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From: Roberta Frampton Benefiel <email address removed> 
Sent: May 23, 2009 2:45 AM 
To: Lower Churchill Review [CEAA]; Tom Graham 
Subject: Lower Churchill EIS comments

Hello Tom and Maryse:

Please find attached Grand Riverkeeper Labrador's comments on the Environmental Impact Statement 
for the Lower Churchill Hydroelectric Project along with various referenced documents. Please advise 
if there are any problems with the attachments and thank you for forwarding this on to the Panel.

Please expect one more message with attachments. My Yahoo account only allows 5 attachments per 
message.

Roberta Frampton Benefiel 
Grand Riverkeeer Labrador, Inc. 
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GRAND RIVERKEEPER LABRADOR, INC. 

PHONE: 70~08 
FAX: 709.-008

Comments on the Lower Churchill Hydroelectric Generation Project 
Environmental Impact Statement 
Registry number 07-05-26178

Attention: 

Maryse Pineau, Panel Co-Manager 
Canadian Environmental Assessment Agency 
160 Elgin Street, Ottawa ON KIA OH3 
Tel: 1-866-582-1884/613-948-1364 
Fax: 613-582-1884 

Lowerchurchill.review@ceaa-acee.gc.ca

Tom Graham, Panel CO-Manager 
Lower Churchill Joint Review Panel Secretariat 
33 Pippy Place, St. John's, NL AlB 4J6 
Tel: 709-729-7720 
Fax: 709-729-5693 

comments@1csec.nl.ca

To: Panel co-chair's Leslie Griffiths and Herbert Clark, panel members Jim 
Igloliorte, Meinhard Doelle and Keith Chaulk:

Submission of Grand Riverkeeper Labrador Inc. (GRKL) on the adequacy of 
the Environmental Impact Statement for the Lower Churchill Hydroelectric 
Project:

May 22,2009

ENVIRONMENTAL ASSESSMENT IS RECOGNIZED IN MANY SOCIETIES AS 
ONE OF THE MOST IMPORTANT TOOLS WE CAN USE IN OUR EFFORTS TO 
ACHIEVE SUSTAINABILITY BY INTEGRATING ENVIRONMENTAL AND 
ECONOMIC FACTORS INTO OUR DEVELOPMENT DECISIONS. The importance
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of public participation in those decisions has also been recognized for some time; in fact, 
the assumption that effective public participation is an important tool to ensure we make 
decisions on projects that result in sustainability is now consistent with the stated purpose 
of most environmental assessment processes! As well, the adjacency principal is accepted 
in this Country and this Province as meaning; when development of natural resources 
occurs, those closest to the proposed development must derive the most benefits!

How does the Lower Churchill Hydroelectric Generation Project EIS and the entire 
EA process surrounding this project facilitate an outcome that produces a sustainable 
project that adheres to the adjacency principle and produces "meaningful" public 
participation?

It is the opinion of Grand Riverkeeper Labrador, Inc, that neither of these fundamental 
outcomes is being met and that various other issues and concerns need more attention.

These and various other issues are covered in GRKL' s critique of the Environmental 
Impact Statement for the Lower Churchill Hydroelectric Project. A descriptive heading 
begins each separate issue.

We appreciate your consideration of these comments.

ADJACENCY PRINCIPLE

The Adjacency Principle is a policy that has been adopted by various governments in an 
effort to ensure that citizens living closest to development projects are the PRIMARY 
beneficiaries of any economic benefits accruing from those projects.

The communities closest to the Lower Churchill Hydroelectric project may experience a 
few jobs during the construction phase of the project and one or two particular groups 
may fmd themselves with some extra cash for a short period of time after the project is 
built, but the bulk of any speculated profits will go to an off shore government whose 
future political aspirations will determine how much or indeed if any funds will trickle 
down to the affected communities! With only 29,000 souls in Labrador versus over 
500,000 on the Island portion of this Province, it is a well-documented fact that 
politicians make promises to the minorities in Labrador in order to glean as many votes 
as possible, but when limited funds are allocated, it's the area of the province where the 
most votes are garnered that usually gets their wheels greased!

Studies on past hydro projects in northern communities in Canada bare these statements 
out! For example, James B Waldran, in his book "As Long as the Rivers Run 
Hydroelectric Development and Native Communities in Western Canada" p179, states 
the following:
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The hydro potential of Canadian rivers is viewed as a common property resource 
to be developed for the benefit of all provincial residents, and in a wider context, 
all Canadians...Indeed,.the "common good" ideology has been an important 
feature of most hydroelectric developments in Canada. But a closer look at 
these developments would likely reveal that they were proposed and 
constructed for reasons other than simply the production of cheap power for 
domestic consumption. Politics, and the machinations of politicians, have 
frequently become so intertwined with hydroelectric power projects that the 
improvement of political fortunes, rather than the production of power for the 
"common good", has been the real goal of provincial governments. The 
"common good" more and more looks like "the good of the party" in 
power".

In order to ensure that the communities affected would be the primary beneficiaries of the 
project, GRKL recommends that there must be an Impact Benefits Agreement signed 
between ALL residents of Labrador, the Provincial Government and Nalcor Energy! 
This is the only way that the most affected and adjacent communities can ever hope to be 
the "primary" beneficiaries of this project!

However, instead of making certain that these communities are the "primary" 
beneficiaries, it appears Nalcor and the NL Government are ensuring exactly the 
opposite: i.e. the recently registered Labrador-Island Transmission Link project 
specifically by-passes Labrador's coastal communities for power from the Lower 
Churchill project even though those communities pay the highest rates for home heating 
in the Province! As well, this proposed 800mw transmission line by-passes Labrador 
completely. That's correct! Not one megawatt is slated for Labrador's use! Oh, but 
Nalcor says if the need arises for more power in Labrador they will make sure some of 
the re-call power is available! But Labradorians wonder which needs to come first, the 
industry that needs the power or the availability of the power? It would seem that 
industries planning to locate in Labrador would need to KNOW first that the power they 
need is available! One of the biggest problems with Nalcor's statement that if Labrador 
needs more power for a specific industry that it will be made available is that the current 
transmission lines from Churchill Falls to Happy Valley-Goose Bay are at capacity so 
any new power needs would necessitate the building or upgrading of new power lines. 
Not exactly something that can be accomplished overnight, and not necessarily even in 
anyone year, given our short construction season. So the question is: How long would a 
new business/industry be willing to wait?

Also, Nalcor is signing an Impact Benefits Agreement with the Innu, which they should. 
However this effectively leaves the Inuit, the Metis and the non-native residents of the 
communities in Labrador at the mercy of whatever political decisions of the day abound 
when distribution of resources are decided!

On page 3-26 of Volume 111, the Socio-Economic Assessment, (last paragraph) Nalcor 
states "Facilitating the participation of Aboriginal people in the Project is an important
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goal." Then goes on to discuss their possible IBA with the Innu Nation as though no 
other Aboriginal group exists in the territory of Labrador! Not so! Inuit of Labrador 
number approximately 6900 and approximately 2310 of those people live directly 
adjacent to the Project. As well, the Labrador Metis Nation, although they do not yet 
have a recognized land claims agreement, number around 6000 members, a third or 
approximately 2000, of whom live adjacent to the project area! The Labrador Metis 
Nation has been recognized time and time again by both the Provincial and Federal 
Governments through specific programs, specific consultation, and other forms of 
recognition. However, it seems this Proponent chooses to treat these Aboroginal people 
as non-aboriginal!

It is incumbent on Nalcor and the Governments ofNL and Canada to consult directly 
with Aboriginal communities affected by the Project. However, the consultation 
described in the EIS does not adequately address this need to consult, except in the case 
of one of the regions Aboriginal groups, the Innu Nation! Grand Riverkeeper Labrador 
recommends that the Proponent be instructed to re-visit the consultation process of the 
EIS and include meaningful consultation with the Nunatsiaviut Government and the 
Labrador Metis Nation.

On Page 2-3 of Volume 1, Part A, section 2.4.2.3, the Proponent states the following: 
"Employment opportunities and business activity resulting from the construction 
and operation of the Project are the primary direct benefits." and "A substantial 
portion of the secondary employment and business opportunities will occur 
naturally in Labrador. Nalcor Energy will focus its efforts on maximizing 
benefits to Labrador through training and supplier development and will require 
that qualified Labrador residents have first consideration for employment on the 
Project." 

