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DEDICATION

 We dedicate this book to Stan Rowe:  ecologist, philosopher, teacher, author 
and role model for many. 

 His informed insistence that ecology must be the study of all the interacting 
elements of the biosphere was, as Stan would say, “a step forward”. 

 A giant leap that all of mankind has yet to take but Stan’s contributions will 
keep reminding us that we must. We have tried to take his counsel. 
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SPECIAL PLACES IN CANADA

INTRODUCTION

 Selecting “Special Places” in Canada is not easy. Not because Canada lacks “Special Places” 
— quite the contrary. So many places are special that the mind and the spirit are beguiled by the 
natural wealth of the land. We could select only a few from the enormous natural wealth that makes 
Canada a globally recognized treasury of “Special Places”. It is not only those fortunate folks who 
actually visit these places, Canadians and visitors from other lands, who recognize this wealth. As 
pointed out by Wallace Stegner in Wolf Willow 1, those who never get to visit these special places in 
reality, do learn about them and virtual visits become a “geography of hope” to them. The simple fact 
that such “Special Places” continue to exist gives hope to even the most disconnected urban spirits.

We chose our selection of Canada’s “Special Places” on board a retired 40-foot trawler 
exploring the northern coast and the fjords of Labrador. We had two selection criteria. “Special 
Places” needed to be photogenic (almost unavoidable), and the ecological functioning of the place 
had to be explainable, at least in broad outline, in ways that are understandable regardless of the 
reader’s background and experiences. We wanted to be able to unite the major natural processes 
that were explored in our previous book, Discovering Natural Processes 2, to show how the integrated 
assembly of all those processes makes each “Special Place” function as a whole environment. Our 
view of “ecology” is essentially the same as the view explained in Stan Rowe’s 2006 book, Earth Alive 
3. Ecology is an attempt to grasp the interactions of all the environmental structures and processes. 
Being able to do that for each “Special Place” depended heavily on our ecological experience and 
capabilities and the existing base of knowledge about the places. We all know that this is a young 
country politically, but many do not realize that much of our land is also very young geologically and 
ecologically. New land is still being uncovered and new environments are being put together as we 
shall see at the toe of the Kaskawulsh Glacier in Kluane. Much knowledge is yet to be discovered and 
delivered to Canadians.
 
 We were also drawn by the balance between natural processes affecting the ecological system 
of a “Special Place” and the influences on those processes stemming from human activities. Our 
view is that humans are now an important component of all ecological systems and how humans fit 
themselves into a place is 
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important to explore. It is unrealistic to search for landscape-scale ecological systems that still are 
truly ‘natural’ — uninfluenced by human activities. It is equally unrealistic to believe that the natural 
processes explored in our earlier book are completely resilient, capable of adaptation to any human 
presence. It also is untenable to assume that those natural processes lack the power to impose 
any absolute constraints on human activities. To exemplify the gradient in our effects on the natural 
processes and their effects on us, we have selected places ranging in the importance of human 
influences from little to overwhelming. 

The Track that We Choose 

Stan Rowe, ecologist, philosopher and author wrote in an email to Jeff Amos.

 “The . . . track seems to me to be one that tries (!) to change the deep cultural 
assumptions of who we are and what our role here on Earth might be in a down-to-Earth 
way. If we could begin to see ourselves and all humans as Earthlings, dependent in their 
bodyminds on the matrix elements of air, soil, water, plus other organisms, that would be 
a forward step. I’ve been plugging the idea that Earth is a better metaphor for “life” than 
organisms with whom it’s usually equated. Ecologically, organisms are dead without their 
matrix, so planet Earth is really where the mysterious quality of “aliveness” exerted its 
evolutionary effects, and continues to do so.”

  Box 11, New Denver, BC, 7 December 2001

 Our first two special places are coastal environments where all the natural processes are 
still functioning reasonably. Then we will go to the boreal forest where some patches in the mosaic 
have had their natural processes significantly affected by economic exploitation for fibre. But natural 
processes are still functioning widely across the boreal. Similarly in our visits to the mountainous 
“Crown of the Continent” and to the tundra, we will find no natural processes completely displaced 
or totally degraded. However, when we visit the Peace-Athabasca Delta, we will find major damage 
to the natural processes. We can see emerging consequences of the loss of those processes in the 
dislocation of the people of Fort Chipewyan from the natural environment in which they have been so 
closely integrated for so long. Following that view of partial disintegration of the natural processes of 
an ecosystem, we will visit a system, the Greater Golden Horseshoe, where the natural processes 
have been essentially
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completely replaced by political, economic and technological processes generated by us. We hope 
that this range of special places will stimulate the readers to investigate the effects of decay of natural 
processes on our present and future environments. 

 Of course, our choices were also influenced by our sense of how important places are, or 
should be, in Canada’s history and future.  Our hope in presenting this selection of Special Places 
in Canada is that readers and viewers will gain understanding of how these places developed under 
natural forces, how human activities have modified those forces and how a system of modified natural 
forces is now maintaining each place. For each place, that system of modified forces, both natural 
and human-generated, will follow a path of change into the future. Where that trajectory takes each 
“Special Place” included in this book and all the other places in Canada, depends on the values we 
hold for these places and for the system of natural processes that formed and maintained them. 
Those values will determine the alternative futures that we and unborn generations will live with. We 
hope fervently that this book will encourage Canadians to realize that their land holds incomparable 
natural riches. That is how the world sees Canada — in a recent global poll, people selected Canada 
as their preferred destination. 

                    Gray Merriam
                    Arden ON, 30 June 2009

1 Wolf Willow by Wallace Stegner, Penguin Books, New York, NY, 2000.
2 Discovering Natural Processes: Beauty in Nature’s Ways by Jeff Amos and Gray Merriam,  

Penumbra Press, Manotick, ON, 2005
3 Earth Alive, by Stan Rowe (Don Kerr, Ed.), NeWest Publishers, Edmonton, 2006
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SPECIAL PLACES VISITED

  1    GULF OF ST. LAWRENCE
  2    BAY OF FUNDY
  3    BOREAL FOREST
  4    CROWN OF THE CONTINENT
  5    TUNDRA
  6    PEACE-ATHABASKA DELTA
  7    GREATER GOLDEN HORSESHOE

Map reproduced with the permission of Natural Resources Canada, 2008.
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CHAPTER  1 

THE GULF OF ST. LAWRENCE AND ITS ESTUARY

 On the ferry midway between Godbout, on Quebec’s North Shore, and Matane 
on the south, it seems that you are on an ocean. But a well-protected ocean – an 
inland sea.

1 - 1: The Gulf of St. Lawrence is Canada’s unique inland sea, sheltered from the open 
ocean by Newfoundland. 

 The St. Lawrence flows far to the north as it leaves the continent. The Strait 
of Belle Isle connects the St. Lawrence to the Greenland current and the arctic 
ecosystems. Recent confirmations by divers and ice-fishers have placed the Greenland 
shark on the long list of St. Lawrence species. Both the Greenland shark and the 
St. Lawrence beluga appear to be smaller populations separated from the larger 
populations, much farther north in truly arctic habitats. The Gulf of St. Lawrence clearly 
has arctic connections. The estuary of the Gulf of St. Lawrence is a cornucopia of 
ecological productivity – a rich marine farm where water is made pink by the tiny 
crustaceans called krill that are food for many other organisms. The river sports islands 
coated with nesting seabirds constantly ferrying back and forth from feeding grounds 
to hungry nestlings. Giant whales push seabirds off the tidelines of rich food supply so 
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1 - 2: Krill are little shrimp-like crustaceans. 
They are zooplankton, just one step up in the 
food chain from the phytoplankton that capture 
the sun’s energy and feed it into the marine 
food chain.

1 - 3: The Gulf of St. Lawrence produces both 
big whales and huge numbers of seabirds. All of 
these animals are built by the ecosystem from 
sun energy captured by the “green magic” base 
of the marine food chain. Here, the ‘upwelling’ 
forces, at the head of the fjord near Tadoussac, 
are concentrating food along the ‘tide lines’ where 
both whales and seabirds gather to feed.

1 - 4: Krill also get converted into small 
fishes and these puffins spend a lot of their 
energy shuttling with capacity loads of four 
or five little fishes back and forth between 
fishing grounds and their nests. Krill turn into 
fishes that become puffin chicks. Ground-
nesting seabirds such as puffins trade off 
energy costs of food transport for safety from 
predators on island cliffs.

1 - 5: The Gulf of St. Lawrence is not special 
just because of ecological productivity. It also is 
special culturally. Since the 1600s, people have 
fitted themselves into the landscape integrating 
their culture into a living, fully-functioning 
landscape system. European contact with the 
First Nations began here.

that instead of becoming bird, that food turns into whale. Miniscule plants and animals 
drift with the tides; large shellfish lie on the bottom.  Soft-bodied invertebrates, bony 
fishes, seabirds, sea ducks, geese, seals, whales, and humans are all products of this 
‘farm.’ The St. Lawrence is truly an outstandingly productive and special estuary.
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      But the special character of the Gulf of St. Lawrence is not just its high productivity. 
It also forms beautiful landscapes. Shorelines are diverse — steep capes becoming 
gently sloping green shores, pastoral scenes becoming steep cliffs of Laurentian 
hardwoods, glorying in their autumn colours. Villages down to the water’s edge. 
Steeples on high bluffs overlooking the river’s landscape. Europeans began their 
history in Canada along these shores. Tadoussac is the oldest European village in 
Canada and the first fur-trading post. Explorers including Champlain wrote the first 
pages of Canada’s post-contact history here. A culture has long fitted itself onto the 
shores of the Gulf and the fit produces outstanding beauty.

1 - 6: Tadoussac, at the confluence of the 
Saguenay and the St. Lawrence exemplifies 
the adaptation of human culture to the 
landscape. However, not far upstream on the 
Saguenay, human culture exploited the land 
rather than fitting into it. Toxic materials from 
the aluminum industry poisoned the water, the 
air and the belugas for great distances away 
from the smelters and for a very long time.

1 - 7: Villages in bays along 
the St. Lawrence have evolved 
into cultures based on a mix of 
harvesting renewable natural 
resources, information-based 
commerce, artisan and artistic 
creation, and social systems of 
mutual support.

 The St. Lawrence River is a truly special place in Canada — Le Saint Laurent, 
le grand fleuve du Canada. Historically, the St. Lawrence was the highway from the 
Atlantic into the middle of the continent. It connected to other river travelways such 
as the Manicouagan, the Saguenay and the Ottawa. Over some portages and the 
voyageurs were into the extreme northwest of our land — almost 3700 kilometres from 
the Atlantic. For those who crossed the Grand Portage, the St. Lawrence led all the 
way to the Mackenzie River and the Arctic drainage. 

 In 1942-44 enemy invaders recognized this major entry into North America and 
their U-boats sank 23 Allied ships in the Gulf of St. Lawrence. Among the losses was 
the Nova Scotia to Newfoundland ferry, the Caribou, with the loss of 137 civilians. 
The St. Lawrence ranks 17th in flow among the world’s great rivers.  Almost 500 
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billion cubic metres of water flow from Canada and the United States, through the St. 
Lawrence and off the continent each year. Over 13 percent of all fresh water flowing 
from Canada to the seas is carried by the St. Lawrence. The Mackenzie and the 
St. Lawrence rank among the 25 largest rivers in the world and among many great 
Canadian rivers, these are the two greatest Canadian rivers.

Yearly Flow (billions of cubic metres)
Length (kilometres)
Area Drained (square kilometres)

323.2
4421 
1,813,000

497.7
3668 
1,756,000

Canada’s Greatest Rivers

St. Lawrence Mackenzie

These two great rivers drain watersheds that are very different ecologically and 
flow off the continent into two very different seas. The Mackenzie drains boreal and 
tundra areas with sparse populations of indigenous peoples and a small immigrant 
population that is just now introducing heavy industry into the watershed. But the 
St. Lawrence drains the Great Lakes basin with a very high concentration of people, 
mostly immigrant stocks, who followed the river into its fertile and benign watershed. 
The St. Lawrence drains a basin of 1,756,000 square kilometres, from the centre 
of the continent out to the Atlantic. The majority of Canada’s population, a larger 
number of our US neighbours, and a major proportion of our industries all drain into 
the St. Lawrence; concentrations of human activities with impacts that can overtax 
the natural processes of even this giant watershed.

 Remarkably, our knowledge of these two great rivers has always been limited. 
Limited by the lack of research centres devoted to each river. Some research on the 
St. Lawrence has been eked out by cooperation among universities along its shores 

1 - 8: 1 - 9:
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and by devoted federal scientists at Rimouski in Québec and Dartmouth in Nova
Scotia. But a carefully prepared proposal for an integrated research program was
shelved repeatedly by Environment Canada in the 1970s, despite pleas from
professional scientists. Better knowledge of the Gulf of St. Lawrence, apparently 
was seen as a risk for a proposal for a deep-water tanker port at Ile Verte. That risk 
is dormant, but the need for a centre of excellence to focus expertise on the Gulf 
of St. Lawrence drainage basin remains. The St. Lawrence Centre of Environment 
Canada attempts to fill this need with research on river systems, in cooperation 
with universities and government laboratories, but without an integrated focus on 
the whole Gulf of St. Lawrence. There still is an unfilled opportunity for integrated 
understanding of not only the ecosystem processes of this outstanding estuary but 
also its history, its cultures, its aesthetic and artistic values and its future.

 A similar opportunity on the Mackenzie has never been explored. Scattered 
research efforts by devoted government and academic scientists do not receive the 
support that such a great river valley deserves. Historically, native Canadians have 
been along the Mackenzie longer than anywhere else in the country. Commercial 
development has been sporadically creeping up the Mackenzie and currently the 
oil sands industry on the Athabasca poses severe threats.  Current research by 
Dr. Lance Lesack of Simon Fraser University and Dr. Philip Marsh of Environment 
Canada gives evidence that loss of ice from the Beaufort Sea is allowing significant 
changes in storm-driven flooding of the Mackenzie Delta and its settlements. Yet 
we do not have a fully integrated research program aimed at understanding the 
natural processes that maintain the ecological systems of the watershed. (See 
also Chapter 6, The Peace-Athabasca Delta.) What an opportunity for uncovering 
and recording the historical development of the evolution of interactions between 
a colonizing human culture and the natural system that supported those human 
colonists. And the descendants of those people could be a major force in doing the 
research. How special it would be to have a University of the Mackenzie Valley -- a 
centre of excellence on the Mackenzie providing basic research on the river and its 
watershed and spreading that knowledge across the land! 

What would other countries devote to the St. Lawrence and to the Mackenzie 
and their landscapes? If we valued our great river landscapes at levels that our 
neighbours to the south and our European and our Asian neighbours value them, 
perhaps we would see that the costs for two comprehensive and well-funded 
centres of excellence are minor compared to their long-term worth.

 Canada’s Greatest Rivers  (continued)
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 The geological history of the St. Lawrence gives insight into how the ecological 
processes work today in the Gulf and the estuary. The Atlantic Ocean has formed and 
disappeared twice since the Precambrian Era, most recently about 225 to 195 million 
years ago. The St. Lawrence first appeared about 60 million years ago in Tertiary 
times as an erosional cut into an uplifted terrace that sloped toward the sea. That cut 
was river-like until it reached the area between Québec’s North Shore and the Gaspé. 
From there to Cabot Strait between Newfoundland and Cape Breton, it was a broad, 
shallow inland sea.

Much more recently, about 2 million years ago, glaciers cut a trench, the 
Laurentian Channel, into the bottom of the river’s bed and across that broad inland 
sea, following Cabot Strait out to the Atlantic. This trench, essentially an underwater 
fjord, extends up the St. Lawrence from the Scotian Shelf, near the Grand Banks 
on the continental shelf south of Newfoundland, through the gulf and the estuary to 
just upstream of the mouth of the Saguenay River, near Tadoussac. This Laurentian 
Channel is a key to understanding much of why the Gulf of St. Lawrence is so special 
in terms of ecological productivity. 
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1-10: This whale is feeding at the headwall of the fjord at Tadoussac where the 
deep, tide-driven, currents rise from the bed of the Gulf, bringing rich nutrients up 
into the sunlight to power this amazing ecosystem. 

1-11: So-called tide lines in 
the Gulf at the mouth of the 
Saguenay mark the mixing 
of deep, tide-driven currents 
with Saguenay inflow from 
the north and Great lakes 
inflow from the west which all 
combine to mix the upwelling 
of nutrients.

1-12: Both birds and 
whales feed along 
the rich tide lines.
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 Salt water flows upstream along the bottom, rising to mix at the surface with 
fresh water and flowing back downstream in the estuary. This is a very special type 
of estuary circulation, not the simple wedge of heavy salt water driving in under the 
surface flow of lighter fresh water that is common to most estuaries.

 Tidal forces drive salt water from the Scotian Shelf upstream along the bottom of 
the deep Laurentian Channel. The tidal energy powers a pump that causes salt water 
to flow upstream along the bottom of the trench until it hits the headwall of the fjord just 
upstream of the mouth of the Saguenay, within sight of Tadoussac. Over the last 16 
kilometres, approaching the headwall of the fjord, the floor of the trench rises abruptly 
from a depth of over 300 metres to only 25 metres. The tidal energy forces the deep-
flowing salt water up the headwall to the surface.

 There, the fresh water flow from the Great Lakes, coming downstream on the 
surface, provides some additional power to entrain and pull the deep water to the 
surface. At the same place, the fresh water flowing downstream from the Saguenay 
hits the St. Lawrence from the north. These two flows of fresh water mix with the 
nutrient-rich salt water being forced to the surface. The mix flows downstream on 
the surface of the St. Lawrence toward the continental shelf and the Atlantic. Tidal 
flow of sea water up along the trench in the floor of the gulf is about 60 times greater 
than the total flow of fresh water down both the Saguenay and the St. Lawrence. The 
continuous flow upstream at the bottom of the trench and downstream at the surface of 
the estuary forms a pump-like circulation. 
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Water from the deep tidal-powered inland flow mixes with fresh water outflows and the enriched 
mix recirculates in large gyres in the Gulf’s inland sea, allowing unusually high production of 
plant plankton, animal plankton, larger plants, shellfish, fish, birds, whales and seals.

 The salt water that is pumped into the St. Lawrence gulf and estuary from the 
Scotian Shelf is rich in nutrients that have been washed off the continent and deposited 
in the Scotian Banks on the continental shelf. These nutrients are brought to the 
surface at the headwall of the fjord at Tadoussac. On the surface the sun’s energy 
gives power to photosynthesis. The algae do their “Green Magic”1 of storing that sun 
energy as food energy to nourish the food chain of the estuary and the gulf. As the 
enriched waters flow downstream on the surface, zooplankton feed on the green 
phytoplankton, and the foundation is produced for a food chain that supports a diversity 
of life forms. 

 As the enriched waters flow down past Anticosti and past Gaspé, they are seized 
by a great counter-clockwise, surface gyre. A giant, slow, circular current that circulates 
the rich waters over the vast shallow expanse of the gulf along the Gaspé shore, 
through Northumberland Strait between Prince Edward Island and the mainland, along 
Cape Breton, past les Iles-de-la-Madeleine, north past Bonne Bay Newfoundland, 
across the mouth of the Strait of Belle Isle and back west to Anticosti Island. (See 
surface currents map below.)
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This mixing and slowing of the surface flow gives more time for the ecosystem 
to move the trapped energy and matter from green plants up along the food chains 
to shellfish and bony fish and birds. This shallow, protected environment also allows 
processing of the dead organic matter on the bottom by bacterial food chains that also 
feed significant energy and matter into the larger invertebrates and shellfish. These 
food chains, one based on the green plants and the other based on the bacterial 
decomposer community, support the species that we humans value as seafood and 
also support the larger birds and mammals that we see as charismatic. 

With each swirl of the gyre the waters grow even richer with krill, shellfish, bony 
fish, sea birds, whales, seals and diverse other creatures and products. Slowly, starting 
where the St. Lawrence and the Saguenay mix over the headwall of the Laurentian 
Trench, the sun’s energy converts nutrient richness into the biological richness of 
bacterial and plant and animal diversities before the waters spill back into the Atlantic 
out of this great protected sea. 

 The exceptional ecological productivity of the Gulf of St. Lawrence results from 
the trapping of sun energy by green plants, the normal power source for an ecosystem, 
but here there is supplemental power from the tides. Because of the Laurentian Trench 
which starts at the rich silt deposits of the Scotian Shelf and ends at a fjord headwall 
at Tadoussac, the tidal energy brings nutrients and, with a little help from fresh water 
inflows, mixes them into the St. Lawrence waters, richly supplementing the life that 
is produced. A tide-driven ecosystem. The unified gravitational pull of the sun and 
the moon enhance the energy flow into the ecosystem from the sun through “green 
magic”. A celestial support system. A sun and moon system.

 Because tides are periodic, their twice-daily inputs of energy make this a pulsed 
ecosystem. Its stability, over the long term, depends on the pulsed driving force of the 
tides. In another chapter we will visit the Bay of Fundy, another special place where the 
ecosystem is powered and stabilized by periodic pulses of energy and matter.  

 More variables than just the tides have affected the Gulf of St. Lawrence 
ecosystem. People have been and will be a major influence. Belugas, the white 
whales of the St. Lawrence and the Saguenay, have been powerfully influenced by the 
personal and commercial economies and the industrial development of people. The 
example extends easily to other impacts that we exert and to the need, and possible 
methods, to control our influences on the natural processes that are essential to 
maintain the fundamental functions of the Gulf of St. Lawrence.



21

 In the early 1900s herring-trapping communities on the south shore saw belugas 
as threats to their livelihood, and, sometimes, also as dog food. The notion of viewing 
wildlife as a natural part of the human environment had not yet been conceived there.

Later as our culture “matured” into industrialization, cheap hydro-electric power 
and easy water transport invited the development of the aluminium refining industry 
on the upper Saguenay. Economic developers were focused heavily on profit and 
hardly at all on ecosystem processes. Too little was known by environmental managers 
about ecosystems and natural processes. Industrial wastes were dumped into the air 
and water. Farmers were paid for damages they suffered from fluorine emitted by the 
aluminum refineries and business went on.  However, toxins entering the waterways 
were ignored and the toxins continued accumulating in the belugas. When finally 
made public by a scientist, Pierre Béland, the amount of toxins contained by the 
belugas was so great that the dead belugas were officially declared to be hazardous 
waste. The bodies of calves were the most toxic. Assays found 25 toxic contaminants 
in their tissues. Among the most hazardous, PCBs and DDT and its derivatives all 
are fat-soluble and so they enter the calves in the belugas’ milk. Maintenance of the 
population by reproduction has dropped dangerously.

Toxins that have never been allowed in Canada have been found in the belugas. 
The insecticide Mirex entered the Great Lakes from U.S. sources and was picked up 
by Atlantic eels. When they migrated seaward, the eels transported the Mirex to the St. 
Lawrence estuary where the belugas ate the eels. Recently, 15 belugas wash up dead 
each year mainly from toxins carried to them by eels migrating out of the Great lakes 
through the Gulf of St. Lawrence.

1-13: Belugas in the St. Lawrence are now disconnected from the arctic population 
and are declining under our influence.
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 Removing critical habitats also has affected the belugas. After the first Manic 
dam was built on the Manicouagan, flows of the Manicouagan were stabilized where it 
entered the St. Lawrence. Spring no longer brought the characteristic peak flows. Here 
the ‘upwelling’ of nutrients previously had made the mouth of the Manicouagan a fertile 
area. But the upwelling  depended on the seasonal high flow rates. The dam reduced 
those high flows, the upwelling was reduced and the productivity at the mouth of the 
Manicouagan fell. Before the dam, the mouth of the Manicouagan was an important 
summering habitat for growing calves. Beluga calves no longer use that habitat.

 In 2009, the economics-first development philosophy is proposing a liquid 
natural gas (LNG) facility on the south shore at Cacouna, not far from L’Isle Verte. This 
facility would receive imported LNG from the middle east and from Russia – a modern 
replacement for the deep water tanker port proposed for L’Isle Verte in the 1970s. This 
area is critical habitat for Beluga cows and calves and the effect of the removal of this 
habitat on the Beluga population recovery does not seem to be considered important  
in the development decisions.

 Normal activities of belugas are known to be affected by boat traffic and boat 
behaviour. Unregulated behaviour of commercial boat operators before the declaration 
of the Saguenay-St. Lawrence Marine Park may also have affected this declining, 
isolated population of belugas.

 The interplay between our actions and a part of the Gulf of St. Lawrence 
ecological system, such as the belugas, is complex and many forces and values are 
poorly known. If we make the wrong decisions, the outcome will be the irreplaceable 
loss of part of the system – possibly a critical part. The Precautionary Principle states 
that when our knowledge of a system is incomplete but the outcome of a poor decision 
is clearly serious, then we should take all possible precautions in our decision-making.

The belugas, and many other parts of the Gulf of St. Lawrence system, require us to 
apply the Precautionary Principle. Yet, for example, there is little government response 
on either side of the border to correct the severe impact of intensive agriculture on the 
water quality of Lake Champlain which impacts the St. Lawrence directly.  Similarly, 
both governments respond to the transoceanic shipping industry by dredging the 
St. Lawrence mid channel which dries the shorelines, killing wetlands and their 
communities.
 



23

1 - 14: The natural capital of the Belugas is transformed by 
entrepreneurs of Tadoussac into monetary capital.

BELUGAS
White Whales - sometimes called ‘sea canaries’ because of their twittering calls, they occur only in 
the Arctic and in the St. Lawrence and Saguenay.

Records indicate that the subspecies of beluga in the Gulf of St. Lawrence is isolated from the 
more numerous belugas of Hudson Bay. St. Lawrence belugas clearly are threatened. 

From the 1500s until the early 1900s belugas were heavily harvested from the St. Lawrence -- as 
many as 1880 per year were taken which probably equalled the annual number of surviving young 
from population reproduction. Belugas were still hunted until the 1970s.

The white whales were harvested to sell their oil. In the early 1900s, a whale yielding two 45-gallon 
drums of oil brought only $15. By 1962, the price was up to $28 for 45 gallons.

Fishermen, especially herring trappers on the south shore, raised the issue of belugas taking their 
fish. Belugas were shot simply as predators and from 1932 to 1938 Quebec paid a bounty for 2235 
Belugas that were killed.

The original St. Lawrence and Saguenay beluga population was estimated to be several thousand. 
An 1885 estimate was 10,000. By the early 1960s aerial counts were down to 1200 to 1500. By 
the 1970s aerial counts put the surviving population at 300 to 500. By the early 1980s only a few 
hundred remained. In response to pollution management, the population increased to about 1100, 
far from its historic 10,000, and has failed to increase further over a decade.
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 The Gulf of St. Lawrence also provides special nesting habitat for an endangered 
subspecies, the Piping Plover, (Charadrius melodus melodus). Populations of other 
subspecies of the Piping Plover are in the centre of the continent, in Ontario and the 
Prairie provinces. In the Gulf of St. Lawrence, the Piping Plovers find important nesting 
habitat on the beaches of the Iles-de-la-Madeleine, on Prince Edward Island and along 
the mainland coast of Northumberland Strait south of the Baie des Chaleurs as well 
as a few places on Cape Breton, Newfoundland and along the southern shore of Nova 
Scotia. This bird is surviving very close to the edge of extinction and, unfortunately, 
is suffering from competition from humans -- recreation for the humans, procreation 
for the Plover. Another example where the Precautionary Principle should have been 
applied.
 
 Cultural change over the last few decades has moved our view of all the whales 
from bothersome predators and resources to be exploited for oil and corset stays to 
flagship species in many environmental policy debates. Nowhere is this change more 
evident than in Tadoussac. You can hardly look anywhere in the village without seeing 
evidence of the high value of whales to the people of Tadoussac. Whales everywhere: 
names of businesses, advertising silhouettes, cruise companies, and at the dock, 
millions invested in infrastructure focused on tourists who want to interact with whales.
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 The whales, both oceanic species (blue, fin, minke and humpback), and the 
St. Lawrence subspecies of beluga, can be experienced from whale-watching boats 
operating out of Tadoussac. As a result of many years of observation by volunteers, 
such as Leone Pippard, followed by the declaration of a National Marine Park on the 
Saguenay and the St. Lawrence at Tadoussac, the whales were made into a primary 
resource for the economy of the village. When the upwelling at the Fjord headwall 
off Tadoussac is strong, whale-watchers follow along the tide lines generated by the 
upwelling flow mixing into the currents of the Saguenay coming in from the north and 
the currents of the St. Lawrence coming from the Great Lakes. Often, these current 
lines of mixing waters are literally paved with gulls, shearwaters, fulmars and other 
seabirds.   

 Fin whales feeding along those current lines can be seen pushing the seabirds 
off the water and into flight. It is truly spectacular to witness a 25 metre, 50 tonne sea 
mammal competing with thousands of sea birds for uncountable numbers of krill.

1 - 15: Tadoussac has found a future in non-consumptive use of a natural resource.



26

1 - 16: Uncountable numbers of tiny crustaceans called krill 
support vast numbers of sea birds in the Gulf of St. Lawrence.

 Tour operators must be careful in the positioning of their boats so that the feeding 
whales are not harassed. Until the Park is officially proclaimed, good behaviour of 
whale boats depends on education and self-policing, supported by only one weak 
regulation.  Initiation of commercial operations in the Park is similarly unregulated; as 
many as two dozen new companies have begun operation in the Park in a single year.

 The whales, especially the belugas, were a major stimulus to forming the 
National Marine Park. The park extends from just below Kamouraska downstream 
to Les Escoumins and upstream along the Saguenay River to Cap à l’Est, not far 
downstream from Chicoutimi. The Saguenay River also flows in a glacier-carved fjord 
but unlike the underwater Laurentian Trench, the walls of the Saguenay fjord rise 
spectacularly above the water. An inland version of a classical fjord generating the 
spectacular landscape scenery for which the Saguenay is famous.
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1 - 17: As with material capital in any business, good operators will protect their natural 
capital. Careful operation of tour boats will be required to protect this natural wealth.

