
ENVIRONMENT 

MANAGING ENVIRONMENTAL 
UNCERTAINTY 
Henry T. Epp 

2 Candle Terrace SW, Calgary, AB, T2W 6G7; E-mail: <htepp@shaw.ca> 

Introduction 
Environmental management is a 

rapidly advancing application of science, 
especially ecology. In recent years, the 
science of uncertainty has begun to have 
important implications for environmental 
management practices, especially in a 
place with as much development and 
as many ecological tension zones as 
there are in western Canada. A read of 
recent literature on the potential effects 
of an expanding human population and 
technology on global climate is enough 
to convince even the most sceptical that 
uncertainty is very real in nature, and 
that it is of concern to individuals and 
administrations everywhere. 

What are some of the environmental 
uncertainties in Canada’s prairie provinces, 
viz. Manitoba, Saskatchewan, and Alberta? 
First, the amount of annual precipitation in 
the southern half of these provinces is less 
than in other parts of Canada, and it is also 
less certain.1 Droughts and floods occur 
at unpredictable intervals. Next, ecotones 
between major ecosystems are places of 
even more uncertainty due to potential 
boundary relocation. Human activity also 
is a great contributor to uncertainty as 
development proceeds northward and 
changes continually in already developed 
areas. Finally, the spectre of long-term 
climate change causes further uncertainty 
within already existing uncertainties.2 

In this paper, I address the nature of 
uncertainty in the environment, apply this 

to Canada’s prairie provinces, and suggest 
ways in which society can continue to use 
resources and adapt itself to inherently 
uncertain ecological processes without 
destroying them. 

Role of Uncertainty in Nature 
The noted ecologist and historian 

of ecology Frank Benjamin Golley3 
agrees with Daniel Simberloff4 that 
“ecological systems are stochastic and 
indeterminate...and that the history of 
science is a dialectical opposition between 
determinism and indeterminism.” This 
comment represents a change in life view 
assumptions that has affected science in 
the latter years of the twentieth century, 
namely, the recognition of uncertainty 
as an important constituent of natural 
processes, and the search for the role 
of uncertainty in these processes. The 
new approach has added to the search 
for regularities or certainties in nature 
fitting into the assumption that we could 
eventually know everything about nature 
and then be able to predict events with 
accuracy, and even control them to our 
human benefit.5 This old assumption fits 
neatly with the also old belief that nature 
consists of natural resources, which exist 
primarily for our human benefit, and all that 
we have to do is to find them and exploit 
them.6-7 Now we know better, and we are 
beginning to shed some of our past hubris 
regarding nature, our view of which has led 
us to make it less predictable even while 
we have been trying to increase resource 

predictability. 

154 Blue Jay 



Eastern parkland, Cook’s Creek, southeastern Manitoba. Henry Epp 

The acknowledgment and study of 
uncertainty in nature did not arise suddenly, 
but grew gradually as the twentieth 
century progressed. The ecosystem 
concept in ecology helped steer the 
thoughts of biologists to the need to 
incorporate uncertainty into explanations 
and predictions, as it became necessary 
to factor in the intuitively unpredictable 
weather and climate influences.3'8 9 Older 
ecosystem models focused on ecological 
succession and thermodynamics, the 
ultimate state being energy equilibrium, 
a continual recycling of energy. Newer 
models incorporate the role of uncertainty 
in process operations.7 

A brief definition of the ecosystem 
concept is in order. The comprehensive 
definition by Higashi and Burns10 
incorporates Odum’s8 older definition: 
an “ecosystem is a physical entity: 
a dynamical system consisting of a 
biological entity, typically a regional 
biota (community), together with the 
environment.” This definition requires 
further definition of what a system 
is and, especially, what a dynamical 
system is. Simply put, a system is a set 
of relationships among objects and their 
attributes within their environment.11 A 

