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ABSTRACT 

Biodiversity is currently under threat from climate change conditions on planet Earth. In earlier times, 

ecosystems and their component species have had the flexibility to adapt their ranges to suit a changing 
climate. In the present, the adaptability of ecosystems is challenged by the speed of the change, habitat 
loss, and fragmentation all caused by human activities. 

Individual actions can make a difference. The Biodiversity and Climate Change outdoor education 
program highlights choices available to individuals, and provides an opportunity for students to take 

action. 

Program elements include: 

ω Exploring and sharing how students and others value, use and impact local ecosystems 

ω Examining connections between biodiversity, climate change, and human health and well-being 

ω Enjoying a local ecosystem in a low-impact manner 

ω Taking seasonally appropriate action to mitigate against these impacts 

ω Connecting international conventions to individual action, and individual action to international 
impact 

Both pre- and post-program educator resource materials have been provided.  
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INTRODUCTION 

Pre-Program Resources and Information  

The Big Picture program has been developed for Grade 9 and 10 Academic and Applied Science students 
in Ontario (Appendix A: Curriculum Links). Pre-program materials (Appendix B: Pre-Program Educator 

Resources) may be optionally delivered to participants prior to participating in The Big Picture program.  

Introductory Discussion: Biodiversity and Me  

The interpreter may welcome students by giving them a brief outline of the day ahead. The program 

introduction consists of a short video, The BioDaVersity Code, with discussion before and after.  

For students who have just begun investigating biodiversity and climate change, the video may be 
shown earlier in this session, so that it can help inform the discussion. For students who have already 

completed a certain amount of study, the interpreter will be able to conduct a more detailed 
introductory discussion followed by the video. 

The interpreter may start the program by asking two questions: Can the students come up with any 
definitions of or synonyms for biodiversity? What do the students appreciate about biodiversity? 

Take note of responses, which may be more or less detailed depending upon the group. Next, present 

the BioDaVersity Code video. After the video, ask the group for more ideas on the nature of biodiversity 
and how it might be appreciated. The interpreter may compare responses to the pre-video thoughts, 
and assess which new ideas have taken hold. The interpreter can then encourage students to recall any 

aspects that might have been missed, providing additional explanation if and as needed. In summary, 
the interpreter provides a formal definition of biodiversity, recaps the various things we do appreciate 

about biodiversity, and other benefits that we may not think of quite as readily. 

The following text is adapted from A Biodiversity Outcomes Framework for Canada (Environment 
Canada, 2006). 

Definition: Biological diversity, or biodiversity* , is the variability among living organisms from all sources 
including, for example, terrestrial, marine and other aquatic ecosystems and the ecological complexes of 

which they are part; this includes diversity within species (genetic diversity), between species (species 
diversity) and of ecosystems (ecosystem diversity). 

Appreciation: .ƛƻŘƛǾŜǊǎƛǘȅ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŎƻƳǇƻƴŜƴǘ ƻŦ /ŀƴŀŘŀΩǎ ǿŜŀƭǘƘΦ Whether we think of it in 

ǘŜǊƳǎ ƻŦ ΨōƛƻŘƛǾŜǊǎƛǘȅΩ ƻǊ ƴƻǘΣ we realize that fisheries, forestry, agriculture and tourism provide us with 
things we need, like food, shelter and livelihoods. We appreciate scenic landscapes, and outdoor 
recreation. 

Additional benefits of healthy, biodiverse ecosystems: 

¶ Clean air, clean water and fertile soil 

¶ Oxygen production and carbon dioxide capture 

¶ Climate regulation and control of floods and other natural hazards 

¶ Protection from pest and disease outbreaks 

¶ Prescription drugs and traditional medicines 

¶ Food security 

¶ Ecological and economic resilience 

When these beneficial ecosystem services disappear, the connections between biodiversity and human 
health and well-being become obvious. 
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The BioDaVersity Code  Video  Youtube Video Link 

Description  

The BioDaVersity Code, by Free Range Studios (n.d.), is a 
pastiche/parody of the Da Vinci Code movie, highlighting 

the human need to maintain the web of life (5.5 min). 
The link provided above right Ǉƻƛƴǘǎ ǘƻ ǘƘŜ ǾƛŘŜƻΩǎ 

YouTube page. Other options for accessing this video are 
also available (Appendix C: Introduction: Biodiversity and 
Me Resources). 

Please note that The BioDaVersity Code video is 
intended for educational purposes only and may not be 
shown for profit. If the film is being shown on a paid 

field trip as part of this program, please acknowledge 
Free Range Studios for having generously allowed such an exception to their general rule. 

Transition  

The interpreter may conclude the introductory session by reinforcing what the day is going to be about: 
biodiversity and climate change, impacts, mitigation, adaptation and stewardship. The intent is not to 

debate biodiversity loss, whether climate change is happening, or whether these are anthropogenic 
(human-caused) changes or not. Yes, climate change does occur in long term cycles. The difference this 

time is that we are collectively generating more greenhouse gas emissions, but have also removed much 
of the native biodiversity that could have helped protect us from climate change impacts. The day will 
be about reducing human impacts to biodiversity, and mitigating biodiversity loss to help protect against 

and adapt to climate change.  

For additional climate change facts, refer to Appendix C: Introduction: Biodiversity and Me Resources. 

The interpreter may conclude the transition by inviting students outside to explore some links between 

climate change, biodiversity, and human health and well-being in an exercise called Tipping Point. 

Introductory Learning Activity: Tipping Point  

Overview  

Tipping Point is based on a team-building activity, modified to convey the interconnectedness of 

biodiversity, climate change, and human impacts, mitigation, and adaptation. 

Description  

Participants represent components of an ecosystem and will be challenged to keep that system in equilibrium, 
ǘƘǊƻǳƎƘƻǳǘ ŀ ǎŜǊƛŜǎ ƻŦ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ ƛƴŦƭǳŜƴŎŜǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳΩǎ resilience. 

Key Message 

Mitigation and adaptation activities are critically important to genetic, species and ecosystem biodiversity, of 
which human beings are part, and on which we depend for health and well-being. 

Setting 

A very large outdoor level surface, or indoor space such as a gymnasium. 

Figure 1 - BioDaVersity Code screenshot 

http://www.youtube.com/watch?v=BXXczLhzlHA
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Materials  

Poles for each participant, such as a straight, trimmed branch or similar, reaching approximately waist to chest 
height when balanced vertically on the ground. 

Preparation  

None 

Run time 

15 minutes 

Introduction  

Participants stand in a circle, fairly close together but not crowded to the point of touching. Each person 

balances a straight pole (branch or similar) vertically on the ground in front of him or herself. 
Participants represent components of an ecosystem and are challenged to keep that system in balance 

during a series of position shifts. If components are dropped, biodiversity has been lost, valuable 
ecosystem services are lost, with impacts to human health and well being. 

Practise Round  

The interpreter counts down 3-2-1- and then calls out a direction shift, left or right. Each person must 
leave their branch balanced and run to the next point on the circle, in the correct direction, to catch the 

next branch before it falls. This round may require several practise shifts to ensure a stable, functioning 
ecosystem where no branches fall to the ground when a shift occurs. 

First Round ( impacts, mitigation and adaptation)  

The interpreter leads a round in two or more steps, ŀƭǘŜǊƴŀǘƛƴƎ ΨƛƳǇŀŎǘΩ statements with 
ΨƳƛǘƛƎŀǘƛƻƴκŀŘŀǇǘŀǘƛƻƴΩ statements (Appendix D: Tipping Point Resources), and calling position shifts in 

between. With each impact statement, either a gap in the circle is created, or everyone takes a step 
back making the whole circle larger and increasing the distance between each ecosystem component. 
With mitigation/adaptation statements, gaps are filled and/or students step in making the circle smaller 

once more. 

Second Round (impacts only)  

The interpreter now asks the group to consider what would happen if people were not taking action to 
fight biodiversity loss and climate change. Interpreter leads two or more Ψimpacts onlyΩ shifts until the 
ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ōǊŀƴŎƘŜǎ ƛǎ ǘƻƻ ŦŀǊ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜ ŜŎƻǎȅǎǘŜƳΩǎ ŜǉǳƛƭƛōǊƛǳƳΦ The ecosystem reaches 

its Tipping Point, and we see that human action is critical to fighting climate change and biodiversity 
loss. 

Third Round ( optional. impacts,  mitigation and adaptation)  

The interpreter leads a round consisting of net positive actions which brings all participants back into the 
circle, moving closer and closer together until the ecosystem is restored to balance, has regained its 

resilience, so that no sticks are dropped. This final round may be omitted if time is running short. 

Transition  

Mitigation and adaptation activities are critically important to genetic, species and ecosystem 
biodiversity, of which human beings are part, and on which we depend for health and well-being.  