1 - 18: Walls of another ancient fjord rise along the Saguenay river. 
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The Saguenay fjord also is spectacular under the river’s water. It is a deep trench 
but, where it meets the St. Lawrence, a shallow rock sill acts like an underwater dam. 
It traps the deeper water of the fjord and that water is age-old sea water. The lighter 
fresh water runoff from the Saguenay valley flows over top of the heavy, ancient sea 
water in the bottom of the trench.

Inflow of dangerous water contaminants should be a major concern for a 
marine park sited at the confluence of the two rivers. The Saguenay is known to have 
delivered compounds in its fresh water that threaten flagship species and ecosystem 
processes in the marine park. What about the St. Lawrence inflow? The whole Great 
Lakes basin influences the quality of water entering the Park from the St. Lawrence. 
That inflow is affected not only by two of Canada’s biggest cities but also by heavily 
industrialized areas in the United States. Declaring a park boundary does little to 
actually safeguard its most important feature — the water quality.

1 - 19: The ferry to Tadoussac crosses an ancient fjord in the bed of the Saguenay. 
Trapped in the depths of this fjord, there is ‘fossil’ seawater held in by a rock sill that 
acts as an underwater dam where the Saguenay joins the St. Lawrence. Freshwater 
floats on top of the salt and creates complex cross-currents where it enters the St. 
Lawrence.
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 Historically, seals have been looked on as exploitable sources of raw resources 
to be harvested as cash crops. First as leather, meat and oil to meet local needs. Then 
as just pelts for cash sale.

 As fish stocks declined and failed to recover when harvesting was limited, 
fishermen blamed seals as predators. (Although overfishing of nearby fish stocks was 
recognized as a clear culprit.)

 However the National Marine Park does offer features that will educate 
the public and hopefully lead to political pressures to safeguard the fundamental 
ecosystem processes. The Pointe-Noire Observation and Interpretation Centre will 
let you see clearly the patterns of upwelling and current lines, or ‘rip tide zones’, and 
usually whales and seabirds. The Park’s Marine Mammal Interpretation Centre will 
help you learn about the whales. You can observe and learn about the St. Lawrence 
subspecies of beluga at Baie Sainte-Marguerite at Le Béluga Interpretation Centre. 

 Humans also are a most important force in the environment of seals in the Gulf 
of St. Lawrence, especially the harp seal. The large, shallow basin of the gulf between 
Gaspé and Newfoundland is prime seal habitat. In late winter when iced over, it also is 
prime nursery habitat for seals to bear their young and look after the young pups. 

1 - 20: The ice on the Gulf between Gaspe and Newfoundland is a critical component 
of Harp Seal winter habitat.
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 Into this complex of behaviours entered, from Europe and then from North America, the 
emerging cultural trend of defending animals against exploitation and cruelty. The doe-
eyed harp seal pup made front pages world-over and drew celebrities to the defensive, 
with or without relevant knowledge. Seal harvesters became targets in clear focus. 
Seal populations were strongly affected by an emotional relationship between two 
individuals — one human and one seal pup. Affection for the animals all but erased the 
market for seal products. The integral nature of sealing in the historical Newfoundland 
culture was shown no quarter. That part of the culture was declared illicit. Obsolete by 
failure to adapt for too long. 

 The Gulf of St. Lawrence is one special example of many Canadian environ-ments 
that are essentially systems of the sun and the moon. The sun provides the power for 
“green magic” that provides food energy for all the living things and the sun and the 
moon together move the ocean’s water and provide the energy of the tides

1 - 21: Whitecoat pups are born on the ice and become contested symbols seen 
differently by sealers, animal rights activists and even trans-ocean shippers who would 
remove the ice if they could.
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 The Gulf and the estuary of the St. Lawrence function in an ecologically special way 
that may not be duplicated anywhere. It is time in the rich history of le grand fleuve 
to add its special ecological productivity to the river’s many other attributes. Learning 
more about the natural processes of the Gulf and the estuary is our obligation. 
Protecting the functioning of those processes is our moral responsibility. It is time for 
the natural wealth of this great river to be valued just as highly as the monetary wealth 
that it has delivered for so long.

1  see   “Green Magic” in Discovering Natural Processes: Beauty in Nature’s Way by      
  Jeff Amos and Gray Merriam, Penumbra Press, Manotick, ON.

that, like the farm tractor, speeds up the work and increases the productivity of the 
natural processes. Canada’s geography has provided many coastal environments and 
in many of those, ecosystems of the sun and the moon bless us with their exceptional 
productivity. We should be more careful to share that productivity with all the other 
living things of those ecosystems. It would be unwise to continue our past mistake of 
appropriating too much for humans or, even worse, to distort the natural maintenance 
mechanisms or to divert the power sources of the natural processes of these systems.
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Chapter 1 — Image Sources  

Image Photographer  Location

   1   JA  Gulf of St. Lawrence — Matane, QC
   2   GM  Deer Island, NB
   3   GM  Tadoussac, QC
   4   GM  Bird Island
   5   GM  Charlebois, QC

   6   GM  Tadoussac,QC
   7   GM  Baie St. Charles, QC
   8   JA  Escoumin, QC
   9   JA  Middle Mackenzie, NT
  10   JA  Tadoussac, QC

  11   JA  Tadoussac, QC
  12   JA  Tadoussac, QC
  13   JA  Tadoussac, QC
  14 and 3 ff  JA  Tadoussac, QC
  15   JA  Tadoussac, QC 

  16   JA  Tadoussac, QC
  17   GM  Tadoussac, QC
  18   GM  Saguenay fjord, QC
  19   GM  Saguenay fjord, QC
  20   JA  Gulf of St. Lawrence — Magdalens, QC 

  21   JA  Gulf of St. Lawrence — Magdalens, QC

Endpiece  JA  Gulf of St. Lawrence — north shore, QC

Maps  Bedford Inst. Oceanography Biennial Review 1977-1978
Diagram GM original after data in l’oceanographie de l’estuaire du St. Laurent, 
  le naturaliste canadien 106(1) jan-fev 1979 

JA  — copyright Jeff Amos
GM — copyright Gray Merriam
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CHAPTER  2

THE BAY OF FUNDY

 The Bay of Fundy is special in many ways. The first feature for many is its 
strikingly high tide. At 16 metres (53 feet), the tide is the highest in the world. You can 
walk on the sea floor at low tide and you will be nine times your own height below the 
high tide level. But you had better get out of there before the tide comes in. The tide is 
special in several ways.

 The funnel-shape of the Bay of Fundy amplifies the effect of the pull of the moon 
to make these very high tides. As the Bay constricts it also becomes shallower and 
forces the incoming tide to pillow up even more. As the water rushes into the Bay past 
Briar Island, eastward past Digby and divides into Chignecto Bay and the Minas Basin, 
the tidal volume is ‘bottlenecked’ by basins that become narrower until eventually the 
tide is very high and the inflow is rushing up rivers as tidal ‘bores’. 

2 – 1: Tide clocks are more useful than Greenwich time on the Bay of Fundy 
where tides raise and lower the water by over 50 feet (15 meters). 
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This is one of the sun and moon systems of coastal Canadian environments. 
In all environments the sun delivers all the energy that “Green Magic”1 turns into food 
for living things but in these ‘sun and moon systems’ the sun and the moon combine 
to give an additional dowry of celestial power to earthly ecosystems. The combined 
gravitational pull of the sun and moon creates tides and, as we shall see later, the 
energy of those tides becomes an important boost to the solar energy fed by “green 
magic” into these special coastal environments.

 Recently the combination of geological, lunar and marine forces in the Bay 
of Fundy has been seen by engineers, by commerce and by governments as an 
exploitable energy source — tidal power. But these tides and their energy are special. 
They have been powering natural processes forever.  Exploiting this tidal energy for 
human desires and profits could expropriate the critical vital force that operates the 
Bay of Fundy ecosystem. The energy of the tide raises nutrient-laden particles up off 
the sea floor far away on the Scotian shelf. Those nutrients get a ride into the Bay on 
currents that rival any whitewater canoe trip.  Inshore, the tides flood the goodies up 

The Bay of Fundy has the highest tides in the world partly because it acts like a funnel 
and then splits into two more funnel-like bays eventually squeezing the tidal flows into tidal 
bores that reverse flows up the rivers as virtual walls of water.
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    The Great Fundy Basin

The present-day Bay of Fundy is 290 km long, about 100 km at the widest   
and 120 to 215 m in the deeps.

About 400 million years ago giant tectonic plates shifted. The African plate 
bumped into the North American plate causing the Applachians to be 
thrust up.

About 200 million years ago the African and the North American plates   
 separated,  leaving the gap that is now the Bay of Fundy as a tropical   
 rift valley full of dinosaurs. Sediments eroded from the continent   
 and slowly covered the bottom of the Bay.
 
About 13,000 years ago large sheets of glacial ice melted in this basin 

adding their load of glacial till to the sedimentary floor of the Bay.

around the plants that need them. For rooted plants, the tide surrounds the plants with 
the nutritious tidal soup. For free floating plants, such as the phytoplankton, with every 
crest and ebb, the tidal energy mixes the plants right into the plant food all over the 
Bay. This is the critical and irreplaceable, natural work of tidal power.

 The same free ride and delivery system is given to the free-floating animals — 
the zooplankton and the larvae and eggs of many, larger animals. Many small animals 
that live in the surface muds of the Bay floor are moved several hundreds of metres by 
each tidal cycle. Tiny crustaceans called amphipods, relatives of crayfish, are supplied 
with free transportation in this way2. 
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2 – 2: When the tide rushes in, it creates currents that are stronger than those in many 
whitewater rivers. This whirlpool, affectionately called “The Old Sow” is very close to the 
route earlier proposed for heavy oil tankers and now for liquified natural gas tankers in 
Canadian waters just off Eastport, Maine. 

  Production of biomass and feeding it up a food chain produces wastes whether in 
a barnyard, a garden or in the Bay of Fundy. In the inshore area of the Bay, tidal energy 
also cleans up this waste. The flushing action of the tides keeps digestive wastes and 
dead body parts of plants and animals from producing an underwater barnyard. Waste 
material, such as dead plants, is broken up by the mechanical forces and mixed with 
the decomposers that will further break down the wastes. Not only are the wastes 
cleared away, they also are started into the constant process of decomposition and 
recycling. Decomposer microorganisms and animals will completely break down animal 
and plant matter. The tide mixes the decomposers and the organic matter, speeding 
decomposition. The decomposers get their energy and their nutrients by breaking 
down the organic matter. In the process nutrients are released to recycle back into the 
green plants. And the decomposer biomass produced in the process can be a food 
supply for other food chains.
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2 – 3: The tide carries a load of nutrient-rich sediments and some of this mix of organic and 
inorganic matter is deposited in rich mudflats.

 Decomposition forms a second major food chain, adding to the chain that starts 
with the sun’s energy being trapped by green plants — the “green magic” chain3. The 
second chain starts with decomposers feeding on wastes from other chains. Besides 
releasing nutrients for others, decomposers produce particles of partially decomposed 
waste and they also add their own bodies to the mix. This biomass of waste and 
waste processors is the food supply for another complex food chain that, at some 
seasons, can be as important as the “green magic” chain in the Bay of Fundy. Wastes, 
dead bodies and bits that break off all settle onto the bottom. At various stages of 
decomposition, all this material can become food for a diversity of living things. Many 
species, such as the seaweed kelps, can absorb particles of organic matter that are 
only partly decomposed. Many other species prefer to eat the bacterial decomposers 
themselves. Filter-feeders such as mussels capture any high energy organic materials 
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floated to them. The richness of these forms of life is highlighted by the reefs of horse 
mussels deep on the bottom of the Bay. These reefs, discovered by a remote-sensing 
map project by the Geological Survey of Canada, have been built by their mussels to 
three times the height of such reefs anywhere else in the world.

 The main source of power for any ecosystem is the solar energy fed into the ecosystem 
through green plants. In addition, just as diesel-powered tractors can do some work to aid the 
growth of crops in the farm fields, the energy of tides do work to aid the biological production in a 
marine ecosystem such as the Bay of fundy. 
 See text for discussion.

 As food is passed along this decomposer food chain, nutrients are released in 
the water and are eaten or absorbed by many others — often members of the “green 
magic” food chain. In a well-functioning system, such as the Bay of Fundy, there 
are no solid waste dumps and there is no need for a notion such as ‘garbage’. The 
tides are the transporters and they don’t take it to Michigan as Toronto does. It’s too 
valuable.

 A tiny amphipod crustacean, Corophium volutator, is found only in the mudflats 
of the Bay of Fundy and nowhere else in North America. For those who think crayfish 
are micro-lobsters, this little relative will hold no interest as food; a big one grows to 
only 10 millimetres. These little guys eat particles of dead organic matter and diatoms, 
small shelled algae. For connoisseurs, this little amphipod is good to eat. It is full of 
fats. And these amphipods can produce a crop of 10,000 to 20,000 in a square metre 
of mudflat. 

 Semipalmated Sandpipers, Calidris pusilla, gorge on these amphipods to refuel 
on the long journey these birds make twice-yearly between their Canadian arctic 
nesting grounds and their South American wintering grounds. They eat about 10,000 
of these little crustaceans per day by foraging frenetically across the mudflats. 
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2 – 4: When the tide bares 
the mudflats, biologists can 
census the Amphipods. After 
the next tide, the topography 
and the spatial distribution 
of the Amphipods will all be 
changed.

2 – 5: These tiny Amphipods 
are nutritionally charged 
particles that will fill the fuel 
tanks of the Semipalmated 
Sandpipers on their long flight 
to South America.

These Sandpipers feed on the mud flats of both Chignecto Bay and the Minas 
basin in the Bay of Fundy. That refueling doubles a Sandpiper’s body weight from 
about 20 to about 40 grams in just two weeks. These fat, one-centimeter amphipods 
provide about one-third of the birds’ Fundy food. 

 About another one-third is thought, by Dr. Diana Hamilton of Mount Allison 
University, to be “biofilm”. Recently given much attention, biofilm is found on the 
surface of the mud flats and is exposed when the tide ebbs. These microscopically-
thin, mucus-like sheets are rich in protein, including a wealth of microscopic shelled 
plankton called diatoms and other microscopic organisms and particles of dead organic 
matter. This biofilm is the golden brown or greenish sheen coating the surface of the 
mudflats and keeping the mud from washing away. The birds are seen to ‘slurp’ this 
rich film. The remaining third of the Sandpipers’ fuel is not yet known.
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When the Sandpipers have put on enough fat, they fly non-stop for about 60 
hours from Fundy shores to the region of Suriname near the equator on the Atlantic 
coast of South America. We would be tired on a 60 hour, non-stop jet flight and these 
guys are flapping all the way.

 Arising from the decomposer food web, this amphipod food chain joins the 
Canadian arctic ecosystem and a South American ecosystem in a partnership. But 
Semipalmated Sandpipers could not link these two distant ecosystems by migration 
without the rich productivity of the Bay of Fundy. Without the productivity of the Bay of 
Fundy, their survival strategy would have failed; it depends on this refueling stop.  

 Survival for the Semipalmated Sandpipers means building up a concentration of 
biomass. Their own bodies — those neat packets fattened by all those amphipods and 
diatoms — do not go unnoticed.

2 – 6: Semi-palmated Sandpipers follow the tides in and out, harvesting a rich food supply 
from the tide-freshened surfaces of the mudflats. They forage for Amphipods from their shallow 
burrows in the mud.
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SPIRIT REGENERATION
Dr. Ivar Mendez, a Halifax neurosurgeon who regenerates his spirit on the Bay of 
Fundy at Cheverie, N.S. values these sandpipers highly:
“ The spectacular ballet of the sandpipers is a phenomenon of nature, a wonderful 
gift to the eyes and the spirit.”   
        Saltscapes  7(5), Sept/Oct 2006

 Semipalmated Sandpipers, Dunlins and other shorebirds, are food targets for 
Peregrine Falcons. Some have suggested that the recent decline in some shorebirds 
is related to heavy hunting by Peregrines. It is true that the shorebird decline did 
coincide with the increase in Peregrines. However, when you see a lone Peregrine, 
or even a family group, hunting among a flock of 100,000 shorebirds, it seems difficult 
to ascribe the huge declines in shorebird populations solely to kills by Peregrines. 
The Peregrine increase followed the banning of DDT with its disastrous thinning of 
their egg shells.  Successful reproduction by falcons released from captive breeding 
programs also added to the Peregrine population. 
 

2 – 7: A concentration of Sandpipers rises from their roost to fill the evening sky with the beauty of 
living beings overlaying Fundy’s water with colours, shapes and textures that refresh the spirit.
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2 – 8: A mass of sandpipers rises in unison. The shore itself seems to take wing.

2 – 9: By following a few simple rules about the birds next to them, birds can, without any leader, 
execute very complex manoeuvres en masse. The flight behaviour of the mass may give some 
defence against predator attack for the birds in the core.
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 Dedicated observers, such as Dick Dekker of Edmonton3, have suggested 
that some shorebirds have developed their flight patterns and flocking behaviour as 
adaptations to repeated predation by Peregrines. When the Semipalmated Sandpipers 
rise from the mudflats, they immediately fly as a single coordinated unit. They appear 
to be a single massive organism not a lot of single birds. 

 So-called ‘swarm intelligence’ , common in bird flocks, fish schools and ant 
swarms, co-ordinates the individuals by a set of simple rules, without any leaders, 
and produces a giant ‘organism’ that is more difficult for a Peregrine to attack. As the 
unified flock manoeuvres, all the birds in one end of the flock show their dark, upper 
sides, but as the flock does a giant ‘wraparound’  manoeuvre, the other end of the flock 
shows its bright  undersides. The megaflock flashes black and then white, another 
possible adaptation to repel a Peregrine  flying nearby.  But if one or a few sandpipers 
lag behind the edge of the flock, the Peregrine does not hesitate to grab one and, in a 
dusting of feathers, carry it off to a feeding perch. 

2 – 10: An individual flying at the edge of the mass is picked off, in a puff of feathers, by a 
fast-flying Peregrine.
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 By purchasing and safeguarding a long strip of beach near Johnson’s Mills, New 
Brunswick, the Nature Conservancy of Canada (NCC) has ensured that all the drama 
of the Semipalmated Sandpipers refueling stop on the Bay of Fundy mudflats will 
continue. The NCC also has made it easy for the local residents and for many     
visitors from other provinces to witness these beautiful natural processes at 
close range. To educate and to inform visitors, NCC has built and staffed a small 
interpretation center nearby. As visitors watch the interactions between the sandpipers 
and a Peregrine, a biology graduate may suddenly appear to interpret what the visitors 
are witnessing — strong support of our natural riches by NCC. Many residents and 
touring visitors arrive with the high tide to enjoy the natural wealth. 

 Unfortunately Semi-palmated Sandpipers have declined in total numbers by 
about 5% per year over the past 20 years. Declines have been recorded widely across 
their breeding and migratory ranges. Nesting success and recruitment of young into the 
adult population seem adequate to keep the population healthy and yet they decline 
and intensive research has so far failed to find the cause.

2 – 11:  Flocks paint the shoreline in earth tones and ivories.
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 We are giving higher and higher value to such irreplaceable bits of biodiversity 
and natural processes. This was made clear by the widespread, angry reaction of the 
residents of Quebec’s Îles-de-la-Madeleine when an errant ATV drove over protective 
cages and crushed the Piping Plover (Charadrius melodus melodus) nests the cages 
were protecting. 

 The tidal energy coming into the Bay of Fundy does many kinds of work that are 
vital to maintain the natural wealth of biodiversity and the natural processes that ensure 
continued functioning of the Bay of Fundy ecosystem. The tide cleans the environment, 
helping to break down dead biomass for recycling back into the nutrient stream. Food 
stuffs and nutrients from elsewhere are moved by the tide to where they fertilize the 
system, essentially restocking the larder. If inshore community members don’t help 
themselves, the tide will almost put the food in their mouths. The aquatic ecosystem of 
the Bay of Fundy depends on the energy supplement from the tides but the extreme 
height of the tides also means that tidal effects range far up the shoreline slope. It is a 
long walk between the high tide line and the low. So the tidal energy supplement is also 
spread over a very large intertidal area of the Bay of Fundy shallows.

2 – 12: Beautiful mudflats but not just pretty mud. 
These birds will double their weight during their 
short stay on the richly productive mudflats of 
Fundy. 

2 – 13: Precambrian rock supports plants 
of great beauty such as this orange lichen 
(Xanthoria elegans) but the productivity is 
miniscule compared to the Bay of Fundy.



46

 Contrast this tide-enriched environment with what we might find on a piece of 
Precambrian Shield. The bare granitic rock would supply nutrients only as fast as 
the rate of weathering of the bedrock would free them — a very slow flow compared 
to Fundy’s mudflats and saltmarshes. Decomposition and recycling of dead organic 
matter and biological waste is the only other important source of nutrients. On land, 
in the north, decomposition is possible only during a short season and the rate of 
breakdown is very slow. In the tidal system of the Bay of Fundy, the decomposition 
process is much faster and is boosted by the mechanical energy of the tides.  

 The tide also affects an inshore fringe of marshes around the Bay. Coastal 
marshes, rocky tide pools and river estuaries also benefit from the effects of the tides. 
Tides support the natural processes of “green magic” and decomposition5. The salt 
marshes are not heavily used by animals, so the harvest taken by grazers from green 
plant production is less here than in other habitats. Not only plant eaters but also 
decomposers are scarce in salt marshes.4 Consequently, much more of the annual salt

2 – 14: Water, air, sun and green plants. All the ingredients for green magic. Powered by the 
sun, photosynthesis assembles carbon from the carbon dioxide of the air together with water 
and the nutrients it carries and produces high-energy plant tissue that flows along the food 
chain to feed the fishes and the whales.
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2 – 15: Saltmarshes provide a diversity of 
habitats ranging from the salt shore inland to the 
freshwater vegetation. Tidal currents sort soil 
particles depositing heavier boulders and gravel 
at the barrier beach and lighter fine silts at the 
high tide line. 

2 – 16: Here in O’Neill’s Farm saltmarsh in 
St. Andrews, NB the range of soil textures 
combines with the range of tidal effects and 
the variation from fully salt to fully fresh water 
produces distinct zones of vegetation.

marsh production of green plants, both live and dead, is left untouched. As a result, 
a lot of the production by “green magic” in the salt marshes is flushed out into the 
Bay of Fundy, particularly onto the inshore mudflats, to support the food chains there. 
Essentially, the tides do the work of the missing decomposers of the salt marshes. 
The export of production from the salt marshes into the Bay is another cause of the 
outstanding productivity of the Bay of Fundy and points up another role of the tides in 
driving that productivity.

 Tides also make difficulties for the plants of salt marshes. When inundated, the 
plants are flooded with nutrients but also with too much water and that water is too 
salty. To maintain the chemical balance in their tissues, some plants have evolved 
glands to excrete excess salts. 

For the roots, the air is shut off every time the tide peaks. Plant roots need 
oxygen to breathe, just as we do. But they have no lungs and unlike most big animals, 
plants do not have the luxury of a system of tubes devoted to distributing oxygen to all 
their tissues to breathe. They get some help from specialized stem tissue that allows 
some air movement to the roots. But the roots of salt marsh plants have to breathe 
mostly from a layer of gases trapped around their roots under the wet surface muds. 

The tides bring nutrient-laden silt and organic particles into the salt marshes. 
These particles transport recycled nutrients, originally from the salt marshes, and 
they also bring silt-borne nutrients from very far offshore. This fertilization raises the 
production by the green plants in the salt marsh to a level matched by few ecosystems 
in the world, including many farm crops. 
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The soils in a salt marsh are not all muds and silts. Tidal energy is enough to 
move even big rocks and certainly lots of gravels. So a salt marsh has a range of 
soil textures from fine silt to coarse gravel sorted into a range of ridges, flats and 
depressions. These soil textures combine with the ebbing tidal force to create a 
mosaic of environments from the offshore to the uplands. These environmental zones 
and patchy mosaics translate into a mosaic of plant species — a mantle with the low 
diversity but the high productivity characteristic of stressed environments. Much of that 
high productivity is from the three species of Spartina that dominate salt marshes. As 
tides and storms reshape the marsh, the mosaic cloak of vegetation is rewoven.

The high production of green plants in salt marshes did not go unnoticed when 
immigrants arrived to the Bay of Fundy from France in the 1660s. They brought 
with them the technology of dykes with tide gates (aboiteaux) long used around La 
Rochelle and elsewhere in western France. Historians usually refer to the back-
breaking labour of the Acadians as “ developing highly productive land”. A different 
view is that the saltmarshes already were highly productive. All the dyking around 
the Bay of Fundy and the appropriation of the ecological productivity for agriculture 
eliminated most of the salt marshes along the Fundy shores.

2 – 17: Specific plants live in predictable habitats in a saltmarsh. That predictability allowed high 
school students to propose hypotheses about habitat relationships and study the plants in this 
saltmarsh to test those hypotheses.
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THE CHRONICLE OF TANTRAMAR MARSH

1671  Colonists arrive from western France to found the Acadian   
 settlement Beaubassin. They name the marsh “Tintamarre” after the   
 great noise of waterfowl wings heard there.
1672  Acadians convert tidal marsh to farmland.
1713  Tantramar area becomes the zone between English and French  
 colonial territories.
1755  Le Grand Derangement or Expulsion of most Acadians from the  
 Tantramar.
1761-72 Demobilized British soldiers, New England colonists, Loyalists   
 and new British colonists take over Acadian Tantramar lands    
 and continue expansion of agriculture in the marsh.
1815  Canal constructed to drain the upper marsh. Buoyant market in   
 marsh hay follows the horse transportation era into the next century.
1943  Canadian Broadcasting Corporation builds transmission towers   
 in the marsh.
1948  Maritime Marsh Rehabilitation Act passed to provide federal   
 funds for dyke maintenance.
1970-2000 Agricultural exploitation of Tantramar declines.

(See also: Dale Wilson and Harry Thurston. “Revisiting Tantramar”, 
Saltscapes, Vol. 8, No. 1, January/February 2007)

 The ghosts of those 20,000 hectares (50,000 acres) of salt marshes range over 
almost as many hectares of dyked hay land.

 The dykes crowd to within a few metres of the Bay’s edge, leaving too little to 
sustain even a fringe of the former salt marsh. Some town councils around Fundy have 
even seriously suggested building shopping malls on dyke land. Many salt marshes 
on Fundy’s shores have histories similar to Tantramar’s. The massive degradation of 
salt marshes was not driven by any single force; it even included early international 
influences. And it took almost 400 years for the forces promoting that degradation to 
change.
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2 – 19: The Tantramar saltmarshes were 
dyked by early settlers and their productivity 
was channeled into hay production. That hay 
production is now highly mechanized and 
removes large volumes of plant productivity that 
otherwise would flow into the ecosystems of the 
Bay of Fundy.

2 – 20: In dykelands, only a vestigial strip 
between the dyke and the Bay is allowed to 
resemble saltmarsh. Vast areas have been 
converted to haylands. Having passed beyond 
the horse-drawn era, should we compare the 
values of haylands versus saltmarshes?

2 – 18: Most of the area of original saltmarshes has been converted to hay and pasture lands. 
Much of the conversion was done when hay for horses was a critical commodity. What is the 
critical need now?
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Progressive teachers and bright students are building a foundation of 
understanding that may increase the value that we place on salt marshes in the 
future. Steve Adamowicz, M.Sc., took many classes to the salt marshes on the 
edge of St. Andrews, New Brunswick. 

One of Steve’s students at the Sir James Dunn Academy, Dwayne 
Lawrence, listed several goals for his work:

a) To expose biological and environmental factors affecting distribution and 
abundance of plant species found in the O’Neill’s Farm Salt Marsh.

b) To put into a context for learning, the features and characteristics of the 
plants in the salt marsh and try to determine how they relate to their particular 
individual environments.

c) To determine the existence of a hierarchy or a similar organizational pattern 
that might explain the domination of one plant over another.

d) To discuss a relationship between the form and function of the salt marsh 
plants using collected data and background information on living systems from 
the classroom and lab work. 

      We are very fortunate to have such students and such teachers working to  
 improve our appreciation of the salt marshes of Fundy.

 Barriers other than hayland dykes also were built to prevent salt water flooding 
in from the Bay. Barriers such as railroad beds trapped fresh water inflow from the 
uplands and slowly converted salt marshes, inland from the barrier, into fresh water 
marshes. In the Musquash marsh, along the TransCanada Highway between St. John 
and Pasamaquoddy Bay, a rail line formed such a barrier. Under the co-operative 
leadership of Ducks Unlimited Canada and the Nature Conservancy of Canada, that 
barrier has been broken and some of Musquash is reverting to a salt marsh. The
restoration of the marsh will be supported by protection of the estuary which has almost 
every kind of habitat known in the Bay of Fundy and is reported by the Conservation 
Council of New Brunswick to be the last fully functional estuary in the Bay of Fundy. 
Thanks to the Nature Conservancy of Canada and a contribution of 728 hectares 
from the Province of New Brunswick, over 3000 acres (1277 hectares) of estuary, 
for 12 kilometres downstream of the marsh, has been designated as Canada’s sixth 
Marine Protected Area. This marine environment will be protected in perpetuity under 
Canada’s Oceans Act. In turn, the estuary will be supported by restoration

STUDENTS TAKE A FRESH LOOK AT SALT MARSHES 
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and protection of the marsh and other habitats in the landscapes in which the estuary 
is embedded. These lands are coming under a partnership of local land owners, the 
NCC, Ducks Unlimited, and the New Brunswick Department of Natural Resources. 
Such co-operative stewardship is the model we must follow to care for our lands rather 
than trying to buy and protect all that we value. For the Musquash marsh and estuary, 
a Musquash Estuary Stewardship Committee has been formed and future funding 
will come from the Musquash Estuary Stewardship Endowment Fund. None of these 
things would have been possible without critical contributions from National and local 
industries and foundations.