system, then, is a discrete and active entity 
in which complex actions take place, an 
entity that is more than the sum of its parts, 
a synergism. A dynamical system is one 
in which no system state is ever exactly 
like the one preceding it, meaning that 
it is subject to continual and permanent 
change. The identification of permanent 
change as inherent in an ecosystem 
leads logically to identifying the role of 
uncertainty in ecosystems. Ecosystems 
tend not to behave dynamically most 
of the time. Usually, an ecosystem 
behaves as an adaptive system, which 
adjusts or adapts its functions to return 
to normal near equilibrium following minor 
disturbance. Dynamical, non-repetitive 
changes usually do not occur until the no¬ 
return process threshold in disturbance 
tolerance is exceeded in any specific 
instance. This ecosystem trait makes 
identification of tolerance thresholds very 
important in ecosystem management. 

The uncertainty in ecosystems is rooted 
in the uncertainty inherent in all physical 
and chemical systems. Uncertainty was 
of no small concern to physics during 
the first half of the twentieth century as 
physicists struggled to cope with quantum 
theory.12 During the 1960s, the study of 
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uncertainty received a huge boost by the 
discovery of rules of unpredictability in 
climate by Edward Lorenz,13 which later 
became the basis for chaos-complexity 
theory.14 After a brief time in the media 
limelight, chaos theory settled back into 
being part of a more comprehensive self¬ 
organization theory.15 

How do systems subject to self¬ 
organization influences actually work? 
Complex systems have parameters, a 
condition in our universe which is not 
yet at entropy, the ultimate random 
equilibrium predicted by the second law 
of thermodynamics.12 “Parameters are 
functions of the distribution generating the 
data,”16 causing non-random clumping of 
information in a system not at entropy. The 
answer lies in the strange form of certainty 
that is always present in uncertainty. 
No system falls from organization into 
total disarray. Rather, there is always an 
ordered process leading to disorder, at 
which time potentially new system orders 
appear in profusion, and then there is 
an orderly return to order. Only one or a 
few of these potentials can survive after 
the others are out-competed, and then it 

arises from the mess as a new system 
order, self-organization. The new order, 
however, is never entirely predictable 
from the state of the old order. 

Ecosystems are subject to the 
rules of self-organization as are other 
systems, and the lesson to environmental 
management here is twofold: (1) the 
change process is evolutionary, due 
to a natural, undirected, selection from 
possibilities, so that once a selection has 
occurred, there is no turning back; (2) 
maintenance of order in an ecosystem 
is underlain by the disorder that always 
lies in the background, causing variation, 
providing uncertainty a very important 
role in ecosystem maintenance as it 
generates new system orders from which 
selection from among new possibilities 
then proceeds in an environment that 
restricts possibilities due to parameters 
or boundaries. Hence, ecosystems are 
non-linear systems, seldom in complete 
equilibrium.717 

Non-linear systems are never quite 
balanced. This fact may surprise those 
who are used to thinking of a wilderness 

Foothills, Elbow River, southwestern Alberta. Henry Epp 
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environment as being in balance 
(the “balance of nature”). Balance or 
equilibrium does occur, but it is always 
unstable and subject to disequilibrium 
upon disturbance. Permanent change or 
evolution would not occur at all or proceed 
exceedingly slowly in a permanently 
balanced ecosystem. The well known 
evolutionary speed race between the 
cheetah and the gazelle, for example, 
would cease if the balance between the 
two species was stable over a long period 
of time. 

Having established that uncertainty 
is ubiquitous in nature, and that it 
contributes to variation in ecosystems by 
enabling potentially new system orders, 
an important function of uncertainty 
in an ecosystem, then, is to improve 
the certainty of recovery given serious 
disruption. This sounds contradictory, that 
uncertainty underlies certainty, but the 
concept is central to self-organization. 