Now that participants are warmed up a bit, the interpreter can invite them to participate in the next 

activity: The Big Picture. 
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LEARNING ACTIVITY: BIG PICTURE 

Overview  

Description  

Big Picture is an Ψ9ƴǾƛǊƻ¢ƘƻƴΩ style collaborative exercise. This activity is intended to exemplify an 

engaging yet low-impact recreational/educational use of a natural area. In Big Picture, small teams race 
to complete a set of challenges in the pursuit of a common goal. The final goal is the completion of a 
collage of images linking climate change and biodiversity concepts. ¢ƘŜ ŎƻƭƭŀƎŜ ƛǎ ōŀǎŜŘ ƻƴ ŜŀŎƘ ǘŜŀƳǎΩǎ 

interpretations of the various challenges. 

The following outline is developed for four teams, and four challenge themes (including one two-part 

challenge), resulting in a 4x5 image. This format can be expanded or contracted per individual program 
ƭŜŀŘŜǊǎΩ ƴŜŜŘǎΦ 

Setting 

A well-defined outdoor course loop, where colour-coded stations are placed frequently enough to act as 
trail blazes. For locations that do not have a loop trail available, the activity may be set up in an open 

ŀǊŜŀ ǎƻ ǘƘŀǘ ǘƘŜ ƛƴǘŜǊǇǊŜǘŜǊ ǊŜƳŀƛƴǎ ŀǘ ŀ ŎŜƴǘǊŀƭ ΨƘƻƳŜ ōŀǎŜΩ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ŀǊŜ ǎŜǘ ƻǳǘ ŀǘ ǾŀǊƛƻǳǎ 
distances, like spokes on a wheel. For longer trails, a trail map and/or additional trail markers may be 
required. 

Key Message 

Climate change has the potential for a variety of impacts. Mitigation and adaptation activities are a 
collective responsibility. 

Materials  

20 weather-ǇǊƻƻŦ ΨŎƘŀƭƭŜƴƎŜΩ containers (5 each of four different colours) 

4 Tree ID Keys, 1 per group (Appendix E: Big Picture Resources) 

4 Trail maps, 1 per group, and/or any additional trail markers needed 

1 Sheet Bristol board, standard size 

40 Mailing labels printed with two copies of each challenge 

Ruler, scissors, pencils, pencil crayons, and pencil sharpeners 

Optional: 

! ŎƻƳǇƭŜǘŜŘ ά.ƛƎ tƛŎǘǳǊŜέ ǎŀƳǇƭŜ 

Team ID markers, such as armbands, bandannas, etc.  

A whistle 

Preparation  

ω Plan race course and station placement. A 1.5km course will take a group roughly 30 to 45 minutes. 
ω Determine challenge questions for local site (Appendix E: Big Picture Resources). 
ω Prepare and load challenge stations. 

ω If there are forks in the trail between stations, either provide a route map to participants, and/or set 
up trail marker to ensure the correct route is taken. 

ω tǊŜǇŀǊŜ ƴǳƳōŜǊŜŘΣ ƭŀōŜƭƭŜŘ Ψ.ƛƎ tƛŎǘǳǊŜΩ sheets. 
ω Position the station boxes around the course (30 min setup for 1.5km loop). 
ω Prepare an art space with pencil crayons, Bristol board, scissors, tape and sharpeners. 
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Run Time  

60 minutes (45 minutes if art component must be sent back to school) 

Introduction  

In Big Picture, participants work in four teams to examine biodiversity and climate change, in the context 

of an Envirothon-style race. To begin the interpreter divides the group into four colour coded teams. 

First round : The Race 

Ground Rules  

¶ ¢ŜŀƳǎ ŀǊŜ ŀǎƪŜŘ ǘƻ ŘŜŦƛƴŜ ΨǎǇƻǊǘǎƳŀƴƭƛƪŜ ōŜƘŀǾƛƻǳǊΩ ŦƻǊ ǘƘŜ ŀŎǘƛǾƛǘȅ όƛŜ ƴƻǘ ƛƴǘŜǊŦŜǊƛƴƎ ǿƛǘƘ ƻǘƘŜǊ 
ǘŜŀƳǎΩ ŎƘŀƭƭŜƴƎŜ ǎǘŀǘƛƻƴǎύ. 

¶ When the program interpreter starts the race, each team circles the course, stopping only at 
stations that match their team colour. 

¶ ¢ŜŀƳǎ ŀƴŘ ƛƴǘŜǊǇǊŜǘŜǊ ǊƻǳƴŘ ǘƘŜ ŎƻǳǊǎŜ ǘƻƎŜǘƘŜǊΦ ¢ƘŜ ƛƴǘŜǊǇǊŜǘŜǊ ƛǎ ǘƘŜ ΨǇŀŎŜ-ǎŜǘǘŜǊΩΦ ¢ƘŜ ǘŜŀƳǎ 

must be aware that as a whole the group must stay together, and stragglers need to keep up!! 

¶ Teams will read and ŎƻƳǇƭŜǘŜ ŎƘŀƭƭŜƴƎŜǎ ƻƴŜ ōȅ ƻƴŜΣ ǊŜǘǳǊƴƛƴƎ ǘƻ ǘƘŜ ƛƴǘŜǊǇǊŜǘŜǊ ǘƻ ΨǇŀǎǎΩ ŜŀŎƘ 
stage before moving on to the next one. 

¶ Teams must not accumulate all the challenges and then come to the interpreter with everything at 
once! 

¶ The last place team must keep moving with the interpreter and try to complete each challenge 
before the next station is reached. 

¶ /ƘŀƭƭŜƴƎŜǎ ŀǊŜ ǘƘŜ ǎŀƳŜ ŦƻǊ ŜŀŎƘ ǘŜŀƳΣ ōǳǘ ǘŜŀƳǎ Ƴŀȅ ƴƻǘ ŎƻǇȅ ƻǘƘŜǊ ƎǊƻǳǇǎΩ ŀƴǎǿŜǊǎΣ ŀƴŘ Ƴust 

come up with their own ideas for solutions. 

¶ The winning group is the first to have all its challenges complete and all its members across the 
finish line. Emphasize that the exercise is not over until all groups have completed all challenges. 

¶ This game is low impact; that is, teams must stay on the trail, and will be subject to penalty if they 
ŘƻƴΩǘΦ ¸ƻǳ ŎŀƴΩǘ ǇǊƻǘŜŎǘ ōƛƻŘƛǾŜǊǎƛǘȅ ōȅ ǘǊŀƳǇƭƛƴƎ ŀƭƭ ƻǾŜǊ ƛǘΦ 

Once the ground rules are set, the interpreter can indicate the direction of the first challenge and the 
rest of the course (if not obvious) and start the race. A whistle can be handy for calling back any errant 
racers. At the end of the activity, acknowledge the winning team, and lead students inside for cool-down 

and the final round of Big Picture. 

Second round: The Big Picture  

ω ¢Ƙƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ŀŎǘƛǾƛǘȅ ǿƛƭƭ ƘŀǾŜ ƳƻǊŜ ƻǊ ƭŜǎǎ ǘƛƳŜ ŀǾŀƛƭŀōƭŜΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎŎƘƻƻƭΩǎ ǎŎƘŜŘǳƭŜ 

and the size of the course. If time is short, an introduction will suffice. 

¶ ¢ƘŜ Ψ.ƛƎ tƛŎǘǳǊŜΩ ǎǘŀǊǘǎ ŀǎ ŀ ǎƘŜŜǘ ƻŦ .Ǌƛǎǘƻƭ board divided into a grid with a row for each team and a 

column for each challenge. Mailing labels with each challenge for each team are affixed to the back 
of the sheet. 

¶ ¢ƘŜ Ŏƭŀǎǎ ƛǎ ƛƴǾƛǘŜŘ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ŀǎ ŀ ǘŜŀƳ ƻƴ ǘƘŜƛǊ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ Ψ.ƛƎ tƛŎǘǳǊŜΩΦ Having a 

demonstration sheet on hand to provide some ideas may be useful. 

¶ The groups can cut the sheet into sections to work on representing their respective ǘŜŀƳΩǎ ŦƛƴŘƛƴƎǎ 
from the race, to be reattached as a mural and taken back to school. 

Transition  

When students have completed the Introduction, Tipping Point, and Big Picture, the interpreter may 

state the conclusion that human action is required to mitigate biodiversity loss and adapt to climate 
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change impacts. The students are invited to rest for lunch and to regroup in 30 minutes for their 
opportunity to take that action, during the Stewardship Session. 