In a survey of local businesses and the local College of the North Atlantic, as of this 
writing, Nalcor Energy has made very limited contact with businesses who might benefit 
from purchasing agreements in connection with the Project, with the possible exception 
of businesses which are partnered with Innu Development and while there was a meeting 
with the college in March of2008 to outline some of the particular kinds of jobs that 
would be available, they have not been contacted yet regarding the specific training needs 
for the Project! With only a year or possibly less until Nalcor Energy predicts this project 
will begin construction, it would seem that if the proponent was truly dedicated to the 
Adjacency Principle, activity would be under way to ensure that anyone living in 
Labrador who wants a job on this project would be evaluated and some form of specific 
training opportunities would be either already underway or at least planned. That does 
not appear to be the case! Nor does it appear that local businesses will benefit from 

supply contracts since by Nalcor's own statement in section 2.3 of the Executive 
Summary; "Newfoundland and Labrador businesses will have full and fair 
opportunities to participate in the Project, understanding that price, quality and 
delivery will be evaluated on a competitive basis.", This statement immediately throws 
up red flags, first because it states Newfoundland and Labrador,and does not state 
Labrador first with Island businesses benefiting next and also because it is common 
knowledge that goods supplied by Labrador businesses are almost always going to be
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more expensive due to the high cost of shipping over 1200 km of gravel roads where 
tractor trailers have full loads in but empty loads out of the territory and therefore have to 
charge local businesses the full round trip price for shipping!

Also by Nalcor's own admittance, "From a local economy perspective, one ofthe 
implications of a commute workforce living in construction camps is that workers have 
limited need or ability to spend locally..... ...businesses in the region where the project is 
located may capture relatively little of that income." ((Volume Ill-Section 3.2.3, Page 
3.5) and "Unless addressed explicitly, expenditures by the project proponent on 
materials, goods, equipment and services may also flow to communities outside the work 
region. Proponents may prefer to access known suppliers in non-local centers to bring in 
the required items. The result is a loss of potential benefits to the project area through 
fly-over effects (Storey 2001)."

Nalcor then refers us to sections 3.6.5 and 3.7.5 to allay the fears that the above two 
statements instill. However, those sections of the EIS simply give statistics on the 
GENERAL number of workers that will be needed during the construction and 
maintenance phases of the Project and without a specific IBA or specific legal agreement 
with Labradorians as a whole, it is again questionable whether Labrador and 
Labradorians will be the "primary" beneficiaries of this development!

Grand Riverkeeper Labrador Inc. recommends that the Government of Newfoundland 
and Labrador be required to follow its own policies on adjacency and require Nalcor 
Energy to consult with all affected groups in Labrador and that an Impact Benefits 
Agreement be negotiated that would guarantee specific benefits to all residents of the 
territory both during the construction phase of the Project and for something similar to an 
infrastructure fund which would come from the profits from the sale of the power once 
the project was up and running! Otherwise Labrador residents will again feel, as with 
many past developments, that the bulk of jobs and spin off benefits will go to companies 
and workers from the Island portion of the province and other areas of Canada! At the 
very least, in order to fulfill the Adjacency Policy, Nalcor and the Newfoundland and 
Labrador Government should be expected to negotiate a financial agreement covering the 
future profits from the project!

How can such a huge project, in a territory of such diverse and few peoples, proceed 
without meaningful consultation and Impacts Benefits Agreements with all affected 
communities? We, in Labrador, live in a Colonial Territory, in as true a sense of those 
words as any Colonial Territory anywhere in the world was ever described! In other parts 
of the world colonially owned and controlled territories have won their freedom and the 
right to self government! Not so in Labrador! It is imperative that our resources be 
developed to benefit Labradorians first and foremost and our only hope of that ever 
happening is if we have legally binding documents between all Labradorians and our off 
-shore Government that gives us some legal recourse! Expecting that benefits which
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accrue to the Provincial coffers will automatically trickle down to a minority population 
is not realistic!

SUSTAINABLE DEVELOPMENT and THE PRECAUTIONARY PRINCIPLE:

Following are two of the stated purposes of the Canadian Environmental Assessment Act, 
Section 4 (1) states: The purposes of this Act are 

(a) to ensure that projects are considered in a careful and precautionary 
(emphases added) manner before federal authorities take action in connection 
with them, in order to ensure that such projects do not cause significant 
adverse environmental effects; and 

(b) to encourage responsible authorities to take actions that promote sustainable 
development and thereby achieve or maintain a healthy environment and a 
healthy economy; etc. etc. 

Also: The Rio Declaration on Environment and Development defines the "Precautionary 
Principle" as follows: "In order to protect the environment, the precautionary approach 
shall be widely applied by States according to their capabilities. Where there are threats 
of serious or irreversible damage, lack of full scientific certainty shall not be used as a 
reason for postponing cost-effective measures to "prevent" (emphases added) 
environmental degradation." (Principle 15)

The Proponent, on the Executive Summary on page 56, uses the meaning of the 
Precautionary Principle wrongly and twists the words to suit their ends! For example, in 
Nalcor's example of the loss of habitat for Wetland Sparrows they state unequivocally 
that habitat for Wetland Sparrows will be inundated and that although they believe 
enough habitat will remain above the reservoir to assure sustainability of the affected 
populations, they nevertheless intend to create riparian marsh wetland habitat preferred 
by these birds even though there is no scientific knowledge or certainty that it will work, 
and are quoting this as an example of how well they are adhering to the precautionary 
principle.

It is the opinion of Grand Riverkeeper Labrador that this is a very poor example of 
adherence to the precautionary principal and that in fact, Nalcor has totally ignored the 
precautionary principal and blatantly forged ahead knowing there will be destruction of 
habitat, not only for Wetland Sparrows but for many other wildlife species and fish and 
what they should be considering where they unequivocally know this project is going to 
cause habitat loss is other "alternatives to the project" or as the Precautionary Principle 
states, PREVENTION of the loss of habitat rather than MANAGEMENT of the losses!

Alternatives to the project are covered in greater depth elsewhere, but here is a particular 
area where proper consideration of other alternatives could PREVENT the loss of habitat 
for the Wetland Sparrow, but Nalcor has refused to see beyond this one project as a 
means for energy creation!

Under section 2, page 2-1, of Volume 1, Part A, of the EIS, the need, purpose, 
alternatives to and rationale for the project are listed.
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The needs include future demand for electricity, provision of electric energy for sale to 
third parties and the development of the Province's natural resource assets for the benefit 
ofthe Province.

The main "purpose" of the proj ect as stated in the first two sentences of section 2.3 is two 
fold; first, "to develop the hydroelectric potential of the lower Churchill River" and 
second, "In achieving this purpose, the Project will generate revenue for the Province, 
reduce fossil fuel use and contribute to security of energy supply for the Province and 
Canada"

With this stated purpose in mind the Project, as registered, therefore cannot be considered 
sustainable because, technically, this entire "partial" project is registered and being 
assessed as a construction project only, without a market or a transmission route to get 
the power to that market, and therefore there is no possibility to accomplish what the 
Proponent states is the justification/rationale/purpose for the project!

When the Bruntland report, Our Common Future was published in 1987, the stated 
purpose of "sustainable development" was development that could meet the needs of the 
present without compromising the ability of future generations to meet their own needs!

While on the face this Project might appear to be satisfying that statement, if one believes 
that future generations of Labradorians will only want the bit of trickle down money that 
comes from the off-shore government in Newfoundland. However, if ,on the other hand, 
we give future Labradorians a bit more credit then we can see that they may be a bit 
angry at those of us who squandered the natural capitol of the region for short-term 
monetary benefits!

Sustainable development can be described in terms of several types of capitol; natural, 
physical, economic, human, social and cultural to name a few! Global resource depletion 
and pollution are forcing us to recognize that existing patterns of development and 
resource use are not sustainable. We are now, (at lease many of us), realizing that 
destroying our natural capitol cannot continue on the path it has been on in the last 100 
years. The finite capacity of natural systems like Grand River to produce true 
"renewable resources" such as forestry products, water supplies, fish, wildlife, flushing 
and sediment movement, etc. cannot continue if the natural system from which these 
"renewable resources" are drawn are over-exploited.