Environmental Management 
Implications 

Aprominent environmental management 
assumption holds that it is important to 
maintain ecosystem processes, thereby 
maintaining ecological integrity.17-19 Yet, 
conserving processes is not the same 
as maintaining an ecological status 
quo. Ecosystem change is normal and 
natural and to be expected, but unusually 
severe disturbance can push processes 
over the edge of recovery and trigger a 
chaotic interval, following which there 
may be re-establishment of order, but 
the new order will not be predictable. 
Processes have thresholds of tolerance 
of disturbance, and identifying these is 
useful to ecosystem management. An 
example of where a process threshold 
is important is a place where ungulate 
populations are regulated by predators, 
as is the case in the Ngorongoro crater in 
Tanzania, where several predator species 
prey on ungulates.20 The predators 

include lions, spotted hyenas, leopards, 
cheetahs, and wild dogs. Removing one 
predatory species would be unlikely to 
cause huge increases in prey populations, 
but removing them all certainly would do 
so. Obviously, removing predator species 
one by one eventually would result in 
exceeding a tipping point or threshold, 
and prey population regulation would 
cease. North American equivalents to 
Ngorongoro involving a suite of large 
mammalian predators no longer exist, 
due to massive human interference with 
predator-prey relationships. 

Not all ecological processes include 
regulatory or balancing actions. An 
example of an ecosystem in which 
ungulate populations are not regulated 
by predators is one in which annual 
migration events occur.20 The Serengeti- 
Mara ecosystem in Kenya and Tanzania 
is one such case, another is the tundra- 
taiga ecosystem in northern Canada 
with its migratory caribou populations, 
and a third is the former North American 
plains ecosystem with its migrant bison 
herds.20-22 In all of these ecosystems, 
ungulates are or were not regulated by 
predators, but by food supply or other 
influences.20 

Why do migratory prey populations 
tend to elude regulation by predators? 
The answer is simple enough, explained 
thoroughly by Fryxell et al.20 Migrant 
ungulates are either non-territorial or 
only partially so, but most predators are 
territorial, with individuals capable of 
only very limited travel beyond defended 
territories. This means that at least once 
a year, for months on end, most predators 
are limited to resident prey. These 
residents tend to be either territorial, 
dispersed over their terrain, not clumped, 
or resident populations of non-territorial 
species; while the latter do exist, they 
are unlikely to comprise more than 10% 
of the total population of a species in 
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a defined ecosystem.20 Hence, most 
predator populations are limited to those 
that are able to survive on resident 
prey, leaving the migrant prey to swarm 
outside of regulation by predation. This 
information is very important to game 
managers, as migrant populations are 
capable of sustaining a much higher 
human harvest rate than are residents. 
A difficulty with management, however, 
is that prey populations that are not 
regulated by predators are subject to 
greater unpredictable fluctuations in 
numbers than are regulated populations, 
so that human harvest can never be 
consistent over long time stretches. 
Migratory caribou are notoriously subject 
to such population fluctuations.23 

The biological literature links 
uninterrupted functioning of ecological 
processes with maintenance of 
biodiversity.24 25 Hence, the environmental 
management literature is full of the virtues 
of biodiversity. Managers frequently 
actively seek out for protection those 
parts of ecosystems with the greatest 
biological variability. Why? The answer 
lies in that those parts of ecosystems 
with the highest levels of variability often 
are the least severely affected by outside 
disturbances, including human activities. 
Ecological processes and ecosystems 
with high levels of variability tend to be 
more resilient to outside disturbance than 
are those with low levels of variability.24 26 
However, recent research in Switzerland 
indicates that this is not a rule that 
applies to all ecological processes 
equally, specifically plant growth reaction 
to drought.27 Contrary to expectations, 
“species-poor systems” may be more 
resilient to drought than are “species-rich 
systems.” Yet, even more recent research 
in aquatic ecosystems has shown that 
habitat or spatial heterogeneity and 
“disturbance regimes” are important 
ecological characteristics that contribute 
to system resilience.28 This situation 

holds true especially in ecosystems with 
predator-prey processes, which were not 
included in the Swiss research. 

