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"4 lame eripple going along the right
road can overtake a trotter if the
latter is running along the wrong road.
Moreover, the faster the trotter runs,
once having lost the path, the further
he lags behind the cripple."”

Francis Bacon
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INTERNATIONAL JOINT COMMISSION
GREAT LAKES RESEARCH ADVISORY BOARD

June 1978

International Joint Commission

Canada and United States

Gentlemen:

The Great Lakes Research Advisory Board, in response to the
Commission's request for further advice on the ecosystem approach
to Great Lakes restoration and in answer to the Commission's letter
of March 17, 1978, is submitting the following Special Report.

The Board would be remiss in not acknowledging the important
personal contribution of Dr. Jack Vallentyne and the ad hoc Ecosystem
Study Committee composed of Mrs. F. Edna Gardner, Dr. Joseph Kutkuhn,
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Secretary, in preparing this report.
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This is a Special Report of the Great Lakes Research Advisory Board to
the International Joint Commission in response to the Commission's request
for further advice on the scope and implications of the ecosystem approach
in problem identification, research and management in the Great Lakes Basin
advocated by the Board in its 1977 Annual Report.

This ecosystem approach is based on a man-in-a-system concept rather
than on the system—external-to-man concept inherent in the 1972 Great Lakes
Water Quality Agreement. Incorporation of this approach within the advisory
and management functions of the Commission and Parties, respectively, necessi-
tates political recognition of the Great Lakes Basin as an Ecosystem
composed of the interacting elements of water, air, land and living organisms,
including man, within the Basin. It further necessitates explicit recognition
of exchange of materials such as atmospheric pollutants into and out of the
Basin, in biospheric perspective. The ecosystem approach provides the philo-
sophic basis for a view of man as part of nature. It directs the efforts of
the Parties and the Commission toward treatment of the patient (the Ecosystem)
rather than the symptoms or disease. It relates the biological and technologi-
cal activities of man to the carrying capacity of the Ecosystem, linking the
human body to the biosphere. :

Over the past 70 years many innovative steps have been taken by the
Parties, the State and Provincial Governments and the Commission in dealing
with international and environmental interests and responsibilities in the
Great Lakes Basin. These include the Boundary Waters Treaty of 1909 and the
Great Lakes Water Quality Agreement of 1972, new environmental legislation,
dialogue on the mutual benefits to water quality and fishery programs of
coordinated efforts on Great Lakes surveillancej; research relating environ-
mental quality to human health; and the implications of land-use activities
in relation to other parts of the Great Lakes Basin Ecosystem. These steps,
however, remain separate in that they lack the integrative framework linking
these and other human activities with those of non-human parts of the Ecosystem
and biosphere. Zhis necessary integrative framework is an ecosystem approach.

In examining potential benefits arising from adoption of an ecosystem
approach in the Great Lakes Basin, the Board cites: acid rain; road salt;
the need for early detection of toxic influences of pollutants on human
organ systems, the reserve capacity of these organ systems, and their ability
to adapt to toxic stresses, including behavioral effects; carrying capacity;
human attitudes, perceptions, behavior; and surveillance. Collectively,
these show how the ecosystem approach forces us to speak of discharging
wastes in the Ecosystem and biosphere of which we are part, rather than to
an external environment around us.
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The Research Advisory Board concludes that the accent on water in the
Boundary Waters Treaty of 1909 and the accent on water quality objectives in
the Great Lakes Water Quality Agreement of 1972 have, in the absence of an
ecosystem approach, unduly constrained the Parties and the Commission from
fully attaining the desired goal expressed in the Boundary Waters Treaty of

1909, namely that: '"....the waters herein defined as boundary waters and
waters flowing across the boundary shall not be polluted on either side to
the dnjury of health or property on the other.” Adoption of the ecosystem

approach will relieve these constraints, facilitating the restoration and
enhancement in perpetuity of the quality of boundary waters in a manner that
the present water quality objectives approach cannot achieve. In addition,
the ecosystem approach takes account of transboundary injury to health or
property mediated by vehicles other than water, such as the atmosphere or
introduced species.

The challenge now is to consolidate the substantial gains made to date
by developing and implementing an ecosystem approach through explicit policy
based on the recognition of man as a product of the biosphere, and dependent
on it for continued well-being and future evolution.

RECOMMENDATIONS

RECOGNIZING that many of the Commission's boards, reference groups,
committees and task forces have focussed on aspects of Great Lakes Basin
problems other than water quality, including human health;

AND that the significance of ecosystem quality and integrity is
implicit in many of the directives and activities of the Parties, the State
and Provincial Governments, and the Commission;

AND believing that it is the intent of the Parties, as expressed in
the Boundary Waters Treaty of 1909 and the Water Quality Agreement of 1972,
to protect and enhance the Great Lakes Basin Ecosystem as defined in this
Report:

AND knowing that the individual programs and activities of the
Parties, the State and Provincial Governments, and the Commission are exten-
sive, but collectively' fail to provide the integrated management of an
ecosystem approach;

The Great Lakes Research Advisory Board recommends to the Inter-
national Joint Commission:

1. that the Parties and the Commission explicitly recognize as policy
the need for an ecosystem approach to problem identificationm,
research and management in the Great Lakes Basin;

2. that the Parties extend or amend the Boundary Waters Treaty of 1909
and the Great Lakes Water Quality Agreement of 1972 in accordance
with the philosophy of the ecosystem approach outlined in this
Report;
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that the Parties, the State and Provincial Governments, the
Commission, and the people of the Great Lakes Basin demonstrate
by example their ability to apply the ecosystem approach to one
or more transboundary problems of common and current concern;

that the Parties articulate specific goals and desired uses of the
Great Lakes invoking, if necessary, the power of decision that can
be given to the Commission under "Article X of the Boundary Waters
Treaty of 1909, so that more direct efforts can be formulated to
reach these expectations.



mlm APPROAGH

BACKGROUND

An ecosystem approach to transboundary problems in the Great Lakes
Basin was advocated by the Research Advisory Board in its Annual Report to
the International Joint Commission in July 1977. The introductory paragraph
stated the issue as follows (1):

"Within the 1972 Great Lakes Water Quality Agreement

the Governments of Canada and the United States agreed

to develop and implement programs and other measures.to
restore and enhance the water quality in the Great Lakes
System. Extensive surveillance programs have been under-
taken since to evaluate the progress of the Agreement.
These programs have stressed predominantly chemical and
physical water quality parameters. Planning and manage-
ment of such a priceless resource as the Great Lakes
requires more than a knowledge of the chemical and physi-
cal water quality; it requires an understanding of the
total ecosystem and the diverse interactions which occur
within its chemical, physical, biological and societal
components. Although water quality is a part of such

an understanding, by itself it can be misleading and

can hinder us from achieving the full understanding
required £O0r effective management and restoration of

the lakesg."

In presenting this opinion to the Commission the Board made it clear
that this was not a play on words, that it was speaking of ecosystem in
the context of man-in—-a-system, rather than of a system-external-to-man;
also, that it was outlining the basis for an integrated view of problem
identification, research and management in the Great Lakes Basin. In the
ensuing discussion the Board explained what it meant by "ecosystem," how
the concept of "ecosystem'" differed from that of "environment," and
benefits that might reasonably be anticipated from a shift in focus from a
water quality approach to an ecosystem approach.

On the basis of the initial response from the Commission in July 1977
and independent support from Expert Committee Chairmen, the Board established
an ad hoc Ecosystem Study Committee in September 1977 (2). The Board
charged the Committee to develop an "ecosystem study" proposal, which could
be used as the basis for resolution of problems associated with long-term
trends in the Great Lakes Basin, viewing the Basin as an Ecosystem that
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encompassed the activities of man. The Committee recognized as its first

need a position paper further clarifying the ecosystem concept in relatiom
to the needs of the Parties and the Commission.

At a joint meeting of the International Joint Commission and the Great
Lakes Fishery Commission (GLFC) in October 1977, the GLFC endorsed the
Board's ecosystem recommendation, noting that "the success of our [GLFC]
rehabilitation efforts is dependent on an ecosystem of high quality."

In its Fifth Annual Report on Great Lakes Water Quality (3), the
International Joint Commission recognized that:

"The 'ecosystem approach' recommended by the Research
Advisory Board may have significant benefits for the
long-term management of the Great Lakes, by placing

it in a wider context and providing a framework for
assessing the real impact and significance of changes
within the Great Lakes System. Such an approach should
for the present at least be considered as complementary
to, rather than replacing, efforts to address specific
problems such as phosphorus and toxic substances on the
basis of water quality objectives."

Finally, in a letter dated March 17, 1978, (See Appendix) the Commission
advised the Co-Chairman of the Research Advisory Board:

"“"In further consideration of the ecosystem concept, the
Commission wishes to assess the scope and implications of
such an approach before making specific recommendations

to Governments. The Commission understands that the Board
has also given this matter further consideration and plans
to submit a more detajled analysis of the concept and means
of implementing it. 1In preparing such an analysis, the
Commission requests the Board to assess and advise on

(i) any difficulties involved in melding the ecosystem and
water quality objective approaches, (ii) practical means of
implementing the combined concept and (iii) research needs
and whether such needs relate to data, management techniques,
or other aspects."

This Report responds to the Commission's request.

THE ECOSYSTEM APPROACH

The human body, ecosystems and the biosphere are all groupings of
parts linked together through survival and evolution of the whole. Based
on the ecosystem link between the human body and the biosphere, a case can
be made for viewing the Commission and its institutions as an international
diagnostic and prescriptive service to the Parties for transboundary
influences on ecosystem health.



To suggest in such a context that a water quality approach is adequate
for the diagnosis, prevention and cure of tramsboundary problems in the
Great Lakes Basin Ecosystem would be like asserting that "blood analysis"
is an adequate diagnostic tool for the maintenance of human health and
diagnosis of illmess. To be sure, blood analysis is a necessarv tool, and
often crucial in medical diagnosis, but it does not by itself provide
accurate information on the variety of illnesses or injuries which may
occur, nor does it adequately reflect the entry of poisons through organs
such as the lungs or gut, until too late.

The ecosystem approach advocated here includes the concept of carrying
capacity, the notion that there are limits in ecosystems to the abundance
and activity of particular species at particular times and locations. It
also includes the concept of man as a species with internal (biological)
and external (technological) components of mass and metabolism. Jointly
considered, these imply ecosystem and biocspheric constraints to growth of
population and technology.