2 – 21: The Nature 
Conservancy of Canada, the 
Province of New Brunswick, 
Ducks Unlimited, Fisheries 
and Oceans Canada and 
other partners are restoring 
the Musquash marsh and 
estuary toward its original 
saltmarsh character.

2 – 22: The Musquash 
saltmarsh was damaged 
by a rail line that acted 
as a dyke to prevent tidal 
inundation by saltwater and 
trapped freshwater on the 
landward side preventing 
its outflow. The resulting 
impact was to convert the 
upstream side of the rail line 
to a freshwater marsh and to 
deny the downstream portion 
some important ecosystem 
functions of a saltmarsh. 
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On the Nova Scotia side, an old culvert was preventing flooding of a salt marsh 
by the tide. A citizen’s group, The Ecology Action Centre, in cooperation with the 
federal and provincial government replaced the culvert under Route 215, allowing the 
tide to rebuild the salt marsh on Cheverie Creek. Their greatest difficulty was public 
apathy about saltmarshes. The project earned an award from the Gulf of Maine Council 
on the Marine Environment.5  

 Remaining salt marshes around the Fundy shores are limited in area. Remaining 
big marshes are too easy to list: Musquash and Manawagonish along the north shore, 
the east end of Chignecto Bay from Moncton to Sackville and Amherst, and fringes of 
high tide zones in the Minas Basin. Smaller salt marshes, such as the O’Neill’s farm 
marsh at St. Andrews, are scattered along the Fundy shores.

2 – 23: Herring weirs historically have demonstrated one form of the productivity of the 
Bay of Fundy. 

 Despite the losses of salt marshes, the Bay of Fundy is still outstanding in its 
ecological productivity and in the diversity of species that share in that productivity. 
In addition to the plants, bacteria, krill, scallops, bony fishes, amphipods, shorebirds, 
and peregrines, Fundy also feeds 9 or 10 species of giant whales and porpoises. The 
large and charismatic Humpbacks, Fin Whales and Northern Right Whales are among 
Fundy’s natural riches. These giants return yearly from other hemispheres because of 
the globally outstanding food production of the Bay of Fundy. 
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2 – 24: The Fundy culture would be incomplete without the weirs. Building new weirs is a 
big event. The forest supplies the poles and, now, a factory supplies the nets. 

2 – 25: There are many indicators of the Fundy productivity. Salmon pens — the new productivity. 
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 Among the large whales, Northern Right Whales are the most likely to become 
extinct in the next 50 years, according to Dr. Moira Brown. Most of the remaining 57 
Northern Right Whale breeding females return to Fundy each summer, from their 
winter calving grounds off northern Florida, to share in the outstanding productivity of 
this special place. Fundy has the greatest concentration of Northern Right Whales in 
the world. Sadly, surviving Northern Right Whales suffer their most severe threat from 
entanglement in fishing nets.

2 – 26: Most of the remaining Northern Right Whale breeding females use the Bay of Fundy as 
one component in the global mosaic of habitats that they use annually. Only about 50 breeding 
females remain.

 Experts believe that until we facilitate the use of multiple acoustic warning 
devices on every piece of fishing gear and until only biodegradable nets are used, 
fishing gear will continue to reduce the surviving number of these great whales. 
Meanwhile, people such as Dr. John Lien, Honourary Research Professor at Memorial 
University in Newfoundland, devotes himself and risks his life disentangling these 
whales from fishing gear, with the help and co-operation of the owners of the expensive 
gear. Debra Tobin and East Coast Ecosystems in Nova Scotia are working tirelessly 
to educate and involve all who can help and to facilitate the work of experts on the 
survival of these Fundy giants.
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2 – 27: Humpbacks, the third longest whale, with flippers one-third of the body length, also 
grace Fundy with their seasonal presence.

2 – 28: Like the others, Humpbacks come to the Bay of Fundy because they benefit from the 
productivity of Fundy. If we allow that productivity to be seriously reduced in order to gain 
some additional benefits for humans, we will remove that support from some other species 
and should not be surprised if they no longer visit - - or even survive.
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 As in Tadoussac, on the Gulf of St. Lawrence, whales in Fundy are the 
foundation of both new economic opportunities in whale watching and in research 
work attempting to learn enough about the whales to enable our co-existence with 
them. Boat propellers and fishing gear have scarred about half of the surviving, slow-
moving, northern right whales while oceanographers and volunteers try to reorganize 
commercial shipping lanes to reduce this needless waste.

 Some of Fundy’s natural riches are strictly local treasures, such as the amphipod 
that is eaten by the Semipalmated Sandpipers. This little crustacean occurs nowhere 
else in North America. But the whales, the peregrines, the sandpipers, all connect the 
Bay of Fundy into the ecosystems of both the northern and the southern hemispheres. 
If the Bay of Fundy’s production were removed, it would not be just Canadians that 
would notice the effects. 
 
 As temporary stewards, we Canadians are responsible for the survival of the 
natural processes that, alone, are powerful enough to maintain this very special 
place. As stewards we have the good fortune to enjoy the spiritual uplift and the 
aesthetic beauty of this grand component of Canada’s natural wealth. Thousands of 
Semipalmated Sandpipers rising from the beach like a giant superorganism in the 
evening sky renews the human spirit in a way that is seldom duplicated. What value 
should we place on such beautiful experiences? The answer is unclear but it is clear 
that we cannot afford to lose them. 

 We must wonder why a treasure trove such as the Bay of Fundy does not have 
a centre devoted to the spread of the knowledge that we do have and the production 
of new knowledge that we lack. Why is there not a Bay of Fundy Centre? What keeps 
us from endowing Sackville, New Brunswick with a ‘centre of excellence’ devoted to 
learning about and protecting this very, very special place?

1see “Green Magic” in Discovering Natural Processes: Beauty in Nature’s Ways, by Jeff Amos and 
Gray Merriam, Penumbra Press, Manotick, ON, 2005.

2 David Drolet, PhD. student. Laboratory of Diana Hamilton, Biology Department, Mount Allison 
University, Sackville, New Brunswick. 

3  see, for example, Dance of the Dunlins, Canadian Geographic, pp. 57-62, March-April 2006. 

4 for more natural history of salt marshes, see Harry Thurston, A Place Between the Tides, Greystone 
Books, Vancouver, 2004. and The Life and Death of the Salt Marsh, by J, Teal, and M. Teal, 
Ballantine Books, New York, 1983.

5  see Marsh Revival by Jodi DeLong, Canadian Geographic, p25, May-June 2006
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Image Sources — Chapter 2  

Image Photographer     Location

    1   GM  Johnson’s Mills, NS
    2   GM  Blacks harbour, NB
    3   JA  Upper Rockport, NS
    4   GM  Upper Rockport, NS
    5   GM  Upper Rockport, NS

    6   GM  Upper Rockport, NS
    7   GM  Johnson’s Mills, NS
    8   JA  Johnson’s Mills, NS
    9   GM  Johnson’s Mills, NS
  10   GM  Johnson’s Mills, NS

  11   JA  Johnson’s Mills, NS
  12   JA  Johnson’s Mills, NS
  13   GM  Bathurst Inlet, NU
  14   GM  Upper Rockport, NS
  15   GM  St. Andrews, NB

  16   GM  St. Andrews, NB
  17   GM  St. Andrews, NB
  18   JA  Amherst, NS
  19   GM  Amherst, NS
   20   JA  Sackville, NB

   21   GM  Musquash, NB
   22   GM  Musquash, NB
   23   GM  Passamaquoddy, NB
   24   GM  Passamaquoddy, NB
   25   GM  Passamaquoddy, NB

   26   GM  Bay of Fundy
   27   GM  Bay of Fundy
   28   GM  Bay of Fundy   

Map Bedford Institute of Oceanography Biennial Review 1977 - 1978
Diagram copyright Aileen Merriam.

JA – copyright Jeff Amos
GM – copyright Gray Merriam
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CHAPTER 3

THE BOREAL FOREST

3 – 1: To theorists, boreal suggests northern forest. To the experienced boreal traveler, it 
brings to mind waterways. They are the highways in the boreal.

 The ecological productivity of the boreal was the foundation for this early flirtation 
with commercial exploitation of North American resources. The first major commercial 
confrontation over profit share and natural capital also took place in the boreal when 
the Nor’westers challenged the HBC.

 

 The European colonization of Canada began through the St. Lawrence and the 
Great Lakes but a second entry into the heart of Canada was through Hudson Bay. 
The Hudson Bay Company reached into the boreal for its exploitation of the region’s 
furs. The territories and the ranges of native trappers and their relationships to their 
environment were reshaped by the HBC injection of commercialism into their lives.
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 Resource exploitation in the boreal did not end when the furs became non-
profitable. As Europeans explored the boreal, they also discovered mineral riches. 
Mining grew in the boreal region from small-scale, low-impact digs to industrial-scale 
operations that moved huge amounts of materials from the earth’s crust, where they 
had been protected from the effects of atmospheric oxygen, and deposited them in slag 
heaps in the oxygen-rich air. 

 The products of oxidation of those heaps of raw rock produced acid mine wastes. 
These chemical wastes ran off into the watery environments of the boreal with chemical 
impacts that are still going on. In some cases, the processing of mine ore has also 
changed the air over the boreal, causing acid to be washed out of the air by rain with 
devastating effects on both terrestrial and watery boreal environments.

 Early colonizers of the boreal used some of the wood crop for their protection and 
sustenance but soon exploitation for export and for profit also became driving forces for 
the forests of the boreal. Fibre!

3 – 2: Ecological productivity of the Boreal was the basis for the beginning of commercial 
exploitation.
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3 – 3: Which has had the greater impact: the human quest for minerals and energy sources, digging 
up materials from within the earth’s crust, or, removing the forest, if it is allowed to regrow? 

3 – 4: Which has the greatest global environmental impact: cutting the forest and hauling it out, or, 
processing the pulp and transporting its products?
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 Profit from international demand for fibre for paper became a more important 
consideration than the rates at which the boreal “green magic”1 could produce that fibre 
from sunlight, air, water and a severely limited supply of mineral nutrients. Fibre mining 
impacted the extent and nature of the boreal forest in an inexorable wave that followed 
an advancing line of ease of access. In many cases, those forest access roads were 
paid for with tax dollars devoted to expanding the industry.

 Gradually, Canadians living far to the south became aware of the boreal’s natural 
values — all those values other than monetary worth. Recreational exploration of the 
boreal by canoe was uncommon until the 1950s when Eric Morse and his parties of 
voyageurs from the Ottawa elite began to retrace the routes of the original voyageurs2. 
By the end of the century, many paddlers from all roles in life were spending  time 
following the rivers down across the boreal.  They started a revolution in how society 
valued the boreal forest and, incidentally,  a new multi-million dollar business.

3 – 5: As we matured culturally and economically, we developed a new set of values for the 
boreal. The outdated utilitarian value of wood fibre now is challenged by the rising values of 
aesthetic stimulation and spiritual refreshment. 
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 By 1999 the boreal had attracted the attention of Canada’s Senate. The Boreal 
Forest subcommittee of the Senate Committee on Agriculture and Forestry published 
Competing Realities: the Boreal Forest at Risk which said the boreal was increasingly 
under siege. Among 35 recommendations, they asked for a national, natural 
landscape-based forest use plan with up to 20 percent of the boreal for intensive wood 
production and up to 60 percent for less intensive wood production, with protection 
of biodiversity as a main objective. They also asked for up to 20 percent to be fully 
protected to preserve ecological and cultural heritages. That report was a clear ‘heads 
up’ to all, but all did not respond as hoped. Some did.

 The Canadian Boreal Initiative and the “Canada’s Boreal Forest” program of 
the Canadian Parks and Wilderness Society responded to the increasing public 
interest and the increasing conservation values being placed on the boreal ecological 
zone. Globally the public view was shifting from trees to the whole forest and all its 
components and all its ecological processes — a holistic view. Public pressure was 
becoming a real force in the thinking about commercial exploiters of forests. 

 Defence of the boreal forest by the public must be broadly based; it cannot be 
solely scientific. But significant change in Canada’s policies on the boreal cannot 
depend solely on media charisma. There is a lot of scientific knowledge of the boreal 
and any serious public discussion must incorporate a valid understanding of the basic 
ecological evidence about the functioning of the boreal. 

 Together, the boreal forests of Siberia and Canada cover about 10% of the 
planet. Canada’s boreal forest contains more than one-quarter of the world’s remaining 
forest. Boreal simply means northern. This forest is the most northern environment 
where full-size trees are able to grow.

Boreal ecozones in Canada.
Circumpolar distribution of boreal forest.



64

3 – 6: Boreal forest is 
not homogeneous. Not 
wall-to-wall spruce. 
The boreal, like many 
ecological regions is a 
mosaic: land and water, 
uplands and lowlands. 
And – especially in the 
boreal – burns in various 
states of regrowth. 

 The boreal brings to mind conifers, particularly spruce, but as we shall see the 
boreal forest is not wall-to-wall spruce. It is about 30 percent wetlands — marshes, 
bogs, lakes and rivers -- more freshwater than any other area on earth. Canada’s 
boreal forest stretches from Newfoundland to the Yukon and the world’s boreal extends 
on across the Bering Strait into Siberia and on west through Scandinavia to make this 
a virtually circumpolar ecological zone.

 The boreal forest has very special values for those who have traveled and lived 
in it and have become linked to the natural processes of the habitat. That requires a 
pace and a way of life that differs drastically from the everyday lives of most of us. 

3 – 7: In the Boreal, 
camps are near 
rivers or lakes. Travel 
elsewhere is difficult. 
Prairie people would 
feel closed-in in this 
ecosystem but some 
of us feel secure and 
peaceful here just as 
prairie dwellers do 
under their big skies. 



65

 Even as the blackflies go off duty for the night and the mosquito crew takes over, 
the sunset behind the lob-topped black spruce skyline brings a peaceful stillness to 
camp that is offered rarely on earth. 

 If the local wolf pack decides to cross the dusky river in plain view and calls their 
legion together for the night’s processes, they give to us a pleasure that cannot be 
fabricated anywhere in the technical world beyond. The boreal forest still allows real 
solitude, real beauty and real spiritual renewal.

 Biogeographers distinguish seven different ecozones within Canada’s boreal. 
Here we will focus mainly on the “boreal shield’, the “taiga shield” and the “Hudson 
plains”. Across these ecozones and within each of them, the boreal is a mosaic — a 
patchwork of habitats — that vary in bedrock, soils, depth to water, climates near the 
ground, rates of natural processes and, consequently, the species that can live there.

            3 – 8: A grey spirit in the forest reassures us that some things are still alright.
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3 – 9: How selective forces in the Boreal created this shape is not entirely clear but it does survive 
well. Moose may not be as delicate in form as other deer but, seen in their primal habitat, they have 
unquestionable beauty. 

 As the boreal sweeps westward across Canada it gets less and less precipitation, 
dropping from annual mid-range values of 70 cm (28 inches) in the eastern boreal to 
64 cm (25 inches) in the centre of the country and as low as 30 cm (12 inches) in the 
northwestern boreal. But less than half of the precipitation is available in the growing 
season and much of the winter’s snow sublimes, changing from solid to vapour and 
evaporating directly back into the air. 

3 – 10: The boreal does not 
receive a lot of precipitation and 
only about half of that comes 
during the growing season. Much 
of the snow falling on conifer 
branches will evaporate directly 
from snow to water vapour rather 
than adding to water available for 
summer growth.
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 In northwestern Manitoba, during the four growing months, as little as 2.5 cm 
of rain may fall in each month. That means only 10 cm of rain for the whole growing 
season — almost a desert.

 The boreal may not receive huge amounts of rain but it is highly impermeable 
so water remains on the surface. The best way to travel across it is by canoe.  Half or 
more of most areas are surface water. It is a mosaic of dry sites and wet sites. Neither 
is homogeneous so it also is a mosaic within the dry sites and within the wet sites.

 Vegetation growth in wetlands seems to be controlled by a complex of variables 
that can be thought of in three main groups: how wet it is and how much the water level 

 

3 – 11: Both the boreal waters and the boreal lands 
are mosaics of many habitats. Animals use an array 
of these habitats to fill their changing needs over the 
seasons. Movement through the mosaic is essential 
to survival. 

fluctuates, how acid it is, how 
much nitrogen and phosphorus 
are available. The outcome of 
all those interactions dictates 
where the wetland will be on a 
gradient from high production and 
decomposition (eutrophic), to low 
production and decomposition 
(oligotrophic). The outcome of 
these interactions also determines 
whether the boreal wetlands will 
be marshes or bogs or fens. 

  The interactions of these 
variables determines total nutrient 
availability which governs both the 
production by “green magic” and 
also the rate of decomposition. 
The interaction of these two major 
natural processes determines 
whether the wetland will be a 
highly productive marsh, an 
alkaline fen with moderate or 
poor production, or a sphagnum 
bog with very low production, an 
equally low rate of decomposition 
and a build-up of peat.
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 The characteristic plants of 
peat bogs hold on to their habitat 
mainly because the nutrient supply 
is too low for most other species 
to compete with them. The acidity 
in a bog makes any nitrogen 
that is present especially difficult 
for plants to obtain. Some very 
special plants found a way around 
this shortage. They took up eating 
animals as a way to get their 
nitrogen supply. Pitcher plants 
(Sarracenia purpurea) are one of 
these ‘carnivorous’ plants. Their 
leaves are modified to form a 
pitcher and the plant has evolved 
glandular tissue that secretes 
digestive enzymes into the pitcher.  
When an insect or a small frog 
falls into the pitcher, its proteins 
are digested and the pitcher plant 
gets its supply of nitrogen.

 Pitcher plants are serious 
carnivores, so they also have 
evolved a nasty field of hairy 
spines lining the pitcher, all 
pointing downward, so when a 
hapless prey tries to crawl out of 
the pitcher, it is foiled. The bottom 
of the pitcher holds the evidence 
of this predaceous lifestyle; insect 
exoskeletons, frog bones and 
memories.

3 – 13: Pitcher plants. The basal leaves are 
folded and seamed into cups – the pitchers – 
and the blossoms are on long erect stalks rising 
above the sphagnum bog. 

3-12: The boreal is a mosaic of different habitats. 
The habitat type in any particular location is controlled 
by the interactions of several environmental variables 
as shown here for wetland habitat types.
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3 – 14: An opened pitcher 
reveals the ‘stomach contents’ 
of this plant that is a carnivore – 
beetles, flies, frogs – all sources 
of nitrogen that is very scarce 
in acid bogs. Biogeochemical 
carnivory, if you like jargon. 

3 – 15: Yet these mosquito wigglers swim happily 
in the digestive juices in the pitcher plants 
‘stomach’. They have evolved a protein bond that 
the plant’s digestive juices can’t break. 
 Biochemical defence. 

3 – 16: Sundew, another plant that has 
difficulty finding nitrogen in bogs, solved 
the problem in a slightly different way. Dew 
drops of bait entangle the black flies that are 
attracted and leaf extensions bend over and 
hold the flies against the leaf. Here digestive 
juices dissolve the prey so the leaf can absorb 
them and their nitrogen. 
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 Another predator plant that has gained a habitat in acid bogs due to the nitrogen 
shortage is sundew (Drosera). Instead of evolving a pitcher-like ‘stomach’, sundew 
went for tentacles with sticky bait on their tips. When a black fly takes the bait, it gets 
stuck to the tentacle, the tentacle bends over and applies the prey to the leaf surface. 
The leaf secretes enzymes that digest the black fly allowing other special cells of the 
leaf surface to absorb the nitrogenous proteins. 

3 – 17: Sphagnum peat bogs build their own soil, totally organic, mainly of dead sphagnum. A 
specialized set of plant species is able to live on a bog. 

 Sphagnum peat bogs are an interesting example of the interactions that control 
vegetation types in the boreal mosaic. Sphagnum moss is the dominant plant in these 
bogs. It not only tolerates acidic habitats, it produces them. Sphagnum grows at the 
tips and as it does the plant dies back at the base. As the tissue stops growing the 
outer surface tissue decays until it becomes a coating of very fine particles. These 
colloidal particles attract and hold charged ions. The colloids attract alkaline ions out of 
the surrounding water, hold them and prevent them from being chemically active. The 
strength of an acid depends on how many free hydrogen ions it can produce. Because 
the alkaline ions, held by the sphagnum colloids, are unable to neutralize the hydrogen 
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3 – 18: The garden trade is 
a market for peat moss. Peat 
moss is the organic soil that 
supports peat bogs and their 
ecosystem. To harvest the 
peat moss in modern times, 
large bogs are drained to 
allow machine harvesting.

3 – 19: The peat moss is actually the 
dead lower portion of sphagnum moss 
plants, which grow at the tips and die 
back below. 
In nature, the peat is saturated with 
water and is unusually acidic so 
bacteria don’t grow in it. In nature, the 
peat is essentially sterile.

 As a result of this acidity, along with the lack of oxygen in the bog water, dead 
plant material from the slow growth of bog plants does not decompose and builds up 
great depths of peat. Decomposition is slower than production. Many bogs build a 
dome of peat that will last for centuries, as long as rain is its only source of nutrients 
and no nutrients flow in from surrounding lands. Such peat accumulations are so 
resistant to decomposition — so sterile — that humans buried in Scandinavian bogs 
have been recovered with very little change to their looks after several hundred years 
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of interment. In WW I, the sterility and resistance to micro-organisms made peat useful 
as a wound dressing. First Nations peoples knew this utility long ago.  These sorts of 
interactions among plants, fungi, bacteria, water, dead organic matter, mineral ions, 
available plant nutrients, and the chemical characteristics of the environment, such as 
acidity, are examples of some of the processes that are commonly abbreviated as “the 
ecology” of the boreal. 

3 –20: Black spruce can achieve 
minimal survival on the organic soil 
produced by sphagnum if nutrient 
availability and water levels permit. 

3 – 21: The north edge of 
the boreal forest is a zone 
of minimal growth for black 
spruce. Here, in the Taiga, 
climate also become an 
important variable. 
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In this brief look at boreal wetlands, we have neglected the rivers and lakes that 
are the best canoeing. And the alder swamps that are wet but no place to canoe.

3 – 22: Marshes store 
large amounts of solar 
energy in large amounts 
of edible plant matter. 
They are essentially 
high energy food depots 
inserted in a low energy 
matrix. 

3 – 23: No other ecoregion on the globe is characterized by such a high density of lakes as in the 
boreal forest. Investigation of ecological processes linking the forest to the lakes is in early stages. 
For example, as global warming progresses, forest fires are likely to be more frequent and are 
expected to cause increased runoff into lakes, changing the food chains by increasing productivity 
and increasing the concentration of mercury in top predator fish. Industry involved in this pollution 
process is all at great distances from the boreal lakes that will be affected. 
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3 – 24: Patches of pioneer species such as 
poplars or birch, are spatio-temporal reflections 
of fire patterns. 

3 – 25: Patches of black spruce can be exten-
sive because imperfectly drained lowlands are 
extensive. Except for very hot fires, they are 
too humid to burn, redirecting the fire into drier, 
better drained patches. 

3 – 26: White spruce 
is adapted to less 
saturated soils than 
where black spruce 
succeeds. Nutrients 
are more available, 
the growing season 
can be marginally 
longer and growth 
can be faster. 

3 – 27: Jack pine 
is a ‘fire pine’. Its 
cones are opened 
by fire and patches 
of jack pine fill old 
burns.

 Dry sites in the boreal have just as much variation as wetlands — heterogeneous 
mosaics across the land. Patches of jack pine may occupy sandy ridges or old burns. 
Other old burns, other clearings, may be pure stands of aspen. Bare rock or raw scars 
from burns or erosion, will support only small plants until accumulating organic matter 
can support larger plants. Cutovers or well-drained, productive soils may have white 
spruce stands. Poorly drained, organic soils will be the classical black spruce boreal 
swamps. The type of forest is determined by similar variables to those affecting wetland 
types. 
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 Even on well-drained sites with 
well-developed soil, the fertility of that 
soil is extremely low. Soils that develop 
in the boreal are usually a soil type 
called a podzol. The word is derived 
from the Russian meaning ‘ashy’. It is 
an appropriate name because below 
the black organic upper soil layer, there 
is an ashy-grey layer in a podzol. This 
layer is caused by the ‘podzolization’ 
process that forms soils in the boreal. 
The rainwater that leaches down into 
and through the soil profile is made 
acid by products from the conifers’ 
litter. That acidic solution dissolves and 
washes minerals from the upper part of 
the soil leaving the nutrient-poor ashy-
grey layer characteristic of a podzol. 
Podzolic soils are low in nutrients and 
combine with other factors such as short 
growing season to hold down the rate 
of green plant production in the boreal. 
Everything else follows.

3 – 29: In the boreal forest, 
the season for decomposition 
is short, the litter is resistant 
to decomposition and so, 
organic matter accumulates in 
the forest floor litter. Here the 
thick organic mat overlies the 
ashy-grey of the podzol along 
the cut bank of a river. There 
is more organic matter in the 
boreal forest floor litter than in 
the trees themselves. 

3 – 28: Soil does develop under boreal forest, although it 
takes centuries, and is characteristically a soil type called a 
podzol. The acidic leachate from the conifer litter dissolves 
the iron salts and washes them off the sand grains, leaving 
an ashy-grey layer that characterizes a podzol. 
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Which tree type can occupy a site is controlled by the interaction of 1) soil type, 
water level in the soil and its variation, 2) acidity of the soil solution, 3) decomposers 
and decomposition rate, and 4) the resultant availability of nutrient ions. But which 
trees survive can also be governed by above-ground forces such as amount of sun 
energy at the site, or evaporation by winter wind or erosion of living tissues by wind-
driven ice crystals. 

 In general, life in the boreal is limited by climate. The growing season is short because 
the sun drifts to the south early. “Green magic” shuts down for lack of light but having 
your tissue frozen shuts down your chemistry anyway. But then all living things in the 
boreal must have found a way to make it through the winter. 

3 – 30: Natural processes in the boreal are 
controlled by seasonal limits. Winter sets major 
limits. Solar energy input is low. The growing 
season is short. Low tissue temperatures limit 
rates of chemical reactions. Desiccation is high. 
Freezing must be prevented. Without adaptations 
to winter, a species is excluded. 

3 – 31: Where winter precipitation is enough, 
the snowpack can provide excellent insulation 
and many plants are able to overwinter under 
the snow without their tissues dying. This 
lycopod not only survived under the snow, it has 
reproductive spores ready for spring. 
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 Plants need to protect the structure they have produced and save enough in their 
storage reservoirs to start again in the spring. Many find the safest way is to shelter 
underground. Those that stay above risk tissue damage from freezing unless they 
provide antifreeze safeguards. Worse, if they are unprotected out in the open they 
can lose their bodies to mechanical destruction from wind and from ‘sandblasting’ by 
blowing ice crystals. Big, tough neighbours upwind help but snow is better. Not only 
does a snowpack give mechanical protection but it also is great insulation. Deep snow 
protects the living things that it covers and it also protects against the uprooting effects 
of ice lenses in the soil. 

3 – 32: Above the snow in the Taiga, pioneering 
spruces can be killed by the abrasion of ice crystals 
being blown at high speeds over the surface of the 
snow. Until a significant clump of trees provides 
mutual shelter, single trees and small clumps such 
as this one are repeatedly killed back. 

3 – 33: Reradiation of 
infrared from the earth can 
raise the temperature under 
a moderate depth of snow 
to slightly above freezing. 
Insects can be active 
under the snow at these 
temperatures. 
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 In much of the boreal, growth and survival are limited by shortage of available 
nutrients. Some forest patches in the boreal have outstanding growth. An accumulation 
of good soil washed into an area can do it. Flood plains of rivers can provide an input 
of nutrient-laden silt as fertilizer. Such patches are exceptions.

 More generally in the boreal, nutrients from bedrock are supplied at very slow 
rates. Even when nutrients are released to the soil, the acidity of the soil solution 
may limit nutrient uptake by the plants. Under such conditions, it would be an unwise 
strategy for a plant to ever let go of nutrients once they have been captured and built 
into the tissues. Evergreens only drop and replace their needle-like leaves at intervals 
of several years. Not every year like the profligate deciduous trees on the fertile soils of 
the south. Before evergreens drop a needle, nutrients are withdrawn from the needle 
and safely recycled inside the plant. 

3 – 34: Soil manufactured from 
the bedrock and organic matter 
can accumulate in low spots 
where moisture also builds up. 
The combination can support 
unusually high storage of solar 
energy by fast growing (‘pioneer’) 
shrubs such as willows and 
deciduous trees such as poplars. 
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3 – 35: Understory plants 
such as this lingonberry 
account for half of 
the total production in 
boreal forest and control 
many of the ecological 
processes. 

 The needles that are 
dropped become part of a 
deep organic layer that forms 
the litter and upper soil layers. 
The nutrients in that layer are 
recycled back into the plants 
with as little loss as possible. A 
symbiosis exists between trees 
and fungi that live close to their 
roots.  These mycorrhizal fungi 
increase the effectiveness of 
getting those precious nutrients 
back into the tree and into the 
internal nutrient circulation within 
the tree. Waste not, want not. 

 In Sweden’s boreal, 
forest ecologists at the Swedish 
University of Agricultural Science, 
Faculty of Forest Sciences in 
Umea have shown that the little 
plants, not the ‘dominant’ spruce, 
may be the more important in 
governing the processes in the 
boreal forest3. 
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 The understory shrubs account for about half the plant growth produced by the 
boreal and made available to plant-eaters and to the forest floor litter. Mosses and 
lichens account for another significant portion. Trees grow slowly in the north. 