Clearly, ecological diversity contributes 
to resilience to disturbance, even if 
predictability of such resilience is less 
than 100%. Complicating matters, 
disturbance also contributes to the very 
diversity which provides resilience to it.29 
Recognizing such interconnectivity of 
processes is important to environmental 
managers striving to maintain ecosystem 
processes. 

Also important to environmental 
management is the fact that ecosystems 
normally operate as adaptive systems 
as defined by Harvey,11 not as dynamical 
systems, returning to more or less the 
original state of operation following 
recovery from minor disturbances. 
Recovery from disturbance is an old 
ecological theme, involving succession 
and energy transfers.7 Ecological process 
thresholds are important here; if a 
threshold is exceeded by a disturbance, 
dynamical activity may ensue, with 
uncertainty ruling.30 The only certainty 
then is that a new system order will 
eventually re-establish itself, but 
its nature will be unpredictable. No 
environmental management organization 
desires to cope with the unpredictability 
of an ecosystem gone dynamical. A 
diverse ecosystem has more potential 
system process pathways upon which 
natural selection acts once process 
thresholds are exceeded, than does a 
monoculture ecosystem, for example. 
Ecological collapse of monocultures is 
an ever present agricultural management 
problem,31 an event much less likely to 
occur in varied ecosystems. Hence the 
management emphasis tends to be on 
maintaining biodiversity. 

Interestingly, it is not ecological 
equilibrium that generates the biodiversity 
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needed to maintain that very equilibrium, 
but disturbance and heterogeneity. 
A management implication is almost 
counterintuitive, that ecosystems should 
not be protected from all disturbances. 
Uncertainty science teaches us that if 
the equilibrium-disturbance threshold 
is exceeded, the ecosystem will enter a 
chaotic interval which severely reduces 
predictability of outcome. The answer 
is to maintain some disturbance but 
not so much that it exceeds process 
thresholds. Human disturbances should 
emulate natural ones, which tend to 
be sporadic, not continual, usually 
not exceeding tolerance thresholds. 
Resilience lies partly in the uncertainty 
of natural disturbances, and less so in 
the certainty of either continuous human 
disturbance or protection from outside 
influences. Research to establish process 
thresholds is therefore essential. 

How can we maintain biodiversity 
in the face of increasing development 
pressures? A common approach is to 
seek out for protection the most diverse 
areas, i.e., ecosystems ‘hot spots.32 
These need to be protected from intensive 
development, allowing some human 
activities in the least diverse areas. The 
population of any particular species within 
an ecosystem is not distributed uniformly 
over its habitat. Ecologists identify 
‘source’ and ‘sink’ habitats.33 34 A source 
habitat is the area in which the ecological 
niche of the species is at its best, enabling 
potential population gain. A sink habitat 
is an area occupied by a species, but in 
which the ecological niche is poor enough 
so that there is overall loss in numbers. 
This means that specific populations in 
sink areas are maintained only when 
there is overflow from source areas. 

Source and sink effects create a 
difficulty for the environmental manager. 
The most biologically diverse areas 
frequently are ecotones, the zones of 