Large dam projects like the Lower Churchill Project over-exploits the natural system of 
rivers; too much habitat is destroyed, too many fish are poisoned or chewed to bits in the 
turbines or die of bubble disease, the old-growth high-yield fiber forests will be cut 
unsustainably leaving too many to rot in the reservoirs or beside them as does the wood 
from the clearing for the third phase of the Trans Labrador Highway still today! None of 
these actions can be considered sustainable when you consider them in the context of 
natural capitol!
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This kind of natural capitol, the river, flowing freely, supplying the life force needed for 
the animals, fish and plants it supports is a rare commodity in this world these days! If we 
destroy even one significant natural asset like this river it can be likened to the 
destruction of one single body organ or system. How many of these organs or systems 
can we change or destroy until the entire system fails? This is a question to which the 
answer is not known exactly by scientists! However, they are today warning us that we 
may have already reached the point of no return. Now here is a true example of where 
the Precautionary Principle should come into play!

Considering the number of rivers in the world today that have been damaged by large 
dams, (some 45,000), and considering the number just on the QuebeclLabrador Peninsula 
alone and the range of extensive impacts those dams have had on rivers, watersheds and 
ecosystems where, according to the World Commission on Dams report, "these impacts 
are more negative than positive and, in many cases, have led to irreversible loss of 
species and ecosystems.", and considering that "Efforts to date to counter the ecosystem 
impacts of large dams have met with limited success owing to the lack of attention to 
anticipating impacts, the poor quality and uncertainty of predictions, the difficulty of 
coping with all impacts, and the only partial implementation and success of mitigation 
measures." (Ppxxxi), there is no way that this Project can be considered sustainable! 
(The subject of mitigation and the only marginal possibility of the proposed mitigation 
measures for lost fish habitat ever being successful in this Project is covered extensively 
in another section ofthis submission called FISH HABITAT MITIGATION.)

It is the opinion of Grand Riverkeeper Labrador, Inc. that this "partial" Project must be 
struck from the CEAA registry and re-registered for a proper assessment once 
transmission routes for the entire 3074 MW are identified and once potential markets for 
this power have been established, or, the Proponent must be instructed to register its plans 
to transmit the balance of power over and above the 800 megawatts in the Labrador- 
Island Transmission Link registration so that concerned citizens, the Joint Panel and other 
stakeholders have an opportunity to review these projects that are so closely related that 
they can and should be considered as one project for the purpose of the assessment! It 
must also be noted that even though the decision to combine such projects is, in the case 
of Joint Panel reviews, at the discretion of the Minister, as per Section 15(2) of the CEA 
Act, it could be concluded that based on Subsection 16 (3) of the Act, the Minister may 
only be able to exclude or eliminate issues from the scope of the assessment if those 
issues are not relevant for the final determination of whether the Project is likely to cause 
significant adverse environmental effects. Based on the statements in the EIS guidelines 
and the terms of reference for the Panel regarding cumulative effects, it is the opinion of 
Grand Riverkeeper Labrador that the Ministers made every effort to ensure that any and 
all cumulative environmental effects from "any past or reasonably foreseeable projects or 
activities" be considered in this assessment and that transmission lines to take the "for 
sale" electricity to market represents many adverse environmental effects like
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deforestation, river crossings, road building, fish and wildlife habitat destruction, 
radiation from power lines and transformers etc. and that these adverse environmental 
effects must be considered along with the environmental effects of building the dams! 
Otherwise, the environmental assessment is being done piece-mill where neither the full 
range of cumulative effects on the environment nor economic benefits or costs can be 

properly assessed!

In truth, this "partial Project" can be and is, viewed by many as being in contravention of 
sections of the Canadian Environmental Assessment Act, specifically: section 15 (2)" For 
the purposes of conducting an environmental assessment in respect of two or more 

projects, (a)the responsible authority, or (b) where at least one of the projects is referred 
to a mediator or review panel, " {which this project is} "the Minister, after consulting 
with the responsible authority, may determine that the projects are so closely related that 
they can be considered to form a single project." Or section 15 (3) "Where a project is 
in relation to a physical work, an environmental assessment shall be conducted in respect 
of every construction, operation, modification, decommissioning, abandonment or other 
undertaking in relation to that physical work that is proposed by the proponent or that is, 
in the opinion of (a) the responsible authority, or (b) where the project is referred to a 
mediator or a review panel, the Minister, after consulting with the responsible 
authority. "

To assess this project, as it was registered, flies in the face of good Environmental 
Assessment practices and has the effect of decreasing the public's faith in the entire 
process!

Along with assessing the cumulative effects of the necessary transmission lines to take 
this power to market, it is recommended that the proponent do a proper job of laying out 
the "alternatives to this project" in a way that citizens can properly determine the costs of 
the alternatives, both economically and ecologically and make an informed decision as to 
whether they prefer this Project or one of the possible alternatives such as true run-of- 
river hydro, wind supplemented by the current Churchill Falls Project, or other various 
scenarios/possibilities of energy creation including the scenario of "do-nothing". (The 
issue of Alternatives to the Project is covered more extensively in another section of this 
submission. )

HYDRO AS GREEN ENERGY:

Refer to section 2.4, Volume 1, Part A, Project Rationale: 
The proponent makes the following statement: "The value of the Project lies not only in 
financial benefits from the development itself, but also in the beneficial environmental 
effect it will have by displacing a large amount of GHG emissions. The displacement of 
emissions in eastern Canada will help the federal government meet its international
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commitments to GHG reductions. The Project will be in an optimal position to make a 
substantive contribution to meeting the targets established by the federal regulatory 
framework.", and, "As a source of clean, renewable power, the Project expects to benefit 
economically from opportunities associated with the various compliance mechanisms 
outlined in the framework."

The federal regulatory framework for managing greenhouse gas emissions in Canada was 
released in April 2007 and included as a key element regulated emissions intensity targets 
for industry as well as a number of flexibility mechanisms that can be used to meet those 

targets. In March 2008 the government elaborated on its plan with additional details on 
targets for new units and on the application of flexibility mechanisms. The framework 
includes an overall national target to reduce GHG emissions to 20% below 2006 levels by 
2020 and 60-70% below 2006 levels by 2050 with one ofthe key elements of the 
framework being the emissions targets for industrial emitters and their associated 
flexibility mechanisms. As stated by the Toxics Watch Society of Alberta (TWSA) "The 
federal framework includes targets that are out of step with climate change science as 
well as many potential loopholes that threaten to erode the environmental integrity of the 
system."l Also the TWSA states this intensity based system would allow emissions to 
continue to grow rather than decrease GHGs and recommends a true cap-and-trade 
system which mirrors that of the European Union's trading system.

Obviously the Proponent has based its statement above on these intensity targets rather 
than the absolute emissions which a cap-and-trade system would demand. However in 
the last Speech from the Throne the federal government committed to a North American 
cap-and-trade system. Reuters reporter David Ljunggren reported on Nov.19, 2008 
"Canada's Conservative government shifting positions in the wake of Barack Obama's 
election as U.S. president, said on Wednsday that it will work to develop a North 
America-wide cap-and-trade system to limit emissions of greenhouse gases.,,2 And, just a 
few weeks ago, on April 2nd, 2009 an important bill that would set national climate 
change targets and commit Canada to a responsible international role in dealing with 
climate change received second reading in the House and is expected to go to third 
reading sometime in mid June, The Climate Change Accountability Act (BillC-311) will 
commit Canada to cut GHGs by 25% of 1990 levels by 2020 and 80% below 1990 levels 
by 2050.

A 2002 article in the journal World Resource Review by a team led by Eric Duchemin of 
the University of Quebec shows the upper limit of gross emissions from Churchill Falls 
hydro scheme in Labrador to be 70 kt C02e/TWh.3 Also, the Proponent estimates the 
emissions for the reservoirs will be 1,160,000 tonnes C/yr during the first five years and 
125,000 tonnes C/yr in perpetuity. (GHG Emissions study P8-4) This estimate does not 
include the emissions for the transmission route nor the emissions of nitrous oxide, nor

1 http://www.toxwatch.ca/node/69 

2 http://www.reuters.com/artic1e/environmentNews/idUSTREKA170120081119 
3 Duchemin et al 

. (2002).
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does it include emissions from the construction and decommissioning of the dam sites 
nor the cumulative effects on the region ofthe construction ofthe Labrador-Island 
Transmission link and future construction of whatever method of delivery for the balance 
of the power is finally decided on!

To the knowledge of GRKL there is no certification scheme and no international carbon 
trading organization to date that will agree that "mega" hydro projects can qualify for 
carbon credits or green certification. The jury is still out even on the Kyoto Clean 
Development Mechanism. It is therefore incumbent upon the Proponent to provide 
specific information as to which carbon -trading scheme or certification organization this 
project will qualify for and provide a copy of the application for certification based on the 
project description and the final decision made by the qualifying organization. Otherwise 
claims such as those made in the above referenced section of the EIS should be stricken 
from the record because they are mere speculation!