An ecological system or ecosystem®* is any unit of nature in which
living organisms and nonliving substances interact, with an exchange of
materials between the living and nonliving parts (4). "Ecosystem' is a
flexible term. It can be used to refer to a water body, a unit of land
with plants and surrounding air, a river basin, a balanced aquarium or, in
the extreme, the entire biosphere. The boundaries of ecosystems are
arbitrarily defined, typically on the basis of operational convenience in
measuring the transport of chemicals and energy into and out of the system.
The utility of the concept lies in its accent on the inseparable interrela-
tionship. among living organisms, and between organisms and their abiotic
environment. There is nothing in the ecosystem concept that inherently
includes or excludes man. It is simply a matter of definition whether man
is in (as here) or out (as in a lake or ocean).

In terms of the interests and obligations of the Parties and the
Commission under the Boundary Waters Treaty of 1909 and the Great Lakes
Water Quality Agreement of 1972, the Great Lakes Basin is an Ecosystem
composed of interacting elements of the hydrosphere (natural waters),
atmosphere, lithosphere (soils, rocks, sediments) and biota {(encompassing
man) in the drainage basin of the St. Lawrence River at or upstream from
the point at which this river becomes the international boundary between
Canada and the United States. This is the definition of the Great Lakes
Basin Ecosystem (herafter referred te as the Ecosystem) in this Report.

There are two ways in which the ecosystem concept will be useful to
the Parties and the Commission. One lies in geographic designation of the
Ecosystem defined above. The other is in the adoption of perspectives that
relate components of the Ecosystem to one another (ecosystem perspective)
or that relate problems in the Basin to other parts of the biosphere (bio-
spheric perspective). The examination of the Basin as an Ecosystem, simul-
taneously relating events within the Ecosystem to those in surrounding
areas in bicspheric perspective, constitutes an ecosystem approach.

*A fuller account of the concepts of ecosystem, biosphere, carrying capacity
and their relation to environment is given later in this Report. This section
is only intended as a preface to the section on "Examples Contrasting Ecosystem
and Water Quality Approaches.”
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The utility of geographically designating an ecosystem, such as the
Ecosystem, is illustrated by the release of nutrients from sediments in the
central basin of Lake Erie under conditions of oxygen depletion. An unknown,
but appreciable fraction of the nutrients released from these sediments
under conditions of oxygen depletion is derived from previous sewage treat-—
ment plant effluents and other man-made sources of former times. 1In a
water quality perspective, events leading to the previous discharge of
nutrients on land, and chemicals in sediments, are usually considered
outside of the system of interest. In an Ecosystem perspective, the sources
of the chemicals and surface sediments are in the system and have to be
reckoned with, often over very long times.

This distinction of system boundaries is important. It is entirely
conceivable that nutrient transport from sediment to water in Lake Erie
could render ineffective or inadequate the present treatment technology
being installed in the Basin for phosphate removal. Lake Trummen, a small
shallow lake in southern Sweden, is a case in point (5). As a result of
decades of pollution from municipal and industrial wastes, water quality
deteriorated until the lake became unusable for any purpose. Water quality
failed to improve following complete diversion of sewage effluents because
of feedback of nutrients from sediments deposited during the earlier period
of nutrient pollution. Conditions only improved when the nutrient-rich
layer of man-made sediment was physically removed over the entire bottom of
the lake. Similar cases of feedback across the sediment/water interface
are known for mercury and elemental phosphorus and for the passage of
certain toxic chemicals across the air/water interface and water/biota
interface. These facts point to the necessity of an ecosystem approach for
environmental planning and management.

Long-range transport of airborne pollutants illustrates the need for a
biospheric perspective. Due to the capricious nature of air movements it
is obviously impractical to define an ecosystem so as to include sources of
airborne pollutants external to a drainage basin. In the same sense it is
very difficult to measure, and impossible to control, the transport of
pollutants across the air-water interface in the Ecosystem and in air
leaving the Ecosystem which contributes to acid rain phenomena elsewhere.
In such instances it is more convenient to adopt ecosystem and biospheric
perspectives that allow problems to be examined at their sources on a
flexible geographic basis. The same flexibility is needed in dealing with
migratory birds, migratory humans, and problems arising from introduced
species and international transport.

SOME GENERALITIES

In responding here to the Commission's request for more detailed
information on the scope and implications of an ecosystem approach, the
Board asserts, without qualification, that there is no inherent ddfficulty
in accommodating the present "water quality objectives" approach within
a broader ecosystem approach. In no way does the adoption of an ecosystem
approach threaten or invalidate the present water quality objectives
approach. On the contrary, the Board is convinced that the ecosystem
approach it advocates provides the necessary basis for the restoration and



enhancement in perpetuity, of the quality of boundary waters. In fact,
prolongation of the narrow focus on water and the water quality objectives
approach inherent in the Great Lakes Water Quality Agreement of 1972 could,
if continued beyond its useful time, jeopardize the substantial gains made
to date.

The Commission should be fully aware of the substantive nature of the
subject under discussion. It is not a substitution of similar words.
Adoption of an ecosystem approach in the Great Lakes Basin calls for inte-
gration, and thus restructuring, of the concepts and the programs of the
Parties, the State and Provincial Governments and the Commission. In terms
of management practices it demands a conceptual transformation from one
mind-set to another, something not easily achieved without an attendant
educational process. This evolution is long overdue in the Board's opinion.
Past experience suggests that it cannot come about in piecemeal fashion it
must be grasped as a whole. The Commission should also be aware that,
while this discussion is limited to the Great Lakes Basin, it pertains to a
wider geographic domain and to both management and advisory roles.

We begin with some examples of the difference between the current and
proposed approaches, illustrating the importance of the concept of "man-
in."

EXAMPLES CONTRASTING ECOSYSTEM AND WATER QUALITY APPROACHES

The prime question which this Report addresses is: Does the water
quality approach, highlighted in the title of the Great Lakes Water Quality
Agreement of 1972, provide an adequate foundation for ensuring the rights
and obligations of the Parties in respect to transboundary injury to health
and property. The simple answer is that it does not, except in a curative,
rather than preventative manner; i.e. too late.

Virtually all transboundary problems originate on land from human
activities, driven by the intertwined forces of increasing population
growth and rising per capita consumption of resources. These driving
forces, which are primary stressors on the Ecosystem, are "off limits" to
discussion in a water quality approach because man is external. Yet, to
speak of "water quality management" without reference to these stressor
functions is like asking how air quality can be maintained or improved in a
room with increasing numbers of smokers. It can be done; but, without
attention to forces increasing. the density of smokers a solution to the
smoke problem merely encourages other problems to be expressed.

The following examples illustrate a number of ways in which the Parties
and the Commission can benefit from adoption of an ecosystem approach in
the Great Lakes Basin. Collectively, they say: man does not need to do
this to himself.

ACID RAIN

Acid rain is caused by the addition of sulfur oxides, and to a lesser
extent nitrogen oxides, to the atmosphere from human activities. The



sources are primarily associated with the burning of fossil fuels and
industrial processing. Sulfur oxides react with water in the atmosphere or
on falling to the earth to produce sulfuric acid, a corrosive agent that
attacks lung tissue, corrodes metals, building materials, paints, etc., and
results in the acidification of poorly buffered waters, i.e. those with

weak resistance to the introduction of acids or bases. The severity of the
problem has lessened during the past decade as a result of improved controls.
On the other hand, the use of taller smokestacks has permitted increased
quantities to be distributed more widely at lower concentrations, thus
leading to geographic dispersion and displacement of the problem.

Acid rain as a continental phenomenon was first noted in Europe, where
atmospheric tramsport of sulfur oxides from the Ruhr Valley in the Federal
Republic of Germany and the Manchester region of the United Kingdom to
southern Sweden and Norway contributed to various damages including acidifi-
cation of poorly buffered waters with deleterious effects on fish populations.

Attention is now being focussed on the same problem of long-range
transport of atmospheric pollutants, including sulfur oxides, in North
America. It is estimated that approximately 38 million tons of sulfur
dioxide are currently added each year to the atmosphere as a result of
human activities in the United States and Canada (6). Of this total,
approximately 24 million tons per annum are derived from sources in Ontario,
Quebec, the United States Great Lakes states and the Ohio River basin. The
deposition rate from all sources over the total area of the Basin is estimated
to be about 1.8 million metric tons per annum, expressed as sulfate. In
precipitation, this is referred to as acid rain.

The effect of acid rain on boundary waters is negligible because the
waters in the Great Lakes are large in volume and relatively well buffered.
For these reasons, no major effects* of acid rain have ever been detected
in any boundary waters within the Basin, nor is it likely that they ever
will be. Boundary waters in the Basin have been providing a biospheric
treatment service in neutralizing these acidic wastes at no cost to man.

On the other hand, it is well known that transboundary pollution from
sulfur oxides does occur in the Basin vZa the atmosphere, and that corrosion
damages are appreciable. The total damage due to sulfur oxides added to
the atmosphere from human activities in the United States in 1970, exclusive
of damages exported to Canada, is estimated to have been $6.8 billion (7).
Comparable internal and external costs, corrected for lesser population,
probably applies to Canada.

How would an ecosystem approach aid in the detection and resolution of
these and similar problems? In the first place, if the Parties agreed to
act jointly on the basis of an ecosystem approach as defined here, there
would be a direct basis for recognizing air pollution as a transboundary
problem in-its own right without having to develop intricate arguments
based on trivial damages to boundary waters. As a biospheric fluid, air
has most of the characteristics of water that make it attractive to humans
for disposal of wastes, It is therefore desirable to reduce transboundary
pollutants at the source rather than face the impossible task of having to

*Increased acidity from acid rain has been observed in two bays of Lake Huron.
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trace or remove them after they have entered a moving fluid. Secondly,
direct costs to human health and property would have to be evaluated both
within the Ecosystem and in biospheric perspective, because in the ecosystem
approach "man is in the system." Thirdly, international surveillance
programs could be based on more sensitive ecosystem "tissues" than boundary
waters - e.g., small, poorly buffered lakes in areas of Precambrian rocks,
which could serve as early warning signals.

The utility of a biospheric approach to airborne transport of pollutants
is self-evident. Transboundary effects within the Ecosystem would be
examined, including human health effects, metal corrosion costs, damage to
terrestrial vegetation and loss of fisheries in acidified waters. Secondary
effects would have to be considered - e.g., the possibility that acidification
might increase mercury levels in fish as a result of a shift from dimethyl
mercury to mono-methyl mercury in microbial metabolism at low pH values, or
indirectly as a consequence of reduced growth rates of fish in affected
waters. With a biospheric perspective, there would be an incentive and
obligation to take account of sulfur oxide emissions outside the Basin that
contribute to acid rain phenomena in the Basin, and export of sulfur oxides
from the Ecosystem. In planning, the consequences of possible future
shifts in energy consumption patterns would have to be comsidered, including
what to do in the biosphere with sulfur removed from high sulfur fuels.