 Forest floor plants such as the feather mosses, and the underground fungi that 
attach to the tree’s roots (the mycorrhizae), can control the tree’s access to nutrients. 
Scarcity of nutrients such as nitrogen can limit tree growth in the nutrient-poor habitat 
of the boreal forest. Mosses can grab the nitrogen first and hold on to it. When the 
underground fungi can get the nutrients, they help to feed them into the trees.

3 – 36: Mosses in the boreal forest floor produce a significant portion of the total plant 
production and also can capture the majority of some incoming nutrients, such as nitrogen, 
and make them available to the trees only later. 

 The feather mosses also produce insulating effects that control litter 
accumulation and soil microclimates. In the cold north, a little insulation can exert 
important controls on litter decomposition and on characteristics of soil chemistry such 
as acidity.

 The effects of the understory shrubs and mosses extend to animal life. Decom-
poser microbes and other small fauna are directly affected by chemical products from 
the understory plants. Effects of water-soluble products have been shown to extend 
beyond the forest floor and reach young trout and water-fleas in forest streams.
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 The boreal forest landscape is not constant. The mosaic pattern of the many 
types of habitat patches is changed frequently by disturbance. 

 Historically, natural disturbances were common. Forest fire was the dominant 
disturbance, and for many vegetation types, the most important driving force. 

 

 Naturally, in a landscape that was nearly half wetlands in many areas, fires did 
not range freely across the boreal. They burned up to the edges of wet environments 
and went out.

3 – 37: The greatest 
natural force of change 
in the boreal mosaic 
has been wildfire. As 
global warming takes 
effect widely across the 
boreal region, fire is 
reshaping the landscape 
mosaic. The western 
boreal receives very low 
precipitation and will be 
most affected. 

3 – 38: Historically, 
forest fires have been 
a major disturbance 
variable in boreal 
forests. The mosaic 
burned by a fire has 
been dictated by how 
wet and how humid 
various landscape 
components were at the 
time of the fire. Fires 
sweep dry patches but 
may be stopped by wet 
lowlands. 
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Some forest types such as jack pine are promoted by fire. Heat is needed to 
force open their cones and cause a rain of seeds that gives jack pine the competitive 
advantage in the burned patch, at least temporarily. If no jack pine were available to 
seed the burn, the wind-blown seeds of fireweed and, later, of aspen would capture 
the burn. Pioneer species such as aspen can grow well for a short time after a forest 
fire when the accumulation of ashes provides an injection of fertilizer. Neither of these 
pioneer vegetation types would hold the advantage for long.

3 – 39: Jack pine cones stay on the tree, 
tightly closed, for many years until a hot 
fire causes them to open and later drop 
their seeds to capture the burned patch 
for jack pine and ground lichens. 

3 – 40: Nutrients are highly available 
immediately after a fire. Highly 
mobile plants such as this fireweed 
move into burned patches and 
produce a bumper crop of nutritious 
forage for herbivores. 

Eventually other vegetation types that are better adapted to the long term 
struggle for nutrients in a short, northern growing season will take over. In poorly 
drained sites, even if a crown fire managed to skim over them, forest types already 
in place and best suited to wet sites, such as black spruce and tamarack, would hold 
on to the site. But on the drier, highly burnable sites, the pattern of the mosaic of 
vegetation types would keep moving through space as the forest moves through time.
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 We took over the role of director of the mosaic pattern in the boreal forest 
following WW II. Many trained fliers became available and a growing North American 
commercial economy demanded fibre for paper and wood for other uses. Government 
agencies had high cash flow. So in Ontario, for example, the Department of Lands 
and Forests built the largest civilian airforce in the world — to fight forest fires. 
Fires hindered the commercial exploitation of the boreal so they were attacked very 
effectively and made into an insignificant driving force compared to their historic, 
natural role. 

3 – 41: Human influence 
has caused large variations 
in the frequency and 
the spread of fires. Fire 
suppression was most 
intense in the last half of the 
20th century. Current policy 
shifts are increasing the use 
of fires in managing parks 
and possibly elsewhere. 

 Combined with fire-fighting, the boreal was invaded by armies of forest 
harvesters taking out the timber and fibre that the fire-fighters had protected. The 
dynamics in the landscape mosaic of the boreal were being shaped by the commercial 
needs of big corporations such as the New York Times and the Chicago Tribune, rather 
than rainfall, wind, and lightning strikes. The pattern changed. Later, as tree nurseries 
and tree planters tried to keep up with the tree removers, the pattern changed again. 
Single-species stands became common.

3 – 42: Fire suppression was 
rationalized by the economic 
needs for tree harvesting. 
The dynamics of the 
boreal forest were strongly 
controlled by commercial 
interests, many of them 
outside Canada. 
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3 – 44: Integrated 
forest systems are 
commonly being 
replaced with 
plantations, meaning 
single tree species.

3 – 45: Forest 
harvesting, often 
with government 
supplements, 
is transforming 
the boreal from 
wilderness to 
patches licensed 
to companies for 
exploitation.

 The new boreal patterns also changed the opportunities for insects and fungi 
that could initiate outbreaks. The new distribution of patches generated by the pattern 
of cutblocks and new, lower diversity from reforestation provided new opportunities for 
insect and disease outbreaks. More opportunities for trained fliers and for chemical 
companies. More constraints on boreal birds, mammals, fishes and insects.

3 – 43: Canadian 
economic policies 
allowed interests 
such as The New 
York Times and the 
Chicago Tribune to 
control the boreal 
forest’s ecological 
processes. 
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 In most parts of the boreal, the invasion by commercial enterprises was by land, 
so road networks had to penetrate the wilds. The unmarked landscape became more 
and more marked. The marks are mainly linear. Geometric disturbances such as roads, 
pipelines, seismic lines and cutblocks are primarily associated with industry. Although 
these are not all expanses of removed habitat, the fragmentation and disturbance may 
make large areas of habitat unavailable to many species. Some believe that simply the 
presence of a road, even a track, changes the value of a forest as natural capital. 

3 – 46: Geometric disturbances, many of them 
linear, are associated with industry and are early 
signs of transformation of the boreal forest. 

A study by Global Forest Watch and The World Resources Institute edited by 
Karen Holmes in 2002 looked at “low-access forests” as a category of high quality 
forests that could support far-ranging species and/or preserve some habitat in the face 
of periodic natural disturbances such as forest fires. Low-access in that study was 
defined to still include disturbance by logging roads, seismic lines and cutblocks. They 
found that over 80 percent of large, low-access forest in North America is in Canada. 
Over 66 percent of Canada’s forests, mostly in the boreal, remain in large, low-access 
tracts. About half of those forests are in Quebec, the old Northwest Territories and 
Manitoba.  However, the World Resources Institute recently reported that “over half of 
the forests in 7 of Canada’s major regions have been fragmented by roads and other 
access routes”. According to Nature Conservancy Canada, almost a third of the boreal 
forest is within one kilometre of such roads.

3 - 47: Much of the boreal has been opened to 
other uses by roads built for forest harvesting, 
often with significant government subsidy.
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Once government agencies or commerce establishes access into the boreal, 
whether by road or by air, a large segment of the public follows. The access routes 
bring disturbances to a different level, both qualitatively and in intensity. 

 Woodland caribou habitat is degraded both by the presence of a road or cutline 
and also by the activities of humans that accompany that industrial disturbance 
geometry. Even the well-meaning canoeists and other ‘green’ tourists deliver impacts. 

3 – 49: Woodland caribou have 
declined to sparse levels in almost 
all their populations. The success of 
their population on the Slate Islands 
in Lake Superior is often ascribed to 
lack of predators but may actually be 
related to lack of disturbance such as 
industrial activities or roads. 

3 – 48: Some species, such as woodland caribou, 
have sharp thresholds of disturbance that signal the 
decline of their population in an area. Many other 
species also decline under disturbance but do not 
have dramatic thresholds and, so, can slowly decline 
without catching our early attention.

Very little of Canada’s boreal forest is fully or even partially protected. Historically, 
both government and industry have viewed our boreal forest as fibre to be cut and 
marketed. Only a few meticulous conservation plans, such as Alberta-Pacific Forest 
Industries’ 115,000 square kilometre Forest Management Area in northeast Alberta, 
have been established in the boreal.
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3 – 50: Some others thrive under disturbance and may compete with those that are declining.

 Some natural values4 of the boreal are now being reinterpreted for their value 
outside the ecosphere and in the technosphere — that sphere of technological 
activity where most of us live. The boreal is better than carbon-neutral if left to natural 
processes. The boreal forest area is the largest store of carbon on earth. This is not 
because boreal trees store a lot of carbon in their trunks but because the soil and 
litter of the boreal are a vast carbon depot. Dead plant matter in the soil and litter 
is prevented from decomposing for very long times. (See Feature Box.) Add to that 
the undecayed organic matter in the peatlands of the boreal region and you get an 
estimated 154 billion tonnes of carbon in long-term storage in the boreal. That carbon, 
fixed from the air by “green magic”, is slowed in its return to the air by up to a few 
hundred years. We now put a dollar value on that.

 Anielski and Wilson, with the Canadian Boreal Initiative, have calculated that 
the boreal forest in the Mackenzie watershed alone, in neutralizing carbon additions 
to the atmosphere and supplying and filtering water, has a value of $448 billion per 
year. More than half of that value is in storing carbon and neutralizing its effects on 
the atmosphere. In comparison, industrial development in the Mackenzie watershed, 
including oil and gas extraction, has a market value of only about $42 billion per year. 
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Further, they estimate that development in the watershed costs billions in degradation 
of natural capital. So, when calculating balance sheets in our plans for sustainable 
development, the value of our natural capital must be given realistic values in those 
balance sheets. Losses from that natural capital must be included as real and 
important losses. 

                     CARBON STORED IN THE BOREAL

      _______  Forest Type  ________
Kilograms Carbon     Wet  Black  Jack  Aspen
per square metre   Peatland Spruce Pine

Above Ground     0.5     5.5    3.9      10.3 

Below Ground    50.4   39.0    3.3      7.6

Total Ecosystem    50.9   44.5    7.2    17.9

Understory plants, decomposer microbes, invertebrates and fungi, along with 
climate, are responsible for the boreal forest being a carbon storehouse. Although 
the slow-growing boreal forest does not remove carbon dioxide from the air at a great 
rate, its slow growth covers an immense area. The climate that makes it slow-growing 
also makes it  ‘slow-decomposing’. Thus the carbon taken from the air by the “green 
magic” of the boreal plants is released from that plant matter only very slowly. The peat 
lying under ‘muskegs’ and the deep black organic layers of the spruce forest floor are 
accumulations of “green magic” production from long ago.

If we increase the rate of decomposition in the boreal, by global warming or by 
increasing the drainage, we will release not only a lot of carbon dioxide but also a lot 
of methane. This form of carbon is saturated with hydrogen instead of oxygen and is 
even more effective as a greenhouse gas than is carbon dioxide. Fortunately, recent 
studies indicate that as subsurface, carbon-rich boreal litter warms, new plants may 
explode in the new habitat and store more carbon than is released as methane by the 
warming process.  In addition, boreal peat bogs contain about 15% more mercury than 
mineral soils.  If climate warming facilitates more intense forest fires this mercury could 
be released into the air, distributing it widely and increasing the conversion to methyl 
mercury, the most toxic form.
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3 – 51: Many ecology classes have been told of the ‘spruce-moose’ biome but it is a 
lot more than that. 

3 – 52: Some of the 
prominent members of 
the boreal community are 
much smaller than moose 
but may be the most 
effective means of boreal 
conservation that we have.

 As in many ecological systems, we humans tend to focus on the structures (such 
as species) rather than the processes. We tend to focus only on selected parts — on 
large charismatic species rather than the less prominent, little species that may be 
the drivers of the processes that enable all those big, dramatic structures. Hence the 
boreal was known to many generations of ecology students as “the moose-spruce 
biome”.  
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 We need to abandon our bias toward structures (including species lists) and 
charismatic species and refocus on ecosystem processes — natural processes — if 
we are to understand the boreal well enough to make good policies and management 
plans for the long-term survival of this very special, and most important of the world’s 
remaining forests.

1 see: Amos, Jeff and Gray Merriam, Discovering Natural Processes: Beauty in Nature’s Ways, 
Penumbra Press, Manotick, 2005.

 
2  see: Morse, Eric W., Fur Trade Canoe Routes of Canada - Then and Now, University of Toronto 

Press, Toronto, 1969.

3  Nilsson, M-C and D. A. Wardle, “Understory vegetation as a forest ecosystem driver: evidence from 
the northern Swedish boreal forest,”  Frontiers in Ecology and the Environment, Vol. 3, pp 421-
428.  

4 see: Hawken, Paul, Amory Lovins and L. Hunter Lovins. Natural Capitalism, Back Bay Books, Little, 
Brown and Company, Boston. 1999

3 – 53: Once you come to know it, the boreal skyline will inscribe indelibly on your soul.
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Image Sources — Chapter 3

Image Photographer  Location

   1     GM   Spanish RIver, ON   
   2     JA     Fort Chipweyan, AB
   3     GM   Fort McMurray, AB
   4     GM   Thunder Bay, ON
   5     JA   St. Mary’s River, NS

   6     GM   Moose River drainage, ON
   7     GM   Fort McMurray, AB
   8     GM   Thunder Bay, ON
   9     JA   St. Mary’s River, NS
 10     JA   Nova Scotia

 11     GM   Northern Ontario
 12     GM   Dreaver Lake, SK
 13     GM   Mer Bleue, ON
 14     GM   Algonquin Park, ON
 15     GM   Algonquin Park, ON

 16     GM   La Vérendrye Park, QC
 17     GM   Dreaver Lake, SK
 18     GM   Ile aux Coudres, QC
 19     GM   Ile aux Coudres, QC
 20     GM   Dreaver Lake, SK

 21     GM   Albany River, ON
 22    JA   Lake Athabasca, AB
 23    GM   Dreaver Lake, SK
 24    GM   Dreaver Lake, SK
 25    GM   Albany River, ON

 26    GM   Little Current River, ON
 27    GM   Old Squaw River, ON
 28    GM   Hearst, ON
 29    GM   Albany River, ON
 30    JA   Nova Scotia
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Image Photographer  Location

  31    GM   Manotick, ON
  32    GM    Thelon River, NU
  33    GM   Manotick, ON
  34    JA   Lake Athabasca, AB
  35    GM   Dreaver Lake, SK

  36     GM   Moose River, ON
  37     GM   Nemegosenda River, ON
  38     GM   Whitehorse, YT
  39     GM   Dreaver Lake, SK
  40     JA   Athabaska Lake, AB

  41     GM   Dreaver Lake, SK
  42     GM   Lavant, ON
  43     GM   Hull, QC
  44     GM   Hearst, ON
  45     GM   Hearst, ON

  46     GM   Northern Alberta
  47     GM   le Renous, NB
  48     GM   Dreaver Lake, SK
  49     GM   the Cassiar, BC
  50     GM   Nipissing River, ON

  51     GM   Coppermine River, NT
  52     GM   Coppermine River, NT 
  53     GM   Nemegosenda River, ON 

Maps with permission from Natural Resources Canada
Diagrams copyright Aileen Merriam

JA –copyright Jeff Amos
GM – copyright Gray Merriam
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CHAPTER 4

THE CROWN OF THE CONTINENT

4 - 1: The Crown of the Continent holds many very powerful landscapes. Powerful in their effects on 
the human spirit. Ironically, they must be guarded against other aspects of the human spirit that have 
impacted both the beauty and the ecological processes in many of these landscapes. 

 In 1932 our two countries united the two parks to create Waterton-Glacier Inter-
national Peace Park. Further recognition for this unique ecosystem came in 1979 when 
UNESCO designated the Crown of the Continent Ecosystem as an International Bio-
sphere Reserve, and in 1995 when UNESCO declared Waterton-Glacier International 
Peace Park a World Heritage Site. Here, we use “The Crown of the Continent” unof-
ficially to focus ecologically on the area along the backbone of the continent from the 
Canadian border north to the Yukon. It is a mosaic of many special places.

 In 1901, George Bird Grinell, an outdoor enthusiast and editor of Forest and 
Stream magazine, wrote about “The Crown of the Continent”.  This “unexcelled” area, 
according to Grinell, deserved protection because of its outstanding recreational and 
aesthetic values. Grinell was thinking of all the high country of the central and north-
ern Rockies. His tireless efforts proved fruitful in 1910 when Glacier National Park was 
established in the United States. Canada proclaimed Waterton Lakes National Park in 
1911, north of the border, adjoining the new Glacier National Park. Earlier, in 1895, the 
Waterton area had been conserved as Kootenay Lakes Forest Park. 
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 The Rockies commonly are seen as the backbone of the continent. In Grinell’s 
time, and still, the northern Rockies stand out from other landscapes simply because 
their ruggedness has safeguarded their wild and beautiful nature from easy destruc-
tion. The Crown stands out from other landscapes, no matter how wonderful they 
may be. At the turn of the century, glaciers were very common in the Rockies near the 
border, hence the name Glacier Park, but continental and global human activity now      
impacts the Crown of the Continent. Greenhouse gases and their global climate   
warming have reduced the number of glaciers by 80%.

 Much more now than in the early 1900s, humans also have invaded and directly 
impacted the Crown of the Continent. But many areas have escaped heavy impact as 
witnessed by the fact that a small population of wolverines still inhabits the southern 
part of the Crown. The rugged beauty still makes this a very special place and many of 
us need periodic visits to get our “mountain fix”. We need to improve our understand-
ing of the ecological processes in the Crown so that our visits and our urge to make our 
living there will not destroy the very foundation of our attraction. Something more than 
just a few dedicated parks will be needed.

4 – 2: Grizzlies are important indicators in the 
Crown of the Continent because they need large 
mosaic areas with several habitat types in that 
mosaic to fill their needs in all seasons. Grizzlies 
are not ‘cuddly animals’ meant to entertain park 
visitors. But grizzlies are not just ferocious carni-
vores either. Yes, real grizzlies do eat salad.

4 – 3: Where we stand at one end of Cameron 
Lake is in Waterton National Park. The view in the 
distance is in Glacier National Park in the United 
States. You are looking at grizzly habitat and the 
two parks and their visitors cooperate in prevent-
ing disturbance of that habitat for this international 
population of grizzlies.  

 Many species, such as grizzly bears, need much more space than even a large 
park. They need a ‘greater ecosystem’. The grizzly population in the southern part of 
the Crown of the Continent uses all of both Waterton and Glacier National Parks and 
beyond the boundaries of both. There is no such thing as a grizzly population of either 
country or either park; it is an international population of grizzlies, needing very large 
landscapes to supply all their resource needs.
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 Grey wolves also need areas of tolerable habitat much larger than any public 
park can provide. Anecdotal evidence from particular marked animals, such as the 
female grey wolf named “Pluie”, cannot represent all grey wolves. But Pluie’s travels 
certainly force recognition of the geographic scale that must be considered both in 
research studies and in management planning. Pluie was first marked in southern Al-
berta. She then was found in Fernie, B.C., then in the Flathead River valley in Montana 
just south of the B.C. border. Pluie then turned west to the Spokane area and eventu-
ally returned to southern Alberta. She had used over 100,000 square kilometers in less 
than 2 months. Such anecdotal records helped change both public and political view-
points even before complete scientific results were available. They also pointed up an 
important east-west component in wildlife movements in the Crown of the Continent, 
not just a north-south focus. 

4 – 5: Grey wolves, like grizzlies, need large      
mosaics of habitat to satisfy all their resource 
needs. Individual conservation reserves and parks 
are not large enough. Survival of such  species will 
be dictated by how we adjust human activities in 
the lands between reserves and parks.

4 – 6: Resource extraction roads such as this one 
into the Flathead Valley can introduce a degree of 
disturbance from continuing, later use by tourists 
and hunters. The effects on species populations 
are difficult to measure but the safe hypothesis is 
that roads should be avoided where possible and 
removed after use.

 Rob Watt’s experience in Waterton Lakes National Park suggests that large    
carnivores moving into the Waterton populations commonly come from the Flathead 
valley of B.C. and Montana to the west. The Flathead is a very special valley and Ca-
nadians need to recognize the natural wealth of this area. Americans already have. 
Montana’s senior Senator, Max Baucus, when Chair of the U.S. Senate Finance Com-
mittee, has already stated that he is opposed to development in the valley. Yet coal 
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mining companies are still allowed to propose strip-mining for low-quality coal in the 
Flathead without pronounced public opposition. And petroleum producers still covet 
coal-bed gas fields in the Flathead in Canada and propose fields of 1500 wells, kilo-
meters of pipeline and roads to match without any clear statement from the Canadian 
public about how we feel about development in the Flathead. What happens to the 
unmatched natural wealth and to the ability of the Flathead to restock our large carni-
vore populations in the Crown of the Continent can be decided by the British Columbia 
and the Montana governments. So far, Montana is showing vastly more insight into 
future values. It is time for Canadians to take these threats seriously and to cooperate 
with our neighbours. It is one landscape. Its value is well beyond short-term resource 
extraction profits.

4 – 7: Full-cost accounting 
for businesses that exploit 
natural resources should 
include costs to the land, 
to natural processes and to 
aesthetic values. They do 
not. 
In 2008, the Flathead 
Valley is threatened by 
proposed strip mining for 
coal.

4 – 8: The ecological 
footprint of coal extrac-
tion is huge and heavy. 
Coal is not really cheap 
fuel. Calculated over the 
duration of the impacts 
and the scars, the costs 
would be too great to be 
economical. So they are 
not calculated.
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 Recently, the Nature Conservancy of Canada, working together with Parks Can-
ada ecologists, has recognized that more protection and stewardship outside the parks 
is critical to many species and ecological processes. Non-government groups have 
supported this new outlook. The Nature Conservancy of Canada has purchased land 
and negotiated conservation agreements for large areas of private land as a buffer for 
the east side of Waterton Park. This “Waterton Park Front Project” is a clear example of 
two modern directions in conservation of special places: citizens’ organizations funded 
by private contributions are adding critical support to government conservation agen-
cies, and agencies charged with park management are applying some of their resourc-
es to the vital landscapes around and between parks. 

4 – 9: Alluvial meadows in the high country 
provide year-round habitat for species with 
low mobility such as the northern pocket 
gophers (Thomomys) that burrowed here.

4 – 10: Mountain meadows are not just flat with 
deeper soils, they also have very high green plant 
production compared to surrounding slopes. That 
high productivity attracts herbivores from near 
and far provided there are no barriers to their           
movements.

 The Crown of the Continent is a broad-brush designation. But it is a practical 
management unit with an active research and management group attempting to knit  
together all the parks into a ‘greater ecosystem’ by conserving many of the environ-
ments and processes that form the ecologically critical connections between those 
parks and reserves. Here we will look at parts of the Crown of the Continent, starting  
at the U.S. border and looking north along parts of the high country and with a visit to 
the northern Crown, in the Kluane area of the Yukon.
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 The Crown of the Continent is an environmental mosaic. Like other mosaics, it is 
made up of patches — habitat patches. But one of the features of this high country is 
a strong pattern of gradients — smooth, steady changes — most often dictated by 
altitude. Steady changes in altitude, moisture and temperatures select those plants 
that can survive and the results show as zones of vegetation up the slopes.

4 – 11: The habitat mosaic of the Crown of 
the Continent is ever-changing. Gravity is 
a major force in these dynamics. With the 
help of water, rock, in various states of being 
ground up, is moving down the slopes and 
down the river valleys.

4 – 12: Rivers receive sediments from talus 
slopes, from avalanche tracks and from glacier 
melt and the water flow sorts these according 
to their particle size. The rivers make new silt 
beds that emerge at low water and may be 
blown on the wind to higher ground, or may 
stay above water as new islands. Sands and 
gravels form new alluvial plains. Boulder-size 
pieces form rapids that move slowly along the 
river bed making new trout habitat.

 Where heavy snow loads, weather and gravity interact, avalanches slice down 
across these zones with huge forces and at high speeds as they roar down the slopes 
to the valleys. The instant of an avalanche is dramatic but the effect of its track is 
much more powerful and long-lasting. The mechanical removal of the vegetation and 
the installation of a new drainage path redesigns the slope for many decades. Along 
those lines of disturbance, the avalanche chutes, new associations of plants increase 
the amount of the sun’s energy that is captured and stored by “Green Magic”1, and the 
eaters of green plants harvest the food energy. Grizzlies get fat on young avalanche 
tracks. And those chutes, with their lush bait of green plants, lead the grizzlies upslope, 
sometimes right to the top.
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4 – 13: At the season of low water, plants 
invade the purely inorganic bed load of moun-
tain streams and begin the long process of 
combining biological effect and organic matter 
with the rock to form soils.

4 – 14: Some of the gravelly material from the Crown 
of the Continent has been moved by water and 
gravity well beyond the foothills, almost as far as the 
Cypress Hills.

4 – 15: Avalanche tracks speed up the process 
of forming enriched soil by grinding rock and 
organic matter together with the force of mov-
ing ice and snow. The productivity of avalanche 
tracks provides rich food sources for several 
species, including grizzlies.

4 – 16: Montane glaciers are strong forces in 
the dynamics of the high country landscapes. 
Glacial ice, compressed by its own weight, 
flows like slow water. As with continental       
glaciers, the ice grinds and shears underlying 
bedrock, incorporating it into the ice pack and 
moving it along downslope, smoothing the val-
ley as it goes, and delivering more new sub-
strate for soil production and plant growth.
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Weather conditions can become severe with altitude and the level of severity can be 
made extreme by seasons. This condition in the Crown of the Continent is dramatically 
contrasted with the near lack of weather under the water in the Bay of Fundy or in the 
Gulf of St. Lawrence. In the high country of Waterton National Park, such as around 
Cameron Lake, the southwest winds are forced up over the mountains, their moisture 
is cooled, condenses and falls as snow. Over the 8 months that winter lasts here, 5 to 
6 metres of snow falls. At winter’s end, there may be 1.5 to 2 metres of snow on the 
ground. It is not severely cold but the consistently huge snowfall and the depth of the 
snowpack forces the whole community of living things to adapt to it. It is a ‘snow for-
est’.

4 – 17: Management policies resulted in             
increased areas of older lodgepole pine that    
produced an epidemic of pine beetles.

4 – 18: Pine beetles sweep through mature 
conifers like an epidemic, quickly killing all the 
trees.

 Elsewhere In the high country, the landscape is a natural patchwork of habitats. 
There are gradients in the patchwork with altitude that are constant or change only 
slowly and predictably. The seasonal periodicities also are either constant or slow and 
predictable. They form the characteristics of the ecosystems and the organisms can 
adapt because changes are slow. Even the most severe habitats near and above the 
treeline are mastered by the wolverines, provided we don’t change them too rapidly. 
But the landscape mosaics — the ecosystems — of the Crown of the Continent are 
being reshaped by forces that move much faster and make adaptations by organisms 
more difficult. Global climate change is faster than normal environmental changes. The 
150 glaciers that gave the U.S. Glacier National Park its name are melting so rapidly 
that the last one is predicted to disappear by 2030. Other human-generated forces, 
such as our invasion of the high country, are even faster. Some forces of change in 
the Crown of the Continent may combine human driving forces and distorted natural 
effects. In the southern portion of the Crown of the Continent, the effects of mountain 
pine bark beetles provide an example. 
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 In the 1990s the bark beetle spread east across the Rockies. Previously, sus-
tained cold (-20 C in fall, -40 C in winter) killed beetle larvae each year and prevented 
an epidemic. With global warming, this control was removed. Simultaneously, forest 
management, including fire suppression, caused a widespread increase in mature
 (80 year old) stands of pine. Previously, forest fires removed older stands of pine from 
the landscape. But with fires suppressed by modern fire fighting methods, a banquet 
table of older pine stands increased the beetle population. These landscape changes 
combined with economic forestry policy that favoured increased areas of lodgepole 
pine, the beetle’s favourite, produced an epidemic of pine beetles and their aftermath 
of killed pine trees. But when the pine beetle became epidemic, it fed on any kind of 
pine and several other conifer species. 

 Dr. Kathy Martin and colleagues at the University of British Columbia and the  
Canadian Wildlife Service had an invaluable study underway before the bark beetles 
infested their study area. The researchers were able to follow population changes in 
the bird species inhabiting the forest when the beetles devastated the trees. As the 
beetles killed the conifers, there were dramatic changes in available nesting cavities, in 
food such as insects and their larvae and in seeds. Birds that forage on dead and dying 
trees for insects, including woodpeckers, increased their numbers. Many other spe-
cies, including small-bodied hole-nesters, declined, some dramatically. After increas-
ing in early stages of the beetle outbreak, nuthatches declined by up to 80 percent. As 
the tree kill becomes more complete in the study plots, a more complete picture will 
emerge.

4 – 19: If local landuse favours cattle 
ranching, the pine beetle epidemic can be 
used to convert forest to grazing land.

4 – 20: When values give ranching priority over for-
estry, a little construction work converts forest into 
grazing land – an opportunistic, permanent change 
in landscape pattern.
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 Harvesting “bugwood” is a new, but very temporary, industry in the west. The 
post-beetle ecosystem processes, as hinted at by Kathy Martin’s data, will be very dif-
ferent where all the “bugwood” has been removed or burned or bulldozed.

 Where the beetles kill forest on lower slopes, cattlemen, already running their 
stock in those forests, see an opportunity to expand their grazing land. Removal of the 
dead trees to prevent spread of the beetles and to reduce fuel for wildfires can easily 
be extended by bulldozing the residual slash off the land into piles and windrows. 