Also, since it appears the current government is set to adopt new legislation that will 
require absolute cuts in GHG emissions rather than the weak intensity based system, it is 
incumbent on the Proponent to consider "alternatives to this Project" with an emphasis 
not only on environmental, social and economic sustainability but also with respect to 
greenhouse gas emissions. GRKL calls for "explicit assessment of future net greenhouse 
gas emissions of the Project", "through full Life Cycle Assessments to compare available 
options.,,4, for this Project and all alternatives to this Project that the Proponent is 
required to, but has not yet properly presented.

A statement by Philip Raphals of the Helios Centre in the executive summary of his book 
"Restructured Rivers", Page xiii- under the heading Green power market certification 
follows:

"Restructuring" (of the electricity sector) "is radically transforming the electric 
power industry. Should the process reach its logical conclusion, electric supplies 
will be chosen by consumers, not utilities, and decisions about future resources 
will be made not by a regulatory planning process, but rather-like other 
competitive industries-by private companies making at-risk investments, based on 
their own estimations of future consumer demand and preferences.

The arrival of competitive markets and subsequent market fragmentation allows 
environmentally-consious consumers to "vote with their pocketbooks" by 
choosing to avoid certain energy sources or to support others."s

4 WCD Press Releases and Announcements www.dams.org/newsevents/press357.htm

5 Restructured Rivers Hydropower in the Era of Competitive Markets, A report prepared by Philip Raphals 
of the Helios Center and published by International Rivers Network, 2001, E-mail: sec@helioscentre.org 
Web: http://www.helioscentre.org
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The Proponent also states "As a source of clean, renewable power, the Project expects to 
benefit economically from opportunities associated with the various compliance 
mechanisms outlined in the framework."

Here again the Proponent is making claims that this Project will qualify to be sold as 
certified green energy. GRKL has researched the criteria that would need to be met in 
the United States under the Low Impact Hydropower Institute's certification program6 
and others and the criteria /guidelines for certification under Environment Canada's Eco 
Logo certification program and based on their criteria this Project would not qualify as 
Green Energy and would therefore not benefit from being sold to environmentally- 
conscious consumers as Clean/Green energy. In fact it is likely that cheaper coal- 
produced electricity would displace this more expensive "renewable" energy!

Again, the Proponent must show exactly which certification program it has applied to or 
intends to apply to for certification as green energy and prove that this Project will fulfill 
the criteria for certification before they can make sweeping statements about being a 
source of clean, renewable power and they must re-assess benefiting economically from 
opportunities associated with various compliance mechanisms in the wake of highly 
likely policy and legislative changes on greenhouse gas emissions.

ALTERNATIVES TO THE PROJECT

A very short and sweet section on alternatives to the project is supposed to satisfy the 
reader that the Proponent has made every effort to determine whether the best use of 12 
to 15 billion dollars of tax payers money is for this proposed project rather than another

6Low Impact Hydropower Institute. Portland, Maine, www.1owimpacthydro.org
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type of project or combination of projects. There simply isn't enough information to 
even make an assumption. As stated by Lutterman 7

"Although development ofthe Lower Churchill has been considered for decades, 
it has not been evaluated openly, relative to alternative societal level objectives 
and specific courses of action. These may be various possible uses of the land, 
methods of producing and using energy, economic opportunities, lifestyles, etc. If 
alternatives are not thoroughly scoped at the initial planning stages, launching into 
a detailed study of one proposed project may create unnecessary expenditure and 
effort if that project is not ultimately carried out.

The first step in a planning procedure, before considering a detailed EIA for such 
a large energy production project affecting public lands and using public funds 
should be a process of consensus seeking involving the investigation of the 
pros and cons of various possible competing alternatives (Oud and Muir 1997). 
This must have full participation of the interested parties, particularly those most 
directly affected by the proposed project.

Issues to be considered would include the various social, environmental, 
economic. Technical, financial, institutional and political benefits and risk factors 
involved in different development scenarios, with and without mega-projects. 
It is essentially a policy and planning review of the energy sector with well I 
nformed public participation. Scenarios which focus on demand-side 
management (DSM) must be included, with recognition that in the long term, 
continued human population and economic growth, fuelled by massive energy 
consumption, may not be sustainable or desirable."

These are the criteria which must be followed if the Proponent is to truly adhere to 
section 16 (1) (e) The Panel should instruct the Proponent to go back to the drawing 
board and do their homework. There are many and varied other ways to create energy 
that is less damaging to the environment and likely less expensive and there are many and 
varied ways to spend 12 to 15 billion dollars that could enhance the lives of 
Newfoundlanders and Labradorians beyond what this proposed Hydro project can.

RED WINE CARIBOU HERD

As the river valley floods, moose and wolves currently living in the riparian zone will 
necessarily have to move up the side of the river valley and onto the plateau above. This 
area is the traditional foraging grounds for the Red Wine herd. The Proponent has not 
made it clear what effect the appearance of more wolves will have on the herd. What

77 Lutterman A "Assessing Further Hydroelectric Development on the Lower Churchill River, Labrador: 
What can we hope to achieve? Assessment and Impacts of Mega Projects Proceedings of the 38th Annual 
Meeting of the Canadian Society of Environmental Biologists in collaboration with the Newfoundland and 
Labrador Environment Network, St. John's Nfld. Canada, October 1-3, 1998
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Nalcor does say is that other factors are already greatly affecting the survival of the heard 
and that it may disappear anyway, whether the hydro project is built or not. This should 
be no reason for Nalcor to neglect its duty to fully protect this endangered herd. Two 
wrongs do not a right make! Please ask the Proponent to do the studies necessary to 
ensure the Red Wine Herd is fully protected.

CUMULATIVE EFFECTS:

To introduce this section we quote a couple of important paragraphs from Cha~ter 3, 
Page 88 of the World Commission on Dams report "Dams and Development" (copy 
attached) Section heading:

Cumulative Impacts

"Many ofthe major catchment areas in the world now contain multiple dams. 
Within a basin, the greater the number of dams, the greater the fragmentation of 
river ecosystems. An estimated 60% ofthe world's large river basins are highly 
or moderately fragmented by dams(see figure 3.6). The magnitude of river 
fragmentation can be very high. In Sweden, for example, only three major rivers 
longer than 150 km and six minor rivers have not been affected by dams. 46

Although seldom analyzed, cumulative impacts occur when several dams are built 
on a single river. They affect both the physical (first-order) variables, such as 
flow regime and water quality, and the productivity and species composition of 
different rivers. The problems may be magnified as more large dams are added to 
a river system, resulting in an increased and cumulative loss of natural resources, 
habitat quality, environmental sustainability and ecosystem integrity.

We also quote from Schedule 1- Terms of Reference for the Panel: Under Part II-Scope 
of the Environmental Assessment:

"The Panel shall consider th e following factors in the EA of the 
ProjectlUndertaking as outlined in Sections 16 (1) and 16 (2) of the CEAA and Sections 
57 and 69 of the EPA:" Item # 10 in the Terms of Reference for the Panel, " Any 
cumulative Environmental Effects that are likely to result from the ProjectlUndertaking, 
in combination with other projects or activities that have been or will be carried out;"

As well, section 4.5.3, Cumulative Effects on page 35 of the Environmental Impact 
Statement Guidelines states as follows:

"The Proponent shall identify and assess the Project's cumulative environmental 
effects. Cumulative environmental effects are defined as changes to the
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environment due to the Project where those overlap, combine or interact with the 
environmental effects of other existing, past or reasonably foreseeable projects or 
activities. In the cumulative effects assessment, the Proponent shall consider 
guidance provided by the Canadian Environmental Assessment Agency in its 
Cumulative Effects Assessment Practioners Guide (1999) and other literature and 
experience with environmental assessment in Canada or elsewhere that it finds 
helpful in framing the cumulative environmental effects analysis." 

(copy of the 1999 Cumulative Effects Assessment Practioners Guide is attached)

In interpreting the above statements, the effects of the existing Upper Churchill project 
must be considered when determining "significant adverse environmental effects". This 
"existing" "past" project's effects on the land, the water, the fish and wildlife, and all 
other Valued Ecosystem Components also must be considered under cumulative effects! 
The understanding of these statements is also that the environmental effects of the 
"reasonably foreseeable" Labrador-Island Transmission Route must be considered along 
with whatever other means of transmission the Proponent eventually uses to transport all 
of this power to markets. GRKL sees no other possible interpretation of these 
statements!