This discussion indicates that extensive transboundary pollution
problems due to sulfur oxides occur in the Ecosystem, but that they have
not been, are not now, and probably never will be resolved on the basis of
major effects on the quality of boundary waters. This illustrates the
inadequacy of current institutional arrangements between the Parties. It
shows how one intent of the Boundary Waters Treaty of 1909, to prevent
injury to human health and property on the opposite side of the boundary,
is constrained by the lack of an ecosystem approach and sole focus on
boundary waters. The same applies to the Water Quality Agreement of 1972
even more forcefully.

In focussing attention on acid rain, the Board fully appreciates that
the Parties and the Commission are well aware of existing problems, trends
and future implications. The RAB is also aware that remedial actions have
been implemented to reduce emissions in both the United States and Canada.
Our purpose in drawing attention to acid rain phenomena is to show that an
approach to management based on water quality objectives in boundary waters
of the Basin has little to offer in terms of diagnosis or control of the
acid rain syndrome.

. ROAD SALT

The use of road salt shows how a seemingly trivial matter from a water
quality point of view is actually a severe economic problem viewed in an
ecosystem context. It illustrates how the concept of "man in'" can bring
returns to the pocket-book.

Approximately 2.8 million metric tons of road salt per annum are used
in the Basin. This amounts to 80 kilograms (175 pounds) per person per



annum for each of the 37 million men, women and children in the Basin. The
concentration of chloride in Lake Ontario, attributable to all sources has
more than tripled during the course of the 20th century from 7.5 milligrams
per liter to approximately 28 milligrams per liter. PLUARG studies indicate
that 30 to 60 percent of the curvent tributary chloride leoad to the Basin

is from salt used for road deicing.

In an article entitled, '"Water Pollution and Associated Effects from
Street Salting" published in 1974, Field et al. (8) stated:

"The demand that roads be safe and usable at all times,
and that June driving conditions be provided in January,
has in recent years led to the adoption of a 'bare-
pavement policy by practically all highway departments
in the snow belt region [United States]. As a result
the use of deicing salts has greatly increased and in
many cases has replaced the abrasives previously used.
This has happened even though no conclusive evidence
has been found to substantiate that salt usage makes
winter travel safe."

This last sentence causes the eyes to retrace their path in search of
some missing word to make the sentence credible. There is no missing word.
Road salt and safety are not closely related. We tend to drive at constant
risk.

Confirmatory information is given by Murray and Ernst (9) in an article
published in 1976 entitled, "An Economic Analysis of the Environmental
Impact of Highway Deicing.” The authors stated: '"The use of salt for
winter maintenance generally results in better traction on the highways,
but because of a number of confounding factqrs, especially driver behavior,
the 1link between salt and safety has not been proved." Murray and Ernst
estimated that the total annual cost to the snow belt states in the United
States from the use of road salt in 1973 was $2.91 billion, exclusive of
damage that could not be assigned a dollar value. They calculated that
"hidden" costs (damages to vehicles, highways, structures, utilities, _
vegetation, and some of the costs to water supplies and human health) were
at least fifteen times the annual national budget for the purchase and
application of road salt, and about 6 times the entire national budget for
snow and ice removal. On this basis they showed how doubling the total
snow removal budget for a community from $123,000 to $245,000 (invelving
use of less salt) resulted in a reduction of the total cost to the community
from $829,500 to $499,700 - a net saving of $329,800 per year.

How can a net saving be achieved by doubling the snow removal budget?
Because of a reduction in "hidden" costs -~ rusted vehicles, ruined boots,
etc. In terms of 1978 dollars these costs conservatively amount to $150-
$200 per annum per capita.

A cost in 1978 dollars of $150-$200 per year for each of 37 million

persons amounts to $5.2-$7.4 billion per year. This is equivalent to
approximately 5-10 times the annual operating and maintenance costs of
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modern sewage treatment in the Basin, including tertiary treatment for
phosphate removal. A concerned citizen is likely to wonder how we survived
20 years ago when salt usage in the Basin was a fraction of what it is now;
how, even now, some northern and western communities manage to get through
the winter without the use of road salt. Is June driving behavior in
January necessary at such a cost, in view of the fact that we tend to drive
at constant risk? Is June driving behavior in January, 5-10 times more
important than sewage treatment in the opinion of the Great Lakes Basin
community? Over the long-term? In sickness and in health?

We now ask what the position of the Commission relative to transboundary
interests might be on the issue of road salt. On the basis of a water
quality approach there is little that can be said because these "hidden"
costs lie outside the Commission’s domain. Relative to other concerns such
as organic pollution, health hazards from waterborne diseases and toxic
chemicals such as PCBs, DDT derivatives, mirex, mercury, lead and the like,
road salt is a relatively minor water pollution problem. This is reflected
in the fact that there are no Great Lakes water quality objectives for
sodium or chloride. The only related objective is a recommended maximum
of 200 milligrams per liter of total dissolved solids. The general course
of events will thus be to neglect the issue until it becomes a preblem.

Who is likely to promote a reduction in the use of road salt? Apart
from injury to roadside vegetation, govermment departments involved in
environmental protection will have little to say, because the way we define
"environment'" does not provide these agencies with a legitimate basis on
which to examine these "hidden'" costs. OQOwners of salt mines, distributors
of salt, and car and shoe manufacturers are likely to encourage more rather
than less use of road salt as a stimulus to "jobs and the economy.".
Municipalities are unlikely to promote less use of salt because it would
probably result in higher municipal expenditures. Officials of highway
departments are unlikely to press for a decrease in salt usage in the
knowledge that they might be accused of "causing" traffic accidents thereby.
The net result is that due to a focus on water quality and environment to
the exclusion of man, we end up in a situation where no one has a reasonable
basis for doing anything about the problem - no one, except those who pay
the "hidden" costs -~ i.e., everyone, individually. To change the "system,"
one actually has to fight the inertia of organizations, including those set
up to provide a service to citizens.

In contrast to this, in an ecosystem approach the costs of corroded
cars and ruined boots have to be taken into account because man is in the
system. The way opens up for a realization and reduction of "hidden" costs
because the costs are no longer hidden. The insistence of authorities that
salty snow from Toronto streets be dumped at upstream sites rather than at
the shore of Lake Ontario, or at so-called "sanitary landfill sites' rather
than near streams, becomes ludicrous to those with an ecosystem perspective.
The biospheric shareholder knows that once salt is removed from the mine it
is in the Ecosystem and will inevitably find its way to boundary waters
regardless of the site of deposition.

In summary, this example shows how, in adopting water quality and
environmental (man-out) approaches, we have trapped ourselves into hiding
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costs. If the Parties, in respect to management, and the Commission, in
respect to advice, adopted a man~in-the~ecosystem perspective in the titles
and responsibilities of their institutions, these costs would not be hidden.
They would have to be tallied and taken into account. They could be trans-
ferred in part to other more visible segments of the Ecosystem ledger, with
savings to the citizen, creation of new jobs, and snow with less contamination.
Secondly, the example shows how management and advice based on water quality
objectives can lead to problems through neglect. By the time the Parties
and the Commission recognize serious problems related to the concentrations
of sodium and chloride in boundary waters, the metallic accoutrements of
modern man in the Basin would be rusted out.

CARRYING CAPACITY

In the short span of 170 vears human population in the Great Lakes
Basin has increased over 100 times, from 300,000 to 37 million now. At the
same time, the population has changed from a technologically low-geared,
dispersed population based on small scale agriculture and dependent on the
sun, wheels, domesticated animals, o0il lamps and sails to a technologically
high-geared, urbanized population with oil, electric lights, telephones,
radios, cars, jogging suits, colored television sets, super-highways,
supermarkets, nuclear power and jet planes. On an energy basis, the population
has changed from a species with a ratio of technological energy consumption
to biological energy consumption of less than 2 to nearly 100. The consequences
of this in terms of total resource consumption within the Basin, including

the effect of increased human population over the past 170 years, are as 1
to 10,000.

It is an axiom in ecology and environmental management that there is a
carrying capacity for any particular environment in terms of the numbers,
sizes and distribution of individuals of particular species that can be
supported under a given set of circumstances. This carrying capacity can
be changed as a result of changing envirommental circumstances. In providing
improved conditions for human life, for example, man has increased the
carrying capacity of the Ecosystem and the biosphere for man.

It is also well known that the carrying capacity of an environment for
man cannot be stated in terms of human heads alone. Man differs from other
species in the degree to.which metabolism proceeds by a combination of
biological (fleshy) and technological (electronic-metallo-plastii) components.
Although we tend to think of these components as separate and independent,
we are in fact really more like dinosaurs with detachable parts., Sometimes
there is a long time lag between a cause in one part of the system and an
effect in the other. The global population explosion, for example, is a
consequence of the past creation, through technology, of improved conditions
for human life. The existence of increased population in turn has created
a demand for more and improved techmology to support the resulting population.

The terms demophora, as a noun, and demophoric, as an adjective,
express this combined interaction of biological and technological components
in total human metabolism (10). The concept reminds us that the effects of
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human population cannot be counted in human heads alone; that in terms of
associated technology our grandparents belonged to a different "species,"
that we eat petroleum and have wheels as legs; that without the current
technology for food production, medicine, transport and water supply we
would be smaller, deformed or dead.

In this perspective, the surprising thing is not that the Great Lakes
have been polluted; but that there has been so little disruption of the
Ecosystem, including man. This can be accounted for in several ways: (1)
development of improved technology for waste treatment, water supply,
health, transport, etec.; (2) we may be living on borrowed time in a non-
equilibrium situation since most demophoric growth has occurred in the past
20 years; and (3) we are living on resources (e.g., coal, petroleum) imported
from other parts of the biosphere.

There is a need to prepare for the possibility that some time, perhaps
in the near future, it may be found that the demophoric carrying capacity
of the Ecosystem has been exceeded. The central basin of Lake Erie may in
fact be telling us that now. We are not used to thinking or planning for a
period of zero growth or negative growth. An ecosystem approach would of
necessity have to take such planning into account. In focussing attention
on such questions, our intent is to expose "hidden" constraints to demophoric
growth imposed by the Ecosystem and biosphere. History books of the 22nd
century will surely look on this as one of the major issues of our time.