   What was forest several months ago can now be used as grazing land, 
at least temporarily. With expenditures for maintenance, perhaps permanently. If the 
local view of economic development tends toward cattle ranching and away from for-
estry, such management practices may be encouraged. The nature of the landscape 
mosaic, the natural ecosystem, will be changed very rapidly. The natural ecosystem 
will not adapt to such rapid change. Instead, the ecological processes in the soil, in 
the vegetation, and in the lower atmosphere will all be replaced by different processes. 
The organisms that depend on those processes also must change. Different species 
will move in from elsewhere. Plants and animals that are adapted to disturbed systems 
will stand the best chance. When we choose to restructure the landscape mosaics of 
the Crown of the Continent, we should make such choices only when fully aware of the 
large-scale and long-term effects of our actions.

 Where human forces are not driving the ecological processes, survival and     
success of living organisms on the Crown of the Continent depends strongly on those 
living beings evolving adaptations to alleviate the impacts of weather. So we find

4 – 21: What are the long-term consequences 
of insisting that nature was wrong in making 
this forested land?

4 – 22: Natural processes must manage the eco-
system or we humans must take on the respon-
sibility for doing all the work that was previously 
done by processes of self-maintenance. Can we 
handle that? Will it cost more than we can afford?
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4 – 23: Pikas are teacup-sized rabbit relatives that 
specialize in the edge of talus where plant growth 
allows ‘hay-making’. Survival depends on never 
being far from a narrow crevice and on gathering 
grasses, sedges and forbes while the sun shines 
and drying them in hay piles for winter food. 

4 – 24: Survival also depends on maintaining the 
body temperature within a very narrow range — 
both summer and winter. Global warming could 
make this impossible for pikas in the southern 
Crown of the Continent.

marmots that hibernate 
and grizzlies that can’t 
quite hibernate but do 
manage a winter dor-
mancy and pikas that 
‘make hay’ when the sun 
shines and live from their 
‘hay piles’ when winter 
comes. Mountain goats 
grow a multi-layered 
shield of fur all the way 
to their toes and a stoic 
personality to match. 

4 – 25: This pile of naked rock talus, when combined with 
the evolutionary adaptations of the pikas, becomes a viable 
ecosystem.

 Herbivores such as elk and mountain sheep move down off the mountains into 
the valleys where weather is less severe and food easier to find. Why do these 
animals return to the high meadows in summer? Clearly, food becomes available
 seasonally in the high country but there is more food in the valleys. Wolves and 
coyotes follow the herds when they are in the low valleys but these predators don’t 
follow as freely when the herbivore herds move to the high summer meadows. 
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4 – 26: Bighorn sheep solve the  problem 
of severe weather, predation on lambs 
and seasonality of food supply simply 
by moving between patches at different 
altitudes.

4 – 27: Even before the 
highway, the rail line invaded 
the Bow Valley and began 
the process of erecting bar-
riers that inhibit movement 
of wildlife in the valley. Both 
by mortality and by behav-
ioural filtering, such barriers 
fragmented the mosaic of 
habitats, essentially removing 
habitat patches.

 Perhaps even more significant is the fundamental observation that before        
humans dominated the prairies below the mountains, those grasslands were the prime 
habitat for many of the species now associated with the mountains. Of course, species 
such as pikas and mountain goats always lived only in the high country  — true moun-
tain species. It is possible that as we humans appropriated almost all the productivity of 
the grasslands, the large and mobile native herbivores were forced into the mountains. 
The intense activities of humans, focussed on capturing as much as possible of the 
productivity of the grasslands, may have reshaped where some species were able to 
live. The relatively unproductive mountain habitats may be a refuge from us rather than 
the first choice of several species. 
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 Certainly, human culture competes with the wild species for prime valley space. 
North-south movement of land animals from high point to high point in the Crown of 
the Continent can be limited by topography. Some human developments, such as ski 
facilities, further limit that high country movement. Much of the movement by animals 
along the backbone of the continent happens when they are down in the intermountain 
valleys. Human activity severely limits movements of wild species in the valleys and ef-
fectively builds barriers that prevent access to habitat patches that otherwise could be 
available. Not only does this further reduce availability of critical resources for the wild 
species but it also restricts demographic and genetic exchange among subpopulations.
In the Bow River valley, appropriation for human purposes includes building and ex-
panding highways that both use up the valley and also become barriers between habi-
tats. The TransCanada highway was built parallel to the Bow River in many places, 
thus limiting access to the river and productive riverine habitats for many species.

 4 – 28: The highway paralleling 
the Bow River, now twinned to 
accommodate increasing traffic, 
used up valuable valley bottom 
habitats, prevented access to 
other habitats and killed many 
animals. Tourists competing 
with the wildlife that they came 
to see.

4 – 29: Some attempts to 
allow animals safe passage 
under the highway utilized 
materials and methods 
readily available to road 
engineers and fencing to 
shape the behaviour of the 
animals to the structure.
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 Over 9.5 million people each year shatter the integrity of the Bow valley on this 
highway. Ongoing ‘twinning’ is increasing both the area occupied and impacted by the 
highway and its construction margins. Twinning also is increasing the severity of the 
barrier presented by the roadway. No engineering modifications have been installed to 
moderate the effects of the noise emanating from the traffic. It is known that multi-lane 
highway noise can prevent nesting success by birds in otherwise productive habitat in 
the Netherlands. Soft vegetation is a poor noise barrier. So some multi-lane highways 
in western Europe have been excavated into the earth, to create a noise-blocking, 
earthen berm to protect the adjacent habitats. 

 Engineering modifications that are being applied along the TransCanada in the 
Bow valley are various devices intended to reduce the high numbers of animals killed 
by traffic. The presence of the TransCanada in the Bow valley and in Banff National 
Park has been accepted despite its obvious degradation of ecological integrity of the 
valley and the park. The  engineering structures are remedial, not reinstatement of 
natural processes. For the past 25 years ecologists, such as Dr. Mike Gibeau, in Parks 
Canada have encouraged transportation engineers to experiment with structures in-
tended to mitigate the barrier effect of the TransCanada Highway and reduce the ex-
treme mortality of wildlife trying to cross the highway. Much of the highway through 
Banff Park has recently been fenced. The effects of the fence are not easily separated 
from effects of crossing structures. There are now 24 underpasses and overpasses 
along 45 kilometres of the TransCanada in Banff National Park.

4 – 30: Enlarged underpasses cater to wildlife 
that can tolerate traffic noise and  lots of fencing. 
Specialized fencing now lines much of the twinned 
highway in the Bow Valley with opportunities to 
cross only at underpasses and overpasses.

4 – 31: Wildlife biologists use sticky traps for 
hair and patches of sand to collect track data 
in underpasses to record wildlife crossings. 
DNA from hair follicles can identify individuals. 
The yellow sign asks people to not interfere 
—a major cause of data loss.
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 Early assessments of the effectiveness of these crossing structures lacked a 
solid base of monitoring data and gave a pessimistic impression of the effectiveness. 
Since 1996 Dr. Tony Clevenger has monitored the use of the crossing structures ev-
ery three days. He has recorded over 80,000 crossings by large mammals over that       
period. The majority of crossing has been by deer and elk but carnivores also have 
used the structures. Black bears have crossed the highway more than 1000 times. 
Grizzlies have used the crossing structures over 300 times in that decade but only in a 
selected area. It is not yet clear that the effects of the highway on grizzlies have been 
sufficiently neutralized. Hairs are now being caught as the animals use the crossing 
structures. DNA from the hair follicles allows identification of individual animals using 
the crossings. In 2005, three different female grizzlies and three different male grizzlies 
used a single crossing during 3.5 months. 

4 – 32: Based on success with such structures in 
other countries, vegetated and fenced overpasses 
have been built specifically for wildlife to cross the 
TransCanada Highway.

4 – 33: Structures for wildlife crossings 
are now being incorporated as an integral 
part of the twinning of the TransCanada 
Highway.

 Reducing the deaths of wildlife on the highway is a major objective and it is be-
ing met. Road deaths of elk and deer are estimated to be down by over 96 percent 
where crossing structures have been built, and deaths of all species of large mammals 
are down by over 80 percent. Reductions of mortality are welcome but we do not know 
what the normal movement patterns were before the highway intervened or what the 
effect has been on the movements of the estimated 60 grizzlies in Banff National Park.

 It takes time for wildlife to adapt to an underpass. For large carnivores such as 
wolves and cougars, the learning curve may be as long as five years. Unfortunately, 
during this delay, the wolf population in the area has been severely reduced by road 
kills, affecting their social structure, and by reduction of access to their food supply. 
Large ungulates such as elk can learn much faster. Human activity around crossings is 
a major deterrent to their use as well as a nuisance in the monitoring research.
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4 – 34: Activities of humans have made 
much of the Bow Valley unusable by 
wildlife by removal of habitat, by making 
remaining habitat too threatening to use, 
and by creating barriers that make habitat 
inaccessible.

 Thanks to forward-looking Parks Canada staff, the increasing problem of trans-
portation impacts on the landscape ecology of mountain valleys is being addressed       
effectively. Those impacts were very great. Both the number of animals killed by high-
way traffic and railroad traffic, and the rates of crossings through underpasses 
demonstrate that the barrier effects of the TransCanada in the Bow valley have been 
great enough to significantly affect those wildlife populations. Banff National Park now 
has the largest complex of wildlife crossing structures in the world and is leading in the 
study of mitigation of the conflicts between wildlife and traffic. The cost of each wildlife 
overpass can be over $20 million. The proposed number of additional crossing struc-
tures for the continuing twinning of the TransCanada has been cut in half because of 
costs. 

 However, crossing structures provide only mitigation. Transportation planning did 
not seriously address all its long-term effects on human society let alone its effects on  
all our other planetary cohabitants. Now park managers are asked to mitigate those 
oversights. The mitigation does not restore the ecological integrity of the landscape to 
what once was normal. And it is applied only in one small area of the Crown of Conti-
nent. One small success at mitigating impacts of transportation corridors should not be 
used to rationalize more roads or road expansion. The desires of weekend skiers, and 
other motor traffic, must be critically evaluated and balanced against the ecological   
future of all living things, natural processes and the integrity of landscapes. However  
the mitigation achieved by these structures is spreading. Waterton National Park is 
planning tunnels to save salamanders from the wheels of progress and the Western 
Transportation Institute at Montana State University is becoming involved in the 
research. Promoters of the Yellowstone to Yukon Conservation initiative are hopeful 
that such structures may relieve barrier effects of roads elsewhere along the Crown of 
the Continent.
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4 – 35: Canmore village has allowed develop-
ment to spread from the valley bottom upslope 
until there is little or no unaffected movement 
corridor for wildlife to get past the human 
development of buildings and activities.

 Mitigating the barrier effects of towns is more difficult. Humans compete with wild 
species in the mountain valleys for both transport routes and for living places along 
those routes. Canmore, Alberta is a pointed example but there are others. Canmore is 
an ironic example because it has been home to so many outdoors people with a local 
economy that depends on the environment. Yet their settlement has become an exam-
ple of unmanageable impact on the ecology of the landscape in which they live. For 25 
years the citizens of Canmore have been aware that their town was both appropriating 
the valley habitat and also was a barrier to wildlife movements along the valley bottom. 
An early question was: If we leave an unbuilt strip on each side of the town, how wide 
must it be to allow wolves and bears to move past the town? Gradually the consider-
ation apparently changed to: how can we extend development farther up the slopes 
and still argue that it is environmentally green? So we now see the need for wildlife to 
adapt to moving across golf greens if they wish to pass by the town. 

4 – 36: Banff townsite led to the formation 
of the National Park but primarily for human 
pleasures in the warm springs which led to 
trains, hotels and tourists. Wildlife and other 
natural riches still receive low priority as the 
commerce of Banff overflows the valley floor 
and the slopes above.

4 – 37: Wildlife always loses in conflicts with 
humans. Our primary weapon of mass 
destruction in the Crown of the Continent is 
unceasing demand for amenities — 
highways, building lots and commercial 
expansion.
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 In Canmore and in other mountain valley settlements, such as Banff, we have 
apparently decided that human interests take priority over natural processes. It has 
become acceptable to force the substitution of distorted ecological processes and dis-
torted behaviour of wild species in order to enhance short-term Hedonistic desires and 
mercantile gain. Those are arrogant decisions.

 Farther north in the Crown of the Continent, human impact is less intense — so 
far. In Kluane National Park and Reserve, natural processes still dominate. In 1980 it 
was designated as a UNESCO World Heritage Site — a globally significant mountain 
wilderness, including part of the Saint Elias Mountains and Canada’s highest peak, 
Mount Logan (5950 metres or 19,522 feet). From the slope of Vulcan Mountain, you 
can view the Kaskawulsh Glacier and probably see no people at all.

4 – 38: Kaskawulsh glacier from Vulcan 
Mountain. Kaskawulsh is two valley train 
glaciers flowing together. The dark bands are 
lateral moraines pushed up along the edges of 
the valley trains.

4 – 39: Glacial ice in the Kaskawulsh flows like 
thick water forming crevasses in the ice falls.

   The Kaskawulsh glacier is a fusion of two valley train glaciers that flow to-
gether where they enter the same valley. The line of glacial till down the middle of the 
Kaskawulsh shows where the two edges fuse. 

 Until recently, Kluane glaciers were advancing. On average they were advanc-
ing 10 metres each year with some bursts of up to 1 kilometre in a year. In 1966-7, the 
Steel glacier advanced 15 metres in one day. More recently, glaciers have been reced-
ing. If you keep watching long enough, you may see a small ski-plane land on top of 
the distant ice plateau. Fair warning that humans are not absent, even from the top of 
the Elias ice cap, the largest continental ice sheet in the world (outside polar ice caps). 
This ice field sheet extends all the way to the Pacific. 
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4 – 41: The topography of the ice 
falls indicates something of the 
slow dynamics of flowing ice. The 
dark texture of the foreground ice is 
caused by the high density of rock 
fragments embedded in the melting 
ice near the surface.

4 – 42: With even a little surface melting and a 
fair breeze, living things invade the glacier’s ice 
without waiting for any soil development.

 Nunataks are bare piles of rock sticking up through the ice sheet. Recently, 
Dr. David Hik of the University of Alberta discovered thriving colonies of collared pikas 
living on nunataks in the St. Elias ice field. The little fist-sized rabbit relatives somehow 
arrived at these nunataks across at least 10 kilometres of barren ice cap, or they were 
always there and rode it out as the glacier formed around their habitat. St. Elias pikas 
may have an advantage over pika colonies in warmer environments as global warming 
takes effect. The Ruby Range colony, near Kluane Lake in the Yukon suffered 80 per-
cent mortality in one year during the 90s which was the warmest decade for a 

4 – 40: Many ice caps and valley 
trains in the Crown of the Continent 
are melting rapidly. The huge St. Elias 
icecap, source of the Kaskawulsh 
glacier, is the largest continental ice-
cap in the world except the polar caps 
and will not disappear quickly.
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4 – 44: Mid-size rock fragments show that the ice 
breaks the rocks by shearing forces leaving all 
sharp edges, nothing rounded by flowing water. 
New earth — soil once the living things act on it 
and add their organic matter into it.

4 – 43: At the glacier’s toe, the melting 
removes all the ice and deposits till, the 
ground up rock that was embedded in the 
ice.

century. Colonies farther south in the Crown of the Continent may also be at risk if 
climate warming is the cause. Pikas are killed if their body temperature rises as little 
as one degree Celsius above their normal temperature. There apparently is a global 
decline in pika numbers so the cause is unclear. Pikas have low genetic variability and 
may be unable to adapt to changing conditions. 

 Viewing the toe of the Kaskawulsh glacier from Vulcan Mountain you can see 
some of the newest land in the world. Near the toe of the glacier the melting ice has 
dropped piles of glacial ‘till’ forming little patches of newborn land. Till is just ground up 
rock and soil that was picked up and embedded in the glacial ice and ground finer as 
the moving ice scraped over rocks and other embedded till. On some of the piles of 
fresh till near the glacier’s toe, you will see some black spruce trees struggling to gain 
a foothold on this emerging landscape. 

4 – 45: The ridge of till in the mid-
ground is being invaded by spruces 
and many other smaller plants that, 
together, will make it into soil. New 
habitat. The Crown of the Continent 
has a lot of very young habitat.
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 The meltwater from the glacial toe flows east as the Slims River — the silty 
Slims. The Slims is loaded with fine particles of till from the melting ice. The load is so 
great that silt bars are continually forming and rising above water. The tops of those silt 
bars become powder-dry and little whirlwinds moving along the river valley pick up that 
silt and swirl it up to the tops of the highlands that border the valley. 

4 – 46: Till can be very 
finely ground by the ice, 
producing silt that clogs 
rivers flowing away from 
the melting glacial toe. 
Here the silty Slims in 
Kluane National Park 
Reserve.

4 – 47: Wind can turn silt beds of a 
river into silt storms that transport 
the silt into the uplands forming 
fine-textured, nutrient-rich soils.

4 – 48: The silt-fertilization has moved this 
upland from low to high productivity.
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  It is this natural process of silt-fertilization that gives Kluane a productivity 
that is unexpected for such an ecologically young system, especially at this northern 
latitude. Kluane is definitely productive and its endemic Dall sheep demonstrate that 
plenty of forage is produced. Caribou, grizzlies, ground squirrels and wolves also are 
convincing signs of ecosystem productivity.

 Ecosystem productivity does not result from fertile soil alone. All the critical 
natural processes must be functioning reliably. When this is so, the result will be habitat 
heterogeneity, a patchwork of green plant production, prey species, protective cover, 
special nutrients such as salt licks, and mates for reproduction. There are two 
inescapable needs in a patchwork of such resources: a large enough area to contain 
enough resources for survival, and behavioural freedom for animals to move among

4 – 49:  Productive and beautiful Bearberry. 4 – 50:  Silt upland surfaces are very erodible. 
A surface crust of blue-green algae acts as glue 
and sedge roots help to stabilize it.

 The dry silt carries a rich load of nutrients attached to the silt particles. The high-
lands in Kluane are ‘silt-fertilized’ just as the flood plains of rich river valleys are silt-
fertilized. The fertility of Kluane highlands is from the same process as the fertility of 
many flood plains that are renowned for their ability to produce plant growth. 

 In Kluane, unlike most other northern ecosystems, nutrients are supplied at 
exceptionally high rates, not from decomposition but directly from breakdown of the 
rocks. The trick is that the glacier has been grinding up the rock for a very long time 
producing an assortment of particle sizes, including the very finest silt particles. 
The cycling of those nutrient-laden silty particles from the melting glacier’s toe to 
Kluane’s vegetation is helped along by the winds in the Slims valley. The normally
 geologically slow process of moving nutrients from rock to green plants is unusually 
rapid and unusually uphill.
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the patches across that large area in order to capture enough resources to survive. 
The large area of semi-wilderness in and around Kluane fills these needs. Encroach-
ment by human activities around Kluane could still change that.

 Publicizing the notion of a survivable network of habitat patches extending from 
the Yukon to Yellowstone National Park in Wyoming is an effort to mitigate our impacts 
on many species. Impacts of our removal of habitat, our fragmentation of the habi-
tat we do leave and of human development projects right up to its edges. The Y to Y 
concept hinges on the linking of reserves, parks and other habitat units by ‘corridors’. 
The trouble with corridors is that arrogant humans (and their planners) keep narrowing 
those corridors   — inexorably. Not only do we want the narrowest corridors, but we also 
want to use the corridors in our multi-use fashion — nature walks with dogs, golf cours-
es, mountain bike trails, ATV trails — and movement paths for wildlife. 

4 – 51:  When the glaciers are gone, 
water on steep slopes grinds up 
rocks and moves them downhill. 
Colonizing vegetation adds biological 
forces to move from rock toward soils 
but fresh flows prune the new growth, 
adding organic matter and the roots 
sprout over again.

4 – 52: Much of the young 
high country is shaped by 
water moving eroded 
material downhill. In the 
northern Crown of the 
Continent, the growing 
season is shorter, plant 
growth is slower and 
stabilization of physical 
erosion and the processes 
of soil formation take 
longer.
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 The Y to Y concept also depends on a subtle assumption that a north-south net-
work of connected reserves and parks will assure survival of healthy populations of 
charismatic species. Both anecdotal and experiential evidence suggest strongly that an 
east-west geographic dimension also is required.

4 – 53: Dall sheep have 
mastered survival in some 
of the northernmost high 
country. Productivity by 
plants is not the only thing 
to seek. Habitat structure 
that makes it difficult for 
predators also is good.

4 – 54: Lambs are safer from grizzlies 
and wolves on very high ground. Note 
sheep trails outlined by the snow.

4 – 55: Even as far north as Kluane, the 
silted plateaus are highly productive. Here, 
the vegetation, the ground squirrels that the 
grizzly was digging for and the grizzly herself 
are all indicators of a productive system.
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 The other subtle assumption of Y to Y, and many other projects, is that if the 
charismatic grizzlies and grey wolves have reproducible populations, all the other vital 
species will automatically be protected. There is little evidence that plants, bacteria and 
many other organisms, vital to the functioning of landscape-scale ecological systems, 
are necessarily carried along to survival by the charismatic species. More attention to 
the fundamental natural processes is needed.

 It would be unwise to believe that a “string-of-beads” model of landscape plan-
ning, where the string is a narrow “corridor” of cover that is not breeding habitat, will 
neutralize our impacts on natural ecological systems. The reality is that landscape-
scale ecosystems function well only when their natural processes work well enough to 
maintain the system. Survival of all the natural processes and the species and struc-
tures that execute those processes will be assured only by a network of areas of habi-
tat that are connected by corridors that also are areas of habitat for all the species and 
processes of the system, not just movement corridors for charismatic species. 

1 see “Green Magic” in Discovering Natural Processes: Beauty in  Nature’s Ways, by Jeff Amos and 
Gray Merriam, Penumbra Press, Manotick, ON, 2005.
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Image Sources — Chapter 5

Image        Photographer     Location

    1         GM  Bow River, AB
    2         GM  Princess Royal Island, BC
    3         GM  Cameron Lake, AB
    4         GM  British Columbia
    5         GM  Yukon
   
    6         JA  Flathead Valley, BC
    7         JA  Flathead Valley, BC
    8         JA  Flathead Valley, BC
    9                GM  Coleman, AB
   10        GM  Kananaskis, AB

   11        GM  Kananaskis, AB
   12        GM  Kananaskis, AB
   13        GM  Kananaskis, AB
   14        GM  Bow River, AB
   15        GM  Kananaskis, AB

   16        GM  Bow River Valley, AB
   17        GM  Coleman, AB
   18        JA  Coleman, AB
   19        GM  Coleman, AB
   20        JA  Coleman, AB

   21        JA  Coleman, AB
   22        JA  Coleman, AB
   23        GM  Kananaskis, AB
   24        GM  Kananaskis, AB
   25        GM  Kananaskis, AB

   26        GM  Kananaskis, AB
   27        GM   Kananaskis, AB
   28        GM  Bow River Valley, AB
   29        GM  Bow River Valley, AB
   30        GM  Bow River Valley, AB
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Image        Photographer     Location

   31        GM  Bow River Valley, AB
   32        GM  Bow River Valley, AB
   33        GM  Bow River Valley, AB 
   34        GM  Canmore, AB
   35        GM  Bow River Valley, AB

   36        GM  Bow River Valley, AB
   37        GM  Kluane, YK  
   38        GM  Kluane, YK
   39        GM  Kluane, YK
   40        GM  Kluane, YK

   41        GM  Kluane, YK
   42        GM  Kluane, YK
   43        GM  Kluane, YK
   44        GM  Kluane, YK
   45        GM  Kluane, YK

   46        GM  Kluane, YK
   47        GM  Kluane, YK
   48        GM  Kluane, YK
   49        GM  Kluane, YK
   50        GM  Kluane, YK

   51        GM  Kluane, YK
   52        GM  Kluane, YK
   53        GM  Kluane, YK
   54        GM  Kluane, YK
   55        GM  Kluane, YK

   56        GM  Kluane, YK

JA — copyright Jeff Amos
GM — copyright Gray Merriam
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CHAPTER 5

TUNDRA

 Tundra is a Russian term meaning a rolling treeless plain. Colloquially it often is called “the 
barren lands”. It is treeless but not barren. It is a special landscape with a marvellous seasonal array 
of natural processes flawlessly executed by a carefully selected diversity of ecosystems. 

5 - 1: Bloody Falls on the Coppermine River where Samuel Hearne watched helplessly as his 
guiding party of Chipewyans, led by Matonabbee, slaughtered a fishing camp of Inuit.

 Tundra extends well south of the arctic circle (60 degrees north latitude) including large areas 
both west and east of Hudson Bay (Ungava) and the northern quarter of Labrador. About 30 percent 
of Canada lies north of the treeline and that is where tundra begins. Between the boreal forest and 
the tundra, the Taiga is the “land of little trees”, the land where trees lose out. Tundra is simply what 
is able to survive after the trees drop out of the mix. Half of the tundra area is north of 60 on the arctic 
islands. As you go from the southern tundra to the arctic islands, the number of kinds of plants drops 
from about 400 to about 501. More and more of the land is without any vegetation. 
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      Places of Beauty - Tundra
Stan Rowe, ecologist, philosopher and author wrote to Jeff Amos:

Thanks for sending along the piece “A place of terrible beauty at the tree line’s edge.” 
I’ve felt exactly the same way in visiting those remarkable landscapes where the open 

lichen woodland gives way to the “forest-tundra,” with white spruce strings on the eskers and little 
patches of black spruce by the margins of lakes in a mosaic of tundra-like patches. The East Arm 
of Great Slave Lake, the Lockhart River, Artillery Lake and beyond are marvelous places.

Box 11, New Denver, BC, 7 December 2001

Cold and wind certainly increase but, more importantly, precipitation decreases until only 10 
centimetres may fall in a year. These arctic islands are polar desert where there is too little water and 
vegetation gradually becomes very sparse as a result. 

5 - 2: The coast of the central Arctic in the vicinity of Bathurst Inlet has been visited by 
large numbers of coastal travelers both before and after contact with Europeans.
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5 - 3: The tundra 
of the western 
central barrens 
can now be visited 
directly alongside 
the Dempster 
Highway. 

5 - 4: Visiting the central tundra by paddling the Thelon River is a special treat. Near here, where 
Nunavut meets the Northwest Territories, First Nations elders from both regions met to discuss 
emerging futures of their lands in the most Canadian of board rooms — the banks of the Thelon.

Our sample of the tundra comes from the Coppermine valley on the western arctic coast, 
Bathurst Inlet on the central arctic coast, the Richardson Mountains in the central barrens, the Thelon 
valley west of Hudson Bay and from northern coastal Labrador.
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5 - 5: The tundra of Labrador has many coastal influences including foraging by caribou on sea-
weeds and overlap of ranges of black and polar bears. (Note caribou stag on right shoreline of 
Dog Island.)

5-6: Bathurst 
Inlet is a 
sheltered inlet 
that has been 
visited by many 
travellers along 
the central arctic 
coast. 
It has provided 
outposts for Inuit, 
trading compa-
nies, the RCMP 
and the church.

The area that is now tundra has not always been as it is today. Over geological time, the 
northern latitudes of our earth have been very dynamic. After a long period under a heavy load of ice, 
during the recent past, the north has been emerging from under its load. With the weight of the ice 
gone, the shores have been rising dramatically. The earth’s crust is rebounding all around the polar 
region. 
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5 - 7: Relieved from the weight of glacial ice, shorelines have rebounded significantly over the last 
few thousand years. Each of these beachlines shows one stage in that rebounding. Similar rising of 
bedrock is shown by boat tie-up rings that are now unreachable from the water.  

5 - 8: Tundra shores were favourable for living 
processes at the very beginning of life. These 
fossilized stromatolites were formed by cy-
anobacteria when the atmosphere lacked oxy-
gen.

5 - 9: The biotic processes of stromatolites 
interacted with physical forces of their environ-
ment to produce their physical habitat in which 
early oxygen production contributed to livable 
conditions for other life forms. The fossils we 
find are the physical structures of their habitat. 
Such fossils are globally rare.
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The dynamics of the north have been more than geological. As the crust rebounded, former 
coastal habitats, such as marshes and rock pools moved continuously inland, dried out and 
transformed into other habitats. Crustal rebounding drove their inhabitants to move to keep pace with 
their moving habitats. Much earlier, even greater changes in habitat took place. Beds of stromatolites 
fossilized in shoreline cliffs of the Canadian north give evidence of times when our north was much 
kinder habitat for early organisms. The cyanobacteria (blue-green algae) that produced these 
stromatolites were the organisms responsible for putting the first oxygen into the earth’s atmosphere. 

 As the name dictates, tundra is treeless. Why can’t trees grow here? Experiments show 
that trees can survive temperatures well below the minimum experienced on the tundra. So it is 
not minimum temperature. Many other plants cover much of the tundra’s surface but no trees. The 
problem is that trees try to grow too high above the surface and the temperatures up there are 7 or 8 
degrees C colder than

5 - 10: Tundra is not completely treeless. With 
sufficient shelter from drying winds and from the 
mechanical abrasion of ice crystals driven over the 
snow, and with the mutual protection of clumps 
of neighbours, trees do persist well beyond the 
treeline. Here, along Fish Creek in the Mackenzie 
Mountains, enough spruce hang on to provide 
overnight refuge for hunters and travellers.

5 - 11: The name ‘barrens’ is inappropriate for 
an area with such beauty. 
Inuit call it ‘the land’ and worship it.
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near the surface of the ground. This means that small plants, close to the ground, have many more 
hours of temperatures at which the chemistry of “Green Magic”1 can perk along. Up at tree height, 
there are not enough hours with high enough temperatures for enough photosynthetic “green magic” 
production of new tissue to take place. A plant can’t grow tall on the tundra, except in sheltered spots 
such as the bottoms of steep valleys. This is exactly what hunters look for at nightfall. There will be 
shelter there, a few black spruce, the most stoic of all trees. 

5 - 12: With a little water, the  
tundra produces veritable 
gardens. “Barrens’ reflects the 
misguided attitude that we should 
only acknowledge products that 
can be extracted to satisfy 
southern needs.