Currently the Proponent devotes only a few short paragraphs in the Biophysical 
Assessment, Volume 11 Part A and Volume 11 Part B to cumulative effects and 
discusses only the Trans Labrador Highway, Cultural and Recreational Land Use, the 
NATO Special Forces Training, Commercial forestry, and the additional Transmission 
lines between the proposed dams and Churchill Falls. "The Churchill River watershed 
has already undergone substantial alterations with the construction of the hydroelectric 
complex on the upper river system in the early 1970's. The environmental and 
socioeconomic effects of this project have yet to be fully assessed to the best of our 
abilities. This fact seriously weakens the potential for cumulative assessment within the 
watershed and the broader landscape. A broad, eco-regional planning approach is 
necessary to begin to gain an integrated understanding of the changes created by the 
totality of human activities on this landscape.9The Proponent is working within a narrow 
conceptual framework that considers cumulative effects to mean only those project 
effects that directly overlap spatially. In the past, Innu and Metis have repeatedly 
emphasized the importance of thoroughly considering the environmental degradation that 
has already occurred as a result of the Churchill Falls project prior to and in concert with 
evaluating the effects of new hydroelectric facilities in the region. They want to see that 
cumulative effects assessment is conducted using a broad spatial and temporal scope that 
at the very least includes other developments within the water shed. 10 This restrictive

9 Lutterman, A, "Assessing Further Hydroelectric Development on the Lower Churchill River, Labrador: 
What Can We Hope to Achieve? Assessment And Impacts of Mega projects. Proceedingsofthe 38th Annual 
Meeting of the Canadian Society of Environmental Biologists in collaboration with the Newfoundland and 
Labrador Environment Network, St. John's, Nfld. Canada, October 1-3, 1998 - p87 
10 Luttermann, A, 2007 Historical Changes in Riparian Habitats of Labrador's Chirchill River Due to Flow 
Regulation: The Imperative of Cumulative Effects Assessment. Submitted in partial fulfillment of the 
reqirements for the degree of Doctor of Philosophy at Dalhousie University, Halifax, Nova Scotia July 
2007
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way of dealing with cumulative impacts does not conform to the understanding of the 
wording in the Act, the Terms of Reference for the Panel nor in the EIS Guidelines!

RESERVOIRS AND FLOODING:

In table IB-l-, Environmental Impact Statement Issues Concordance-Public 
Consultation, Volume 1, Part B, the Proponent lists chapters in the EIS where specific 
concerns of the public have been addressed: One of those questions reportedly asked by 
Grand Riverkeeper is listed as follows:

"EIS should include an analysis of the "true" amount of land that would be 
flooded by the project-not just the area "looking straight down" (85km2), 
but the total area taking into consideration the topography and slope of 
land. Could the project cause flooding ofMudlake"

The question, as reported by Nalcor above does not accurately quote what Grand 
Riverkeeper asked about the reservoir flooding. We might add, we have asked that this 
information be provided not on just one occasion, but on at least 3 occasions in various 
meetings with NL Hydro and with Nalcor and finally in our submission/comments on the 
draft EIS Guidelines.

In our submission/comments on the draft Guidelines, under SECTION I-Background, 
Purpose of the Guidelines, Proposed Project, we make it as clear as we know how that 
what we want the Proponent to do is not to simply show us maps of what the river will 
look like once the inundation takes place, but explain to us what analytical methods they 
used to come to those inundation amounts. We quote here exactly what we stated in our 
submission/comments on the guidelines, which can be found on the CEAA web site:

"Regarding total area of inundation for the Gull Island and Muskrat reservoirs: 
Newfoundland and Labrador Hydro has been asked to provide information on the 
calculation methods used to determine the area of land that will be inundated. 
Thus far we have not received a response. We recommend the guidelines ask that 
NL Hydro provide, in layman's terms, a complete and transparent report on 
exactly how the inundation figures were determined, what methods were used and 
what the percentage of error is for those methods."

Again, Grand Riverkeeper Labrador asks that the Proponent provide the "math" or the 
"methods" or whatever model, assumptions, calculations etc. were used to determine the 
amount ofkm2 of "land" that will be inundated! We continue to ask for this information 
because we feel there are significant errors in the calculations. However, unless we know 
the methods used by Nalcor to calculate the inundation it is impossible for us to have our 
GIS expert re-create the inundation! What Nalcor has done in answer to our repeated 
questions on this matter is to simply refer us back to their maps of the inundation. We 
repeat, we feel there may be errors in their calculations but unless we know what methods 
they used to calculate, then we have no way of verifying whether they are right or wrong!
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OLD GROWTH FORESTS OF THE GRAND (A.K.A.CHURCHILL) 
RIVER VALLEY NOT CONSIDERED AS A VALUED 

ECOSYSTEM COMPONENT

According to the Canadian Environmental Assessment Agency, a widely recognized 
approach to identify Valued Ecosystem Components (VECs) is:

Any part of the environment that is considered important by the proponent, 
public, scientists and government involved in the assessment process. Importance 
may be determined on the basis of cultural values or scientific concern (CEAA, 
1999) 

OR: Valued Ecosystem Components (VECs) are features of the environment selected to 
be a focus of the EA study because of their ecological, social, cultural and economic 
value, and their potential vulnerability to the effects of a project.

While it is not practicable to assess every potential effect on every component, 
assessment must therefore focus on the components that have the greatest relevance in 
terms of value and sensitivity to the particular circumstances of the development under 
review! It can be shown that in most submissions/comments about the potential adverse 
environmental effects of the Lower Churchill Hydroelectric project, the old growth boreal 
forests of the Grand River valley have been mentioned time and time again. It is 
therefore surprising and disappointing that these forests were not considered as a valued 
ecosystem component except in the context of how or if they were to be cut.

The CEAA states, "To be considered a VEC the component must be known to occur in 
the project study area, and there must be reasonable likelihood that it would be affected 
by or have an influence on the project." The old-growth forests in the river valley surely 
qualify on both counts!

We have lost nearly half--almost three billion hectares--of the forests that once blanketed 
the earth. In the past five decades alone, nearly a fifth of the earth's forested areas have 
been cleared. Industrial logging, a major factor in the loss of forests, has doubled since 
1950. Seventy-six countries have lost all of their frontier forest (large tracts of relatively 
undisturbed original forest). The numbers don't lie--our forests are disappearing.

Forests are vital to the health of the planet. Old-growth forests in particular playa critical 
role in storing water and carbon, filtering air, moderating the climate, conserving soil and 
providing habitat for wildlife. Yet according to the U.N., we are losing over 16 million 
hectares of forest each year. The consequences ofthis loss for biodiversity, global 
warming and indigenous cultures has caused great concern for members of Grand 
Riverkeeper and, not surprisingly, some of us have doubled as members of the local 
concerned citizen's forestry group!
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As stated above, the forests of the Grand (a.k.a. Churchill) River valley are old-growth 
boreal forest, considered so important that for years this area was completely removed 
from the Annual allowable cut of the District 19A forestry plan and considered "pristine"

forest! Why now then is it ftrst; OK not only to cut this forest at an alarming rate, i.e. 
around 200,000 m3 per year for the next 8 to 9 years, (an amount equal to the AAC for the 
entire District 19A's forestry plan,) but also, there appears to be no speciftc plan to utilize 
the ftbre from those trees and, this valuable ecosystem doesn't even rate its own VEC 
studies within this environmental assessment!

Grand Riverkeeper Labrador recommends that the Proponent be required to assess the 
potential of these old growth forests both in the context of economic benefit to local 
harvesters over the next 9 years should that option become available to them (and we 
understand from local foresters that the wood in the river valley is mostly high dollar 
fibre) and also in the context of the forests services as carbon sinks, air ftltering, soil 
conservation, wildlife habitat and climate moderation if the forests were left alone to 
continue to produce!

PUBLIC PARTICIPATION/CONSULTATION

Nalcor "consulted' with the people, but it was not a totally effective process for several 
reasons. One fault is that is was not a real consultation process, but rather a presentation 
of what they planned to do and at the end they listed the concerns that were brought up. 
As well, there were practical and technical issues to do with meetings and presentations.