In the context of carrying capacity, the crucial question is: To what
extent does an approach based on water quality objectives take account of
demophoric stressors acting on the Ecosystem? The answer is to no extent.

In a water quality approach the driving forces of increasing population and
rising per capita consumption only enter the picture as givens. They are
external, to be "taken account of" without really being "taken into account."

This does not say that an ecosystem approach is necessary in order to
deal with demophoric stressors. In recommending and instituting a phosphorus
management program for the control of eutrophication. in the Great Lakes,
the Commission and the Parties have gone well beyond a narrow water quality
perspective based on concentrations of chemicals in water. In the same
sense, approaches based on environmental management are perfectly capable
of taking demophoric carrying capacity into account. Bishop et al (11),
for example, developed a concept of human carrying capacity in regional
environmental management based on "complex relations among resources,
infrastructure and productive activities, residuals, and societal preferences
for quality of life within both the natural and human environments.”" The
point is that these things have to be added to a water quality approach.
Water quality objectives do mnot go far enough.

ATTITUDES, PERCEPTIONS, BEHAVIOR

Adoption of an ecosystem approach to management in the Basin by the
Parties, with a corresponding preventative, diagnostic and prescriptive
service by the Commission, would provide a footing for public and political
recognition of man as a product and integral part of the biosphere. This
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would create an incentive for managers to think beyond narrowly focussed
objectives in isolation, such as improved water quality, fisheries, solid
waste disposal, and the like. It would help us to recognize ourselves for
what we are - prominent shareholders in the biosphere, who must take simul-
taneous account of insecticides, forests, disposable diapers, lakes and
streams, appartment buildings, oceans, duck hunting, traffic jams, fresh
air, steel mills, future generations, jobs, soil erosion, supermarkets, -
lake trout and oil. Adoption of an ecosystem approach would provide a
means for ridding ourselves of the misleading and counterproductive notion
of jobs or development versus enviromment. It would comnstrain us to think
and speak of releasing pollutants i7 an ecosystem of which we are a part,
rather than to an environment around us.

Under the present water quality approach we establish water quality
objectives and design treatment technology to protect the most sensitive
uses of water. 1In our view the Water Quality Agreement of 1972 and manage-
ment by water quality objectives in the absence of an ecosystem approach
unduly constrain the Parties, the State and Provincial Governmenis, the
Commission and their institutions to think narrowly - rejecting approaches
that do not have a direct and immediate relation to water quality objectives.
In many cases the best decision, taking all pertinent ecosystem and biospheric
factors into account, including human health, economics, fisheries, jobs,
quality of life, ethics, future generations and other factors, may have
nothing to do with water quality objectives based on the most sensitive
use. In such cases advice based on a water quality perspective would be
misleading, piecemeal and incomplete. Have there not been enough instances
of investments to promote the use of DDT, PCBs or mirex in one part of the
Ecosystem and improved fishing for lake trout and salmon in another, with
the end result of industrial shut-downs and fish not f£it to eat?

The proposed ecosystem approach would obligate the Parties, the
Commission and their institutions in the Basin to consider possible effects
of strip mining for coal in the southern Appalachians and Great Plains
region on the ability of the Parties to meet water quality objectives in
the Basin. Likewise, the effect of pollutants discharged from Basin smoke-
stacks on sensitive downwind regions outside the Basin would have to be
evaluated. Ecosystem and biospheric accounting systems would expose the
enormous "hidden'" costs inherent in harbor and channel dredging to remove
products of upstream erosion created by man; construction and maintenance
of lakeside swimming pools to replace waters polluted by man; advanced
waste treatment facilities in areas of dense population where lagoons once
sufficed; and discharge of nutrients to water rather than nutrient recycling
on land. '

Other "hidden" long-term costs would be more visible on a biospheric
accounting system: human health and economic costs from the post-1800
increase of ragweed pollen as a consequence of land disturbance; periodic
flooding of human habitations built on flood plains; crop failures due to
recurrent drought at intervals greater than 4~year political cycles; the
current wave of unemployment among persons 16-30 years of age and the now
vacant seats in primary schools.
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The need for incentives and new institutional arrangements would be
more apparent: to promote the wise use and safe development of resources,
to protect the rights of future generations, and for planning with the 50-
70 vear lead time necessary to avoid massive industrial, economic and
political disruptions of an approach to limits imposed by the Ecosystem and
biosphere.

At this point, persons unfamiliar with the concepts of "ecosystem" and
"biosphere" may feel overwhelmed by the '"ecosystem approach." Some managers
may regard the approach as too big a mouthful to be swallowed at once, far
too comprehensive to be achievable; that no one can ever take everything
into account. Other managers in govermment and in industry may be apt to
say that much of what is being asked for is already being done.

If such thoughts exist, the point has been missed. Evidence of the
need for an ecosystem approach lies not so much in what is being done, as
how it is being done. Everyone need not take everything else into account,
It is only necessary for those parts of the ecosystem that are functionally
related to take each other into account. In nature this happens automati-
cally, with or without man. In the Ecosystem the need is for integration
and harmony of man with the rest of nature. The ecosystem approach calls
for ne more than the conductor of a symphony orchestra demands of assembled
musicians; the director of a play, of actors; the manager of a factory or
business, of workers. In each case the players are asked to perform their
roles in harmony according to prescribed instructions. In the case of the
Great Lakes Basin, these instructions stem ultimately from the Ecosystem
and biosphere.

The Board is not under the illusion that improved attitudes, perceptions
and behavior will automatically result from adoption of an ecosystem appreoach
in the Basin. On the contrary, we believe that the first and immediate
need in implementing such an approach would be for international coordination
of existing environmental information/education programs at community,
regional, state and provincial levels to permeate all levels of society
from primary schools to high level executives in business, industry and
government with the concepts of "ecosystem" and "biosphere." The amount of
money spent on advertising soft drinks in the United States and Canada (to
cite but one example) is of the order of $200 million per year (12). 1In
view of the benefits to citizens arising from the exposure of "hidden"
biospheric costs, many of which are associated with water, it would be
reasonable to invest some appreciable fraction of this sum in improving
public knowledge of the concepts of "ecosystem" and "biosphere." Without a
concerted effort in this direction, on a continuing basis, the enormous
"hidden" costs of piecemeal planning and management will be intensified.

In the absence of a biospheric perspective, these costs will not be ignored,
for to be ignored they must first be seen. They will lie hidden, unperceived.
Yet, whether or not we see them, they will be there inexorably working out
their effects. '

The primary significance of the concepts of "ecosystem" and "biosphere"

is not that they guarantee beneficial changes in attitudes, perceptions and
behavior, but that they provide the essential condition permitting such
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changes to come about. They remove the aggravation of concepts like "water
quality" and "environment" that imply "man-out.”

In advocating an ecosystem approach, the Board in no way minimizes the
need for prime accent on water as a resource, or the importance of the
environmental revolution of the 1960's that paved the way for governmental
reorganization in the United States and Canada. The envirommental revolution
brought the concept of "environment” from public and political indifference
into the political process. The same is now needed for "ecosystem" and
"piosphere."

Our rapidly changing times have been characterized as "The Age of
Uncertainty" and a time of "Future Shock." Global influences are impinging
upon us. Within the past decade we have seen, in the Basin, on various
scales, brownouts, blackouts, fuel shortages for diverse reasons, the
imminent disappearance of commercial fishing from Lake Ontario and Georgian
Bay, the revival of yellow walleye populations in Lake Erie, unemployment,
loss of prime agricultural land, inflationary prices and lack of public
motivation, and even belief in dealing with an energy crisis. All of this
suggests the need for an approach to planning that is anticipatory and
preventative, rather than retroactive and curative. Such an approach
starts with a concept of "man-in."

SURVEILLANCE

The Board wishes to make it clear at the start that the comments in
this section are not made in criticism of the Great Lakes International
Surveillance Program (hereafter called the Surveillance Program) or of
those involved in formulating the program. The Surveillance Program is not
an ecosystem (man-in) institution. Our intent is to show, by example, how
the Surveillance Program is constrained in the absence of an ecosystem
approach by the Water Quality Agreement of 1972 to accent, narrowly, water
quality and compliance with water quality objectives.

Following the analogy between the human body and the biosphere, it
would be reasonable to expect the Surveillance Program to be focussed on
changes and injuries in the most sensitive parts of the Ecosystem that
serve as early warning signals of stress. This is not the case. The
original focus of the Parties was on boundary waters (e.g. the Boundary
Waters Treaty of 1909), extended to the "Great Lakes System" (i.e. waters
of the Great Lakes Basin) by the Water Quality Agreement of 1972. The
evolution of investigations conducted in the Basin under the Commission
began with human health-related (microbiological) aspects of water quality
in the early part of the century, later shifting to encompass organic
pollution (e.g., biochemical oxygen demand), eutrophication and toxic
chemicals., The Great Lakes Fishery Commission came into being in 1955. 1In
this evolution, as our understanding improved through new findings from
research, physical aspects of water quality (e.g., currents, thermal pollution)
and biological aspects (benthos, algal blooms, €ladophora, herring gulls)
came to be added onm as necessary.
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This evolution from a water quality perspective to an ecosystem perspec-—
tive in the Basin (paralleled by an evolution toward a biospheric perspective
in the world) has no counterpart in medicine. If a counterpart were invented
it would start with early physicians diagnosing ailments and treating
patients on the basis of information derived from sophisticated chemical
analyses of blood. Later, non-chemical types of blcod analyses would be
added such as red blood cell counts, white blood cell counts and measurements
of circulation. Still later, impairments of other parts of the body such
as the skin or sense organs would be considered. The concept of preventative
medicine in this fictitious analogy would be completely unknown. '

Analogies have their limitations; but these are not transgressed in

calling attention to the common features of individual organisms and ecosystems

in resgpect to integration of parts, emergent properties, reactions to

stress, and diagnosis in relation to disease. On the contrary, the analogy
is crucial to conveying what appears to be a very difficult and for some
perhaps impossible notion to grasp - the profound difference between the
present modus operandi of the Parties and the Commission, and an examination
of integrated actions of parts within the Ecosystem, viewed as a whole. )
The former approach is man-centered and reductionist; the latter, Ecosystem~ '
centered and holistic.

Specific elements of the Water Quality Agreement of 1972 provide for
the establishment of water quality objectives, the description of remedial
programs to achieve these objectives, and a Surveillance Program to monitor
the quality of boundary waters to ensure that the objectives are being met.
Adoption of the ecosystem approach proposed here will provide the foundation
necessary for integration of these elements with other components of the
Ecosystem in terms of planning, research and management.