5 - 13: Mountain cranberry or 
lingonberry is just one of the 
fruits that can be produced 
with very low nutrient supply, 
low precipitation and a very 
short growing season when 
the plants are adapted to the 
tundra.
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 Ecologically, the tundra is a ‘wet desert’. Desert because of the lack of precipitation, not 
because of heat. Snow can bring 2 to 4 times as much water as rain brings but there is very little 
snow on the tundra. The tundra environment is limited by receiving only about 100 to 170 millimetres 
(4 to 7 inches) of total precipitation — rain and snow — for the whole year. 

 Caribou, muskoxen and others depend on lack of deep snow so that they can dig down 
through the snow to find forage to carry them through the winter. When there is a ‘weather accident’ 
such as persistent freezing rain in winter, the snow can become impenetrable ice. In the winter of 
1974-5, this happened and 75 % of Canadian muskoxen died of starvation. They were unable to dig 
through the icy crust. Arctic ground squirrels (called “sic-sic” in imitation of their call) have a different 
approach. They hibernate and in a region of permafrost where earthen burrows are difficult they need 
deep snow to provide insulation for their overwintering burrow. They seek out deep drifts in gullies.

5 - 15: Arctic ground squirrels, sic-sics, 
are the only squirrels that have made it 
on the tundra. Related to the marmots, 
they avoid the winter by hibernating but 
that means that they must do everything 
in the few short months of the growing 
season. So you can see females that are 
nursing young while their burrows are still 
buried deep under drifts in the gullies.

5 - 14: A single arctic hare is rare. Like 
other arctic species, their numbers are 
huge. They travel in herds and the herds 
cover very large areas in their foraging.
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The tundra gets equally short rations of heat. Up there, ice and cold are a way of life and 
everything has adapted to that. The tundra gets from 50% to only 15% as much solar energy as the 
northern edge of the boreal forest, despite longer days. Not only is the total sun energy limited but 
also it is supplied over a growing season of only 2 to 4 months. This limits the amount of energy for 
“green magic” but, equally important, it also speeds up the clock and forces all natural processes to 
scramble to keep up. This compression of natural processes into the short ‘active’ season causes 
some wonderfully concentrated displays of natural riches.

 Once the sun does return to shine even at midnight, the ground, the surface water and 
the living things warm up. There is little variation in temperature over 24 hours, sometimes as little 
as one degree C. Even though the temperature one metre above the ground may still be cool, the 
temperature at the ground can be several degrees higher.

5 - 16: Snowdrifts provide enough 
insulation but are seldom found 
except in gullies. This drift in a gully in 
the British Mountains has not yet 
begun melting in early May. Such 
drifts hold back plant development 
and select for a special set of plants 
adapted to a late start in very wet drift 
melt.

5 - 17: A basic adaptation to 
tundra living is to find a nutrient 
supply and get started early. 
These harebells accentuate the 
geometry of the soil accumula-
tion along the bedrock.
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 Some plants have adaptations that raise that important temperature, where the natural 
processes actually take place, to even higher levels. The petals of Arctic Avens  (Dryas integrifolia) 
form a near-perfect parabola that reflects and focuses the sun’s energy onto the flower’s reproductive 
parts, thus hurrying the most critical annual process. Some insects have learned of this natural heater 
and gather around the flowers’ private parts to warm themselves.

5 - 18: Another way to succeed 
on the tundra is to stay small 
and low, especially if you are 
perennial like this dwarf willow.

5 - 19: Wooly lousewort warms 
its sexual parts as part of a 
suite of adaptations to 
reproduce quickly in a very 
brief growing season.

 Other plants, of several species, such as Diapensia, grow in ‘cushions’, accumulations of 
both living and dead plant matter in a dome-like shape. This mass of insulating material retains 
heat that has been absorbed and warms the living parts of the plant to several degrees over the air 
temperature above.
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5 - 20: Rhododenrons are known as giant 
flowering shrubs but the most northerly species, 
Lapland rosebay, does just well enough to 
decorate the low arctic tundra with its delicate 
bloom. Rhododendrons, like others in the plant 
family Ericaceae, specialise in surviving in low 
nutrient regimes common to bogs, southern 
hilltops and the tundra.

On the tundra, living things must accomplish their goals in a very short period of warmth and 
plant production. Some moths going through egg, larval and pupal life stages in order to produce an 
adult simply can’t do all that in 2 or 3 months at tundra temperatures. Consequently, getting through 
one life history can take up to 14 years.  Even spiders that do not have such a complex life history 
can take 7 years to mature. 

5 - 22: The Arctic dryad, Dryas integrifolia, 
sometimes called mountain avens, has a corolla 
of white petals shaped so nearly like a parabola 
that it reflects incoming sun onto the central 
reproductive organs to speed up reproduction in 
the short warm season.

5 - 23: Some ‘cushion plants’, such as Diapensia, 
warm the microclimate of their own bodies by 
storing dead plant parts among the living body 
parts. With this insulation, they can raise the 
temperature of their whole body well above the 
air temperature.

5 - 21: Willow herb, closely related to 
fireweed, springs into rapid growth as soon 
as the ice melts along shores and the 
day length increases. 
It makes beautiful salad greens.
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It is easy to see how such a severe environment can exert strong forces that will allow only a 
few selected species to succeed on the tundra. Most are selected and adapted from species found 
in the boreal forest region. It’s a tough competition and only a few make it. Of the 3200 species 
of mammals, only a maximum of 23 succeed beyond the treeline on the North American tundra. 
Of 8600 species of birds, only 6 or 7 live year-round on the tundra. But another 70 species come 
for the breeding season. Fortunately, about 400 species of plants, not counting the mosses and 
lichens, succeed in the southern tundra and provide the “green magic” that supports all else. Of the 
vast diversity of insects, only about 600 species succeed on the tundra. Some succeed beyond our 
fondest hopes! 

 Although the number of tundra species is much smaller than in tropical hotspots of biodiversity, 
the number of individuals of each kind can be huge. Caribou, mosquitoes and lemmings come to 
mind. The productivity of animals on the tundra is high in a different way. How high can be judged 
by the successful presence of carnivores. Arctic wolves have been successfully reproducing their 
population for a long time despite human depredation on both the wolves and their natural prey 
species. Snowy owls have had similar success harvesting small mammals, although needing 
occasional forays south in hard times. Even wolverines have limited success on the tundra by ranging 
widely and eating anything they can catch.

5 - 24: Butterflies as big as willows. Because 
it had to go through three other life stages 
before it became a reproductive adult, this 
butterfly may have spent several years get-
ting from egg to adult.

5 - 25: Most predatory birds, like these gyrfalcons, 
migrate south from the tundra to overwinter but 
make long flights back to reproduce in the north. 
They must get their chicks up to migrating 
condition in a few weeks. The high densities of 
small mammals and migratory birds as prey lets 
this happen.
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5 - 26: Barren ground caribou are among 
the best adapted of the 23 arctic mammals 
but this one is alone on the beach because 
several flies are even better adapted. 

 There are a few tundra specialists. Muskoxen are an outstanding example. Their Latin name, 
Ovibos (sheep/cow), reflects their similarity to sheep in some ways and to cows in other ways. They 
are the only survivors of a once large group of ice-age “oxen”. For 150,000 years, the environmental 
forces of the tundra have selected the features that have enabled muskoxen to survive in this 
demanding environment. How can we even contemplate allowing the loss of such a being?

 Both brown and collared lemmings and polar bears are other examples of tundra (and arctic 
seas) specialists. Polar bears also exemplify the most important solution to the low ecological 
productivity of the tundra; link the tundra to the sea. Polar bears discovered the advantages of this 
important landscape linkage but it also is the key to success in the arctic by the Inuit. Both are now 
undergoing further adaptation as the access to the sea’s productivity by way of the ice is becoming 
limited. The Inuit can respond by using boats and increasing their access by water rather than by ice. 
The bears don’t have this option. They can’t successfully hunt seals in the water. Attempts to hunt by 
swimming are causing drownings. They need ice. And the sea ice is forming later and melting earlier 
each year as global climate warming affects the arctic even more than other latitudes. Some polar 
bears are facing much shorter hunting seasons for lack of ice.

5 - 27: Two ptarmigan species have adapted 
to the arctic. One to the low, wetter areas 
(willow) and one to the high ground (rock). 
Courtship, breeding and growing survivable 
young are fitted into a very short growing 
season.
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5 - 28: Biting insects may be the most effective 
conservation program on the tundra. A stoic 
nature as well as a true love of the land is 
sometimes required if there is no wind.

5 - 29: Just entering your tent can put a cupful 
of blackflies inside the fly screen. Fortunately, 
blackflies, unlike mosquitoes, go off duty after 
dark. But dark may not happen.

5 - 30: White or grey (agouti) are the 
common pelages for tundra wolves. 
They are dependent on caribou but 
geese and other prey feed the pups 
that are in a fixed location, usually in 
a sandy esker.

5 - 31: Wolverines never reach dense 
populations even in the boreal forest and 
out here on the barrens, they must range 
even more widely to forage. 
We were extremely lucky to see two on 
this day.
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5 - 32: Muskoxen are herd animals but are not 
migratory like caribou. Muskoxen have survived 
by adapting to both the severity of tundra winters 
and to the limits of production by the short season 
for ‘green magic’ on the tundra.

5 - 33: They may not meet our cultural standards 
for beauty but they generate a new appreciation 
of the beauty of an organism that has perfected 
a system of survival against long odds and for a 
very long time. These animals really are fitted to 
their land.

5 - 34: Qiviut, the marvelous underfur of 
muskoxen, is probably the best insulating 
material on earth. Produced, not by the 
technosphere but by the biosphere.

The nature of the ecosystem that all these living beings inhabit can be sketched by looking 
at the amount of each kind of plant and animal that you find on the ground. Clearly, plants will have 
the greatest amount of living mass on the ground. Give them a score of one million units of biomass. 
Compared to that, soil microorganisms come next with 30,000, then insects with 4,200. Plant eaters 
have 160, insect eaters have 45 and carnivores have 3. Species we consider charismatic are not big 
parts of the system when viewed in this way.
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5 - 35: As in every stable 
ecosystem, plants form 
the majority of the bio-
mass produced annually. 
It must be so because 
as food energy passes 
up the food chain, some 
energy is lost at every 
transfer. “Green magic” 
must trap enough energy 
for all the biomass plus 
all the inevitable losses.

5 - 36: Shapes, textures and 
processes in the substrate 
of the tundra all depend 
heavily on ice. Permafrost is 
one form of ice underlying 
the tundra. It is a mix of ice 
grains and soil particles and 
organic matter. In some soil 
textures, water can accumu-
late and form lenses of pure 
ice. Expansion and move-
ment of ice is a powerful 
shaping force.

In the tundra, permafrost is one of the most important forces. The ground is frozen to 
depths of 250 to 600 metres.  Permafrost can be large blocks or lenses of ice. In other soils the 
ice of permafrost is small crystals evenly distributed through the soil. In summer, as the heat input 
increases, permafrost melts down from the surface creating what is called the “active layer”. Active 
because there is free water there and the plants can grow seasonally. The active layer can be from 
30 to 250 centimetres deep. But in winter, permafrost reigns supreme and ice lenses form in many 
places.

 When ice forms, it expands and takes up more space than the water did. The force of that 
expansion shapes many features in the tundra.
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5 - 37: Ice-formed polygons 
have aesthetic qualities from 
the air.

5 - 38: The size of poly-
gons varies from one to 
several metres across. 
Ice wedges that form 
in the troughs expand 
to reshape the organic 
soils. Elevated ridges 
formed by ice expansion 
produce better drainage, 
influence which plant 
species succeed there 
and thus shape the 
foraging patterns of 
small mammals.

 Cracks in the soil accumulate water in summer. When it freezes in winter, the ice wedges push 
the soil and organic matter into shapes dictated by the ice-filled cracks. Several types of “patterned 
ground” result. The patterns depend on the nature of the underlying soil or the overburden of peat. As 
the ice wedges push on the sides of the cracks, the soil and organic overburden are elevated. That 
upward movement also raises the soil and organic matter out of the endless surface water and the 
improved drainage is reflected in improved growth of plants on these ridges. Those improvements 
result in small mammals shifting their foraging and movements to these little ridges. So everything 
can take on a pattern of polygons all arising from the pattern of soil cracks and the driving force of 
permafrost and ice in the ground. For more details, see E.C. Pielou’s excellent book, A Naturalist’s 
Guide to the Arctic 1.
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5 - 39: Sedges, including this cotton 
grass are among the most nutritious 
of forages for herbivores. Sedges 
hold their nutrient value even after 
several weeks of curing on the stem 
at freezing temperatures.

 The commonest form of patterned ground is ‘hummocky terrain’ — the bane of walkers. Ice 
plays some role in forming these hummocks (some have ice-cores) and as they elevate, plants 
respond with better growth on the top, thus amplifying the pattern. They are never spaced for easy 
walking and if you misstep and land in between, you often get a soaker.

 Even when the frost has been melted down through an active layer, there still is permafrost 
for up to 250 metres below. That deep permafrost seals up the soil and prevents water draining 
down through it. So even with a near-desert, annual precipitation of only 100 to 170 millimetres 
(4 to 7 inches), the tundra has more wetlands than drylands. The water that does come stays 
because physical evaporation and transpiration by plants are both very low. Rubber boots are de 
rigeur and the small mammals would love to have some. Moist meadows and semi-marshlands of 
cotton grasses, other sedges, and rushes fill low areas, valleys and drainageways with very highly 
productive plant communities. The sedges in these meadows are highly nutritious; they have up to 
17% protein when the snow covers them at season’s end and still have 7% under the snow in mid-
winter.

5 - 40: When the sun returns to the 
tundra, patches of favourable habitat 
build a steady accumulation of organic 
matter. Decomposition also has a short 
season and low temperatures so 
organic matter builds up and dominates 
the nature of many soils on the tundra.
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 The production from these plants puts much dead plant material on the surface of the ground 
every year, despite the short growing season. That same shortness of the growing season, and 
the low temperatures and the widespread surface water, all combine to slow the natural process of 
decomposition. A little time on the tundra convinces an observer that organic matter is accumulating. 
Much of the ‘soil’ and several types of small landforms are composed entirely of organic matter. 
Decomposition is slower than production of plant matter. This build-up of organic matter from “green 
magic” makes highly organic (vs. mineral) soils widely common on parts of the tundra. These stores 
of organic matter are also stores of carbon taken from the atmosphere by “green magic” and not yet 
returned to the atmosphere. A ‘carbon sink’. If global climate warms the decomposition process in the 
tundra, a very large amount of carbon will be returned to the atmosphere instead of being stored for 
long periods on the tundra. That carbon will escape both in its oxidized form, carbon dioxide, and from 
anaerobic layers, as an even more effective greenhouse gas, its totally unoxidized form, methane.

5 - 41: Like most landscapes, the tundra is 
a mosaic of patches of different habitats, 
even over a relatively small distance.

5 - 42: Whether on ice, in water, on 
bedrock or on a talus slope like this one in 
Labrador, plants and their “green magic” 
are a critical force in turning the inorganic 
into an ecosystem. By simply doing what 
is possible, incrementally, nutrients locked 
up in the inorganic, non-living, abiotic are 
launched into the complexities of the 
biogeochemical flows that we summarize 
as plant production, food chains, 
decomposition and recycling.
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 Like most other landscape-scale (big, widespread) ecosystems, the tundra is a mosaic of 
patches of differing habitats — a heterogeneous mosaic. The tundra is not all organic soils, or all wet 
meadows. In fact much of the tundra has no soil of any sort and few plants. The plants do try hard 
and there will be one or a few in any crevice that has caught a bit of organic matter and held it or has 
accumulated a bit of mineral soil from rock breakdown. One of the most beautiful images in the tundra 
is a single plant blossoming out of a wall of rock.

 Development of vegetation, as opposed to single plants, on bare rock depends on the rock 
gathering and holding a supply of water. Compared to the flat tundra, covered in organic soils, bare 
rock is a real desert. As plants get a start in a crevice, they add some organic matter and that holds 
moisture, and eventually, as a mat of mosses or other vegetation develops, a constant supply of 
moisture will allow development of a diverse plant community in an organic mat layered over the 
bedrock.

 In the tundra, barren rock 
is actually a friendly place in some 
ways. In winter, muskoxen will gather 
against a rock wall where the rock is 
conducting heat up from deeper in 
the earth’s crust. The muskoxen have 
known about geothermal heating 
for a long time. Rocks can also offer 
protection to plants by warming and 
also by providing shelter from the 
wind. 

 One of the hazards on the 
tundra is wind. In summer, it can 
dry out soft plant tissue and kill it. In 
winter, ice crystals are blown at very 
high speeds just above the surface of 
the snow. Arctic sandblasting! Hiding 
behind a rock is a favourite trick of 
small soft-tissued plants to escape 
such effects of the strong winds of 
open plains. 

5 - 43: With a little organic matter for soil and a little water 
this plant sunk roots. With shelter from the wind by friendly 
rocks, it was able to grow unusually tall for a tundra plant.
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5 - 44: A bit of organic duff in a crevice and a wind-
blown seed and the persistence of plants is all that 
is required to make a start on an ecosystem.

5 - 45: The substrate is impermeable over 
much of the tundra either because of underly-
ing permafrost or bedrock. There is very little 
precipitation in this polar desert and water 
runs off the surface. The green growth in this 
mini-valley in Labrador is simply a response to 
a continuing supply of water.

5-47: Single trees or even small groups lack 
protection from ice crystals traveling at speed 
near the snow surface. This ice-blasting re-
moves the bark and the living tissues and 
slows the establishment of the clusters of trees 
that are necessary for colonizing new areas. If 
a tree cluster can get up to 8 or 10 individuals, 
the central individuals may 
survive to produce a colony.

5 - 46: Abstract arctic art by wind-blown 
ice crystals. This plywood has had its sev-
eral layers eroded by the abrasive power 
of wind-blown ice.
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 Bare bedrock is common in environments as young as the tundra simply because soil takes a 
long time to form with such short seasons for rock breakdown and decomposition of organic matter 
to form compost. Although freezing speeds up breakdown by splitting rocks, further breakdown to 
actually release nutrients depends on chemical processes that are seriously slow. 

 The tundra is young because the glaciers melted off it as little as one or two thousand years 
ago. The commonest signs of recent glaciation are eskers, ridges of sand, gravel and rounded, water-
washed boulders. Eskers began as the load of gravelly material that was being carried in the bed of a 
stream flowing in the glacial ice. When the ice melted completely, the gravelly bedload was dumped 
upside down on whatever the stream was passing over. So eskers are long winding ridges, shaped 
like an upside-down stream bed and crossing whatever is in their path. If an esker comes 

5 - 48: Eskers are the bedload of 
streams that ran in the glacier’s 
ice and were dumped upside down 
when the glacier melted. So eskers 
run over anything under their path 
and even run under lakes, emerge 
and keep going.

5 - 49: Areas of organic tundra 
soil underlain by permafrost 
hold water at the surface. Well-
drained areas are highly valued 
for burrows. Wolves commonly 
have their pups in burrows on 
eskers.
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to a lake it simply continues underwater and up and out the other side. A band of big boulders marks 
where eskers crossed modern-day rivers. The river has washed away all the sand and gravel leaving 
a ‘rock garden’ to challenge canoeists. 

Eskers are valuable habitat features for arctic wolves. The elevation and the coarse-textured 
soil make eskers favourite sites for dens for birthing and raising pups. Eskers also provide good 
vantage points for the wolves and are easy paths for travel. Tent rings show that the aboriginal people 
also camped on these high, dry ridges.

5 - 50: Tent rings. 
Where the people 
camped on the 
land.

5 - 51: Strategically 
located, a few rocks 
hid the hunters from 
the caribou until the 
right moment.
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5 - 52: Inuit harvested caribou according to 
their availability not on a production schedule. 
Some harvesting was done at crossings such 
as this one marked by a drift line of hollow 
caribou hair.

5 - 53: This meat cache was part of the harvest-
ing system for herbivores that was used by the 
first nations. The harvest was within the limits of 
production by the ecosystem, in sharp contrast to 
our feedlot system of forced production.  

 Because eskers are full of rock fragments sheared off and carried long distances by the 
glacier, they may have pieces of fine-grained quartz among their various kinds of rock. The 
indigenous people knew of these treasures and evidence of arrow- and spear-point ‘factories’ can still 
be seen along some eskers.

5 - 54: A very delicate arrow point 
chipped from granite. In areas that lack 
flint and chert deposits, First Nations 
people found material for their spear and 
arrow points among the rocks transport-
ed by the glacial stream and deposited in 
the eskers.

5 - 55: This large spear point was 
made on an esker along the 
Thelon River where many chips 
and partially finished points were 
left by early artisans.
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 Clearly, the tundra is not “the barrens”, in terms of aesthetics, or monumental beings such 
as muskoxen or polar bears, or in terms of a source of spiritual renewal. Even in such gross terms 
as crop production values, the tundra is not barren in any absolute sense. One can calculate the 
forage that is gathered from the tundra by grazing animals and the herbivore body mass that would 
be produced from that forage. For muskoxen in the low arctic tundra, the calculation shows that 1.8 
muskox per square kilometre can be produced. For caribou, the tundra can produce 4.8 animals per 
square kilometre. These numbers would not support a ranch but why should we look at the tundra as 
a ranch; the pressures of economics make that into another attempt to appropriate an ecosystem for 
selfish support of humans. Instead, the first nations attempted to become part of the ecosystem and 
let the ecosystem’s processes define their share of the production. 

 If we wish the tundra ecosystem to continue to grace our planet, we should understand its 
fundamental differences from other, commoner ecosystems. The tundra has many fewer species. 
Each one plays a larger, more critical role in the system’s processes. Losing one species, such as the 
polar bear or the muskox would have a much greater impact on the integrity of the tundra ecosystem 
than would losing several species from a species-rich tropical system. This is a weak point in much 
of the biodiversity discussion; without assessing the ecological importance of each species, simply 
counting species is more like stamp collecting than conservation biology. Recommendations have 
been made, by eminent taxonomists lacking arctic experience, to focus all our conservation resources 
on the 25 tropical and subtropical areas with the greatest species counts while allotting few resources 
to a species with the ecological (and cultural) importance of the polar bear; such directions are 
unwise. Racking up a large collection of species in our ‘saved’ collection should not be the single goal 
of conservation biology.

5 - 56: Barren ground grizzlies have 
long been on the tundra but now 
they are also out on the sea ice and 
may win the competition as polar 
bears lose out to global warming.
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 Compared globally, the tundra is a very special place. It supports ecosystems that are spartan. 
Trimmed by the rigours of the environment — severely limited solar input for “green magic”, cold and 
dry and needing subsidies from the ocean. These selective forces allow only the most fundamental 
of natural forces and only the most adaptable species to continue. The resulting ecosystems are the 
simplest, landscape-scale ecosystems to have stood the test of time and natural selection. Climate 
change and human activities are impacting the arctic heavily and consequently affecting the Tundra. 
These systems are essentially the polar opposite of the high-diversity, tropical systems — a different 
class of living system. 

1 Discovering Natural Processes: Beauty in Nature’s Ways by Jeff Amos and Gray Merriam, 
Penumbra Press, Manotick, ON, 2005

2 A Naturalist’s Guide to the Arctic, by E.C. Pielou, University of Chicago Press, Chicago. 1994.

5 - 57: The green plant capture and storage of sun energy on the tundra has successfully supported 
muskoxen, migratory caribou, hares and several smaller herbivores for a few thousand years. But 
those processes have limited rates. Tundra does not produce forage at the rates seen in African 
grasslands and herbivores cannot be harvested at the rates possible on the savannahs or the grass-
lands of North American great plains.

 Yet despite the simplicity of tundra ecosystems, their grandeur and their beauty are 
exceptional. As natural riches, they are invaluable — and irreplaceable.
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Image Sources — Chapter 4

Image        Photographer     Location

    1         GM  Coppermine River, NU
    2         JA  Bathurst Inlet, NU
    3         AM  Richardson Mountains, NT
    4         GM  Coppermine River, NU
    5         GM  Dog Island, NL
  
    6         JA  Bathurst Inlet, NU
    7         GM  Bathurst Inlet, NU
    8         GM  Bathurst Inlet, NU
    9                 GM  Bathurst Inlet, NU
  10         GM  Fish River, NT

   11         GM  Young’s Harbour, NL
   12         GM  Young’s Harbour, NL
   13         GM  Hebron, NL
   14         JA  Athabasca Lake, NT
   15         GM  Coppermine River, NU

   16         GM  British Mountains, NU
   17         GM  Hebron, NL
   18         GM  Hebron, NL
   19         GM  Hebron, NL
   20         GM  Coppermine River, NU

   21         GM  Coppermine River, NU
   22         GM  Coppermine River, NU
   23         GM  Coppermine River, NU
   24         JA  Labrador, NL
   25         GM  Thelon River, NU
  
   26         JA   Bathurst Inlet, NU   
   27         JA   Bathurst Inlet, NU
   28         GM  Moose River, ON
   29         GM  Coppermine River, NU
   30         AM  Thelon River, NU
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Image        Photographer     Location

   31        JA  Bathurst Inlet, NU
   32        GM  Thelon River, NU
   33        GM  Thelon River, NU
   34        GM  Thelon River, NU
   35        GM  Coppermine River, NU

   36        GM  Coppermine River, NU
   37        GM  Northwest Territories
   38        GM  Northwest Territories
   39        GM  Labrador, NL
   40        GM  Labrador, NL

   41        GM  Torngats, NL
   42        GM  Torngats, NL
   43        JA  Torngats, NL
   44        GM  Torngats, NL
   45        GM  Young’s Harbour, NL

   46        GM  Hebron, NL
   47        GM  Thelon River, NU
   48        JA  Northwest Territories
   49        GM  Thelon River, NU
   50        JA  Hebron, NL

   51        JA  Hebron, NL
   52        GM  Thelon River, NU
   53        JA   Bathurst Inlet, NU
   54        GM  Thelon River, NU
   55        GM  Thelon River, NU

   56        JA   Bathurst Inlet, NU
   57        GM  Torngats, NL 

JA — copyright Jeff Amos
AM — copyright Aileen Merriam
GM — copyright Gray Merriam        
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CHAPTER 6

THE PEACE-ATHABASCA DELTA

 The Peace-Athabasca Delta meets all our requirements for a “special place” but 
it also is included here for another reason. The Delta is an example of a natural 
ecological system where a human community was integrated into the system but 
where the natural processes governing the system have been distorted by political-
economic forces. As a result, the integration of the ecological system by natural 
processes has been diminished so that neither the wild species nor the human culture 
can be well-supported by the natural system.

 The Peace-Athabasca Delta is at the confluence of the Peace, the Athabasca, 
and Birch Rivers where they come together at the west end of Lake Athabasca. Down-
stream these all join to form the Slave River, which, after entering Great Slave Lake, 
gives rise to the mighty Mackenzie River — the De Cho.

6 - 1: The Delta is an inland delta, unlike those at the mouths of rivers. Its waters are 
totally fresh. Although different in detail, it is probably more similar to the Okavango Delta 
in Botswana than any other.
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Map 1: All the waters 
from the upper watershed 
of the Mackenzie River, 
the might De Cho, flow 
together at the Peace-
Athabasca Delta. 
The Delta provided 
ecological support for 
the settlement of Fort 
Chipewyan for 300 years 
until the late 1960s.

Map 2: The ecology of the 
Peace-Athabasca Delta 
always has been controlled by 
hydrological variables, 
including the effects of ice. 
Electricity markets in distant 
urban centres intervened as 
external forces replacing and 
changing natural processes. 
This hydrologically-driven 
ecosystem was forced onto a 
new trajectory. 
The partial substitution of 
technological interventions in 
place of natural processes had 
major effects on the 300 year 
old Chipewyan culture.
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 Historically the core area of the Peace-Athabasca Delta covered 440 square 
kilometres, including the large Lake Claire and smaller lakes, such as Mamawi, all less 
than 2 metres deep with marshy margins. The subwatershed of the Delta was much 
bigger, extending to the headwaters of the Peace River in British Columbia and the 
headwaters of the Athabasca River in Alberta. The area that was strongly influenced 
ecologically by the Delta was at least 10,000 square kilometres and includes 4000 
square kilometres of Nationally Significant Wetlands. The Peace-Athabasca Delta was 
one of the largest inland, fresh-water deltas in the world. Much of the Delta was 
covered with sedges and reed grass and slightly elevated banks supported long lines 
of shrubby willows. The water levels in the Delta historically were controlled by the 
interactions of the rivers with Lake Athabasca and by the seasonal peaking of flows in 
the rivers interacting with ice dams, particularly on the Peace.

6 - 2: People have been 
drawn to the Peace-
Athabasca Delta for over 
300 years of known history 
and probably ever since 
the first people reached 
the upper Mackenzie 
watershed.

6 - 3: It is a delta. Shallow waters 
over water-laid sediments. Fertile 
and formerly a rich source of 
ecological support for the human 
component of the system.
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 Downstream, the Delta and its area of influence are critical components of the 
Mackenzie (De Cho) watershed, which drains about 1.8 million square kilometres (1/5 
of Canada) and is the largest freshwater inflow into the Arctic Ocean.
 
 Because of its geographic positioning in these watersheds, the Delta and Fort 
Chipweyan were staging places for exploration west along the Peace, east along Lake 
Athabasca and north along the Mackenzie. Alexander Mackenzie partnered in 
setting up a trading post at Fort Chipweyan. He set out from there in 1789 to explore 
the Mackenzie River thinking that it would lead to the orient but, instead, ended up in 
the arctic.

6 - 4: Historically the Peace-
Athabasca Delta has been 
highly productive because 
of shallow seasonal 
flooding, seasonal dry-
down and a base of rich 
sediments.