In Nalcor's Executive Summary, P.25, they state that they rely "on a program of 
consultation whereby the interested public learns of the Project and documents areas of 
concern..." In Vol. 1 Part A, 7.3, methods used are listed, including Website, 
Newsletter, Information Sheets, Posters, Exit surveys, Open House, Technical 
Workshops. In Vol. 1, Part A, 7.4.2, "a second energy alternatives workshop is planned 
for Happy valley-Goose Bay, as a number of interested parties were unable to participate 
in the ftrst workshop."

With regards to the statement "consulted with the people". While Nalcor did carefully 
present what it had planned and heard people's questions and yes, documented them, it 
was not an effective process because there was no dialogue and consensus encouraged. 
(This is in contrast to the Forest Management Plan of District 19A which did engage in 
an effective process where the diverging parties were able to work out acceptable 
solutions).

The technical workshops lacked an agenda, did not provide background information 
before the workshop, were not open to the public (but instead Nalcor selected who they 
judged might be interested). In the case of the Alternatives Workshop for Happy Valley-
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Goose Bay, only three days notice was given, (so many could not attend) and, although 
another has been promised, it has not happened.

As an added note, the EIS materials may have been available on CD from the internet, 
but Mac users were not able to open them, even though they were PDF files.

However, most importantly, the process that Nalcor chose for some of their 
"consultations" does not accomplish a consensus of approval by the people of Labrador 
who are most affected by this project. It leaves the potential for even greater political rift 
between the Island of Newfoundland and Labradorians.

GRKL recommends that Nalcor now proceed with the effort of consensus-building on 
this Project and adopt newer ways of relating to the people of Labrador. It resembles 

'going back to the drawing board' bit it is only in this manner that the Project in a newer 
form may be accepted by the people of Labrador. Nalcor also needs to question its 
assumptions that a Labrador economy of aluminium smelters and uranium mines after the 
destruction ofthe Lower Grand (Churchill) River is the best use ofthe money required 
for the project. Nalcor representatives who are involved in consultation in Labrador need 
to learn best principles for consultation like that practised by the Forestry Officials. Also, 
many groups who are working on the review of the environmental assessment of this 
project are doing so at their own personal cost while Nalcor employees are well paid for 
their input. Yet, volunteer groups are often expected to attend meetings during working 
hours or evenings after work. Nalcor could consider minimal support for these groups, 
such as milage and meeting preparation costs (e.g. photocopying).

EMERGENCY PREPAREDNESS PLAN

In Volume 1, Part A, 4.11.3.2 states: When addressing Countermeasures/Prevention of 
Dam Failure, that "an Emergency Preparedness Plan (EPP) will be prepared and in place 
for the full cycle of the Project, including the construction phase". The components of the 
Emergency Preparedness Plan are outlined.

In order to understand the Project and the risks, (even though they might be unlikely-if 
they were to happen they would be catastrophic ) ,the comprehensive details of the EPP 
need to be part of the EIS. The community needs to know the specific areas that might 
be affected in dam failure and the explicit plans for their rescue need to be spelled out. 
Rather than saying an EPP "will" be prepared (presumably at some point in the process), 
there is sufficient information to allow the EPP to be prepared now.

As described in Vol. 1, Part A, 3.4.1.3, Nalcor's SHERP would contain the plans of 
responding authorities. E.g. Emergency Measures Organization.
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As an added note, a SHERP "was developed and implemented during the engineering and 
environmental field program". But, this does not explain why a tug boat now rests at the 
bottom of Grizzle Rapids! More care must be taken.

ICE DNAMICS/MUDLAKE

The Hydrology study, Component Studies Aquatic Environment (2) report 4 of 8, Ice 
Dynamics of the Lower Churchill River page 7-2 makes the following statement:

"Mud Lake: Based on the results presented above, it is expected that there will be 
a delay of approximately two weeks for an ice road between Mud Lake and Happy 
Valley to become usable. The warm up period is expected to be delayed by about 
one week, hence the overall duration of usage will be reduced by about one 
week. "

This statement must now be re-considered and new studies done in light of traditional 
knowledge of the river crossing provided by residents of Mud Lake and agreed to by 
members ofNalcor.

Other ice problems must also be considered: Example: Rosenberg et al state:

"similar access disruptions have occurred in Northern Manitoba Reservoir 
management for variable power requirements has destabilized the winter ice 
regime, rendering river travel in winter hazardous. Sudden water withdrawals 
leave hanging ice upstream, and "slush" "waterlogged snow above the ice cover" 
downstream. Extensive erosion has not only resulted in inaccessible shorelines 
and reservoirs containing hazardous debris, but also the fouling of fish nets by 
debris." 11

The project is very likely to create such "hanging ice" making winter travel hazardous 
and mitigation measures must be put in place to warn people where these places might 
exist. If mitigation is not possible then compensation must be considered for those 
hunters/trappers and wood harvesters who currently use the river for travel during the 
winter.

11 11 Rosenberg, D M, Environmental and social impacts of large scale hydroelectric development: who is 

listening? Glbal Environmental Change Vol. 5 no.2, p 127-1481995
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FISH HABITAT CREATION AND COMPENSATION

Vol.11 Part A, section 4.10.2 states: "While it is likely that the dominant change 
resulting from the Project will be an increase in the available quantity offish habitat and 
an overall gain in productive capacity, some Project features or conditions will result in a 
HADD."

This statement is suspect! For example, P M Ryan of Ryan Environmental, Mobile, 
Newfoundland, retired Fisheries and Oceans Scientist states in an article entitled A 
Model For Freshwater Habitat Compensation Agreements based on relative salmonid 
production potential of lakes and rivers in insular Newfoundland, Canada 12 (article 
attached)

"In this paper, estimated average values of Atlantic salmon (Salmo salar) smolt 
production in Newfoundland lakes and rivers are used in a calculation of the 
relative production potential ofthe two habitat types. The calculated relationship 
suggests that appropriate compensation for a hectare of lake habitat which is to be 
harmed, altered, disrupted or destroyed might be the creation of, or making 
available for use, 0.023 hectare of river suitable for salmonid habitat. 

Alternatively, appropriate compensation for a hectare of river habitat which is to 
be harmed, altered, disrupted, or destroyed might be the creation of, or making 
available for use, 42.857 hectares oflake suitable for salmonid habitat."

While Ryan admits there might be special circumstances such as trophy fish stocks and 
particular habitats like very popular fishing areas or critical spawning areas that might 
influence these figures somewhat, generally the correspondence of potential salmonid 
production between the two habitat types may serve as a model for use in the preparation 
of freshwater habitat compensation agreements.

The Proponent appears to be using a one-for-one ratio of compensation for lost 
riverine habitat which is not acceptable. GRKL recommends the Proponent be required 
to adjust the number of hectares of lake (reservoir) habitat that must be created to

12 Ryan, PM, "A Model for Freshwater Habitat Compensation Agreements Based on Relative Salmonid 
Production Potential of Lakes and Rivers in Insular Newfoundland, Canada, Assessment and Impacts of 
Megaprojects, Proceedings of the 38th Annual Meeting of the Canadian Society of Environmental 
Biologists in collaboration with the Newfoundland and Labrador Environment Network, St. John's, Nfld, 
Canada, October 1-3,1998, Edited by Patrick M. Ryan
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compensate for the lost riverine habitat using the production potential model set out by 
former DFO Scientist Patrick Ryan.

GRKL is also concerned that any compensation package proposed by the Proponent and 
agreed upon by DFO would not be worth the paper it was written on and we base our 
opinion on studies done by current DFO scientists Jason Quigley and others. (copy 
attached) In the abstract of Quigley's article he states the following:

Published online: 2 February 2006

Abstract Fish habitat loss has been prevalent over the last century in Canada. To prevent 
further erosion of the resource base and ensure sustainable development, Fisheries and 
Oceans Canada enacted the habitat provisions of the Fisheries Act in 1976. In 1986, this 
was articulated by a policy that a "harmful alteration, disruption, or destruction to fish 
habitat" (HADD) cannot occur unless authorised with legally binding compensatory 
habitat to offset the HADD. Despite Canada's progressive conservation policies, the 
effectiveness of compensation habitat in replicating ecosystem function has never been 
tested on a national scale. The effectiveness of habitat compensation projects in achieving 
no net loss of habitat productivity (NNL) was evaluated at 16 sites across Canada. 
Periphyton biomass, invertebrate density, fish biomass, and riparian vegetation density 
were used as indicators of habitat productivity. Approximately 63% of projects resulted 
in net losses in habitat productivity. These projects were characterised by mean 
compensation ratios (area gain:area loss) of 0.7:1. Twenty-five percent of projects 
achieved NNL and 12% of projects achieved a net gain in habitat productivity. These 
projects were characterised by mean ratios of 1.1:1 and 4.8:1, respectively. We 
demonstrated that artificially increasing ratios to 2: 1 was not sufficient to achieve NNL 
for all projects. The ability to replicate ecosystem function is clearly limited. 
Improvements in both compensation science and institutional approaches are 
recommended to achieve Canada's conservation goal. 
As well a just recently released report of the Commissioner of the Environment and 
Sustainable Development-Spring 2009 called Protecting Fish Habitat: below is an excerpt 
from pages 12 & 13. The complete article is attached.