STEWARDSHIP SESSIONS 

The stewardship activities detailed in this section are selected for implementation at Mountsberg and 
Crawford Lake Conservation Areas. Other outdoor education centres may wish to consult with local site 

managers to determine semi-regular stewardship activities that are both seasonally appropriate and 
feasible for their respective locations. Secondary teachers who choose to implement the Big Picture 

program may opt to partner with site managers for a local natural and/or protected area. Activities that 
may be considered include planting (consider native species that attract pollinators, or provide winter 
food for wildlife), winter feeding, bat box building, microhabitat creation, and more. The Hinterland 

²ƘƻΩǎ ²Ƙƻ web site provides a wide variety of stewardship activity options. 

Nesting Boxes 

Overvie w 

Description  

Nest box construction is an excellent activity for fall or wintertime stewardship. This activity can also be 
implemented at need, in the event of severely inclement spring weather. The following example focuses 
on Tree Swallows and Eastern Bluebirds, but nesting boxes may be designed for a wide variety of cavity-

nesting birds (Appendix F: Stewardship/Nesting Box Resources). 

Setting 

An indoor or outdoor space set up for students to work in groups to assemble kits into nesting boxes. 

Key Message 

Humans have a responsibility to provide alternate habitat when human activities modify or degrade a 

species` preferred habitat. 

Materials  

Nest box kits for four or more groups (Appendix F: Stewardship/Nesting Box Resources). 

Completed nest box kit to serve as an example 

Robertson/square head #2 screwdriver, one screwdriver per group 

/ƻŀǘŜŘ нέ Ŧƭŀǘ ƘŜŀŘ screws (16 per nest box) 

Safety glasses, one pair per group 

Optional: 

Laminated species documents, including images and climate change impacts, for optional reading 
(Appendix F: Stewardship/Nesting Box Resources). 

Preparation  

Set up working areas for four groups. Prepare but do not set out prefabricated nesting box kits, 
screwdrivers, screws, and safety glasses for each station. 

Run Time 

90 minutes 

http://www.hww.ca/
http://www.hww.ca/
http://www.hww.ca/hww.asp?id=43&pid=3
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Case example: Mountsberg Conservation Area 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘŜȄǘ ƛǎ ŀŘŀǇǘŜŘ ŦǊƻƳ IƛƴǘŜǊƭŀƴŘ ²ƘƻΩǎ ²Ƙƻ ςCreate Shelter for Songbirds (HWW 
n.d. a). 

At Mountsberg Conservation Area, the nesting box program provides habitat for Tree Swallows 

and Eastern Bluebirds. The Eastern bluebird was once in trouble in Ontario. This bird is at the 
northern tip of its natural range in Ontario. Habitat loss and competition from invasive species 
like starlings and sparrows were causing the small Ontario population to decline. Nesting box 

programs allowed the Eastern Bluebird to recover. These programs must be maintained, so that 
the species continue to thrive.  

Due to warmer winters in Ontario, Eastern Bluebirds are arriving in Ontario earlier in the season. 
Ontario residents may also need to consider conserving important forest habitat further north, 
ƴƻǘ ƻƴƭȅ ŦƻǊ ǘƘŜ ōƭǳŜōƛǊŘǎΩ ǎŀƪŜΣ ōǳǘ ŦƻǊ ǘƘŜ ǿƛŘŜ ŀǊǊŀȅ ƻŦ ƻǘƘŜǊ ōŜƴŜŦƛǘǎ ǘƘŀǘ ƘŜŀƭǘƘȅ ōƛƻŘƛǾŜǊǎŜ 

forest ecosystems provide ς like carbon storage. 

Build a Nesting Box  

To introduce the nesting box session, the interpreter may give a brief description of how climate change 

and biodiversity loss has been affecting bird species in Canada (Appendix F: Stewardship/Nesting Box 
Resources). The following information, excerpted/adapted from Hinterland Who`s Who (n.d. a) and 

Nielsen (n.d.) may be useful: 

In Canada, about 50 species of birds, ranging in size from wrens to ducks, nest in cavities. Normally, 
woodpeckers and chickadees excavate these cavities in decayed trees or stumps. These birds make new 

holes each year, leaving the old ones for other cavity-nesting birds. Often, these cavities are limiting 
factors in determining the carrying capacity of a habitat for each cavity-nesting species.  Natural nest 

sites disappear as weakened or dying trees are removed from our forests for economic and safety 
reasons, further decreasing the carrying capacity. As a result, there is intense competition for nest holes, 
with declines occurring in local populations of cavity-nesting species in recent years. When a species is 

confronted with environmental change, it has three options: adapt, move or die. By providing nest 
boxes in appropriate areas, we can help species to adapt, and help reverse population decline. 

Next the interpreter may introduce the project, including showing the students the sample completed 

nest box and describing the various features including ventilation, drainage, and reasons for the hinged 
door (access for cleaning) and lack of perch (deterring nest predators). Note that rough cut lumber, as 

opposed to finished boards, allow nestlings to grip the wood when they get old enough to climb up to 
the entrance hole. The type of box chosen, and the desirable and non-native species that may compete 
for it, can be detailed here. 

Once the explanation and any questions are completed, set out the kits, tools, and safety glasses for 
each group. Circulate to answer questions and assist as needed. Invite students to take one nesting box 
back to school. Let them know that the remaining nesting boxes will be used in the local program. If 

there is time, show them the locations where student nesting boxes have been mounted, and where the 
current classes will be installed. 
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Invasive Species Removal 

Overview  

Description  

Invasive species removal can be suitable for either spring or fall stewardship sessions, however, the 

selection of species can be strongly dependent on season. This program example guides students 
through learning about the invasive alien species Garlic Mustard, and participating in a removal project, 

according to strict protocol. Under that protocol, Garlic Mustard removal must be done in springtime. 
Other invasive alien species are less sensitive to seasonality and may be selected for fall stewardship 
sessions. Confirm with site managers that a commitment can be made to springtime garlic mustard 

removal for 5-7 years; as long as it takes to ensure that the seed bank has been exhausted. 

Setting 

An outdoor space where selected invasive alien species may be observed. 

Key Message 

Human action and awareness is required to prevent the spread of invasive alien species. 

Materials  

Invasive species identification sheets, and look-alike guides for each group; black plastic garbags bags; 

work gloves 

Preparation  

Select priority locations for removal. Have information sheets ready for each group (Appendix G: 
Stewardship/Invasive Alien Species Resources). 

Run Time 

90 minutes 

Participate in Invasive Species Removal 

The interpreter may provide introductory information to start the session, as follows. The following text 
has been excerpted from Garlic Mustard Removal (BEAN, 2009a). 

Garlic Mustard is a kitchen herb from Europe that invades forest understories in Ontario. It can 

outcompete and overtake herbs, flowers and tree seedlings, eventually creating patches of pure Garlic 
Mustard, and threatening the productivity and long-term survival of the trees themselves. 

While it is important to control the spread of this highly invasive species, it needs to be done according 
to a strict protocol. Homeowners may pull Garlic Mustard in their own backyard without necessarily 
causing negative impacts. In natural areas however, there are a number of reasons why a stricter 

protocol is needed:  

ω Certain native species look like Garlic Mustard, particularly in the spring, and in early stages of 
growth. It is too easy to pull or cut the wrong plant. 

ω New plants can grow from disturbed soil. Without a commitment to return and remove new plants 
each year, growth of Garlic Mustard can actually be encouraged. 

ω Seeds are very tiny, and easily transported on clothing, in mud clinging to boots, or on pet fur. 
Without careful cleanup, the range of Garlic Mustard can actually be increased. 
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ω If there are any endangered species in the area you may be required under law to obtain a permit. 
Please consult with the proper provincial and federal authorities on the Species at Risk permitting 

requirements. 

The interpreter may guide students through identification of garlic mustard and known look-alikes, 

introduce before-and-after shoe checks, and removal/disposal protocol (Appendix G: 
Stewardship/Invasive Species Removal Resources).  

! ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǎǘŜƳ ŀƴŘ ǇƻŘǎ Ŏŀƴ ōŜ ŀ ǳǎŜŦǳƭ aid to describing ƎŀǊƭƛŎ ƳǳǎǘŀǊŘΩǎ invasive potential. 

Have students estimate 10 seeds per pod and count pods by tens, to estimate seeds produced on a 
single plant. 

PlantWatch  

Description  

PlantWatch is part of Canada's NatureWatch series of volunteer monitoring programs. NatureWatch 

programs are designed to help identify ecological changes that may be affecting our environment. The 
following module has been developed as an option for springtime stewardship activities. 

Setting 

An outdoor space where selected PlantWatch species may be observed. 

Key Message 

Individuals observing local ecosystems can help us understand climate change effects at a provincial and 
national level. 

Materials  

Laminated PlantWatch Field ID Sheets, and Field Observation Sheets, 1 set for each group  

Prep 

Stake out locations for observation, along a 1.5km route. Have Locator and ID keys ready for groups to 
use. 