 The Peace-Athabasca Delta is special for a variety of reasons. Historically, the 
Delta was a highly productive environment that provided predictable support for the in-
digenous population of Fort Chipewyan and the local area. That productivity was based 
in the three rivers, the Peace, the Athabasca and the Birch that came together here 
and on the widespread seasonal flooding of both the Peace and the Athabasca across 
the lowlands near that river junction. To supply most of their needs, the native peoples 
integrated the natural riches of the Delta with those from Lake Athabasca. Wood Buf-
falo National Park, a United Nations World Heritage Site, contains 80% of the Delta. 

 The natural production of the Peace-Athabasca Delta was, as always, based on 
the “Green Magic”1 of plant production in the marshes. This supported fisheries, musk-
rat harvest, waterfowl and other birds at the confluence of four major North American 
flyways, and winter grazing for the wood bison from Wood Buffalo National Park. 
Historically, as many as a million waterfowl were estimated to use the Delta. The 
journals of early explorers suggest that, until recently, the natural processes in the 
Delta had been unchanged for 300 years. Early inhabitants, the Beaver, the Athabasca 
Chipewyan, the Mikisew Cree and the Metis could have told us more. They had been 
living here since long before the fur trade and before the invasion of Europeans.
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6 - 5: Globally, riparian, or riverine, systems are predictably rich areas for green plant 
production. The Nile valley is a classical example. Here, in the Peace-Athabasca Delta, 
three types of plant production are visible. The lightest green areas have the greatest net 
annual production — energy available to plant eaters. The middle green areas of short 
vegetation are intermediate and the darker, textured areas are woody vegetation with the 
lowest net annual production.

 Southern consumers’ demands for hydro-electricity and for oil initiated two major 
changes that restructured this historic relationship of the people and the natural 
processes in their environment. First, some other people, many kilometres away in 
British Columbia, wanted more power from hydro-electricity. In 1967 the W.A.C. Ben-
nett Dam on the Peace River formed Williston Lake in northern B.C. in order to gener-
ate that electricity for the urban people of the south. The amount of water flowing down 
the Peace was severely reduced during the filling of the dam and somewhat after that. 
But the main problem was changes in the seasons when the water was allowed to flow. 
Previously, the lowest flow was in fall and winter but, in spring, the natural level of the 
Peace rose above the level of Lake Athabasca and that flood reversed the outflow from 
Lake Athabasca. Although the course of the Peace bypasses the Delta to the north, the 
high annual spring flow also flooded into the Delta and its lakes. Spring flows were high 
enough to flood ‘perched basins’ that received inflow only from these seasonal floods. 
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 However, demands for electricity in the south were highest in winter when it was 
cold and dark, so more water was put through the turbines at Williston Lake in winter 
and the flow was reduced in spring. Consequently the perched basins in the Peace-
Athabasca Delta have only been flooded three times in over 30 years since the Ben-
nett dam was built.  The natural peak in flow was removed; the flows were made more 
constant over the year. Thus, the urban consumers of electricity began to replace and 
modify the natural processes in the Peace-Athabasca Delta, several hundred kilome-
tres out of their world. Substitution of technical control in place of natural control of the 
flow in the Peace caused some other problems, too. For example, in winter, the water 
flowing out of Williston Lake came from deep in the lake where water in winter stays 
at 4 degrees Celsius. This raised the temperature of the water in the Peace River and 
gave some fish the wrong idea. Their eggs hatched at the wrong season and the young 
could not survive.

6 - 6: The nutrient-rich silt 
supports rapid growth of 
green plants such as these 
willows but if it is not flooded 
seasonally, the silt banks will 
become better-drained and 
the willows will be replaced 
by tree species such as 
aspen and the energy 
production available to 
herbivores will decrease.

6 - 7: Historically the 
production in the Peace - 
Athabasca Delta has not all 
been channeled into terrestrial 
branches of the food chains. 
Plant plankton fed animal 
plankton that fed aquatic 
invertebrates that fed small 
and then larger fishes.
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 The second important change for the Peace-Athabasca Delta was on the 
Athabasca River, the other big river feeding the Delta. Flow in the Athabasca has 
dropped significantly since the 1960s. The development of industries to recover oil 
from the tar sands upstream along the Athabasca River near Fort McMurray, Alberta 
has both reduced the flow from the Athabasca into the Delta by a third since the 1970s 
and has contaminated the water. It takes 3 barrels of water from the Athabasca River to 
extract one barrel of bitumen from the tar sands. Because the water is contaminated in 
the process, it cannot be put back into the river without cleaning.  

 The contaminated water is stored in dirt-banked ponds near the shore of the 
river, some with dirt banks built to 300 feet above the river. The water in these tailings 
ponds contains polycyclic aromatic hydrocarbons (PAHs), petrocarbons, naphthenic 
acids, salts and heavy metals such as mercury and arsenic. The total volume 
contained in all these contaminated ponds is three times the volume impounded by the 
Three Gorges Dam, usually considered to be the largest man-made impoundment in 
the world. Because the water in these tailings ponds is so toxic, it is said that any 
waterfowl that land on the water never fly off. Propane cannons and scarecrows are 
used to scare off incoming waterfowl to avoid their mortality. In the spring of 2008, the 
cannons and scarecrows were activated too late. Thousands of waterfowl landed on 
the tailings ponds and were killed by the toxic soup. Fines of about three million dollars 
have now been levied.Clearly, the processing of toxic wastes produced from oil sands 
is working on the very brink of ecological catastrophe.

6 - 8: The aquatic food chains are invaded 
by the terrestrial when the most northerly 
colony of white pelicans go fishing. This 
area also is the principal breeding ground 
of Whooping Cranes which also use both 
aquatic and wetland food chains.

6 - 9: Wood Buffalo National Park surrounds 
the Peace-Athabasca Delta and is now home to 
about 4000 bison of mixed genetic stocks from 
native wood buffalo and plains bison moved here. 
The herd in Wood Buffalo gain critical winter 
forage from the sedge meadows of the delta that 
can contain 20 percent protein even in mid-winter.



156

 The flow of the Athabasca into the Delta has been decreasing as the recovery of 
petroleum from the tar sands has been increasing and the quality of its water has been 
degrading. As climate change affects the Athabasca, the flow is likely to be further 
decreased. 

 Adding to the changes to natural processes caused by alteration in flow levels 
and timing of peak flows, there also is evidence of toxins being delivered to the Delta in 
the rivers that feed it. Toxic effects have been found in fish in the Slave and related to 
inflows from both the Peace and the Slave Rivers. Lesions and deformities have been 
found on fish in the Slave River and in Lake Athabasca. Research scientists have 
suggested that the levels of polycyclic aromatic hydrocarbons (PAHs) should be 
studied as possible causes of the impacts on fish. High levels of PAHs have been 
found in the sediments. Levels of arsenic and of mercury also are unusually high. 
There also were indications that moose livers were filtering out toxins from wetland 
forage eaten by moose.  Alberta Health and Alberta Environment both question 
emerging research reports, suggesting that these toxins were always there and that 
there is no leakage from the tar sand tailings ponds. David Schindler of the University 
of Alberta, a world leader in aquatic ecology, says that we need to go in and measure 
what is actually flowing out of the tar sands. 

 Residents of Fort Chipewyan increasingly became unwilling to eat country foods 
or to use local surface water. Then, a few months after arriving as Fort Chipewyan’s 
fly-in physician, Dr. John O’Connor noticed that a patient had symptoms of a rare can-
cer of the bile duct, a disease that had killed his own father earlier in Ireland. It was 
a rare disease and those afflicted usually lasted only a few weeks without treatment. 
O’Connor reported that three Fort Chipewyan residents certainly, and possibly five, 
died of this rare form of cancer in just five years. One case in 100,000 people was the 
normal rate for cancer of the bile duct. Discovery of many other unusual cases fol-
lowed: cervical cancer in a too-young woman, testicular cancer, uterine cancer, lym-
phoma, leukaemia, Lupus and Grave’s disease (immune system disorders), and colon 
cancer — far too many cases of cancer compared to average Canadian occurrence 
rates, according to Dr. O’Connor.

 No other northern communities reported any comparable rates of these diseases. 
The federal government reportedly has started research to study disease rates in Fort 
Chipewyan and the possible causes. Local residents have jumped ahead and assigned 
blame to the water they drink and depend on for their wild harvest. Many are importing 
bottled water. The water of Lake Athabasca, its feeder rivers and the Delta are no 
longer trusted.
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 First Nations and Inuit Health say that the drinking water in Fort Chipewyan is 
safe. Alberta Health and Welfare is unable to find any evidence of relationships 
between the water quality or traditional foods and human health in Fort Chipewyan.

 Dr. John O’Connor was censored by Health Canada and by Alberta Health and 
charged before the Alberta College of Physicians for raising the issue. After more 
investigation the charge was withdrawn.

 A November 2009 report by the College of Physicians and Surgeons of Alberta 
(File No. 070059) on medical reports from Fort Chipewyan was leaked to the popular 
press. This report denies that Dr. O’Connor was ever “officially” charged or “gagged” by 
Alberta’s College of Physicians and Surgeons, thus obviating reports that he had been 
“cleared”. However, The National Review of Medicine from January 2008 stated that 
“…while AH&W (Alberta Health and Welfare) is not officially listed on the complaint, 
their employees continue to assist Health Canada in pursuing action against him.” The 
Alberta College of Physicians and Surgeons November 2009 report generates a great 
lack of clarity on Dr. O’Connor’s reports of health problems in Fort Chipewyan but 

contains some clear findings. These include the following from a February 2009 
report on health issues in Fort Chipewyan from the Alberta Cancer Board who found: 
“A higher than expected overall rate of cancer (51 cancers in 47 individuals versus the 
expected number of 39)” and “Higher than expected cancers of the blood and 
lymphatic system (leukemias and lymphomas), biliary tract cancers as a group, and 
soft tissue cancers.”

 Alberta says that it is regulating the processing of water that is returned to the 
Athabasca River from tar sands industries. Suncor, the most-experienced tar sands 
operator, says that they have improved their water recycling and that they put less 

6 - 10: The Peace-Athabasca 
Delta is at the confluence of four 
major flyways for waterfowl.
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6 - 11: Not only has the Delta provided critical rest and food for an estimated one million 
migrating waterfowl, it also hatches and raises many of its own. 

hydrocarbons into the river than is allowed by Alberta regulations. Alberta allows tar 
sands industries to discharge 150 kilograms of oil and grease per day but Suncor only 
discharges 20 kilograms. The petroleum producers say that when science provides 
new information and the province changes the regulations, they will conform. Mean-
while the people and the natural processes in the Delta display clear signs of trauma 
while the Alberta government and industry simply meet the regulations even if they are 
capable of doing more.  According to elders in the local community, previously they 
were able to live off the land. Everyone’s needs were met from the waters of the Delta, 
the feeder rivers and Lake Athabasca. In the last 30 years there have been massive 
changes in the Delta that are believed to be responsible for many shortages of natural 
resources that traditionally have been parts of the people’s way of life. Harvests of wild 
resources, fishes and mammals, have been much reduced since the Bennett Dam was 
built. The First Nations communities do not know what information to believe or which 
authorities they can trust and consequently they are being disconnected from their tra-
ditional land and resources.

 The changes to the natural processes in the Delta were not just a matter of 
flooding. As with many natural processes, the complications make predictions difficult 
without adequate study. In the case of the Delta, that study was not done until after 
the changes from upstream commercial activities had already impacted the natural 
processes. Scientists expressed their concerns much earlier. In 1971, Professor Bill 
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6 - 12: Alexander 
Mackenzie was a 
partner in the first 
trading post at Fort 
Chipweyan just 
after first contact 
of the First Nations 
with Europeans.

Fuller and others organized a “Peace-Athabasca Delta Symposium” at the University of 
Alberta. Even at that early stage, most of the interacting forces were identified: hydro-
logical complexity, reversing flows, unknown effects of ice, climatic variations, diversity 
of habitats, effects of opposing physical forces on habitat dynamics, the sociological 
dependence on natural processes, and the umbrella effects of legal and jurisdictional 
forces. And government scientists responded promptly. By 1974, the Canadian Wildlife 
Service had published “Landscape classification and plant successional trends: Peace-
Athabasca Delta” that mapped and classified the complexity on the ground that was 

6 - 13: As happened 
throughout
Canada’s north, 
the Hudson 
Bay Company 
introduced the 
commerce of 
bartering as the 
first economic-
political distortion of 
natural processes 
that had significant 
ecosystem effects.
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already changing under the influence of the W. A. C. Bennett Dam. But not until 1993 
was a memorandum of understanding among the First Nations, the Territorial and 
Provincial and Federal governments, completed to clear the way for the “Peace-
Athabasca Technical Studies Final Report” (1996) that promised progress “Towards an 
Ecosystem Management Plan”. Unfortunately, starting repair more than three decades 
after the ecological and sociological impact was delivered means that a lot of 
remediation is required.

 The Peace-Athabasca Delta and all its ecological and sociological dependencies 
were a hydrologically-driven system.  Effects on natural hydrological processes should 
have been the first priority in understanding and predicting downstream effects of a 
dam on a major river. We must ask, was the decision to ignore this clear imperative 
based on engineering and science, or was it a political decision involving cross-border 
effects that would impact only sparsely settled areas? After three decades, the science 
and engineering were allowed to emerge in the 1996 Final Report.

 Just as in other pulsed ecological systems, the natural processes of the Peace-
Athabasca Delta depend on the periodic peaks and troughs in the pulsing force. In 
the Delta, that force was the flow of water in the feeder rivers, in particular, the Peace 
River. The spring peaks in the flow of the Peace sent a wall of water upstream on the 
Slave River reversing the flow between the junction of the Peace and Lake Athabasca. 
That flooding refilled the Delta, including high, perched wetlands, and began another 
cycle of flooding and then drying down.

 Flooding in spring, with its load of nutrient-rich silts, enhanced the “green magic” 
of all the marsh and sedge meadow plants, producing the food base for all else living 
in the area. Drying down, often totally, enhanced the decomposition of the plant matter 
deposited from the spring growth. Removing the water from that organic matter and 
exposing it to the oxygen of the air, often at high temperatures, decomposed the 
organic matter and resupplied nutrients for new plant growth. Otherwise, shallow 
marshes soon would fill with organic matter. This seasonal alternation of wetting and 
drying favours pioneer plants. In the Delta, most pioneer plants are herbaceous, not 
woody, excepting shrubby willows. Pioneer plants are mainly living, growing tissue that 
contributes to the “green magic” production of the plants. Without the pulses of water 
flow, willows and aspens and prairie grasses moved in and turned the shallow wetlands 
into wet prairies. 

 The wood in woody plants has no “green magic”. It lives off the proceeds from 
the parts of the plant that do have the ability to trap new energy. Consequently, part of 
a woody plant actually uses up part of the plant’s production, leaving less to feed plant-
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6 - 14: Fort Chipewyan was the first settlement in Canada outside New France and the Great Lakes 
basin. Its settlement predated the fur trade and resulted from the richness of the Delta, not the 
location of a trading post. 

eaters such as muskrats, moose and wood buffalo. So, in the longer term, the pulsing 
of the system is responsible for stability of the system at a high rate of total production. 
Such ecologically productive systems are able to support humans as part of the 
system.

 Understanding the disruption of natural processes in the Delta by the dam in
British Columbia requires some more interesting details about these pulses in water 
flow. Although the historic peak spring flows in the Peace River reached heights above 
the level of the bottom of the Delta, they did not reach high enough to flood many im-
portant parts of the Delta. These higher areas had “perched’ water tables — ground 
water perched at levels above all the surrounding water levels. Yet the Peace had 
always refilled these perched water tables each spring.

 The trick was ice. Under natural flow regimes, the ice in channels in the Delta 
formed when the water level was at its low winter level. When the flow peaked in 
spring, water pressure under the ice literally exploded the ice upward, forming big ice 
dams. These ice dams caused the water level to rise enough to flood even the highest 
of the perched water tables in the Delta. Recently, the same role of ice dams has been 
recognized as the mechanism enabling annual reflooding of ‘perched’ wetlands in the 
Mackenzie Delta. 
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 More recently, the flows allowed out of the Bennett dam were increased in winter, 
so when the ice formed in the Delta, it did so at the surface of those higher water 
levels. In addition, the regulation of flow at the dam reduced the spring peak flows. 
Combined, these two changes moved the ice higher in the channels, reduced the force 
of the spring flood under the ice and reduced the explosion of the ice by the forces of 
the water under it. This reduced the formation of ice dams in the Delta that historically 
had formed with spring flooding. Lack of ice dams prevented complete flooding of the 
Delta, especially the higher, perched ponds. Consequently, the Delta dries down so 
much in summer that the plant production is reduced. Some plants are replaced by 
other species. The production of all other species, such as muskrats and ducks that 
fed on the “green magic” of the Delta plants was reduced. The impact affected all 
components of the system, including the people of Fort Chipweyan who had integrated 
themselves into that ecological system. In the 1970s attempts were made to relieve 
the water shortage problems by installing weirs to regulate water levels in selected 
areas. These were “band-aid” repairs and many were removed four years after installa-
tion. To more thoroughly relieve the impact of the dam it has been recommended: that 
the Bennett Dam release more water in spring to increase ice-damming in the Delta; 
that artificial ice dams be considered for flooding specific perched basins; that further 
hydrologic modelling of the Peace River watershed be conducted to link releases from 
the Bennett Dam to ice dynamics and to floods in the Delta; and that an integrated 
ecological monitoring program be mounted for the Delta. 

 Apparently there is little hope of restoring the natural processes of the Delta to 
their historic norms. The Bennett Dam, a poorly thought out development project of 
four decades ago, encountered an improved set of national values at the turn of the 
century. We now want to repair the ecosystem but the damage to the natural 
processes of the Peace-Athabasca Delta cannot be fully repaired.

  The Delta was a fully integrated ecosystem, including humans. Our actions and 
poor planning have begun to reduce the power of the most basic natural processes 
and shift that power over to technological interventions that are guided by market forc-
es. The following chapter will look at an ecosystem where almost all natural processes 
have suffered that fate.

1 see “Green Magic” in Discovering Natural Processes: Beauty in Nature’s Ways, by Jeff Amos and 
Gray Merriam, Penumbra Press, Manotick, ON, 2005.
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Image Sources — Chapter 6 

Image       Photographer   Location 

    1        JA  Peace-Athabasca Delta, AB
    2        JA  Peace-Athabasca Delta, AB
    3        JA  Peace-Athabasca Delta, AB
    4        JA  Peace-Athabasca Delta, AB
    5        JA  Peace-Athabasca Delta, AB 
  
    6        JA  Peace-Athabasca Delta, AB
    7        JA  Peace-Athabasca Delta, AB
    8        JA   Peace-Athabasca Delta, AB
    9        GM  Wood Buffalo National Park, AB
  10        JA  Peace-Athabasca Delta, AB

  11        JA  Peace-Athabasca Delta, AB
  12         JA  Fort Chipewyan, AB
  13        JA  Fort Chipewyan, AB
  14        JA   Fort Chipewyan, AB

Maps  Canadian Wildlife Service, Report Series No. 30 1974
  Peace-Athabasca Technical Studies Final Report 1996

JA — copyright Jeff Amos
GM — copyright Gray Merriam
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CHAPTER 7

GREATER GOLDEN HORSESHOE

 Ecosystem is a way of thinking about how an environment is shaped, a way of 
thinking about the forces impinging on the system, about the flows into and out of the 
system, and about the processes transforming one into the other. We can think this 
way about the boreal forest and we can also think this way about Canada’s largest 
metropolitan area. As Toronto grew, it became known as the Greater Toronto Area, or 
the GTA. The interactive area that wrapped around the west end of Lake Ontario was 
known as the Golden Horseshoe. The much larger area that now functions as a 
megalopolis is becoming known as the Greater Golden Horseshoe.

The Greater Golden Horseshoe is included as a ‘special place’ because explaining in 
broad-brush strokes how this ecosystem functions exemplifies how the role of natural processes 
can be almost totally displaced by human-generated forces that do not fully duplicate the natural 
processes. The effects of transboundary economics and politics on the Peace-Athabasca Delta and 
its peoples illustrated an early stage of this replacement. Now, in the Greater Golden Horseshoe 
(the GGH), 

7 - 1: The Greater Golden Horseshoe has expanded around the Niagara peninsula all 
the way to the border. Here, from the Niagara River, we can see to the north across Lake 
Ontario to the skyline of Toronto and suburbs to the east.
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we will see the nearly complete transformation from natural processes to economic, political and policy 
processes governing an environmental system by technological interventions. “Discovering Natural 
Processes”1, the title of our earlier book, is no longer a key to understanding the ecosystems of the 
GGH but recognizing those processes that have fully or partially dislodged  the natural processes may 
be necessary to manage systems such as the GGH.

 The GGH is the most populous urban region in Canada, including, at this writing, 25 municipal 
regions and over 5 million people and expected to add another 2.3 to 
4 million by 2020. The GGH extends from Lake Scugog in the east to Hamilton in the west, north past 
lake Simcoe virtually to Georgian Bay and up the Niagara escarpment to Caledon. The GGH wraps 
around the west end of Lake Ontario to include Hamilton and the Niagara peninsula all the way to the 
USA border at Niagara Falls. 

 First, when thinking about ecosystems, it is important to recognize that the notion of an ecosystem 
is a concept, not a place. It is a system that is ecological. A system with inputs and outputs and internal 
processes converting one into the other. An ecosystem is not a piece of geography. An ecosystem will 
be difficult to analyze unless it is realized that the system may be composed of various components 
scattered in space and in time but all influencing those inputs and outputs and the processes connecting 
them.

 An ecosystem can be at any scale. It can be a single acorn with all the inputs from the oak 
tree, all the forces and all the insects and bacteria and fungi affecting the acorn and all the flows of 
acorn products out into its surroundings. But we could just as well define our ecosystem of interest as 
the whole oak forest, which then would be the whole mosaic of patches of oak scattered across the 
landscape and interacting to keep each other viable. This would be a landscape-scale ecosystem.

7 - 2: Patches of degraded 
land in strategic locations 
are handed to conservation 
agencies such as the 
Toronto Region Conservation 
Authority to remediate and 
protect. 
 But degraded 
behaviour of taxpayers makes 
the task difficult.
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7 - 3: The Rouge River. 
As with many other focal points, 
many citizen’s groups wanted a 
piece of the action and had their 
own agendas for action, adding 
to the difficulties of degraded 
environments and impacting 
behaviour of excessive users.

 Here, for the GGH, we are considering an ecosystem large enough to include a great city, 
intimately connected to  the Great Lakes, with inputs and outputs connecting across a province and 
into other nations. The ecosystem of the GGH is global.

 In this part of southern Ontario, dominated by metropolitan Toronto and the GGH, many people 
are concerned with protecting residual remnants of semi-natural southern Ontario habitats. 

 What are the forces controlling the environment of these remnants under the regime of strong 
economic and demographic development? What controls the ecosystem of this part of southern 
Ontario? The focus of this discussion of the ecosystem of the GGH will be mainly the residual ‘natural’ 
areas and, thus, will clearly 
be a partial view. The GGH is the environment of over 5 million humans and their urban cohabitants. 
We will not investigate many important functions of the human environment in this discussion.
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7 - 4: Nature trails do little for nature when badly used. Politics and funding are among 
the pressures pushing conservation programs and infrastructure increasingly toward 
supplying amenities rather than moving back toward natural or semi-natural systems.

7 - 5: As natural systems become more difficult to achieve, conservation targets 
are lowered. Users adapt and pressures for higher achievements fall away.
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 Large settlements originated for several reasons, such as group protection and ease of 
transport, but there was an ecological-economic reason also. The root of the ecosystem relationships 
of metropolitan areas such as the GGH began in the ancient Sumerian civilization. The fundamental 
interaction was simple. A group of townspeople could specialize as artisans and create goods that 
were needed by the settlers in the surrounding region. That created wealth. The settlers in the 
surrounding region were farmers and stockmen and could provide food to the townspeople. As the 
artisans in town created wealth, money could be substituted for manufactured goods and towns 
could exchange money for food from farmers. An ecological-economic system was set up at the very 
beginning of towns and cities. The rural settlers did the maintenance work on the ecosystem that 
produced food for all and the townspeople paid for that ecosystem maintenance by their creation of 
economic wealth. This fundamental work loop2, linking ecology and economics, still exists and it still 
requires the rural areas to do ecosystem maintenance for the urban centres.

 But the work loop has been extended beyond the simple exchange between the city and its 
rural surroundings. “Outsourcing” now forms trade loops between the GGH and countries scattered 
over the globe. The forces of consumerism in the GGH may be directed by complex political-
economic interactions that are not under the control of the administrators and policies in the GGH. 
Global-scale adjustments would be required to deliver effects in the GGH. 

 When the priorities of business and economics spread into the environment surrounding a 
city, the residual natural habitat becomes fragmented and remnant patches are widely separated. 
We would risk serious misunderstandings if we were to ignore the forces that are crossing into those 
remnants from their surroundings. Even with our best efforts at protecting habitat remnants, forces 
from the ecosystem outside the remnants cross their boundaries and exert critical effects within those 
remnants. 

 The Hutchinson Memorial Forest at Rutgers University in New Jersey was set aside and 
safeguarded more carefully than most remnants. It was a pristine 
60 acre native hardwood forest. It was fenced and entry was carefully controlled. This forest has 
never been cut, never grazed and its last fire was in 1711. Clearly an above-average remnant. Yet 
the Hutchinson Forest was invaded by Norway maple, a European invader, by tree-of-heaven, an 
Asian invader, by Japanese honeysuckle, gypsy moth, and many native species that normally occur 
only in unforested habitats. Even without considering air pollutants, climatic changes and many 
other external forces that undoubtedly crossed its boundaries, it is clear that a much larger-scale 
ecosystem was affecting this carefully secured patch of forest.
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 What are the driving forces of the ecosystem of southern Ontario that contains those remnants 
of natural systems that so many are fighting to preserve? Because the ecosystem of the GGH is part 
of the ecosystem of all of southern Ontario, and of the Great Lakes basin, including the United States, 
we see easily that there will be many forces crossing into and out of all these arbitrarily bounded  
systems. But they are systems. Ask anyone who lives or administers in them and they will list many 
dependencies that interact to form each system.

 So as a means of depicting the ecosystem of the GGH, we might look at the most powerful 
and influential forces affecting the functioning and the future of the ecosystem of southern Ontario. 
Fundamentally, the ecosystem of southern Ontario is driven or powered by a flow-through economic 
system. Consumerism generates the major forces affecting the environment of the GGH, the 
ecological system in which any remnants of natural systems are imbedded.

       CONSUMERISM

Consumerism may be illustrated by its advertising:

“Owner Linda Elfassy’s carefully curated boutique is stocked with all manner of saucy 
covetables. Among them, leather jackets from Alpha Industries (makers of U.S. military 
coats), silk dresses from L.A. line Sweeties, and mini-chalkboard pendants from 
designer D-licious (for the fickle, you can re-doodle your look with every wear)”.

 Toronto Life, February 2007.

 The separable forces generated by the consumer-based economic system include: energy 
flow and conversion, business forces, urbanization, motor travel and transport, farming, and resource 
extraction.

These forces are directed by: land use planning, taxation policy, landowner stewardship, policy 
for groundwater and for surface waters, transportation policy and industrial agricultural policy. All 
these driving forces are shaped by internal,       decision-support systems for: business executives, 
tax policy formulators, municipal planners, transportation engineers, agribusiness executives, 
engineers, construction executives, etc.
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 Technical training, such as engineering or business school, does not equip
graduates to deal with values which, other than the monetary, tend to be interdisciplinary. Rapid 
metropolitan development also is a poor process for developing an interdisciplinary set of values to 
guide technical judgements. Consequently the major forces controlling the environmental system 
of the GGH lack a system-wide set of values when those forces are being generated and are 
taking effect. The technological substitutes for the displaced natural forces lack an integrating force 
comparable to the organizational force of an ecosystem. Global-scale perspective and high level 
abilities for synthesis will be needed.

 Focussing effort and resources on remnant habitat patches is, in essence, arbitrarily selecting 
bits of a much larger ecosystem without paying attention to their surroundings and to the forces 
impinging on them from those surroundings. Conservation management for such remnants becomes 
very similar to gardening or farming. In both, humans try to carry out all the system maintenance 
with much-diminished assistance from natural processes. We contract for all the cultivation, seeding, 
feeding, watering, and outstandingly, all the weeding. Keeping out all those invaders. In natural 
ecosystems, natural processes, sometimes called ecosystem services, do all maintenance work. In 
semi-natural systems, or semi-dominated systems, we try to keep enough natural self-maintenance 
processes functioning so that we can afford to do the remainder of the system maintenance. 

We can easily visualize doing all the maintenance on a single farm field or a small garden and, 
falsely, we extend that notion to very large environmental systems. But we have found repeatedly that 
we cannot do all the work necessary to safeguard the integrity of systems even as large as a small 
town. Water supply and sewage treatment are easy examples. Faced with that difficult realization, 
we must decide between amenities and convenience, on one hand, versus maintaining the natural 
processes for long-term system maintenance, on the other. 

Under duress we commonly sacrifice the natural processes, thus taking on more work that 
we must do if the integrity of the system is to be preserved. There are many easy examples of the 
trade-offs: municipal garbage management is required instead of natural decomposition of wastes; 
transporting milk from afar is required so we can build subdivisions on the traditional dairy farms 
area; a seaway into the centre of the continent enhances trans-Atlantic trade but allows importation 
of exotic species into the Great Lakes. There is much more knowledge about invasive species than is 
being considered or applied.
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 Fundamental ecosystem processes have been displaced by the metropolitan development of 
the Greater Toronto Area, and to a major degree by the entire GGH. Primary food production by the 
“Green Magic”1 of capturing sun energy and storing it as food products is the most basic.