overlap between major ecosystems or 
ecozones. In the prairie provinces, the 
most important ecotone is the aspen 
parkland, the border zone between the 
prairie grasslands to the south and the 
boreal forest to the north.3536 Both boreal 
forest and prairie species spill over 
into this ecotone from their respective 
ecozones. This creates an edge effect, 
a zone of high species diversity.8'3337 
While ecological edges are places of 
high biodiversity, this fact can create a 
false confidence in promoting such places 
for preservation in lieu of protecting 
less diverse source areas. Not all, even 
carefully researched, environmental 
management recommendations and 
plans recognize this management 
conundrum. While complex ecosystems 
tend to be more resilient to disturbance 
than simpler ones, it is more hubris than 
ecological science to promote edge areas 
for protection to the exclusion of core 
source environments. Protecting sink 
habitats alone hints at a false confidence 
in maintaining biodiversity. In any edge 
area, a slight climatic change will favour 
one ecosystem over the other, worsening 
the source effect for the species of the 
receding ecosystem, an uncertainty 
that is certain. Yet it is also important 
to protect the areas of uncertainty 
because the secret of sound ecosystem 
management is not to maintain stability 
or balance, but to maintain resilience. 
Resilience relies on the presence of 
variation, which itself is supported by 
the presence of uncertainty. Hence, 
while biodiversity is an overall guide 
to what needs protection, maintaining 
ecological process stability requires 
a judicious choice of diverse areas in 
both source habitats and ecotones. 
Moreover, equally important to attain 
this end is a variable protection plan, 
one that continually identifies sensitive 
and resilient areas as they change with 
climatic variance and human disturbance. 
The plan then moves to protect the 
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parts of ecosystems required for overall 
process maintenance, which is underlain 
by resilience. Clearly, some sites should 
be protected permanently, but large areas 
change quickly enough that different parts 
may need to be protected at different 
times. Environmental management 
needs to adjust its methods to ecosystem 
process changes in any particular place 
under such management. Holling has 
called this “adaptive management”.38 

Loci of Uncertainty in Prairie 
Environments 

Environmental uncertainties can be 
classified according to whether they are 
natural or anthropogenic (human-caused) 
in origin. Environmental uncertainty has 
three major effects on ecosystems: (1) 
increased genetic and process variation, 
enhancing resilience to disturbance, 
(2) instances of disequilibrium, such 
as population swarms, and sudden 
population losses in some species, 
and (3) zonal boundary shifts due to 
climate change. While all of these effects 
can be considered neutral in a natural 
ecosystem, humans alter ecosystems 
to ensure certainty of resources for 
themselves. Human-caused uncertainties 
can influence all three effects, so that 
excessive resource use is likely to 
push uncertainties over their resilience 
thresholds and cause further, often 
uncontrollable, uncertainties. This 
has already happened in the prairie 
grasslands ecosystem, where cultivation 
and overgrazing exceeded the process 
thresholds long ago. The dominant 
agricultural ecosystem that has replaced 
the natural one has become fairly stable 
as technology has improved, but its 
resilience remains very shaky and is 
easily upset by droughts, pest swarms, 
loss of genetic variability, and continued 
nutrient depletion.39 Actions to increase 
the certainty of economic gains have 
created new uncertainties that scientists 
have not altogether learned how to 

cope with, at least not when climatic 
uncertainties increase. The story of the 
destruction of the original grasslands 
ecosystem in western Canada and its 
agricultural replacement is well known,19 
and will not be discussed here. 

The aspen parkland ecotone has fared 
no better than the grasslands with regard 
to agricultural development,35 except that 
aspen stands remain fairly abundant 
over most of the range. The boreal 
forest to the north has not yet fared as 
badly as the grasslands and parklands, 
but clearcutting remains an important 
economic pursuit. The saving grace to 
date has been regulation by governments 
to restrict the size and shape of clearcuts, 
so that at least a rough simulation of 
natural fire disruption has been attained, 
although not everywhere.40 

During the last years of the twentieth 
century and the first few years of the 
twenty-first century, an ecologically 
disruptive force that has received the 
most public attention has been the 
potential of climate change, viz. global 
warming caused by anthropogenic 
release of greenhouse gases. The 
most important source of information 
on global warming available at this 
time is the Intergovernmental Panel on 
Climate Change (IPCC). IPCC predicts 
a maximum temperature increase for the 
year 2100 of from 2 to 4.5°C, predicting 
equilibrium at an increase of about 
3°c 4i 

The purpose here is not to debate the 
accuracy of the IPCC predictions, which 
are part of an intense public controversy 
at this time, but to relate the predictions to 
environmental management implications 
in Canada’s prairie provinces. What 
would be the effects of an increase of 
3°C in about 100 years? Important clues 
can be inferred from known past climate 
changes, so, while climate change 
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remains highly unpredictable, reasonably 
accurate ecozone shift scenarios are 
possible given input of estimated climatic 
conditions. Interestingly, about 6000 
years ago, North America was 2-5°C 
warmer than it is now, and the grasslands 
ecosystem was pushed northward by 
about 300 km.42 Hence, it is reasonable to 
predict that a similar shift would begin to 
occur in about 100 years if anthropogenic 
warming peaks according to the IPCC 
prediction. 