Run Time 

90 minutes (required time is highly flexible depending on site and route selection) 

Participate in PlantWatch  

To begin the PlantWatch Stewardship Session, the interpreter may choose to provide a brief overview of 
the Nature Canada/Environment Canada PlantWatch initiative.  

The following information has been excerpted from the PlantWatch web site (Environment Canada, n.d. 
a). PlantWatch is part of Canada's NatureWatch series of volunteer monitoring programs. NatureWatch 

programs are designed to help identify ecological changes that may be affecting our environment. 
PlantWatch "citizen scientists" record flowering times for selected plant species. These species bloom 
every spring, largely in response to rising temperatures. Participants learn about local botanical 

diversity, while helping researchers discover how common plants are responding to climate change, and 
track the effects of global warming and climate change in Canada. Observers then report the flowering 
dates online. Data submitted electronically instantly updates the online map to show new input. 

Scientists have learned that some of these species are flowering almost a month earlier than they were 
a century ago. 
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After introducing PlantWatch, the interpreter will lead students to one or more sites, predetermined by 
the interpreter in consultation with site managers. Ideally, several species with earlier and later bloom 

rates will allow the PlantWatch component to be available over as many weeks as possible. Participants 
may be provided with laminated locator keys. When students reach a given site, if the species is not 

immediately recognizable, they may use the keys to determine which species they believe they have 
found. If no flowers are present, the interpreter may provide known floral information for the plant to 
get students started on identification. To ensure student understanding of the key, have students 

provide not only the name of the plant, but its number code (Appendix H: Stewardship/PlantWatch 
Resources). 

The interpreter may then distribute field data sheets (Appendix H: Stewardship/PlantWatch Resources) 

and have groups complete their observations. The interpreter may choose to record his or her own field 
data and maintain online PlantWatch records for the site. Students and teachers may be encouraged to 

create a PlantWatch user account for their class, and submit schoolyard findings to the PlantWatch 
online data management system at appropriate points in the season. Additional guidance may be 
provided to educators, as a post program resource (Appendix K: Post Program Resources). 

Transition  

Thank students for participating in the Stewardship Session and taking action to combat biodiversity loss 
and mitigate climate change impacts. 

CLOSING 

The interpreter may thank the students for coming to the area and participating in the Big Picture 

Biodiversity and Climate Change Program. Interpreters may present a Certificate of Participation in 
recognition of the ƎǊƻǳǇΩǎ stewardship efforts (Appendix J: Closing Resources). 

The interpreter may wish to ask the group whether they feel differently about taking individual action 

now that they have been through the program. The interpreter may inquire whether any of the students 
is now making plans to reduce their personal greenhouse gas emissions, or whether they might become 
involved in biodiversity restoration activities in their own communities. 

Interpreter may advise group that they can also celebrate biodiversity through International Biodiversity 
Day, May 22nd of each year.  The theme for 2010 is Biodiversity and Development, and the 2011 theme 

will be Biodiversity and Forests. If students wish to participate in a local event, they can find them 
posted close to the date on the BEAN website, www.biodiversityeducation.ca. The interpreter may 
invite students to continue to participate in 2010 celebrations of the International Year of Biological 

Diversity. 

The interpreter may thank the students once more for their participation in the Big Picture on 

Biodiversity and Climate Change program. 

²ƘƛƭŜ ǎǘǳŘŜƴǘǎ ŀǊŜ ǇǊŜǇŀǊƛƴƎ ǘƻ ŘŜǇŀǊǘΣ ǘƘŜ ƛƴǘŜǊǇǊŜǘŜǊ Ƴŀȅ ǇǊƻǾƛŘŜ ǘƘŜ ƎǊƻǳǇΩǎ ǘŜŀŎƘŜǊ with a list of 
resource links for student participation and networking opportunities (Appendix K: Post Program 

Resources). Feedback forms and any other handouts may also be presented to the ƎǊƻǳǇΩǎ ǘŜŀŎƘŜǊ ŀǘ 
this time.  

http://www.biodiversityeducation.ca/
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APPENDICES 

Appendix A: Grade 9 and 10 Curriculum Links  

Science, Grade 10 ɀ Academic (SNC2D) 

D. Earth and Space Science: Climate Change 

D1. analyse some of the effects of climate change around the world, and assess the effectiveness of 
initiatives that attempt to address the issue of climate change; 

D2. ƛƴǾŜǎǘƛƎŀǘŜ ǾŀǊƛƻǳǎ ƴŀǘǳǊŀƭ ŀƴŘ ƘǳƳŀƴ ŦŀŎǘƻǊǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΤ 

D3. demonstrate an understanding of natural and human factors, including the greenhouse effect, 
ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ 9ŀǊǘƘΩǎ ŎƭƛƳŀǘŜ ŀƴŘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ5мΦ wŜƭŀǘƛƴƎ {ŎƛŜƴŎŜ ǘƻ 

Technology, Society, and the Environment 

Science, Grade 10 ɀ Applied (SNC2P) 

D. Earth and Space Science: Climate Change 

D1. analyse effects of human activity on climate change, and effects of climate change on living things 
and natural systems; 

D2. investigate various natural and human factors that have an impact on climate change and global 
warming; 

D3. demonstrate an understanding of various natural and human factors that contribute to climate 

change and global warming. 

Science, Grade 9 ɀ Academic (SNC1D) 

B. Biology: Sustainable Ecosystems 

B1. Assess the impact of human activities on the sustainability of terrestrial and/or aquatic 
ecosystems, and evaluate the effectiveness of courses of action intended to remedy or mitigate 

negative impacts; 

B2. Investigate factors related to human activity that affect terrestrial and aquatic ecosystems, and 
explain how they affect the sustainability of these ecosystems; 

B3. Demonstrate an understanding of the dynamic nature of ecosystems, particularly in terms of 
ecological balance and the impact of human activity on the sustainability of terrestrial and aquatic 

ecosystems. 

Science, Grade 9 ɀ Applied (SNC1P) 

B. Biology: Sustainable Ecosystems 

B1. Analyse the impact of human activity on terrestrial or aquatic ecosystems, and assess the 
effectiveness of selected initiatives related to environmental sustainability; 

B2. Investigate some factors related to human activity that affect terrestrial or aquatic ecosystems, 
and describe the consequences that these factors have for the sustainability of these ecosystems; 

B3. Demonstrate an understanding of characteristics of terrestrial and aquatic ecosystems, the 

interdependence within and between ecosystems, and the impact humans have on the 
sustainability of these ecosystems.  
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Appendix B: Pre-Program Educator Resources 

Video Links *  

Biodiversity and Climate Change   English Français 

The links between biodiversity and climate change run both ways: biodiversity is threatened by human-

induced climate change but, biodiversity resources can reduce the impacts of climate change on people 
and production (11 min). 

Our World, Ontario  English 

¢Ƙƛǎ ƛǎ ŜŀǊǘƘΧ¢ƘŜ ƻnly planet known to sustain life. An amazingly beautiful world. And this is Ontario. 
Our special place in this beautiful world. ! ǇƭŀŎŜ ǎƻ ŘƛǾŜǊǎŜΣ ƛǘΩǎ ǊŜŀƭƭȅ ŀ ǿƻǊƭŘ ǳƴǘƻ ƛǘǎŜƭŦΦ Our world, 

Ontario. A world of wonders (8 min). 

PDF Document  Links  **  

Convention on Biological Diversity Presentation      Climate Change and Biodiversity 

Convention on Biological Diversity Technical Series  

CBD Technical Series List 

CBD Technical Series 43 Forest Resilience, Biodiversity, and Climate Change - A Synthesis of the 
Biodiversity/Resilience/Stability Relationship in Forest Ecosystems 

CBD Technical Series 42 Review of the Literature on the Links between Biodiversity and Climate 

Change ς Impacts, Adaptation and Mitigation 

CBD Technical Series 41 Biodiversity and Climate Change Mitigation and Adaptation 

CBD Technical Series 29 Emerging Issues for Biodiversity Conservation in a Changing Climate 

CBD Technical Series 25 Guidance for Promoting Synergy Among Activities Addressing Biological 
Diversity, Desertification, Land Degradation and Climate Change 

CBD Technical Series 10 Interlinkages between biological diversity and climate change 

Climate Change Adaptation in Ontario   English Français 

Birds and Climate Change: Ecological Disruption in Motion  English 

Web Links  

Invasive Plants Are Beneficiaries of Climate Change in Thoreau's Woods  English 

MS Word Document  Links  ***  

Learning for a Sustainable Future: Theme Documents  

Theme Document List    English   Français 

* Adobe Flash Player required. 