 After World War 2, more than half the dollar value of Canadian agricultural production was 
accomplished in a fifty-mile wide strip between Montréal and Windsor. At the same time, Toronto was 
supplied with all its needed milk products from an area of dairy farms just outside the city, especially 
to the northwest.

7 - 6: Soft fruit production on the Niagara peninsula gives way to high value 
crops of vineyards and greenhouses.

7 - 7: Our diet must change from apples to wine or we must truck in the apples.
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 That area is now the development centred on Brampton and its eastern and western suburbs. 
Milk products must be transported from much farther away, in some cases across provincial and 
national borders. Rather than try to insert some agricultural production into the urban mosaic, as has 
been done extensively in Europe, our consumer economy substitutes excessive transportation for 
detailed planning.

 Similarly, another combination of fundamental natural processes, decomposition and recycling, 
also has been allowed to fail. Wastes generated by the GGH have gained much prominence by 
following the same default — substitution of transportation for a malfunctioning local process. 
The failure of decomposition was more complex than simple spatial displacement. The consumer 
economy at the root of GGH development has steadily distorted the natural process of decomposition 
and recycling by inserting an ever-expanding suite of difficult materials into the waste stream. Many 
come from offshore and many are exported from the GGH as difficult wastes. Where once the waste 
stream was totally decomposable by natural processes into products that could all be recycled into 
nutrient feedstocks for the process of natural production, wastes are now a mix to be feared. Modern 
waste is toxic to the natural processes of decomposition and a source of even more toxic end 
products threatening water, air 
and living things. Again, in some cases, the problem has been shipped elsewhere, as if the recipients 
were not part of our system. Complex wastes, such as electronic gadgets, have been sent to China 
where some component materials can be recycled as feedstocks for industrial production. The 
remaining, nasty, difficult components simply become the problem of the Chinese. Failure of this 
basic natural process has far-reaching effects that expand the decomposition process of the Greater 
Golden Horseshoe to the global scale. 

7 - 8: If food production 
is not sufficiently 
profitable, highly 
productive land 
becomes substrate 
for subdivision 
development. 
This location is near 
the old “Fruitland 
Road”.
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7 - 9: Greenhouse crops must have very high value to afford hi-tech industrial greenhouse 
operations.

 But we adapt. We always do. Economists have pointed out that any environment has a 
capacity to absorb wastes and, until we reach that capacity, we are not getting full economic value out 
of an environment. So we can work right up to that limit. And then what? Invoke new transportation 
policy and a combination of private and public funding to pay the cost and move the garbage out of 
the GGH ecosystem? Wrong. The very act of moving the garbage somewhere puts that place firmly 
into the GGH ecosystem. The chemical or mechanical production of the waste, whether in factory, 
business or home, the costs in resources and the economic costs of handling and treating the waste 
and the severe impacts of the transportation of the waste all must be taken into account. Full-cost 
accounting, including natural capital and all resource costs, would be only prudent. The ecosystem 
will consider all costs whether we do or not.

 After much ‘development’, the question of system-wide forces affecting the environment may 
be raised by politicians such as Ron Kanter3 and David Crombie4.   Later still, citizen’s groups such 
as Ontario Nature5 may take up the questions. The City and provincial agencies responsible for the 
metropolitan area are following those earlier leads in large-scale remediation efforts such as the 
Toronto waterfront revitalization project and the Oak Ridges Moraine project.
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 Remediation efforts try to assume some of the costs of systems maintenance but the system’s 
ecological integrity has been degraded or destroyed completely. Natural processes have been 
functioning poorly or have been eliminated for a long time. Without functional natural processes, the 
actual structures of an ecosystem decay or disappear. System structures such as soils, plant species, 
animal species, habitat furniture such as stumps, snags and topographic features must be brought 
back before remediation can proceed to restoration of vital ecological processes.

7 - 10: “Just in time delivery” rationalizes our actions in allowing transportation policy to 
overpower policies that could protect natural processes that are fundamental to sustainable 
futures.

   CONSERVATION VS AMENITIES

 “It is impossible for urban conservation agencies to separate conservation 

management practices from amenity provision.

 The establishment of self-sustaining aquatic communities will improve environmental 

health on the waterfront. Aquatic habitat restoration will increase aesthetic quality, 

recreational opportunities, public health and safety and the desirability of waterfront spaces, 

acting as catalysts for considerable social and economic benefits.” – TRCA
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7 - 11:  As part of a 
billion-dollar waterfront 
restoration program, a 
shoreline restoration 
project at Port Union has 
protected the lakeshore 
from encroaching 
housing. 
 Residents and 
their dogs clearly 
asserted their ownership 
of this new public park 
before its completion.

7 - 12: Shoreline 
remediation at Port Union 
has replaced scars of 
earlier industrial impacts 
with garden-like shoreline 
designs — this location. 
But further east, new 
industrial impacts are still 
being delivered. 
 How will the new 
‘hardened’ shoreline 
design be adjusted as 
lake levels change?

 As community development grows close to the waterfront in places such as Port Union, 
massive shoreline restoration projects are removing environmental damage left by industry. 
Remediation by the Toronto Region Conservation Authority (TRCA) is ecologically thoughtful but 
clearly also is aimed at providing amenities for the dwellers of the adjacent new housing. Because 
the storm water drainage from earlier, less well-regulated housing cannot be brought to current 
standards, storm water outflows cannot be integrated into the shoreline restoration and must be 
left as outstanding aberrations. Upstream storm drains are an example of the environmental debts 
from the past and demonstrate the impossibility of remediation of some fundamental environmental 
processes. The dog-walkers appeared in this shoreline restoration almost before the sod was down. 
So did the Canada Geese but the value of this remediation of ancient damage to the Lake Ontario 
shoreline awaits future judgement. Adaptation to changing lake levels must be left for the future.
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 Elsewhere along the waterfront, the TRCA is transforming industrial dumping areas at the end 
of the Leslie Street spit, now known as the Tommy Thompson Park. This historical dumping ground 
for dredged and industrial wastes is being rebuilt as lakeshore wetlands. Wetlands are being built 
from scratch on top of an accumulation of industrial wastes, with a long-term view to creating and 
restoring 500 hectares (1235 acres) of marshes. Fill is trucked in to cover the “brown” soils. Tree 
stumps, trunks, brush and many other things are brought in as ‘furniture’ for the de novo marshes. 
Rafts are built for tern nesting sites. Banks are constructed for bank swallow nests. Native plants are 
given a start in what will be a long struggle against the weedy exotics left from the area’s industrial 
past. It is a construction site, yet many tolerant native birds are using it, despite the trucks and 
bulldozers, and devoted TRCA staff are there to guide these hopeful colonists.

7 - 13: This construction 
site is building a 
freshwater marsh on 
top of a retired industrial 
toxic waste dump on the 
Leslie Street spit, now 
becoming the Tommy 
Thompson Park.

7 - 14: ” Stumps 
and logs from new 
housing develop-
ments are used as 
‘furniture’ for wildlife 
in this new marsh. 
The sharp-edged 
earth bank in the 
left background was 
built as a nesting 
site for bank 
swallows. They 
used it in its first 
year!
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 A remediation program in Toronto’s urban High Park illustrates programs started 
by volunteer stewardship. This program is aimed at restoration of natural processes, 
rather than technological supplements substituted for natural maintenance processes. 
With the knowledge from volunteer research that the vegetation community of High 
Park originally was a form of black oak-tall grass savannah, a group of citizens seized 
an opportunity presented by a strike of city works staff. The strike halted grass mowing 
in the park and the volunteers convinced the city that mowing could be permanently 
stopped in most of the park in order to allow some return toward the historic grass and 
oak savannah. The citizens, in co-operation with the City, provided several types of 
remediation in the park, including planting cultivated specimens of the original 
savannah species. They realized that the park could not be an island ecologically. 
Unless a surrounding buffer was provided, aggressive exotic plants, such as garlic 
mustard, would quickly invade the park and their work to restore the oak savannah 
would have less chance of success. They offered additional seeds of the original 
species native to the park to homeowners in a large area surrounding the park and 
encouraged and helped them plant these in their home yards. In a brilliant stroke, they 
educated the surrounding public and increased the buffering capability of the area 
around the park.

 Citizen-city co-operation in restoration of natural processes reached a peak when 
controlled burns were applied to simulate the role of fires in maintaining an oak-grass 
savannah. In a city park!

7 - 15: Supported by the research of a citizen’s group, the City adopted 
management programs to restore the original oak  savannah of High Park.
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7 - 16: With good 
ecological information 
and great care, 
controlled burns are 
being used to foster 
black oak–tall grass 
savannah in a park 
in the core of a city. 
On a provincial or 
broader scale, this 
is a miniscule and 
expensive venture but 
philosophically, it is 
a major change from  
lawn mower parks.

 City stewardship used heavy construction methods to convert the intensively managed 
and human-dominated Grenadier Pond into a less managed wetland. In a process similar to the 
construction of wetlands on the Leslie spit, materials and ‘furniture’ items were bought in to help form 
a designed version of a natural wetland. Remediation was the intent. Naturalizing the tamed pond. 
But the jargon of modern nature management fails to describe the process. Amenities for urbanites 
certainly are gained but eventual results and their importance to the provincial, national and global 
environments await future judgement. 

7 - 17: In Grenadier 
Pond, near backyards of 
too-close houses, logs 
have been added as 
wildlife ‘furniture’. 
Cormorants were 
not the target but our 
restructuring of the Lake 
Ontario fish fauna has 
made them unavoidable 
just like the other ‘native’ 
weeds, the cattails taking 
over the shallows here.
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 Our economic and political desire for trans-Atlantic shipping into inland Great Lakes ports 
of two countries was combined with engineering skills in the 1950s to produce the St. Lawrence 
Seaway. Directly and indirectly that post-war flexing of our technological muscles has almost 
completely restructured the fauna and many natural processes of the Great Lakes. Our piecemeal 
responses have illustrated our human capacity for adapting to changes in our environment that later 
are found to be errors. The introduced exotic fishes of the Great Lakes, such as the Pacific salmon, 
have been turned into commercial enterprises that are so valued economically that they are now 
untouchables — sacred fish. 

 Food fishes and invertebrates at the base of the Great Lakes food chains have been strongly 
affected by the Seaway. A prominent example is the importation of zebra mussels, probably as larvae 
in bilge water, and their subsequent population irruption in the Great Lakes and their spread to many 
inland lakes. Zebra mussels are filter-feeders and their huge populations soon filtered out much of 
the organic particles and live plankton from the water. Many expressed delight with the resulting clear 
blue water. But that clear water could no longer support the food chain that fed walleye and other 
native fishes. Cottagers were left with both fewer walleye and clogged water intakes.

7 - 18: Pacific salmon brought into the Great Lakes by sports fishers have been 
developed into a thriving business. They also have been part of a distortion of 
the fish fauna and the ecology of the lakes that may be irreversible.
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7 - 19: The economic investment and potential of the Pacific salmon fishing 
business in Lake Ontario apparently is given higher value by society than is a 
sustainable set of natural processes in the lake.

 While they filter out particles of organic matter, the zebra mussels also accumulate botulism 
toxin, which is passed along to the round goby, a predator fish that eats the mussels. The zebra 
mussel-eating goby is also an exotic invader from Eurasia. Native diving waterfowl that eat the gobies 
die by the hundreds from the botulism toxin. The invasion of these and several other organisms have 
distorted the fauna and are upsetting the structure of the food chains in the Great Lakes and other 
neighbouring lakes. 
 
 Although usually considered unfortunate accidents of biological geography, in the final analysis 
these events have been caused by our decisions to value economic processes higher than natural 
processes. We are allowing one new exotic species into the Great Lakes each year. We have 
assumed that we were able to take over more and more of the processes necessary to maintain our 
environment in a state that suited us. Repeatedly, we fail to predict the complexities of the outcomes 
of our political-economic decisions. But we adapt easily, with little care for the future.

Outdoor Canada, in its 2007 Fishing Special, published a guide to 79 hotspots for fishing in 
Canada’s cities. For Toronto, eight hotspots were recommended. Carp were the target in three of 
those hotspots, Pacific salmon in three, steelheads in one and brown trout in two. All exotics! Native 
pike got five mentions, perch, bass, crappies and catfish each got one. Once again, we have adapted 
to accept lower quality ecological outcomes and have refused or are unable to make the effort to 
restore the original higher quality environmental features.
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 Carp are invaders brought by settlers from European as ethnic food fishes. They escaped 
and succeeded in many degraded, warm water habitats. Carp have degraded many spawning and 
nursery habitats of native fishes.

 Pacific salmon were brought by sports fishing groups from the Pacific, released, and raised on 
both sides of the Great Lakes. Unfortunately, the introduction was supported and was rationalized on 
the grounds that the salmon would control the burgeoning population of alewife. Alewife is a saltwater 
fish that migrates to freshwater to spawn but they also can survive as landlocked populations in 
fresh water. They entered the Great Lakes through the old Long Sault canals, before the Seaway, 
and moved through the Welland canal to the upper lakes. As long as there was a large lake trout 
population, there was no concern with the alewife. When the lake trout were severely reduced by 
the sea lamprey invading through the Seaway, combined with commercial fishing pressure, huge 
numbers of alewife appeared and exerted both predation and competition pressures on native fishes. 

Conservation agencies together with sports fishing groups followed the oft-repeated mistake 
of seeking other exotic predators, the Pacific salmon species, to control the exotic alewife that had 
invaded earlier. These salmon have taken up the niches of the native lake trout and of the native 
Atlantic salmon, both species that we are now trying to restore to the Great Lakes at great cost. 
Pacific salmon are now running up Great Lakes rivers and streams, attempting to spawn and taking 
over habitat from other native fishes. We drove the Atlantic salmon to virtual extinction in Lake Ontario 
by blocking its spawning streams with small mill dams during our pioneer phase of development. 
Now, some believe, we have a prosperous, and untouchable, alewife-Pacific salmon industry. The 
final irony is that alewife tissue contains an unusual concentration of the enzyme thiaminase which 
destroys the endocrine thiamine. Thiamine reduces Pacific salmon reproduction and by feeding 
so heavily on alewife, salmon suppress their own reproduction. So this constructed exotic-exotic, 
alewife-salmon combination is self-sterilizing! Pacific salmon populations in the Great Lakes are 
maintained only by constant re-stocking.

Sports fishers brought brown trout from Europe because our stewardship of the native brook 
trout habitat failed. Brown trout tolerated degraded habitats better than brook trout. The brown trout 
grew to larger size more quickly in the warmer and less pure waters with lower oxygen content and 
they could be found oftener and in more places than the declining native brook trout. A favourite place 
to fish for large brown trout is in the warm water outlets of the cooling towers of electricity generators 
along Lake Ontario in the shadow of Toronto.
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Steelhead are sea-run rainbow trout from the Pacific coast. In their native habitat they run 
up rivers from the sea to spawn. After transplanting, again on both sides of the Great Lakes, they 
adapted to do without the sea and still run up the rivers to attempt to spawn. We adapted to the 
steelheads taking over habitat from our native trout. Political pressures of anglers even convinced 
the government to produce hatchery-raised steelheads to maintain the Great Lakes population. Now, 
steelheads are the basis for a small industry as fishers from the GGH elbow each other for spots to 
stand in the rivers where the steelheads run each spring. 

7 - 20: Steelhead also 
were planted by sports 
fishers and these exotic 
fish have adapted to 
degraded streams that 
the native speckled 
trout cannot tolerate. 
Steelhead runs are 
widespread and 
common in the 
degraded streams of 
urban and industrial 
areas.

7-21: Duffins Creek. 
Steelhead habitat.
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As long as a flow through the economy seems evident and is politically supported, no one 
insists on a cost-benefit analysis of the taxpayers’ supplements for something such as the steelhead 
or the Pacific salmon industries. A full-cost accounting would need to include more than just business 
income versus the public costs of maintaining these businesses. Full-cost accounting would also 
include the other costs of maintaining environmental processes that once were accomplished by no-
cost natural processes but now must be accomplished with considerable technological cost. A full-
cost accounting would evaluate the reduction or loss of native species. How can we put a value on a 
native species or a natural process? 

As realization of the difficulties caused by the degradation or elimination of natural processes 
from the environment spreads, some remediation programs are starting to replace band-aid 
conservation management. An example is the cooperative program of the Ontario Ministry of Natural 
Resources with the Toronto Region Conservation Authority to remove the barrier effects of dams 
along the Humber River on fishes trying to ascend the river to spawn. Outright removal of dams is 
prevented by historic dependencies on the dams for power, for water, for property maintenance and 
for aesthetics. 

7 - 22: Every dam on the Humber River has been modified to allow fish to move 
upstream. The first dam on the Humber has been ‘notched’ although the high water here 
hides the notch. At the far shore, there is a trap to remove the lampreys and prevent their 
upstream movement.
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7 - 23: Targets of the fish laddering of the dams on the Humber River were 
mainly imported exotics.

 Instead, dams are modified to allow ascent by fish. Some modifications allow movement by 
fish that can jump low barriers, others also allow non-jumping species to move upstream. Along with 
historic economic dependencies on the dams, their role in preventing upstream access by lampreys, 
and the modifications of the water runoff patterns by landscape changes in the watershed are 
additional constraints that prevent full restoration of natural processes and species relationships.

 A great deal of money is being spent on projects with the stated objective of 
environmental remediation in GGH. In terms of budgetary planning for provincial 
conservation of ecological systems, it is fair to ask: could we accomplish more if those 
funds were used outside the GGH for conservation of ecological systems that are not 
so severely degraded? Where could we gain the most in ecological terms? 

 In terms of planning models, would it make more sense to give up on natural 
processes and natural structures in the GGH, devote the GGH to accommodating a 
consumer-driven economic unit, and do our farming and our nature conservation in 
other regions? The Netherlands has given serious consideration to this model. 
Residents of the GGH would need to travel to a “nature region” to obtain their nature-
related amenities. Dog walking, and city parks would have to be removed from the list 
of “environmental expenditures” and funded for what they really are — amenities for 
urban dwellers. 
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Remembering that a fundamental reason for the GGH and other Canadian urban 
developments is the creation of economic wealth, we must look at economic relationships to 
get a complete picture of the ecosystem of southern Ontario. Earlier we saw how the exchange 
of manufactured goods and services for food and rural services was a foundation for urban 
development. That relationship is now considered to be mature and sophisticated. How is it working? 
Commonly, to answer that question we look at an index such as the Gross Domestic Product. But 
the GDP is a poor indicator of ecosystem functioning and gives a distorted view of the health of the 
economic system.6 Distorted because the economic flows that are totalled to calculate the GDP 
include all the expenditures caused by degradation of both the ecological and the sociological 
systems. For example, all the security and human costs resulting from 9/11 were added into the GDP, 
raising it and therefore, indicating that the economic system became healthier. 

 Similarly, all the costs of conservation management and environmental remediation are 
added in, saying that the need for them is a good thing. Toronto’s waterfront revitalization will add 
over one billion dollars to the GDP. Yet this is all repairs of past mistakes. To evaluate the real, net, 
economic gain from a city, we need full cost accounting where costs caused by damage and negative 
effects are subtracted and only economic flows caused by positive actions are added in. 

7 - 24: This dam on the upper Humber at Palgrave required a spiral by-pass fish ladder. 
Mark Heaton of the Ontario Ministry of Natural Resources devised several low-cost designs 
for fish ladders on the Humber.
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 To do such an assessment would require placing values on the natural wealth7  as well as the 
economic wealth. Assigning monetary value to natural wealth is one way. But how well can we do 
that? How can we put dollar values on all the benefits that urban dwellers need and receive from the 
natural wealth of the region surrounding their city and from their city’s entire ecosystem? 

 It is simple for something such as cottage real estate and associated spending. But how can 
we assess the real total value of a drive in the region to enjoy the coloured leaves of autumn? Even 
more subtle, how can we put monetary value on the utility for an urban dweller of simply knowing 
that woods and waterfalls and other natural wealth is still out there and provides periodic spiritual 
alternatives to the norms of high-density urban living? To assume that we can put a monetary 
value on every kind of wealth, including spiritual renewal, seems a poor bet. But to pretend that 
natural wealth has no value in assessing the health of our economic system is to accept even more 
completely the processes that are displacing the natural processes in the ecosystem of southern 
Ontario. The citizens of the GGH, of other urban ecosystems and Canadians in general need to 
consider which forces they wish to allow to control our urban ecosystems and spread beyond. 
Rather than allowing changes that do not consider consequences to the functioning of our urban 
environments, the effects of all proposed changes to system forces should be articulated in terms of 
ecosystem processes and subjected to critical decisions. 

7 - 25: The Oak Ridges Moraine and the Niagara Escarpment, coming together here, are 
provincial-scale landforms that shadow the area of the Greater Golden Horseshoe.
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7 - 26: Watershed boundaries such as the Oak Ridges Moraine and the Niagara Escarpment are 
boundaries only for surface water flow. They are permeable to people and can be assumed to 
have production of amenities as a primary function. This may not be good land stewardship.

This brief essay cannot discuss all the characteristics of the current urban ecosystem of the 
GGH. As mentioned earlier, for this and any other ecosystem, the system boundary is arbitrarily set 
according to the task at hand. Boundaries for the GGH ecosystem could be set at the limits of the 
metropolitan area, at the boundaries of southern Ontario, somewhere in the lake states to include 
the Michigan garbage dump, or large enough to include the sources of winter strawberries and 
citrus. Ultimately the sun must be included because it is the source of energy for the production of all 
foodstuffs eaten in the GGH. There is an easy experiment to illustrate the fact that the GGH depends 
on its surroundings for ecosystem services. Imagine dropping a huge, transparent plastic bowl over 
the GGH to seal it up. How long would it take before the observers, looking in from outside, would see 
ecological, economic and sociological chaos within? What would go amiss first — garbage, air quality, 
water quality, sewage or lack of food?

 The dependence of human settlements on ecological services from their supporting 
ecosystems has been evaluated by a method called “ecological footprinting”. This approach was 
pioneered at the University of British Columbia by Professor Bill Rees and his colleague and student, 
Mathis Wackernagel. Human ecological footprinting is the opposite of the plastic bowl experiment. 
Footprinting looks at how much a human settlement, or a nation, requires in goods and services from 
the ecological productivity of all sources anywhere on earth. 
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7 - 27: This promontory of the Niagara Escarpment near Speyside was named ‘Rattlesnake 
Point’ because Massasauga rattlesnakes could be found here. They could be found along the 
escarpment from here to Terra Cotta.
 But no longer.

Currently, in any year, humans use more ecological products, such as food, and ecological 
services, such as cleaning the air, than can be provided by all the ecologically productive areas on 
earth in a year. Our rates of use of ecological goods and services require the productive capacity of 
more than one earth. 

It would require all the ecologically productive capacity of 1.2 planet earths to satisfy current 
human consumption of ecological goods and services. Projections indicate that by 2015 we will need 
1.6 planets8. How can that be? There is only one earth! We must be living beyond our ecological 
means. Beyond our means and well beyond the means of many of the other species that share this 
planet.

We are temporarily able to live beyond our means by using up our ‘’natural capital” 7. Rather 
than just taking the harvestable production, such as the wood produced annually by a forest, we are 
taking the whole forest and eliminating all future annual wood production from that forest. Rather than 
taking just the sustainable harvest from ocean fishes, we are taking the breeding stock and fisheries 
are failing. Because there is no substitute for the natural process that we have called “green magic” 
there is an absolute limit to what our ecosystems can produce. Continuing to increase our demands 
for ecosystem products and services, beyond the capability of our ecosystems to meet those 
demands, can only result in destruction of our natural capital. It is comparable to a manufacturer 
destroying his own factory. 
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7 - 28: Human impacts on Rattlesnake Point and similar landforms have been light relative to 
most other areas surrounding the GGH. But every house in the woods, with a family, cars and 
their dogs and cats, reduces the quality of the habitat for many wild species and increases the 
probability of invasion by ‘weedy’ exotic species.

 Under global pressures, Canada’s relatively young economy has been 
changing rapidly. Within memory for many, the limitation on our economy was 
from lack of human-made capital, such as factories and transport systems, but 
no longer.9 Herman Daly, a pioneer in new economic thinking, noted that the glo-
bal economy “… has passed from an era in which manmade capital represented 
the limiting factor in economic development (an ‘empty’ world) to an era in which 
increasingly scarce natural capital has taken its place (a ‘full’ world).”10 Daly’s 
insight makes clear that not only are there ecological dangers in 
continuing to erode our natural capital, such as our forests and our fisheries, 
but also, reductions in our natural capital are now the main limiting factor in our 
economic future.  

Canadians do better than most; our individual demands are nearly as high as anyone 
else but our land offers more ecological productivity. The amount of ecologically productive 
area needed to fill each Canadian’s  demands for ecological goods and services has been 
calculated. So has the total ecologically productive area in Canada. By dividing the area we 
each need into the total ecologically productive area that Canada supplies, we find that we 
use only 0.53 to 0.90 of what our land can produce. But note that our personal behaviour, as 
consumers, has not given this advantage. Only the size of our country and the richness our 
heritage of natural wealth has dictated the favourable index for our ecological footprint.
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For comparison, our neighbours in the USA use from 1.31 to 3.24 times the ecological 
productivity their land. However, projections indicate that Canadian demands will more than double 
our ecological footprint by 20158. That increase in demand for global resources will be driven mainly 
by the product of the increasing number of households multiplied by level of affluence. GDP is a 
measure of that affluence. Consumerism is a result of that affluence. Some would argue the inverse; 
that affluence results from consumerism. No matter, consumption is the deadly fate for our resource 
supplies. And degree of affluence must be sustainable to be an advantage.

That imbalance between the demand and the supply of ecological goods and services will 
be reflected by the ecosystem of the GGH. Because fundamental natural processes such as food 
production by green plants, and decomposition, recycling of wastes, cleaning of air and supplying 
clean water are being undervalued and displaced from the GGH, they will be increasingly moved 
away from the population centre. Transport and other technological supplements will be substituted 
for locally functioning natural processes. The GGH will reach further to fill its needs for ecological 
goods and services. But the total global ecological capacity is incapable of filling those needs; by 
2015 we will need almost two planets. Simply modifying the GGH ecosystem by global expansion 
to claim the ecological productivity of other nations by monetary exchange will not save us. Global 
expansion of the ecological supply lines of the GGH will reduce the ecological productivity of the only 
earth that we will have.

The ecosystem of the GGH is global and is governed mainly by economic and political driving 
forces that are dictated by our personal and societal behaviour, primarily affluent consumerism. 
Realizing that economic and political processes in the ecosystem of the GGH have overpowered 
natural processes is the first step toward thoughtful reconsideration of our relationships to our 
environmental support system.
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Image Sources — Chapter 7 * 
  
Image Photographer   Location

    1   GM  Queenston Heights
    2   GM  Rouge River Park
    3   GM  Rouge River
    4   GM  Rouge River
    5   GM  Rouge River valley

    6   GM  Niagara Peninsula
    7   GM  Niagara Peninsula
    8   GM  Niagara Peninsula
    9   GM  Niagara Peninsula
  10   GM  Milton

  11   GM  Port Union
  12   GM  Port Union
  13   GM  Tommy Thompson Park
  14   GM  Tommy Thompson Park
  15   GM  High Park

  16   GM  High Park
  17   GM  High Park
  18   GM  Port Credit
  19   GM  Port Credit
  20   GM  Port Hope

  21   GM  Duffin’s Creek
  22   GM  Humber River, Toronto
  23   GM  Humber River, Toronto
  24   GM  Humber River, Palgrave
  25   GM  Mono

  26   GM  Mono
  26   GM  Rattlesnake Point
  27   GM  Rattlesnake Point

 * All images from Ontario

GM — copyright Gray Merriam



194



195

NATURALLY RICH
 Depicting the ecological functioning and the natural wealth of every one of Canada’s special 
places is not possible. Our natural riches are just too great. We all should be most thankful.

 What we have tried to do here is to touch on some highlights of a few “Special Places”. Using 
the few fundamental natural processes from our earlier book1  we have assembled a basic view of 
how natural processes come together to make these selected places function as whole environments. 
Many aspects have been left out, so none of the accounts is intended to be comprehensive. Instead, 
we hope that each has given you a grasp of how that place works as an ecological system and how 
human values and activities influence that working.
 
 Natural processes function to support natural structures, the visible riches of our natural 
wealth. The photographs embody our views of the beauty displayed by that natural wealth. Perception 
of natural beauty, like any other aesthetic perception, is a personal interpretation. We hope that you 
have used your own perceptive filter to interpret our images in your intimate way. In addition to the 
beauty of visible structures, we also hope that you may have discovered the beauty in the underlying 
processes that produced and continue to support those visible features.  

 You probably have wondered about the several geographic scales that we have used to 
describe a “place”. Our ecosystem is global and, in fact, because the sun must be included, is 
galactic. Ecologically, any smaller “place” is arbitrary. So the Boreal Forest is a reasonable unit of 
environment. So is the Crown of the Continent and so is the Bay of Fundy. Smaller places lose some 
simplicity because they require accounting for many, many forces and flows crossing into and out 
of them. It is worth remembering that characteristic of small fragments of environments. Their great 
length of edge puts at risk the system in their small core simply because so many outside forces are 
constantly crossing their borders. Safeguarding fragments defends only one fragment at a time, not 
the whole landscape.

 We hope that you will apply your own experiential knowledge to distil such considerations from 
our brief introductions to these Special Places. But our main purpose is simply to raise the value that 
we Canadians place on our heritage of numerous, large areas of natural wealth. Canada has perhaps 
the greatest amount of natural capital of any nation and if we allow our capital to be fatally eroded, we 
shall be most unwise. 

1Amos, Jeff and Gray Merriam, Discovering Natural Processes, Penumbra Press, Manotick, 2005
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