ranked as a higher priority risk,
requiring priority disaster response planning and risk
reduction initiatives.
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Figure 71. Risk assessment grid showing risk to biodiversity from climate extremes 

Threats to biodiversity (y-axis) and consequences to biodiversity (x-axis)

Models are needed to predict potential changes in the risk to natural systems from invasive species,
fire, insects, disease, flooding, storms, drought and other threats under different climate change
scenarios. 

There is also a need to identify types of species invasions and transitions likely to follow extreme
events (e.g., floods, drought, high winds and massive fires). 

BOX 18

Gaps: Risk analysis for climate change and biodiversity at the community level for planning/policy development
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6.1.1. National and International Examples of the
HIRA Process 

Preliminary examples of how the HIRA process can be
applied and its potential to compare and assess threats
to biodiversity are shown below. 

6.1.1.1. Mountain Pine Beetle Epidemic 

The mountain pine beetle epidemic in British
Columbia is an example of an event that is high

probability and has a high impact on biodiversity
(Figure 72).

6.1.1.2. Threats in the Urban Forest

Human impacts in sites such as the Toronto Zoo, as
well as land conversion, fragmentation, or forest
management practices such as prescribed burns are
high probability and have a high impact on
biodiversity (Figure 73).
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Figure 72. Assessment of an insect epidemic using the risk assessment grid
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6.1.1.3. Ice Storms

Severe ice storm in eastern Ontario and Quebec are
low probability but have a high impact on biodiversity.
Preliminary analysis suggests that trees may not
recover if crown damage is >75%. A hypothetical
example where damage is this extensive is plotted on
the risk assessment grid (Figure 74). 

6.1.1.4. Hurricanes

Hurricanes of a category 3+ in Puerto Rico, South
America are high probability and have a high impact
on biodiversity (Figure 75). Similar assessments could
be applied to tornadoes in Ontario.

6.1.1.5. Multiple Impacts

Communities often experience multiple and complex
risks to their biodiversity. The primary 10 to 15 risks in
the Caribbean may be identified and analyzed using
the HIRA methodology (Figure 76): hurricanes,
deforestation, and agriculture (high probability,
substantial consequence to biodiversity); floods,
droughts, earthquakes, volcanoes (substantial
probability, substantial consequence to biodiversity);
and ranching, fires, urbanization, introduced species
(limited probability, limited consequence to
biodiversity).
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Figure 73. Assessment of threats in the urban forest using the risk assessment grid 
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Figure 74. Assessment of ice storm damage using the risk assessment grid (> 75% crown damage) 

Figure 75. Assessment of hurricane damage using the risk assessment grid

gaps in climate:Layout 1  7/31/08  7:46 PM  Page 102



Gaps in Climate Change and Biodiversity: Implications for Monitoring, Science and Adaptive Planning__________________________

Figure 76. Assessment of multiple impacts using the risk assessment grid
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ACER Association for Canadian Educational Resources

ASD Automated Downscaling Tool

CARE Centre for Atmospheric Research Experiments

CBD Convention on Biological Diversity

CCCSN Canadian Climate Change Scenarios Network

CRCM Canadian Regional Climate Model

DBH Diameter at Breast Height

GCM Global Climate Model

GDD Growing Degree Days

GHG Greenhouse Gas 

GIS Geographic Information System

GLP Growth Layer Profile

HIRA Hazard Identification and Risk Assessment

IPCC Intergovernmental Panel on Climate Change

IMAP Integrated Mapping Assessment Project 

IUCN International Union for Conservation of Nature

MEA Millennium Ecosystem Assessment

NBOS Network of Biodiversity Observing Sites in Canada

ONE Ontario’s Niagara Escarpment Monitoring Program

SDSM Statistical Downscaling Model

SI/MAB Smithsonian Institution Monitoring and Assessment for Biodiversity 

TRIM Tree Ring Increment Measuring System

UNESCO United Nations Educational, Scientific and Cultural Organization

UNFCCC United Nations Framework Convention on Climate Change

UNCCD United Nations Convention to Combat Desertification

WBO World Biodiversity Organization

WMO World Meteorological Organization 
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