**  English only. Adobe Acrobat or Acrobat Viewer required 

***  Microsoft Word or Word Viewer required 

ftp://ftp.biodiv.org/ibd-videos/MPEG/English/ibd-2007-en.mpg
ftp://ftp.biodiv.org/ibd-videos/MPEG/French/ibd-2007-fr.mpg
http://www.mnr.gov.on.ca/en/Business/Biodiversity/2ColumnSubPage/286676.html
http://www.cbd.int/doc/groups/youth/youth-bio-cc-en.pdf
http://www.cbd.int/ts/
http://www.cbd.int/doc/publications/cbd-ts-43-en.pdf
http://www.cbd.int/doc/publications/cbd-ts-43-en.pdf
http://www.cbd.int/doc/publications/cbd-ts-42-en.pdf
http://www.cbd.int/doc/publications/cbd-ts-42-en.pdf
http://www.cbd.int/doc/publications/cbd-ts-41-en.pdf
http://www.cbd.int/doc/publications/cbd-ts-29.pdf
http://www.cbd.int/doc/publications/cbd-ts-25.pdf
http://www.cbd.int/doc/publications/cbd-ts-25.pdf
http://www.cbd.int/doc/publications/cbd-ts-10.pdf
http://www.ene.gov.on.ca/publications/7300e.pdf
http://www.ene.gov.on.ca/publications/7300f.pdf
http://www.audubon.org/news/pressroom/bacc/pdfs/Birds%20and%20Climate%20Report.pdf
http://www.sciencedaily.com/releases/2010/02/100203111626.htm
http://www.lsf-lst.ca/en/projects/key-themes-in-sustainability-education/esd-theme-documents
http://www.lsf-lst.ca/fr/projects/key-themes-in-sustainability-education/esd-theme-documents
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Appendix C: Biodiversity and Me Resources 

The BioDaVersity Code Video  

The YouTube link to this video was provided in the Biodiversity and Me section. This section provides 

links to the online MPEG file download at the Free Range Studios web site. BEANΩǎ DVD version, which 

includes a simple menu screen, may be requested by contacting BEAN through its website 

www.biodiversityeducation.ca. 

Climate Change and Polar Bears  

The following information is excerpted from Nature Canada (n.d. a). 

tƻƭŀǊ ōŜŀǊǎ ŀǊŜ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƭŀƴŘ ǇǊŜŘŀǘƻǊǎΣ ŀƴŘ ǘƘŜ Ƴƻǎǘ ƳŀƧŜǎǘƛŎ ŎǊŜŀǘǳǊŜ ƻŦ ǘƘŜ CŀǊ bƻǊǘƘΦ .ǳǘ 

dramatic changes, caused by global warming, are taking place in the Arctic that threaten the survival of 
this spectacular species.  

Global warming is melting the polar ice caps, robbing the bears of the ice floes they need to hunt prey. 
As the annual sea ice melts, polar bears are forced ashore to spend their summers fasting.  

If the Arctic ice cap continues to melt sooner and form later, polar bears will become too thin to 

reproduce and they will become extinct by the end of this century. 

¢ƘŜ ǇƻƭŀǊ ōŜŀǊΩǎ ƘƻƳŜ ς the Arctic ς is experiencing the effects of global warming more than any other 
place. Temperatures in the Arctic are rising at almost twice the rate of that of the rest of the world, and 

it is threatening to place the entire Arctic ecosystem in jeopardy.  

The Arctic sea ice is shrinking by up to five per cent every ten years ς sea ice that not only provides 

hunting ground for polar bears, but shelter and transportation for seals, walrus, arctic foxes, and the 
Inuit people. The underside provides a surface for algae that supports cod, char, beluga, and narwhal. 
The white sea ice also has a cooling effect on climate by reflecting lƛƎƘǘ ŀǿŀȅ ŦǊƻƳ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ !ǎ ƛǘ 

melts, global warming advances even more quickly. 

The United States designated the polar bear as threatened in May 2008. Canada's scientific Committee 
on the Status of Endangered Wildlife in Canada places them in a less serious category, as a species of 

special concern, and they are not included on Canada's official Species at Risk list.  

wŜƎŀǊŘƭŜǎǎ ƻŦ ƛǘǎ ŎǳǊǊŜƴǘ ƻŦŦƛŎƛŀƭ ǎǘŀǘǳǎΣ ǘƘŜ ǇƻƭŀǊ ōŜŀǊΩǎ Ƙŀōƛǘŀǘ ƛǎ ǳƴŘŜǊ ŀǎǎŀǳƭǘ ŦǊƻƳ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƻǳǊ 

climate crisis, which, if not reversed, will mean the end of this iconic species within our lifetime. 

The International Union for the Conservation of Nature added the polar bear to its "Red List" of the 
world's most imperiled wildlife in 2006. In 2009, the IUCN Polar Bear Specialist Group (PBSG) cited 

climate change as the greatest challenge to the conservation of polar bears, and concluded that 1 of 19 
subpopulations is currently increasing, 3 are stable and 8 are declining. For the remaining 7 
subpopulations available data were insufficient to provide an assessment of current trend.  

/ŀƴŀŘŀΩǎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ƘŀǾŜ ǎǘŜŀŘƛƭȅ ǊƛǎŜƴ ǎƛƴŎŜ ǘƘŜ ŎƻǳƴǘǊȅ ǎƛƎƴŜŘ ǘƘŜ Yȅƻǘƻ tǊƻǘƻŎƻƭ ƛƴ 
1997. These increases, and the global warming they cause, are a greater threat to polar bears than any 

other threat they face.  

About the Polar Bear 

Common Name: Polar Bear 

Latin Name: Ursus Maritimus 
Status: Special Concern (according to the Committee on the Status of Endangered Wildlife in Canada) 

http://www.freerangestudios.com/hi-resolution-video-downloads.html
http://www.freerange.com/
http://www.biodiversityeducation.ca/
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Size: Males are typically between two and three metres long and weigh up to 500 kg, though a few 
weigh as much as 800 kg. Females weigh between 150 to 250 kg. 

Population: 22,000 to 27,000 
Life Span: 20 to 25 years 

Range: Most polar bears live in Canada, but other populations exist in Alaska, Russia, Greenland and 
Norway. 
Threats: climate change, air pollution, oil spills, toxic chemicals 

Greenhouse gases like carbon dioxide are necessary for life on this planet. But in the last 200 years, 
human activity has released more CO2 than our planet can handle ς too many gases are remaining 
trapped inside our atmosphere, more than at any time in the last 800,000 years. These gases, which also 

include methane and nitrous oxide, are causing our planet to warm up ς and the results of this global 
warming of our planet are becoming more dramatic every day. 

Climate Change and Birds 

The following information is excerpted from Nature Canada (n.d. b) 

Climate change affects birds in different ways. It can alter distribution, abundance, behaviour, even 

genetic composition. It can also affect the timing of events like migration or breeding.  

North America's most common birds are vanishing, and according to the US-based National Audubon 

Society, some of the most startling declines are among birds that rely on Canada's Boreal Forest.  

Why are the birds disappearing?  

Climate change can affect birds directly, through changes in temperature or rainfall. It can also lead to 

increased pressure from competitors, predators, parasites, diseases and disturbances like fires or 
storms. And climate change can act in combination with other major threats like habitat loss and alien 
invasive species, making the overall impact worse.  

Because birds are one of the best studied groups of organisms, we already have the data needed to 
demonstrate that birds are being affected by climate change. This is occurring in a variety of ways.  

How Our Changing Climate is Affecting Birds 

1. Egg laying is occurring earlier. 

One large-scale study showed that birds are laying eggs up at an average rate of 6.6 days earlier per 

decade. North American Tree Swallows are nesting up to 9 days earlier than 30 years ago, corresponding 
to an increase in average spring temperatures. 

2. Migration times are shifting. 

Birds are migrating earlier in the spring. A study of 63 years of data for 96 species of bird migrants in 
Canada showed that 27 species have altered their arrival dates significantly, with most arriving earlier, in 

conjunction with warming spring temperatures. 

Birds also seem to be delaying autumn departure: in a study of 13 North American passerines, 6 species 
were found to delay their departure dates in conjunction with global warming.  

Some birds in Europe are even failing to migrate all together. 

3. Bird behaviour and their environment are becoming mismatched.  
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MǳŎƘ ƻŦ ŀ ōƛǊŘΩǎ ƭƛŦŜ ŎȅŎƭŜ ŀƴŘ ōŜƘŀǾƛƻǳǊ ƛǎ ŎƭƻǎŜƭȅ ƭƛƴƪŜŘ ǘƻ ŎǳŜǎ ŦǊƻƳ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ƭƛƪŜ ŎƘŀƴƎƛƴƎ 
seasons. A mismatch occurs when birds cannot shift their behaviour, such as breeding times, enough to 

coincide with changes in environment, such as when prey is available. 