"What we found   Fisheries and Oceans Canada and Environment Canada 
cannotdemonstrate that fish habitat is being adequately protected as the 
Fisheries Act requires. In the 23 years since the Habitat Policy was 

adopted, many parts of the Policy have been implemented only 
partially by Fisheries and Oceans Canada or not at all. The 

Department does not measure habitat loss or gain. It has limited 
information on the state of fish habitat across Canada-that is, on 
fish stocks, the amount and quality of fish habitat, contaminants in 

fish, and overall water quality. Fisheries and Oceans Canada still 
cannot determine the extent to which it is progressing toward the 

Policy's long-term objective of a net gain in fish habitat. There has 
been little progress since 2001, when we last reported on this matter.
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. Fisheries and Oceans Canada has made progress in implementing the 
Environmental Process Modernization Plan (EPMP) so that it can 
beUer manage risks that various projects pose to fish habitat. Under 
the Plan, the Department does not require that proposals for low-risk 
projects be submitted to it for review, relying instead on project 
proponents to voluntarily comply with habitat protection measures 
and conditions. This streamlining of the review process was intended 
to free up departmental resources for review of projects that pose a 
higher risk to habitat. For those projects that it has reviewed, 
however, the Department has little documentation to show that it 
monitored the actual habitat loss that occurred, whether habitat was 
protected by mitigation measures required as a condition for project 
approval, or the extent to which project proponents compensated for 
any habitat loss. Moreover, the Department reduced enforcement 
activity by half and at the time of our audit had not yet hired habitat 
monitors to offset this reduction. 
. Environment Canada has not clearly identified what it has to do to 
fulfill its responsibility for the Fisheries Act provisions that prohibit 
the deposit of substances harmful to fish in waters they frequent. It 
has not established clear priorities or expected results for its administration of the 
prohibition. Since 2005, departmental 
initiatives have identified the need for national guidance and 
coordination in administering the Act's provisions. However, the 
Department's activities have been largely reactive and inconsistent 
across the country. 
. Environment Canada does not have a systematic approach to 
addressing risks of non-compliance with the Act that allows it to 
focus its resources where significant harm to fish habitat is most 
likely to occur. Further, it has not determined whether the stringent 
pollution prohibition of the Fisheries Act is being satisfied by the 
combination of the results achieved from its own activities under 
both the Fisheries Act and the Canadian Environmental Protection 
Act, 1999, and those achieved by other levels of government. 
. Many of the issues raised in this report are long-standing and have 
been identified in previous audits that we have carried out. For 
example, we have previously observed that Fisheries and Oceans 
Canada had not implemented aspects of the Habitat Policy; that it 
did not know whether it was progressing toward the ultimate 
objective of a net gain in fish habitat; and that it needed to devote 
more time and effort to monitoring compliance with the habitat 
protection provisions of the Fisheries Act. 
The departments have responded. Fisheries and Oceans Canada and 
Environment Canada agree with our recommendations. Their detailed

responses follow each recommendation throughout the chapter."
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And this is the Department of Government that the people of Labrador are asked to 
trust when they tell us they will review the Proponents habitat compensation 
package and monitor to ensure that the compensation works and there is no net loss 
of fish habitat and production! We at GRKL do not accept any compensation 
package from the Proponent and agreed upon by DFO, until the entire package has 
been peer reviewed by an independent organization and we find it extremely difficult 
to believe that anyone else in the territory or in the country for that matter would 
accept it either.

The Proponent must accept that this project will result in harmful alteration, 
disruption and destruction of fish habitat causing significant adverse environmental 
effects and take their chances with the environmental assessment. Mitigation is not 
possible based on the figures quoted by Ryan and even if there were enough lake 
habitat to replace the river habitat that will be lost, we cannot imagine who would 
take the risk that DFO would properly assess the Proponents mitigation measures 
and do the follow-up necessary to ensure that there is no net loss of habitat!

DOWNSTREAM EFFECTS OF THE PROJECT

Throughout the entire Environmental Impact Statement, the Proponent assures us that 
there will be no environmental effects from this Project felt out past the mouth ofthe 
River. They even go so far as to explain that any flooding from a dam failure would 
peak at Happy Valley at approximately 6.7 M but then go on to say that no flooding 
would extend past the mouth of the river which is just a short distance further!

We believe the Proponent is careful to insist that everything stops at the mouth of the 
river because to admit otherwise means many other studies would have to be done on 
Lake Melville. We question the Proponents assumptions based on information from a 
report they have used themselves in some of the component studies; namely, Rosenberg 
et aI, Large Scale Impacts of Hydroelectric development 13 . Rosenberg states the 
following:

"Ironically, changes in the natural hydrological cycle as a result of water storage 
for power production and interbasin water diversion ultimately cause downstream 
freshwater and marine resources to be wasted. This impact can operate at the

13 13 13 Rosenberg, D M, Environmental and social impacts oflarge scale hydroelectric development: who is 

listening? Glbal Environmental Change Vol. 5 no.2, p 127-1481995
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scale of thousands of kilometres from the source of the problem, although some 
predicted effects on marine currents and changes in climate expand the spatial 
scale even more. Temporally changes to downstream areas can be regarded as 
very long term, unless some effort is made to operate upstream facilities in a way 
that mimics natural hydrological flows."

GRKL recommends the Proponent re-assess their insistence that no effects will pass the 
mouth of the river and do the appropriate studies to reflect this.

Thank you for considering our comments and should you need clarification or copies 
of referenced work please do not hesitate to get in touch with either Roberta 
Frampton Benefiel at <email address removed> or Clarice Blake Rudkowski at 
<email address removed> 
or telephone <contact information removed>
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Protecting Fish Habitat

Main Points

What we examined Healthy habitat-places where fish can spawn, feed, grow, and live-is 
a fundamental requirement for sustaining fish. Fisheries and Oceans 
Canada is responsible for administering and enforcing the fish habitat 
protection provisions of the Fisheries Act. This includes reviewing 
proposed development projects in or near water to ensure that they do 
not damage fish habitat--{)r, if habitat loss is unavoidable, that habitat 
is created elsewhere to compensate. This is the "no net loss" principle of 
the Habitat Policy. In the 2006-07 fiscal year, Fisheries and Oceans 
Canada spent $70 million on activities related to protecting fish habitat.

The pollution prevention provisions of the Fisheries Act prohibit the 
deposit of substances that can harm fish; they can enter habitat in 
several ways, for example, in municipal wastewater and industrial 
effluent. These provisions of the Act have been Environment Canada's 
responsibility since 1978. For the 2008-09 fiscal year, Environment 
Canada planned to spend $5.5 million to administer the pollution 
prevention provisions.

Our audit examined how both departments carry out their respective 
responsibilities for fish habitat protection and pollution prevention 
under the Fisheries Act. We also looked at their arrangements with 

others, such as provinces and stakeholders, that support the 
administration and enforcement of these provisions. In addition, we 
looked at Fisheries and Oceans Canada's Environmental Process 
Modernization Plan (EPMP), its continuous improvement plan 
introduced in 2004.

Our audit work focused mainly on fish habitat in fresh water and 
estuaries rather than the marine environment.

Why it's important Fish habitat represents national assets that provide food and shelter for 
aquatic and terrestrial wildlife and water for human consumption and 
other uses. For Canada, with over one million lakes and the world's 
longest coastline, protecting fish habitat is a challenge, given the 
impact of economic activity and the number of jurisdictions where 
inland waters and fish habitat are found. The fish habitat protection
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What we found

and pollution prevention provisions of the Fisheries Act are among the 
federal government's important pieces of environmental legislation, 
especially as it relates to aquatic ecosystems.

The state of fish habitat is of concern to Canadians who make their 

living from commercial fishing or who enjoy recreational fishing- 
industries that together contribute billions of dollars to Canada's 
economy.