The Surveillance Program is notable, not for the lack of attention to
Ecosystem ("man-in'") components, but for the fact that so many components
(e.g. zooplankton, gulls) are examined beyond the limits of specific water
quality objectives. Yet, it is well known to the Board and to those within
the Surveillance Program that it is an uphill and usually fruitless struggle
to attempt to stretch beyond surveillance of chemicals for which specific
water quality objectives are given in the Water Quality Agreement of 1972.
To those promoting specific extensions of surveillance activities arising
from new research findings, the typical reply is: "What has that to do
with water quality?" Except for phosphorus loadings and rates of oxygen
depletion in the central basin of Lake Erie, rate measurements, even though
crucial to scientifically based diagnosis, are "out."”

In addition to chemicals, the Surveillance Program includes several
biological components. On the list of analytical measurements, five items
are cited under the heading of micro-organisms (heterotrophs, total coliforms,
fecal coliforms, fecal streptococci, P. aeruginosa) followed by four

others listed separately (phytoplankton, zooplankton, chlorophyll a/pheophytin,

and Cladophora). '"Benthic organisms" are listed under the heading of
sediment. A separate activity pertains to persistent contaminants in fish.

Several observations are pertinent in relation to the above. The
first is that all these measurements, like their chemical counterparts on
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the Surveillance Program list, are static. They are measured as concen-
trations or numbers of this or that per unit area or volume at particular
times. They and their chemical counterparts are very useful in detecting
violations and. in describing species composition of biological communities.
at particular times and locations, but they tell nothing of the dynamic,
integrated activities of these elements in the aquatic part of the Ecosys-
tem. They provide little direction im terms of understanding that can be
built on. The avoidance of rate measurements would be comparable in human
medicine to the neglect of pulse rate, rate of metabolism or rate of oxygen
consumption during and after heavy exercise. This suggests that the
scientific basis (i.e. the basis in terms of organized information) of the
Surveillance Program is limited, perhaps more of a police function than a
diagnostic functicn.

A second observation is that there tends to be minimal analysis,
interpretation, and integration of data accumulated in the Surveillance
Program. This was also noted in an IJC Workshop on surveillance (13). One
reason for this is related to the first observation: contemporary data are
not readily amenable to interpretation because they are focussed on descrip-
tion rather than dynamic measurements. The data are focussed on static
measurements of chemical and biological water quality because the Water
Quality Agreement of 1972 is based on water quality objectives that with
few exceptions are stated in concentrations.

Another observation is that little use is made of organisms as inte—
grators of environmental conditions. The Board commented in its 1977
Annual Report on the need for greater biological surveillance. Organisms
are time integrators. of the histories of their environments. Benthic
organisms are particularly useful in this regard because they mostly stay
in one place. On rocky shores, Cladophora is an excellent indicator of
nutrient pollution. The sudden spill of a toxic chemical at 3:06 a.m., on
July 20, for example will leave tell-tale evidence of toxicity for months
if the benthic community or certain species of it are eradicated. 1In
contrast, the chemical will be dispersed in water without leaving evidence
of the spill in minutes or hours. Living organisms also integrate the
effects of low concentrations over long times. Only marginal use is made
of biological populations, relative to chemicals, by the Surveillance
Program.

The marginal use of biological populations within the Surveillance
Program is most disconcerting to the Board considering the New and Revised
Water Quality Objectives (Volumes I and I1) which the Commission has
recommended to Governments. In developing these objectives, the jointly
operating Water Quality Objectives Subcommittee (Water Quality Board) and
the Scientific Basis for Water Quality Criteria Committee (Research Aavisory
Board) employed the philosophy that these objectives should be based on the
protection of the most sensitive designated use of these waters. To a
large degree, aquatic life or consumers of aquatic life (i.e. waterfowl and
man) was deemed the most sensitive use to be protected. Examples of specific
objectives recommended to governments for protection of aquatic life include
heavy metals (cadmium, lead, mercury and zinc) and persistent organic
contaminants such as chlordane, methoxychlor, toxaphene, phthalic acid
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esters and polychlorinated biphenyls (PCBs). Many of these compounds are
known to occur simultaneously in organisms with antagonistic, synergistic,

or additive effects on aquatic life. As a result, the joint committees of
the Water Quality Board and the Research Advisory Board noted in the develop-
ment of these objectives that "adoption of objectives does not preclude the
need for studying the aquatic environment and effects of conditions on’
related organisms and uses."

Two of the more remarkable instances of lack of integration of Ecosystem
information in the Surveillance Program pertain to fish and man. The only
information on fish that is integrated into the Surveillance Program is
concentrations of contaminants in fish. There is no integration, year-by-
year, of water quality data with information on fish populations - whether
given species are increasing or decreasing at particular moments in time,
data on spawning success, incidences of fish diseases in relation to water
quality characteristics, or analysis of growth rates in different areas.
Even the possibility of over-fishing is not taken into account! The Board
would not expect the Surveillance Program to make such measurements, but it
would expect some institution under the Commission to integrate the informa-
tion available from other sources as part of an Ecosystem Surveillance
Program. The present system is like determining the concentrations of
various pollutants in blue pike (Stizostedion vitreum glaucum) in Lake
Erie, suddenly waking up one day to find that the problem has been solved
because blue pike no longer exist!

Warm blooded animals dependent on fish and other aquatic life for
food, particularly fish-eating birds which nest in colonies such as gulls
and herons, also constitute a sensitive and easily studiec monitor. Studies
in 1971, for example, showed poor reproductive success of herring gull and
tern colonies, particularly around Lake Ontario. This phenomenon along
with a high incidence of abnormal chicks is associated witn heavy body
burdens of recognized toxicants. Similarly, a colony of black-crowned
night herons on an island in Eastern Lake Ontario has also been identified
as carrying large loads of chlorinated hydrocarbons with seriously diminished
reproductive success.

/ .

Thﬁough the 1970's populations of ring-billed gulls have increased
dramatilcally in the eastern end of Lake Ontario while herring gull nesting
succes$ continued to decline. Since food habits for these species are the
same,/khe reasons for the contrary population changes are not clear, but
may relate to the fact that herring gulls in the lower Great Lakes do not
migrate and have year-round dependence on food acquired in and adjacent to
Lake Ontario. The one black~-crowned night heron colony mentioned above,
showed a dramatic improvement in nesting success in the summer of 1977.
This is a first sign of a significant change in reproductive success in
fish—eating birds in Lake Ontario since problems on the nesting grounds
were first observed.

It would appear, therefore, that reproductive success of colonial-
nesting, fish-eating birds may be a sensitive indicator of ecosystem stress.
There is also a suggestion that this may represent complex interactions
from a variety of compounds. This avenue of surveillance and research
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affords the opportunity to determine trends in complicated behavioral-
physioclogical processes that may provide early warning of adverse trends in
water guality that could never be detected chemically because the effects
are interactive in living organisms.

In a well designed Ecosystem Surveillance program, human health - a
major consideration in the Boundary Waters Treaty of 1909 - could be more
effectively integrated with other ecosystem parameters, including water
quality. Some pertinent matters are: the relation between hypertension
and sodium levels din drinking water; the influence of asbestos in water
supplies; the significance of DDT derivatives, PCBs and mirex in human
tissues and mother's milk; mercury in the Ecosystem: and transemission of
arboviral encephalitis by mosquitces through bird vectors.

A first order of priority rests on early detection of toxic influences
of pollutants on human organ systems, including information on the reserve
capacity of these organ systems, and the ability to adapt to toxic stresses,
including behavioral effects. Another area in need of investigation is the
epidemiologic study of human populations in the Basin with accurate estimations
of the toxicants being ingested and in tissues of humans with various
dietary habits. Yet another fundamental approach would be to extrapolate
data from experimental animals to man and finally tc monitor wildlife
populations which are ingesting aquatic fauna, particularly fish. Wildlife
communities such as fish-eating gulls and heroms may provide early signals ~—
a "miner's canary" of water pollution.

The conclusion from all this is that an integrated Ecosystem analysis
and interpretation system for the Basin does not exist. What does exist is
surveillance of parts from a static, quality point of view, without regard
to rates except for phosphorus loadings and oxygen depletion rates in
bottom waters. There is an almost exclusive accent on water. The program
is useful in detecting violations, but of limited value in laying a basis
for progress. The reason for this can be traced to the narrow focus on
water in the Boundary Waters Treaty of 1909 and on water quality objectives
in the Great Lakes Water Quality Agreement of 1972, Yet, neither the
Treaty nor the Agreement is deficient in its own right. The deficiency
lies in the lack of an over-riding ecosystem approach. In an age when
ecosystem and biospheric approaches have become a necessity because of
demophoric growth, the lack of an ecosystem approach is inhibiting the
Parties, the Commission and their institutions in providing effective
resource management and useful diagnostic and prescriptive advice.
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.lll[. RATIONALL

INTRODUCTION

Public and political recognition of the importance of environmental
and resource considerations in planning dates from the mid-1960's, little
more than a decade ago. Prior to that time the terms "ecology'" and
"environment" were rarely used beyond limited scientific circles. Had this
revolution occurred a millenium ago the concepts would have been incorporated
into our language and require no explanation. We would have as many, or
more words for environment as the Inuit have for different kinds of ice and
snow. It should, therefore, not be surprising in the 1970's that a seemingly
new concept, i.e. "ecosystem," should appear on the scene.

Other words in our language are 'hang-overs'" from previous ages when
our understanding of natural events was based more on supposition and
superstition than on science. In this sense we still speak of man and
nature as though they were separate and independent things - in spite of
the now well known fact that man evolved in the biosphere as a product of
nature, and that there are now no longer any parts of the biosphere com-—
pletely free from the influence of man. In giving verbal recognition to
these facts through the use of terms such as ecosystem and biosphere, far
more is implied than may be apparent imitially. The displacement of words
is in fact a displacement of concepts. '

Six terms are examined relative to the needs of the Parties and the
Commission in the Great Lakes Basin. The first three accent man-in-a-—
system (ecosystem, biosphere, nature). The second three accent systems—
external-to-man (water, aquatic environment, enviromment). FEach term can
be described by static variables, such as quality or concentration; and
also by dynamic variables, such as fluxes, loadings, or pathways through
food webs. The primary distinction between these two sets of terms, man-in/
man-out, is mot trivial. It is like a sign indicating a fork in the road.
The attitudinal, economic and societal consequences of following the wrong
road are immense.