An important implication of a warming of 
3°C to the agricultural belt, the grassland 
ecozone, and the parkland ecotone in 
western Canada, is a likely increase in 
aridity.4143 This would require a major 
change in usage. Such a shift in usage has 
already been anticipated by the Alberta 
Government for the South Saskatchewan 
River watershed, where new regulations 
apply as “the limit of the water resource 
has been nearly reached”.44 The boreal 
forest southern boundary would move 
northward, substantially reducing the area 
of commercial forest, but the northern 
boundary would also shift northward, 
taiga moving into what is now tundra. 
Lakes in the boreal forest would begin to 
dry up as they are mostly glacial relicts 
and could not sustain their present 
levels.45 The aspen parkland ecotone 
would move northward as well, and could 
expand to engulf as much as one-half of 
western Canada’s boreal forest.43 Urban 
centres in the south would have to adjust 
water usage, as glacial meltwater runoff 
from the mountains likely would end, 
causing very low summer flows in prairie 
rivers. 

The scenario described above 
is a worst case one, so the actual 
environmental changes a century from 
now are likely to be less extensive. 
The nature of the ecological changes is 
reasonably predictable, namely northward 

movement of the parkland and taiga- 
tundra ecotones. 

Conclusions and Management 
Implications 

Environmental uncertainties in the 
prairie provinces are both naturally and 
anthropogenically caused. The weather 
is predictable only for about 5 days,13 
and climate is predictable only broadly 
by seasons and by the long-term effects 
of release of greenhouse gases into the 
atmosphere by humans burning fossil 
fuels. Ecosystem boundaries, including 
the aspen parkland, are zones of higher 
natural unpredictability than are core 
ecosystem areas. Both natural and human- 
caused disturbances to ecosystems 
increase process unpredictability. 

A conclusion derivable from the science 
of uncertainty in nature is that the 
environmental manager should not try to 
manage for the entire range of potential 
uncertainties, as this would waste energy 
and would be futile. Some uncertainties 
are useful to the manager as they help 
to maintain ecosystem resilience in 
the face of disturbances such as the 
predicted anthropogenically caused 
climate change, and these uncertainties 
should be identified. A danger is ever 
present, however, that some disturbances 
could tip an ecological process over its 
resilience threshold, initiating a chaotic 
interval that would result in a permanently 
and unpredictably altered process. Such 
a situation creates so high a level of 
uncertainty that management becomes 
impossible, which is not a desired 
condition for a manager. 

The science of uncertainty applied 
to ecology enables the environmental 
manager to address some former 
management uncertainties and fears. 
These are improved selection of sites for 
protection, improved selection of sites for 
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adaptive management, which includes 
site location changes over time, and 
research needs to determine ecological 
process thresholds as they apply to 
management areas. A new fear is the now 
recognized inability to accurately predict 
ecosystem changes that will occur after 
excessive human resource use in an area 
exceeds the threshold of the ability of 
the ecological processes to adapt to the 
changes and recover from them. 

One very clear conclusion that emerges 
from applying uncertainty science to 
environmental management is that 
research to provide reasonably accurate 
estimates of disturbance thresholds 
of ecological processes is essential. 
This research needs to address both 
ecosystem-specific and site-specific 
processes over all ecozones and the 
ecotones in between. Once thresholds 
are known, it is possible to manage 
disturbances by setting limits and 
regulating human activities that cause the 
disturbances. Managing environmental 
uncertainty means managing both for 
maintaining some uncertainties and for 
limiting others, and knowing which is 
which. At this time we know we need 
to do this, but we are nowhere near 
having all the knowledge required to do 
it properly. 
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