Long-distance migrants are particularly at risk of a mismatch as it is harder for them to know what 

conditions might be like at the end of the migration route. For example, wood warblers in North 
!ƳŜǊƛŎŀ ŀǊŜƴΩǘ ƳƛƎǊŀǘƛƴƎ ŜŀǊƭƛŜǊ ŦǊƻƳ ǘƘŜir neotropical wintering grounds, despite earlier springs in their 
northern breeding ranges ς this risks a late arrival, after spring food sources on breeding grounds are 

gone.  

4. Distributions are changing. 

Bird populations are expected to shift poleward, or to higher elevations, to stay with their ideal 

temperatures as the climate changes.  

A study of 35 North American warbler species found that the range of occurrence of seven of the 

species (Prothonotary Warbler, Blue-winged Warbler, Golden-winged Warbler, Black-throated Gray 
Warbler, Pine Warbler, Hooded Warbler, and Cape May Warbler) has shifted significantly north in the 
past 24 years, by an average of 65 miles. None of the birds shifted to the south. 

Ontario Breeding Bird Atlas data demonstrates thaǘ άǎƻǳǘƘŜǊƴέ ōƛǊŘǎ ǎǇŜŎƛŜǎ ǎǳŎƘ ŀǎ ¢ǳŦǘŜŘ ¢ƛǘƳƻǳǎŜΣ 
Blue-Gray Gnatcatcher, Northern Mockingbird, and Red-bellied Woodpecker have increased in number 
and have expanded their range northwards in Ontario compared to 20 years ago. 

These climate-induced shifts are not always a solution to coping with a warming climate. Birds on the 
move could be stymied in their efforts to find new ranges by fragmentation, human development, or 

natural geological features like large bodies of water. 5. Ecological communities are disrupted  

Global warming can change entire ecological communities. Food and nesting material that birds depend 
on may no longer be there. Birds may face new prey, parasites, competitors, and predators to which 

they are not adapted.  

In the northern Hudson Bay area, mosquitoes now reach peak numbers earlier in the spring. Thick-billed 
Murres breeding in the area have not adjusted their behaviour, and the combination of heat and 

mosquitoes is causing higher egg loss and greater adult mortality. 

Parts of northern Minnesota and southwestern Ontario may end up with 14 fewer species of warblers 

than are currently found there. This could lead to increased outbreaks of some forest pests like spruce 
budworms. 

2005 saw unprecedented failures of colonies of seabirds on the Pacific coast of North America. Only 8% 

ƻŦ ǘƘŜ /ŀǎǎƛƴΩǎ !ǳƪƭŜǘǎ ƴŜǎǘƛƴƎ ƻƴ ¢ǊƛŀƴƎƭŜ LǎƭŀƴŘ ǿŜǊŜ ǎǳŎŎŜǎǎŦǳƭΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ƭŀǘŜ ƴƻǊǘƘŜǊƭȅ ǿƛƴŘǎ 
delayed coastal upwelling, which affected plankton growth and caused a decline in the fish species on 

which the seabirds depend.  

Tufted Puffins at Canadian sites have breeding success near zero when water is at its warmest, which 
ŎƻǳƭŘ ƳŜŀƴ ǘƘŀǘ /ŀƴŀŘŀΩǎ ƭŀǊƎŜǎǘ ōǊŜŜŘƛƴƎ Ŏƻƭƻƴȅ ŦƻǊ ǘƘƛǎ ǎǇŜŎƛŜǎΣ {Ŏƻǘǘ LǎƭŀƴŘǎΣ ōŜŎƻƳŜǎ ǳƴǎǳƛǘŀōƭŜ ŦƻǊ 

Tufted Puffins as water continues to warm.  

6. Extinction risks are on the rise. 

Birds most at risk of extinction from climate change are those with restricted ranges, poor ability to 

move their range, small populations, or those already facing conservation challenges. 

Migratory birds are particularly vulnerable to climate change effects, because they depend on multiple 

habitats and sites.  
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Arctic birds are particularly vulnerable ς ǿŀǊƳƛƴƎ ƛǎ ƻŎŎǳǊǊƛƴƎ ǊŀǇƛŘƭȅ ƘŜǊŜΣ ŀƴŘ ŀǘ ƭŜŀǎǘ ур ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 
bird species breed in global Arctic regions. Vast areas of habitat, including tundra and sea ice, will be 

lost. Sea ice retreat could have severe consequences for Ivory Gulls, which forage along sea ice. 
Canadian Ivory Gulls have already declined in number by 90% over the past two decades. 

Birds on the Move Show Significant Changes Underway  

The following information is excerpted from Birds and Climate Change: Ecological Disruption in Motion 
(Audubon Society, 2009). 

Analysis of four decades of Christmas Bird Count observations reveal that birds seen in North America 
during the first weeks of winter have moved dramatically northwardτtoward colder latitudesτover the 

past four decades. Significant northward movement occurred among 58% of the observed speciesτ177 
of 305. More than 60 moved in excess of 100 miles north, while the average distance moved by all 
studied speciesτincluding those that did not reflect the trendτwas 35 miles northward. There was also 

movement inland, from warmer coastal states into areas not long accustomed to winter temperatures 
suitable for their new arrivals. The analysis found these trends among nearly every type of species; their 
sheer numbers and variety pointing to a powerful common force contributing to the movements. 

Water Birds 

More than half of the waterbird species (52%) moved north, including a wide variety of ducks, such as 

Red-breasted Merganser, American Black Duck, and Green-winged Teal. Waterbirds have benefited in 
recent years from less ice cover in northern and interior states, but future conditions under global 
warming scenarios are not promisingτa hotter and drier climate will dry many wetlands that waterbirds 

require. 

Coastal Birds 

Coastal waterbirds did not move inland, primarily because they require saltwater or habitats found only 

near saltwater. However, many of these species (46%) still moved north, including the Black-bellied 
Plover and Black Turnstone (shorebirds), and Northern Gannet (a large fish-eating bird). The short-term 

health of many of these species is already in decline from development and the degradation of coastal 
habitats. These areas need significant protection and restoration. In addition, avian dietsτnot to 
mention seafood productionτare threatened by the loss of food-rich ocean currents that disappear or 

become less predictable with global warming. Coastal habitats themselves are further threatened by 
sea-level rise associated with climate change. 

Landbirds 

Among all landbirds in the study, 64% showed significant northward movement, including more than 
70% of all woodland birds and 70% of those that frequent feeders. 

Feeder birds such as Pine Siskin, Boreal Chickadee, and Pygmy Nuthatch have moved hundreds of miles 
since 1966. Already adapted to human habitats, they are unusually well suited to a shifting climate. 
Most will fare well in the short term, as long as food is provided. However, northern-wintering birds are 

highly vulnerable to the sudden onset of cold and stormy conditions. They are also likely to further 
disrupt ecosystem balance by displacing less adaptable species. 

Woodland birds that do not visit bird feeders, such as Spruce Grouse, American Three-toed 
Woodpecker, and Barred Owl, also showed long-distance northward movements. Their continued 
success in northern winters will depend on healthy forest habitat, which is already at risk due to both 

the drying effects of global warming and over-exploitation by humans. 
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Grassland birds including Eastern Meadowlark, Vesper Sparrow, and Burrowing Owl are among the few 
groups that did not move north over the past 40 years. Only 10 of 26 (38%) grassland species moved 

north significantly, while nine moved south. Most probably could not move into northern areas despite 
increasingly moderate temperatures because conversion to intensive human uses such as row crops, 

pastures, and hayfields has greatly reduced availability of grassland habitat. In combination, global 
warming and ongoing overuse of grasslands by humans will doom grassland birds to continued 
population declines if we fail to take corrective actions. 

Climate Change, Indige nous Peoples and Biodiversity  

The following information has been excerpted from Biodiversity Concepts (BEAN, 2009b) and Climate 

Change and First Nations South of 60: Impacts, Adaptations, and Priorities (CIER, 2007). 

Human cultural diversity and biodiversity are linked. Intact indigenous cultures living traditional lifestyles 
require an intact, functioning ecosystem, and are threatened by the loss of biodiversity and attendant 

ecosystem goods and services. 

First Nations, along with other Aboriginal and northern communities, will likely be one of the most 
profoundly impacted populations within Canada by climate change. Given the diversity of ecosystems, 

vulnerabilities and social, economic and cultural characteristics of First Nations across Canada, it is 
important that each First Nation determine how they will be uniquely affected by climate change. Once 

First Nations south of 60 degrees latitude have identified potential impacts (using existing scientific 
information, Indigenous Knowledge and local realities), they will need to prepare and implement 
adaptation projects to reduce their vulnerability. Proactive adaptation measures can decrease the 

magnitude of future stresses, reduce the amount or intensity of stress felt by the community and be less 
costly over the long-term when compared to reactive measures... 