MAN-IN-A-SYSTEM

ECOSYSTEM#*

An ecological system or ecosystem is any unit of nature in which
living organisms and nonliving substances interact with an exchange of
materials between the living and nonliving parts (4). "Ecosystem" is a

#This repeats material presented earlier for convenience of the reader.
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flexible term. It can be used to refer to a water body, a unit of land
with plants and surrounding air, a river basin, a balanced aquarium or, in
the extreme, the entire biosphere. The boundaries of ecosystems are arbi-
trarily defined, typically on the basis of operational convenience in
measuring the transport of chemicals and energy into and out of the system.
The essence of the concept lies in its accent on the inseparable inter-
relationship among living organisms, and between organisms and their abiotic
environment. There is nothing in the ecosystem concept that inherently
includes or excludes man. It is simply a matter of definition whether man
is in (as here) or out (as in a lake or ocean).

In terms of the interests and obligations of the Parties and the
Commission under the Boundary Waters Treaty of 1909 and the Great Lakes
Water Quality Agreement of 1972, the Great Lakes Basin is an Ecosystem
composed of interacting elements of the hydrosphere (natural waters),
atmosphere, lithosphere (soils, rocks, sediments) and biota (encompassing
man) in the drainage basin of the St. Lawrence River at or upstream from
the point at which this river becomes the international boundary between
Canada and the United States. This 18 the definition of the Great Lakes
Basin Ecosystem in this Report.

In explaining the rationale for an ecosystem approach to problems in
the Basin it is important to note that the Parties and the Commission have
found it useful to treat boundary waters, in general, and waters of the
Basin, in particular, as systems. The basis of the former is inherent in
the Boundary Waters Treaty of 1909,.and the latter in the definition of
"Great Lakes System'" (i.e., waters of the Basin) in the Great Lakes Water
Quality Agreement of 1972. The Board views this focus on waters as systems
as good and useful, but insufficient for the needs of the time.

BIOSPHERE¥*

The biosphere consists of the outer sphere of the earth that is inhabited
by living organisms. It includes the lower part of the atmosphere, virtually
all of the hydrosphere (lakes, rivers, underground waters, oceans), the
lithosphere (sediments, soils, rocks) and living organisms (including man).
Homo sapiens, like other living organisms, evolved within the biosphere and
has adapted to its structure, function and chemical composition. For these
reasons, '"biosphere" is an essential reference point for all human relations,
and for relationships between man and "enviromment." It is, in fact, quite
remarkable that the concept of the biosphere, and the evolutionary origin
of man, both of which are well documented scientifically, have yet to be
recognized in national doctrines and constitutions.

The only significant difference between an ecosystem and the biosphere,
apart from geographic dimensions, concerns the flow of matter. For most
purposes the flow of matter through the biosphere can be neglected. On the
other hand, transport in and out of ecosystems is functionally important as
in the supply of water and nutrients through rain, or, as in the Ecosystem,
long distance transport of atmospheric pollutants. A biospheric perspective
takes account of transport in and out of any arbitrarily designated ecosystem.

*Occasionally "biosphere" is used to denote the totality of living matter on
earth. This usage is rare and based on misconception. ("Sphere" has no
significance in this context.)
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The need for a biospheric perspective in recent decades has been shown by
the effects or potential effects of human activity on climate (carbon
dioxide levels in the atmsophere, atmospheric dust, halomethanes from
aerosol cans), acid rain phenomena, marine pollution and the changing
nature of man as a species with increasing technological metabolism.

NATURE

"Nature" and '"natural objects" are wider terms than biosphere; they
encompass the interior of the earth, meteorites, the sun and the stars, as
well as the biosphere. The terms "nature" and "natural" are commonly,
though not solely, used to refer to things untouched by man. Such a view-
point places man outside nature. It makes it easy for us to think of
ourselves as separate from and perhaps even above "nature." This is not
only inconsistent with what is known of the evolutionary origin of man; it
is counter-productive to facilitating a harmony between man and the rest of
nature.

For these reasons "nature" is defined here to include man. Thus we
may speak of the human and the nonhuman parts of nature, or of man in
nature, but not of man and nature. This distinction has important bearing
on human perceptions, attitudes and behavior directly related to the economic
and societal interests of the Parties and the Commission in resolving
boundary waters problems in the Great Lakes Basin.

SYSTEMS-EXTERNAL -TO-MAN

WATER; WATER QUALITY

Water and water quality are narrow terms. We tend to think of them in
connection with particular human uses - industrial use, drinking water
supply, swimming, transport, etc. ''Water quality" and "water quality
objectives" tend to be associated with chemical aspects of water quality to
the neglect of biological and societal aspects, in part reflecting the role
played by engineers in the development of waste treatment technology and
measures for environmental protection. The term "water quality" brings to
mind concentrations, rather than dynamic (loading) characteristics. Water
quality characteristics are often thought of one by one, as though they
existed alone, without interaction. The concept of water quality and the
Water Quality Agreement are much narrower in perspective than either the
Boundary Waters Treaty or many aspects of the modus operandi of the Parties
and the Commission during the past 50 years. The Board's view is that in
the absence of an over-riding ecosystem approach to management they perpetuate
an out-dated mind-set.

AQUATIC ENVIRONMENT; AQUATIC ENVIRONMENTAL QUALITY

Thege terms are most appropriately used for organisms that live in
water. They do not convey any sense of a close connection to man even
though we use the aquatic environment as a valued resource. Nevertheless,
the terms can be useful in connection with the Commission's activities.
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"Aquatic environmental quality," for example, is a more all-embracing term
than "water quality." It encompasses all within the aquatic environment -
living organisms as well as chemicals - speaking for the whole as well as
the parts and allowing for unpredictable interactions. On the other hand,
unlike "ecosystem” and "biosphere," the aquatic environment is not something
with which most humans can comfortably identify, even though we depend on
its supply. We are not fish. We live on land.

ENVIRONMENT; ENVIRONMENTAL QUALITY

The term "environment'" implies the existence of something external to
a living organism or aggregations of living organisms. Thus, we speak of
organisms and their "environment." By "environment" we do not mean every-
thing external to a biological population, only those things that affect
its well-being, positively or negatively. Thus, by "our environmment" we
mean the things we interact with and on the supply of which we depend - the
air we breathe, the water we drink, the society in which we live, our
shelter, and so on. In most cases we are not aware of this dependency
until our needs are threatened by reduced quality or rate of supply. We
can speak of the "human envirconment," (those things external to Homo sapiens
on which well-being of the species depends), the "urban environment," the
"wild environment,'" the '"physical environment,”" the "biotic environment,"
the "aquatic environment," the "environment" of a mosquito and so on.
Environment means different things in different contexts. 1In some respects
such as public appeal this is useful; in others, e.g., science, clear
thinking, legal, etc. it is confusing. The term "environmental quality,"
which has come into general use during the past decade, is useful in bringing
together separate environmental issues in a broad context; but it is limited
as a concept in that it fails to make it clear that we are partners with
the rest of nature in the biosphere.

APPROPRIATENESS OF AN ECOSYSTEM APPROACH TO THE PARTIES AND THE
COMMISSION

The present authority of the Commission rests on the Boundary Waters
Treaty of 1909 and the Great Lakes Water Quality Agreement of 1972. The
first question under this heading is: 1Is the concept of an ecosystem
approach inherent in the Treaty and Agreement?

There is ample evidence from past references and Commission reports to
show that the Parties and the Commission have worked within a more holistic
framework than "water quality." Pertinent in this connection are: the air
pollution references at Trail, British Columbia, and in the Detroit-Windsor
area; probable ecological effects from the proposed flooding of the Skagit
Valley, British Columbia; socio-problems of residents at Foint Roberts,
Washington; possible introduction of undesirable fish species and other
problems associated with operation of the Garrison Diversion Unit, North
Dakota; beauty in regard to the maintenance of Niagara Falls; the abundance
of algae and other effects associated with eutrophication in the lower
Great Lakes; and, most recently, the effects of pollution from land-based
(societal) activities in the Basin (PLUARG).
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These examples suffice to show that problems examined by the Commission
have encompassed all the elements of ecosystems (water, air, land and living
organisms, including man) even though not with the integration characterizing
an ecosystem approach. It is also recognized that the Boundary Waters Treaty
and the Water Quality Agreement are political instruments for dealing with
situations in which there is non-coincidence of political boundaries and the
limits of river basins; they are in fact admissions of the political necessity
to conform to biospheric design. '

Yet, in spite of all this, it is apparent that the Commission is constrained
from implementing an ecosystem approach by the restrictive focus on water of
the Boundary Waters Treaty of 1909, which is the Commission's primary source
of authority. 1In the challenge of meeting problems continually arising in
the Basin, the Commission will need a more extensive legislative base founded
on an ecosystem approach. In addition, it will have to provide better inte-
gration of the activities conducted under its various boards and references.

A second question that must be addressed is: Does a sufficient legislative
base presently exist in both countries (Federal, Provincial and State Governments)
to implement an ecosystem approach in the Basin? Various reviews of existing
legislation, regulations and non-statutory programs for water and environmental
resource conservation, and pollution abatement exist in both countries. The
many laws are diverse.

The Fisheries Act and its amendments constitute the oldest basis of
Canadian federal involvement in pollution control and effluent standards.
Recent amendments to the Act expand the definition of "fish" to include
""aquatic animals and the eggs, spawn, spat and juvenile stages of fish,
shellfish, and aquatic animals." '"Aquatic habitat" is defined to mean "the
physical, chemical and biological components of the environment on which fish
depend directly or indirectly in order to carry out their life processes and
without limiting the foregoing includes living aquatic organisms, nonliving
nutrients and spawning grounds and nursery rearing, food supply and migration
areas." The principal legislative foundation for water quality management
in the United States is the Federal Water Pollution Control Act as amended
(the Clean Water Act). - Section 304 (a) (2) states that the Administrator
(EPA) "shall develop and publish.... information.... on the factors necessary
to restore and maintain the chemical, physical and biological integrity
[italics added] of all navigable waters, ground waters, waters of the con-
tiguous zone, and the oceans."