Impact one: changes to ice due to warmer weather 

¶ Changes to the timing of freeze-up and thaw; often the fall freeze-up occurs much later and spring 
thaw occurs earlier than it has in the past 

ω Changes to the length of the freeze-up period; areas with continuous freeze-up period now 
experience intermittent thawing 

ω Change in the thickness of the ice throughout the winter; thinner ice intermittently or for the whole 

season 

Likely Vulnerabilities/Sensitivities in First Nations 
ω Decreased safety on the land for people travelling between communities or for subsistence activities 

ω Resulting decrease in cultural subsistence activities and loss of Indigenous Knowledge and the 
associate traditional language about these practises 

ω Decreased health of First Nations who rely on wild foods, as they will be forced to purchase more 
market foods 

ω  Negative social impacts by decreased ability of First Nations, who rely on ice and snow for 

transportation, to travel to other communities 
ω  Increased costs of transporting goods (housing supplies, food, fuel) by air or barge due to shorter 

winter road season 

Adaptations 
1) Develop community communication networks (hazards mapping; monitoring community trails, etc) 

2) Develop land camps to strengthen Indigenous Knowledge, maintain traditional skills and values 
3) Build and maintain more cost intensive winter roads that will extend their seasonal life, such as the 

construction of permanent stream crossings 
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4) Extend airstrips in remote communities to accommodate larger planes to address a shorter road 
access season 

Impact two: changes to water quantity and quality 

Changes in water quantity: 

ω Declining water levels in lakes and streams due to factors such as increased temperature, decreased 
snow cover, and receding glaciers  

ω Increased water quantity in some areas from increased precipitation and sea level rise  

Decrease in water quality: 
ω Damage to water reservoirs to thawing permafrost 
ω Contamination of freshwater sources from storm surges and sea level rise on the coast, flooding, and 

extreme weather events in other areas 
ω LƴŎǊŜŀǎŜŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ŎƻƴǘŀƳƛƴŀƴǘǎ όǎǳŎƘ ŀǎ t/.ΩǎΣ ƘŜŀǾȅ ƳŜǘŀƭǎΣ ƳŜǊŎǳǊȅΣ ǇƘŀǊƳŀŎŜǳǘƛŎŀƭǎΣ 

and pesticides), nutrient additions (from agriculture and wastewater) and water borne diseases due 
to declining water levels and increased temperatures 

Likely Vulnerabilities/Sensitivities in First Nations 

ω Negative affects to water quality from climate change will exacerbate existing water problems in First 
Nations 

ω Increased costs to obtain quality drinking water through either enhanced water treatment 

infrastructure or outsourcing drinking water, which would be intensified in Northern communities 
ω Negatively impact First Nation cultural uses of water such as subsistence harvesting of traditional 

foods and medicines or ceremonial practises 

Adaptations 
1) Protect and manage source water 

2) Improve water conservation to decrease total water consumption through conservation initiatives, 
public education programs, and water-costing mechanisms 

3) Initiate wetland conservation, protect and re-vegetate riparian zones 

4) Incorporate climate change impacts when planning or designing sewage and water and treatment 
facilities; use higher levels of wastewater treatment (from primary to secondary or tertiary levels); 

implement more stringent water treatment guidelines 
5) Water management using a watershed approach 

Impact three: changes in animals behaviour / loss of keystone species 

Climate change will affect animal behaviour by altering the location and timing of life cycle events such 
as migration and reproduction (e.g. calving or spawning). As animal species respond to these 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜǎΣ ǘƘƛǎ ǘǊŀƴǎƛǘƛƻƴ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ŘŜŎǊŜŀǎŜŘ ǎǇŜŎƛŜǎΩ ƘŜŀƭǘƘ όƛƴŎǊŜŀǎŜǎ ƛƴ Řiseases or 
physical abnormalities), safety (due to unsafe land) and survival (effects on birthing or survival of young, 
unavailable food source). As animals and plants respond to the changing environmental conditions, this 

could lead to a loss of keystone species in ecoregions. 

Likely Vulnerabilities/Sensitivities in First Nations 
ω Decreased health or loss of plants and animals in an areas previously accessed by First Nations 

ω Negative impacts to culture: loss of knowledge about certain animals and plants, landscapes, and 
waterways, and the language associated with these practises  

ω Loss of food security for First Nations who rely on wild plants and animals for food and medicine and 
decreased health of First Nations who will have to depend more on store-bought foods 
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ω {ŀŦŜǘȅ ƛǎǎǳŜǎ ŦƻǊ CƛǊǎǘ bŀǘƛƻƴǎ ƛŦ ƳƻǊŜ ŘŀƴƎŜǊƻǳǎ ŀƴƛƳŀƭǎ ƳƻǾŜ ƛƴǘƻ ŀǊŜŀǎ ǳǎŜŘ ōȅ CƛǊǎǘ bŀǘƛƻƴǎ 
ω [ƻǎǎ ƻŦ ŜŎƻƴƻƳƛŎ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǎǳŎƘ ŀǎ ŜŎƻǘƻǳǊƛǎƳ ŀƴŘ ƎǳƛŘƛƴƎ ƻǊ outfitting 

Adaptations 
1) Habitat or species conservation; conserve or restore migration corridors; minimize landscape 

fragmentation 
2) Change regulations to sport and commercial fishing, such as catch-and-release only, to decrease 

allowable catch or establish moratoriums on some fish 

3) Build on social networks; share wild foods with community members (Elders, disabled people); 
develop food / freezer co-op in community 

4) Ensure healthy diet transitions for First Nations who need to switch their reliance on wild foods, 

completely or partially, to market foods 

Impact four: increase in frequency and severity of extreme weather events  

Scientists predict that extreme weather events such as storms (wind, ice, thunder, and snow), floods, 
and droughts will occur more intensely and more often than has occurred in the past. 

Likely Vulnerabilities/Sensitivities in First Nations 

ω Increased costs to respond to the weather events (snow removal and clean up of debris) and replace 
or repair damaged goods 

ω Loss or damage of infrastructure and property (on-reserve buildings, boats, equipment) including 

culturally important infrastructure such as cabins or other buildings along traplines; potential loss of 
important cultural sites 

ω Increased frequency of service loss (hydro, gas, telephone) and closures (road, business, school) 
ω Stress on emergency services, such as hospitals 
ω Heightened risk to human and animal life 

ω Loss of opportunities to engage in traditional or subsistence activities due to increased 
unpredictability and decreased safety 

ω  Loss of economic opportunities in areas such as tourism, forestry, fishing, or agriculture 

Adaptations 
1) Incorporate the potential for extreme weather events in land management 

2) Redefine construction standards for zoning, planning and building codes (e.g. move buildings and 
infrastructure out of flood prone areas) 

3) Plan for emergency preparedness 

4) Build network of cabins to provide shelter for hunters and travellers that get caught in extreme 
weather events 

5) Use larger, more powerful sea-worthy boats and snowmobiles for harvesting and transportation 
6) Install storm retention ponds in the storm drainage network for extreme rain; or use silt fences, 

tarping soil, and fill stockpiles to help minimize damage from storms 
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Figure 2 - Ecosystem impacts represented by students on each side of the circle stepping back. 

Appendix D: Tipping Point  Resources 

Sample impacts and mitigation round statements: 

After the practice round is complete, the impact and mitigation round can begin. The interpreter may 
make statements such as: 

We start this round as a healthy ecosystem. All the components of biodiversity are interacting smoothly 
and the system is in equilibrium (lead two shifts) 

IMPACT: A highway (or pipeline, or similar impact) is built through our ecosystem. Two people on each 

side sit out back for this round, as shown in Figure 2. Now we can see the highway (or similar) cut 
through our ecosystem. We have to try to get all the way across the highway to keep the system in 
equilibrium (lead two or more shifts, preferably in one direction only, so that different participants get 

the experience of having to cross the ΨhighwayΩ to keep the next stick upright). 

ADAPTATION: Next, community volunteers have planted some trees, shrubs and plants, making a 

forested corridor that connects two forest fragments, helping restore system resilience. The people that 
stood the last shift out can step back in (lead a couple of shifts). 

 

 

IMPACT: Local ash trees are expected to die from infection by invasive insect pest the Emerald Ash 

.ƻǊŜǊΦ ¢Ŝƴ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǳǊōŀƴ ŦƻǊŜǎǘΩǎ ŎŀǊōƻƴ ǎǘƻǊŀƎŜ ŀƴŘ ǎƘŀŘƛƴƎ ǿƛƭƭ ōŜ ƭƻǎǘ ǿƛǘƘƛƴ ŀ ŘŜŎŀŘŜ (have 
10 percent of the circle step back and lead a couple of shifts). 

ADAPTATION: City managers and volunteers calculate and plant a high enough number of diverse, native 

trees on City property, so that in ten years, the new young trees will provide more carbon storage than 
the lost ash trees (bring the ten percent back in and lead a shift). 