Clearly, both Acts stipulate the protection of three aspects of the
Ecosystem (i.e. chemical, physical, and biological). Incorporation of the
societal component into the legal means of achieving an ecosystem approach
can be seen in the Revised Cabinet Directive for the Environmental Assessment
Review Process (Canada) and the National Environmental Policy Act (United
States). Section 101 (a) of the latter states that Congress recognizes "the
profound impact of man's activities on the interrelations of all components
of the natural environment, particularly the profound influence of population
growth, high density urbanization, industrial expansion, resource exploita-
tion, and new and expanding technological advances and recognizing further
the critical importance of restoring and maintaining environmental quality to
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the overall welfare and development of man, declares.... [the Federal
Government].... to create and maintain conditions under which man and nature
can exist in productive harmony...” In carrying out this policy, the Federal
Government agencies “utilize a systematic, interdisciplimary approach which
will ensure the integrated use of the natural and social sciences and the
environmental design arts in planning and in decision-making which may have
an impact on man's environment.” In short, this can be interpreted to say:
adopt an ecosystem approach.

An unstated over-riding factor integrating the various pieces of legis-
lation in each country must alsc be recongized. The various acts at the
federal level in their collectivity presume an integration corresponding to
what is termed here an ecosystem approach. In the United States this legis-
lation includes the Rivers and Harbors Act of 1899, the National Environmental
Policy Act, the Conservation Act, the Water Resources Planning Act, the Clean
Water Act, the Fish and Wildlife Coordination Act, the Clean Air Act, the -
Endangered Species Act, and the Toxic Substances Control Act. In Canada the
predominant legislation includes the Fisheries Act, the Department of the
Environment Act, the Clean Air Act, the Canada Water Act, the Envirommental
Contaminants Act, the Canada Shipping Act and other pieces of legislation.
The Ontario Water Resources Act, the Ontario Environmental Protection Act and
the Ontario Environmental Assessment Act are also directly pertinent since
they apply to the Canadian part of the Basin.

INTERIM CHANGES IN THE WATER QUALITY AGREEMENT ofF 1972

While the Board has mct examined all implications of a change from a
water quality to an ecosystem approach, it is noteworthy that much of this
intent could be incorporated into the text of the Great Lakes Water Quality
Agreement of 1972 with relatively few changes. The necessary changes are:

(1) 1in the preamble to the Agreement, the paragraph, "Satisfied
that the 1970 report of the International Joint Commission
provides a sound basis for new and more effective cooperative
actions to restore and enhance water quality in the Great
Lakes System," should be replaced with the following:
"Satisfied that restoration and enhancement of the boundary
waters cannot be achieved independently of other parts of
the Great Lakes Basin Ecosystem with which these waters
interact";

(2) insert "waters of the" prior to "the Great Lakes System"”
wherever the latter occurs in the text of the Agreement

unless this is redundant;

(3) throughout the text change "Great Lakes System" to "Great
Lakes Basin Ecosystem';

(4) dinsert the definition of Great Lakes Basin Ecosystem used
in this Report in Article I
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(5) delete "Water Quality" from the title and text of the
Agreement, so that "General Water Quality Objectives"
becomes ""General Objectives," and "Specific Water Quality
Objectives" becomes "Specific Objectives," etc.;

(6) entitle the Agreement: ''Agreement between the United
States and Canada on Boundary Waters of the Great Lakes
Basin Ecosystem."

With these six changes the accent of the Agreement on boundary waters
would not be distorted; yet there would be explicit recognition of the need
to shift to an ecosystem approach. The Board believes that such change
should be useful and valid as an interim measure, but not to be interpreted
as precluding the need for a review by the Parties of the adequacy of the
Boundary Waters Treaty of 1909, the Great Lakes Water Quality Agreement of 1972
and other existing legislation in terms of facilitating an ecosystem approach
with man fully "in."

CRITERIA USED IN EVALUATING THE ECOSYSTEM APPROACH

The Board also examined the potential utility of an ecosystem approach
in the Basin to the Parties and the Commission independently of treaties,
agreements and legislation, i.e. in its own right. Five criteria were used
to compare and evaluate water quality and ecosystem approaches. These were:

(1) Man in Nature - Does the approach encompass human activities in a
manner suggesting interaction with other parts of nature, rather than
viewing man as separate from nature? Does it cause us to think and
speak of discharging wastes to something of which we are a part, rather
than to something that is separate from us?

(2) Relationships with Neighboring Areas - Does the approach force us to
consider interactions with areas neighboring the Basin? Doesg it facili-
tate resolution of transboundary problems?

(3) Dynamics - Does the approach convey a dynamic picture of the transport
of energy and materials in the Basin, interrelating industrial activities,
geochemical cycles and food chains? Does it imply measurement of rates '
and fluxes? Does it convey the sense of a moving picture or still
photograph?

(4) Attitudes, Perdeptions, Behavior - Does the approach allow persons in
the Basin to relate to the biosphere in a manner consistent with the
aims of the Parties, the Boundary Waters Treaty and the Water Quality
Agreement? Does it allow and encourage public interest?

(5) Limits - Is the approach consistent with the concepts of carrying
capacity and resilience, suggesting that there are limits to human
activity in the Basin? Does it suggest the need for safety factors and
lead times?

In comparing ecosystem and water quality approaches on the basis of
these five criteria, "ecosystem" links man and environment as components of
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nature; functionally relates us to adjacent areas of the biosphere; is
dynamic; provides a firmer base than "water quality" for promoting informed
public attitudes, behavior and "participation"; and suggests a need to recog-
nize limits. In terms of implementing the intent of the Boundary Waters
Treaty to avoid transboundary injury to health or property, the benefits of
an ecosystem approach far outweigh those of a water quality approach.
Whether we like it or not, the choice of an ecosystem or water quality
approach cannot avoid influencing our behavior. Perhaps the most signifi-
cant point in all this is that increased harmony between man and "environ-
ment" in the Great Lakes Basin Ecosystem will hinge on the development of
changes in attitudes and behavior not only within the Great Lakes Basin, but
also in adjacent areas. The ecosystem approach, linking the individual and
the biosphere is likely to prove crucial to this development.
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@IH[ REPLY

ANSWERS TO THE COMMISSION'S REQUEST

There has been a tendency to interpret the Board's recommendation in its
Annual Report for 1977 that the Commission implement an ecosystem approach in
the Great Lakes Basin as meaning that the Commission be given the responsi-
bility of managing the Ecosystem. That is, of course, not our intent. The
sense of the recommendation is that the Parties should continue to use the
Commission and its joint institutions as vehicles for the resolution of
transboundary problems under the four powers, and only those powers, stated
in the Boundary Waters Treaty of 1909. These are: the quasi-judicial power
of approving or witholding applications affecting the levels or flow of
boundary waters; conducting investigations under a reference; surveillance
and coordination; and settling questions by decision. These do not involve
management. The Board is merely saying that in order to advise the Parties
adequately on transboundary matters, including preventative as well as
curative approaches, and over the long term as well as the short term, the
scope of the Commission's perspective should be widened to take account of
ecosystem and biospheric realities. This is necessary to ensure adequacy of
the Commission's advice.

A second area of confusion is a concern that widening of the scope of
the Great Lakes Water Quality Agreement of 1972 might jeopardize the progress
made to date in improving the quality of boundary waters in the Basin. It
should be clear from this Report that our opinion of the jeopardy is just the
reverse. Progress in continuing to restore and enhance in perpetuity the
gquality of boundary waters in the Basin, hinges on adoption of an ecosystem
approach that includes a biospheric perspective. There should be no room for
error in interpreting our opinion in this regard.

Now, to the three items in the Commission's request.

Item 1 — Difficulties in Melding the Present Approach Based on Water
Quality Objectives and an Ecosystem Approach.

The Commission recognized in its letter of March 17, 1978, that "the
ecosystem approach, as outlined by the Board in its 1977 Annual Report, may
provide significant benefits to the long-term management of the Great Lakes";
however, the latter stated a concern that "without qualification, a broad
system approach would divert attention from a concerted effort to restore
water quality on the basis of water quality objectives.”

The Board is convinced that the ecosystem approach it advocates will not
divert attention from water quality objectives, but will enhance and indeed
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make possible the restoration of water quality in a manner that the present
water quality objectives approach is incapable of achieving. The primary
reasons for this are that the ecosystem approach encompasses influences such
as transboundary atmospheric pollution, demophoric stressors, and carrying
capacity that a water quality objectives approach takes no account of. The
ecogystem approach advocated by the Board would utilize the revised water
quality objectives which have been recommended to governments as means to the
desired end of water quality restoration, but not as goals in their own
right.

The Commission should make a clear distinction between the general
desire to restore and enhance in perpetuity the quality of boundary waters,
and the present approach to this end based on water quality objectives as in
the Great Lakes Water Quality Agreement of 1972. The interpretation of human
behavior associated with the Water Quality Agreement of 1972 and its water
quality objectives approach may be one thing to the Commission and another to
those charged to implement the intent of the WQA in their daily activities.

In our opinion the single most serious difficulty in melding the water
quality objectives approach and ecosystem approach may be in overcoming past
habits associated with a water quality objectives approach. 1In a water
quality objectives approach the minds of government administrators and poten-
tial violators tend to become imprinted on "15 milligrams per liter" rather
than on the requirement for restoration and enhancement of the quality of
boundary waters in perpetuity. The Parties and the Commission should also
beware of persons and organizations who may seize upon the word "ecosystem,"
using it to serve narrower interests to the detriment of implementing the
ecosystem approach. The jimportance of these factors should not be under-
estimated. They are likely to be the main impediments to achieving, in the
long term, the aims expressed by the Parties in the Boundary Waters Treaty of
1909 and the intent of the ecosystem approach.

Item 2 ~ Practical Means of Implementing the Combined Concept.

It should be clear that implementation of the proposed ecosystem approach
must extend beyond the advisory role of the Commission into management struc-—
tures on both sides of the border. The essential feature of the ecosystem
approach is integration. No single agency or organization can presently lay
claim to following an ecosystem approach because, by definition, the approach
calls for orchestration.

The Board believes that the ecosystem approach must be initiated now and
recognizes that full implementation will be a long process. The Parties and
the Commission have already created a number of ecosystem precedents. In
further evolution we believe it will be essential for the Parties and for the
State and Provincial Governments to demonstrate their joint ability, even if
now unrecognized, to implement the ecosystem approach in one or more trans-—
boundary problems of common and current concern; and for the Commission to
demonstrate its ability in coordinating the ecosystem approach for the Basin
as a whole. The Board is not in a position to say what the appropriate
institutional arrangements should be for this or the totality of interests
that need to be pulled together. However, it is clear that everything cannot
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be done all at once in what is essentially a learning process. We suggest
that one area be selected for thorough attack. Among possible contenders for
implementation are: acid rain and other airborn pollutants, nutrient
management and toxic substances. Each of these now exhibits some aspects of
an ecosystem approach, yet does not constitute an ecosystem approach in all
ramifications. WNutrient management, for example, applies only to phosphorus;
and even for phosphorus, recycling is limited because of heavy metal contamin-
ation of sewage and other factors. In most respects, phosphorus "management'
begins in the sewage treatment plant and ends in the receiving water.