Sample impact round statements: 

IMPACT A: Climate change has allowed an invasive insect pest to survive warmer winters in the forest. 
Some of the affected trees die. Everyone in a green shirt sits out this round (lead two shifts) 

IMPACT B: With fewer trees cleaning the atmosphere, air quality goes down. Diseases like asthma 
increase and human mortality increases. Everyone in a black shirt sits out this round (lead two shifts) 
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IMPACT C: Warmer weather has allowed mosquito-borne illnesses such as West Nile virus to travel 
further north than its usual range. More human and wildlife fatalities occur. Anyone in a grey shirt sits 

out this round 

Sample mitigation round statements: 

MITIGATION A: Communities realize that resilient, biodiverse ecosystems are essential to well-being, 
and organize a variety of ecosystem restoration projects. Everyone in a green shirt can step back in. 

MITIGATION B: Communities get serious about climate change and start walking and cycling more, using 

public transit and electric cars for longer distances, and investing in local renewable energy projects. Air 
quality improves and human communities are healthier. Everyone in a black shirt step back in. 

MITIGATION C: The public is educated about preventing West Nile virus and works to rotate any 

standing water such as birdbaths, and put protective on backyard rain barrels. Half the participants in 
grey may rejoin the circle. The community decides not to use pesticides targeted against mosquitoes. 

The rest of the participants may rejoin the circle.   
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Appendix E: Big Picture  Resources 

On the back of a white or light Bristol board sheet, measure out a 4 x 5 grid in light pencil. Print out one 

sheet of challenge labels for use loading the challenge cartridges (one time). Print out one sheet of 
labels for each group. On the back of the Bristol board, attach a challenge label to each square of the 

4x5 grid. Layout suggestion: one row per team.  

When coming up with challenges Ontario sites, interpreters are advised to keep it simple, using the 
same challenge for all groups at each station. Open ended questions are useful, so that collectively, the 

group has to come up with multiple answers. Challenge questions should not be generic. Interpreters 
will need to explore local areas to find similar examples. The biodiversity identification aspects are 
important, as are the conjectures about what can happen to different local environments in the context 

of climate change. For most of the sample challenges listed below, no materials beyond the challenge 
stations themselves were required. For the conifer challenge, students were given laminated sheets 

detailing Eastern Hemlock, Eastern White Cedar, Red Pine and White Spruce, and had to determine that 
the dominant tree in the area was White Spruce.

Sample challenges: 

Conifer Challenge 
Healthy, biodiverse forests help fight climate change, and are better at surviving climate change impacts. 

Look at the evergreens around you, and count the number of different types. Select the most common 
one you see. Use the sheets provided to identify your tree. 

Bring the interpreter one small (max 5cm) sample and report which species you have found.  

Is the biodiversity here high, or low? Why is this important when we think about climate change? 

Swallowville Challenge 
Birds that nest in hollowed-ƻǳǘ ǘǊǳƴƪǎ ƻŦ ƳŀǘǳǊŜ ǘǊŜŜǎ ŀǊŜ ŎŀƭƭŜŘ ΨŎŀǾƛǘȅ-ƴŜǎǘƛƴƎ ōƛǊŘǎΩΦ  

As mature forest areas are lost to agriculture and construction, the survival of cavity nesting birds, like the 
Tree Swallow, is at risk. 

People build nesting boxes to help. Is that enough? Suggest a link between habitat loss and climate change. 
Propose an action to help combat the loss of habitat and climate change. 

Lookout Challenge 
aƻǎǘ ƻŦ hƴǘŀǊƛƻΩǎ ǿŜǘƭŀƴŘǎ ƘŀǾŜ ōŜŜƴ ŎƻƴǾŜǊǘŜŘ ǘƻ ƻǘƘŜǊ ǳǎŜǎΣ such as farming.  

The wetlands we have left provide a rich variety of benefits, including fighting climate change, through their 
ability to store greenhouse gases such as carbon dioxide.  

{ǳƎƎŜǎǘ ŀ ǿŀȅ ǘƘŀǘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŎƻǳƭŘ ŀŦŦŜŎǘ ǘƘƛǎ ǿŜǘƭŀƴŘΩǎ ƘŜŀƭǘƘ and its benefits to humans. 

Sugarbush Challenge A 
You are about to enter the Sugarbush, where maple syrup is made from the sap of sugar maple trees. Examine 
ȅƻǳǊ ǎǘŀǘƛƻƴΩǎ ǘǊŜŜΦ Lǎ ƛǘ ŎƻƴƛŦŜǊƻǳǎ όŜǾŜǊƎǊŜŜƴύ ƻǊ ŘŜŎƛŘǳƻǳǎΚ 

Compare your station tree to the oǘƘŜǊ ǘŜŀƳǎΩ ǘǊŜŜǎΦ !ǊŜ ǘƘŜȅ ǘƘŜ ǎŀƳŜΣ ƻǊ ŘƛŦŦŜǊŜƴǘΚ IƻǿΣ ƻǊ ǿƘȅΚ 

Report your findings to the interpreter. Proceed to the next station to complete the Sugarbush Challenge. 

Sugarbush Challenge B 
You are now in the Sugarbush. At this station, repeat the exercise from the last station - is your tree 
coniferous, or deciduous? 

Compare your station tree to the other teams' trees. Are they the same, or different? How, or why? 

Imagine that due to climate change, a new insect pest can survive warmer Ontario winters. The insect will only 

affect one tree type in each ecosystem. Which station would lose the most trees? What could be lost if 

affected trees die? 



The Big Picture on Biodiversity and Climate Change 

 
Page 25 of 44 

Appendix F: Stewardship/ Nesting Box Resources 

This nest box will accommodate bluebirds, tree swallows, chickadees, starlings, house sparrows and 

more, including deer mice and flying squirrels. Non-migratory chickadees, invasive starlings and invasive 
house sparrows can be excluded by covering the entrance hole until bluebirds and tree swallows arrive 

in the area. This pattern includes a long back panel for secure mounting, ventilated side panels to help 
keep heat down in summer, drain-vented floor panel, sloped roof to shed rainwater, and a swinging 
front panel to accommodate cleaning in early spring and between broods. 

Using scrap wood for your nesting boxes can reduce waste and material costs. Lumber yards may 
provide scrap lumber at a discounted rate, of by donation. Waste-exchange services in many Canadian 
municipalities also supply reusable lumber at nominal prices or free of charge (Hinterland Who`s Who, 

n.d. a).  

If using purchased lumber, a ƴƻƳƛƴŀƭ мέȄмнέȄуΩ ǊƻǳƎƘ Ŏǳǘ {ǇǊǳŎŜ-Pine-Fir (SPF) board provides enough 

material for three of these next box kits. Use a table saw to divide the board, or scraps of similar 
material, ƛƴǘƻ ƪƛǘǎΦ CƛƎǳǊŜ о ǎƘƻǿǎ ŀƴ ƻǇǘƛƻƴŀƭ ƭŀȅƻǳǘ ŦƻǊ ŘƛǾƛŘƛƴƎ ŀ мέȄмнέȄуΩ board into three next box 
kits: 

 

 

¢Ƙƛǎ Ǉƭŀƴ ƛƴŎƭǳŘŜǎ ǘƘǊŜŜ пȄмнέ ōŀŎƪ ǇŀƴŜƭǎΣ ǘƘǊŜŜ пȄфέ ŦǊƻƴǘ ǇŀƴŜƭǎΣ ǘƘǊŜŜ пȄпέ ŦƭƻƻǊ ǇŀƴŜƭǎΣ ǘƘǊŜŜ ǇŀƛǊǎ 
of angled side ǇŀƴŜƭǎΣ ŀƴŘ ǘƘǊŜŜ уȄтέ ǊƻƻŦ ǇŀƴŜƭǎΦ Boxes require drainage, ventilation, and screw holes, 
including mounting, entry and pilot holes, pre-drilled. Figures 4 through 9 show locations and sizes of 

drill holes required. Please note that Figure 8 shows a pilot hole for just one side of the base. Pilot holes 
are needed on both sides of the base and the back. 

Figure 3 - One possible layout of pieces for a 1"x12"x8' rough cut board 
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Figure 5 - Nest box front 1 ½" entry hole Figure 4 - Nest box rear panel 5/32" mounting screw drill holes 

Figure 6 - Nest box left side, absent bottom left 
рκонέ ǎŎǊŜǿ ƘƻƭŜ; ǘƻǇ ƻŦ ŘƻƻǊ оκонέ Ǉƛƭƻǘ ƘƻƭŜ 

Figure 7 - Nest box side panel 3/8" vent and 
5/32" screw holes 

Figure 9 - Nest box base drain cuts and 
one оκонέ Ǉƛƭƻǘ ƘƻƭŜ 

Figure 8 - Top of nest box side, pilot holes for roof screws   






