The Board believes that integration of management activities over the
short term has generally been good in the Basin. The need now is to take
better account of Ecosystem factors that are "long" in space and time such as
stressors, carrying capacity, atmospheric transport and future generations.
There is a need for common policy by the Parties on the ecosystem approach as
proposed in this Report. Federal, State and Provincial agencies in the Basin
could advantagecusly begin identifying problems and areas within their juris-
dictions that would further the development of the ecosystem approach.

To implement, fully, an ecosystem approach to the resolution of trans-—
boundary problems, new legislation is needed. The Boundary Waters Treaty of
1909 makes reference to transboundary injury to health or property, but not
to injury to those parts of the biosphere on which man depends that are
"wild." The Treaty fails to recognize that water is not the only vehicle for
transboundary injury to health or property. The Water Quality Agreement of
1972 requires major modification to replace it with an agreement based on
concepts of "man-in" and the Ecosystem.

The first need therefore is for the Parties to recognize the ecosystem
approach as policy by extending or amending the Boundary Waters Treaty of
1909 and the Great Lakes Water Quality Agreement of 1972 in accordance with
this Report. The second action of the Parties and the Commission would be to
review the terms of reference and organization of the Commission's Great
Lakes Basin institutions so as to reflect an ecosystem approach. Thirdly, a
need is foreseen to attract a major public interest to the concepts of "eco-
system" and "biosphere" from all levels of society using available institutions
and media. The accent should be on turning "hidden" costs, including those
that are non-monetary, into "visible" citizen benefits through an ecosystem
approach.

Item 3 - Research Needs .
Research needs previously identified by the Board in a water quality
context in its Research Needs Report (14) remain as cited. Additional research
needs arising from implementation of the ecosystem approach proposed in this
Report await identity of the area or areas to be chosen for implementation.
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The boundary waters approach of the Boundary Waters Treaty of 1909 and
the water quality objectives approach of the Great Lakes Water Quality
Agreement of 1972 are inadequate, alone, to ensure the intent of Article
IV of the Boundary Waters Treaty that "boundary waters and waters
flowing across the boundary shall not be polluted on either side to the
injury of health or property on the other."

Adoption of an ecosystem approach by the Parties and the International
Joint Commission in the Great Lakes Basin will provide a sounder basis
than is currently available for prevention of transboundary injury to
health or property. Definite economic and societal advantages will
accrue to the Parties separately and jointly, from adoption of an
ecosystem approach to problem identification, research, and management
in the Great Lakes Basin.

The role of the International Joint Commission and its institutions in
advising the Parties on transboundary problems in the Great Lakes Basin
will be enhanced if the Parties augment the present water perspective in
the Boundary Waters Treaty of 1909 and Great Lakes Water Quality Agreement
of 1972 in accordance with the ecosystem approach advocated in this
Report.
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INTERNATIONAL JOINT COMMISSION
UNITED STATES AND CANADA
WASHINGTON, D.C. 204420

March 17, 1978

Dr. Donald I. Mount )
Chairman, United States Section
Great Lakes Research Advisory Board
Duluth, Minnesota 55804
OUR FILE: 200-7-11
Dear Dr. Mount: '

Further to the Commission's review of the 1976 Annual
Report of the Research Advisory Board, there are two
subjects on which the Commission would appreciate
clarification and further advice from the Board.

(1) Ecosystem Approach

The Commission recognizes that the ecosystem
approach, as outlined by the Board in its 1977
Annual Report, may provide significant benefits
to the long-term management of the Great Lakes.
There is some concern, however, that without
qualifiecation, a broad system approach would
divert attention from a concerted effort to
restore water quality on the basis of water
qguality objectives. In the Commission's
view, the revised water quality objectives
which have been recommended to Governments
should continue to serve as the keystone
of the Water Quality Agreement, that is, as
minimum goals to remedial programs or as
constraints in higher quality waters.

In further consideration of the ecosystem
concept, the Commission wishes to assess the
scope and implications of such an approach
before making specific recommendations to
Governments. The Commission understands that
the Board has also given this matter further
consideration and plans to submit a more

a2
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detailed analysis of the concept and means of
implementing it. In preparing such an analysis,
the Commission requests the Board to assess

and advise on (i) any difficulties invelved in
melding the ecosystem and water guality objectives
approaches, (ii) practical means of implementing
the combined concept and (iii) research needs

and whether such needs relate to data, management
technigques, or other aspects.

(2) Biological and Near-Shore Monitoring

The Commission has noted the Board's concern
"that there is still not adequate funding to
support"” the Great Lakes Surveillance Program
and additional support is required for the
evaluation of near-shore areas and biological
monitoring. The Water Quality Board, on the
other hand, has advised that "Governments are
providing adequate funding as required in the
current Great Lakes International Surveillance
Plan for point source monitoring". Further,
the Commission notes that the Annual Report of
~the Surveillance Subcommittee, Appendix B, of
the Water -Quality Board's Fifth Annual Report,
makes provision for biological and near-shore
monitoring. Therefore, it is not clear to the
Commission whether a serious problem remains
concerning biological and near-shore monitoring
and whether any such problem lies in the adequacy
of the Surveillance Plan itself, or of funding
in support of the Surveillance Program. The
Commission is aware of potential cuts in its
Great Lakes surveillance programs if the FY 1979
EPA budget now being considered by Congress is
approved.

The Board is requested to advise the Commission,
following consultation as appropriate with the
Water Quality Board, on these guestions and, if the
problem remains, on the specific requirements for
further biological and near-shore monitoring in
terms of both the types of data lacking-and
additional funding needs.
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The Board is requested to provide advice to the
Commission on these matters as soon as possible and, in
any event, by the next Annual Report of the Research
Advisory Board.

Finally, the Commission has informed that the Board
has reassessed its proposal for a study of phosphorus
management strategies, taking into account the concerns
of the Water Quality Board. The Commission has noted
and concurs with the revised Terms of Reference for the
Task Force's investigation.

A similar letter is being sent to the Canadian
Chairman of the Great Lakes Research Advisory Board by
the Secretary of the Canadian Section of the Commission.

Sincerely,

()bl ¢ 659900

William A. Bullard
Secretary, U. S. Section

WAB:drs

47




A MINI-GLOSSARY OF TERMS USED IN "THE ECOSYSTEM APPROACH"

Acid Rain - Precipitation carrying sulfuric acid, originating from sulfur
oxides in the burning of fossil fuels; causes corrosion of metals and
acidification of softwater lakes.

Biosphere - The outer sphere of the Earth inhabited by Tiving organisms; the
interacting system composed of air, natural waters, minerals and living
organisms, including MAN. The term was coined by the Austrian geographer,
Eduard Suess, in 1875.

Boundary Waters - Waters from main shore to main shore along which passes the
International Boundary between Canada and the United States, including
bays but not including tributary waters.

Carrying Capacity - The maximum population of humans or other organisms sus-
tainable in an ecosystem under a given set of conditions, varying with the
conditions and Tife styles of the people.

Demophoric - Expresses the combined biological and technological metabolism of
MAN in consumption of resources and production of wastes; coined by two
Canadians in 1972 - Dr. Jack Vallentyne of the Canada Centre for Inland
Waters and Dr. H. L. Tracy of Univ. of Guelph.

Ecosystem - An ecological system; any unit of nature in which 1iving organisms
and non-living substances interact - a Take, a drainage basin with or
without MAN, an aquarium, are examples.

Ecosystem Approach - The view of the Great Lakes Basin as an Ecosystem, in bio-
spheric perspective; encompassing all interations within this Ecosystem,
and transport of materials in and out via air as well as waters, by
migratory species and by international transport.

Great Lakes Basin Ecosystem - The interacting components of air, water,
minerals and 1iving organisms, including MAN, in the drainage basin of the
St. Lawrence River upstream from the point at which it becomes the
International Boundary between the United States and Canada.

Environment - Everything external to a living organism, or aggregation of such
Tiving organisms, on which they depend for growth and reproduction. Term
used in many different ways - e.g. "wild" environment, “urban"
environment, "physical™ environment; you can discharge to your
environment, but oniy in the ecosystem in which you live.

Hidden Costs ~ Costs that we do not realize that we are paying and that are
largely or totally MAN-caused - e.g. hay fever from ragweed pollen,
dredging of harbors and channels to remove MAN-made products of erosion
upstream, damage from road salt to cars, acid rain.

Stressors - Stressing factors on the environment such as the rate of population
growth and increasing per capita rates of consumption of resources
(affluence), causing resource depletion and increasing levels of pollution.

Water Quality Approach - In contrast to the Ecosytem Approach, an approach
which sets objectives not to be exceeded for certain chemicals in water,
based on the most sensitive uses of water. This approach does not take
full account of interactions within the ecosystems or of stressors
external to water.

NOTE: These words and terms are but a few of those with which ordinary
citizens must become familiar in North America. Some of them have
already achieved common usage, perhaps not yet accompanied by general
understanding of their impact on attitudes, behaviour and Tife
styles. Where our ancestors lived in harmony with Nature, modern,
technological man has tended to regard himself as the Master of
Nature and apart from it.

49







	EXECUTIVE SUMMARY AND RECOMMENDATIONS
	BACKGROUND
	THE ECOSYSTEM APPROACH
	SOME GENERALITIES
	EXAMPLES CONTMSTING ECOSYSTEM AND WATER QUALITY APPROACHES
	Acid Rain
	Road Salt
	Carrying Capacity
	Attitudes Perceptions Behavior
	Surveillance

	MAN-IN-A-SYSTEM
	Ecosystem
	Biosphere
	Nature

	SYSTEMS-EXTERNAL-TO-MAN
	Water; Water Quality
	Aquatic Environment; Aquatic Environmental Quality
	Environment; Environmental Quality
	AND THE COMMISSION

	INTERIM CHANGES IN THE WATER QUALITY AGREEMENT OF
	CRITERIA USED IN EVALUATING THE ECOSYSTEM APPROACH
	ANSWERS TO THE COMMISSION'S =QUEST
	Ecosystem Approach
	Concept
	Item 3 - Research Needs


	CONCLUSIONS
	MEMBERSHIP LIST RESEARCH ADVISORY BOARD 1977-1978