About one quarter of all petitions sent to our Office by Canadians 
relate to fish habitat issues.

. Fisheries and Oceans Canada and Environment Canada cannot 
demonstrate that fish habitat is being adequately protected as the 
Fisheries Act requires. In the 23 years since the Habitat Policy was 
adopted, many parts of the Policy have been implemented only 
partially by Fisheries and Oceans Canada or not at all. The 
Department does not measure habitat loss or gain. It has limited 
information on the state of fish habitat across Canada-that is, on 
fish stocks, the amount and quality of fish habitat, contaminants in 
fish, and overall water quality. Fisheries and Oceans Canada still 
cannot determine the extent to which it is progressing toward the 
Policy's long-term objective of a net gain in fish habitat. There has 
been little progress since 2001, when we last reported on this matter. 

. Fisheries and Oceans Canada has made progress in implementing the 
Environmental Process Modernization Plan (EPMP) so that it can 
better manage risks that various projects pose to fish habitat. Under 
the Plan, the Department does not require that proposals for low-risk 
projects be submitted to it for review, relying instead on project 
proponents to voluntarily comply with habitat protection measures 
and conditions. This streamlining of the review process was intended 
to free up departmental resources for review of projects that pose a 
higher risk to habitat. For those projects that it has reviewed, 
however, the Department has little documentation to show that it 
monitored the actual habitat loss that occurred, whether habitat was 
protected by mitigation measures required as a condition for project 
approval, or the extent to which project proponents compensated for 
any habitat loss. Moreover, the Department reduced enforcement 
activity by half and at the time of our audit had not yet hired habitat 
monitors to offset this reduction.

. Environment Canada has not clearly identified what it has to do to 
fulfill its responsibility for the Fisheries Act provisions that prohibit 
the deposit of substances harmful to fish in waters they frequent. It 
has not established clear priorities or expected results for its

I Chapter 1 Report of the Commissioner of the Environment and Sustainable Development-Spring 200912



CIMFP Exhibit P-00352 - Tab 19 Page 33 
PROTECTING FISH HABITAT

administration of the prohibition. Since 2005, departmental 
initiatives have identified the need for national guidance and 
coordination in administering the Act's provisions. However, the 
Department's activities have been largely reactive and inconsistent 
across the country. 

. Environment Canada does not have a systematic approach to 
addressing risks of non-compliance with the Act that allows it to 
focus its resources where significant harm to fish habitat is most 
likely to occur. Further, it has not determined whether the stringent 
pollution prohibition of the Fisheries Act is being satisfied by the 
combination of the results achieved from its own activities under 
both the Fisheries Act and the Canadian Environmental Protection 

Act, 1999, and those achieved by other levels of government. 
. Many of the issues raised in this report are long-standing and have 
been identified in previous audits that we have carried out. For 
example, we have previously observed that Fisheries and Oceans 
Canada had not implemented aspects of the Habitat Policy; that it 
did not know whether it was progressing toward the ultimate 
objective of a net gain in fish habitat; and that it needed to devote 
more time and effort to monitoring compliance with the habitat 
protection provisions of the Fisheries Act. 

The departments have responded. Fisheries and Oceans Canada and 
Environment Canada agree with our recommendations. Their detailed 

responses follow each recommendation throughout the chapter.
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Introduction

Importance of fish and fish habitat

1.1 Fish are an important renewable marine and freshwater resource 
for Canada. For First Nations, fish are a central part of their culture 
and a vital food source. For other communities throughout Canada, 
fish have an economic significance for both commercial and 
recreational purposes. For example, in 2005 

  the total value of commercial fish landed was $2.1 billion; 
52,805 people were employed in fishing and 29,342 in fish 

processing; and 

  more than 3.2 million adult anglers participated in recreational 

fishing, which contributed $7.5 billion to the Canadian economy.

1.2 Fish habitat represents assets that are important not only for fish, 
but also for human health and recreational use. Healthy habitat-places 
where fish can spawn, feed, grow, and live-is a fundamental 
requirement for sustaining fish, providing food and shelter for aquatic 
and terrestrial wildlife, and contributing to water quality for human 
consumption and other uses. Canada has more than one million lakes, 
and nine percent of the country's surface is covered by fresh water. It 
also has the world's longest coastline, and there are interjurisdictional 
issues with provinces. Fish habitat is under constant pressure from 
population growth and urban expansion. Many studies have indicated 
that damage to habitat is one of the key factors in threats to fish stocks.

The federal role in protecting fish habitat

1.3 The federal government is responsible for sea-coast and inland 
fisheries under the Constitution Act, 1867. The Fisheries Act contains 
provisions directed at protecting fish and fish habitat from certain human 
activity. The two principal sections of the Act examined in this audit are 

  the fish habitat protection provisions that prohibit the harmful 

alteration, disruption, or destruction of fish habitat; and 

  the pollution prevention provisions that prohibit the deposit of 
deleterious or harmful substances into waters frequented by fish. 

1.4 The Minister of Fisheries and Oceans is responsible for the 
administration and enforcement of the Fisheries Act. However, in 1978, 
the Prime Minister assigned responsibility for the administration of the 

pollution prevention provisions to the Minister of the Environment. 
The Minister of the Environment was to introduce new environmental
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protection legislation that included water pollution protection, and 
repeal aspects of the Fisheries Act pollution prevention provisions. 
While the Canadian Environmental Protection Act, 1999 provides 
protection against water pollution, the Fisheries Act pollution 
protection provisions were not repealed.

1.5 The 1986 Policy for the Management of Fish Habitat (Habitat 
Policy) remains the current policy for the protection of fish habitat. 
The Policy established a long-term objective of a net gain of habitat for 
Canada's fisheries resources. It also set out policy goals and strategies 
for the management of fish habitat supporting freshwater and marine 
fisheries. Environment Canada's administration of the Act's pollution 
prevention provisions is covered by the Habitat Policy, but it primarily 
focuses on Fisheries and Oceans Canada.

1.6 The 2001 Compliance and Enforcement Policy for the Habitat 
Protection and Pollution Prevention Provisions of the Fisheries Act 

(Compliance and Enforcement Policy) applies to both departments. 
It sets out the general principles for promoting, monitoring, and 
enforcing the Fisheries Act and explains the role of regulatory officials 
in enforcing the Act.

Habitat Management Program

1.7 Under the Fisheries Act, the Minister of Fisheries and Oceans has 
exclusive responsibility for decision-making authority related to habitat 
management. Within Fisheries and Oceans Canada, the Habitat 
Management Program has the primary responsibility for habitat. 
The Program is a major federal regulator for development projects 
occurring in, around, or with fresh and marine fish-bearing waters 
across Canada. It collaborates and works with the Fisheries and 

Aquaculture Management Sector's Conservation and Protection 
Program that carries out enforcement and the Science Sector's 
programs that provide research, scientific advice, monitoring, data 
management, and products.

1.8 The Habitat Management Program also works with other federal 
departments and agencies and with provinces, territories, 
municipalities, industry, and conservation groups, as well as consulting 
with First Nations, on the following objectives: 

  to protect and conserve fish habitat in support of Canada's coastal 

and inland fisheries resources;

  to ensure that environmental assessments are conducted under 

the Canadian Environmental Assessment Act, or other
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environmental assessment regime, before Fisheries and Oceans 
Canada makes a regulatory decision under the habitat provisions 
of the Fisheries Act; and

  to ensure that the requirements of the Species at Risk Act are met.

1.9 The Habitat Management Program is delivered across 6 regions 
in about 65 offices. From 2004 to 2008, the total number of full-time 
equivalents decreased from 460 to 430. In the 2006-07 fiscal year, 
Fisheries and Oceans Canada spent $70 million on activities related to 
protecting fish habitat.

Pollution prevention provisions

1.10 Environment Canada administers the pollution prevention 
provisions of the Fisheries Act within its existing organizational 
structure that also supports its other legislative responsibilities, such as 
the Canadian Environmental Protection Act, 1999. It does not have a 
separate Fisheries Act program. The Department's Environmental 
Stewardship Branch administers the Pulp and Paper Effluent Regulations 
and the Metal Mining Effluent Regulations under the Fisheries Act's 
pollution prevention provisions and is developing regulations for 
wastewater effluent.

1.11 For the 2008-09 fiscal year, Environment Canada planned to 
spend $5.5 million and employ about 55 employees to administer the 
pollution prevention provisions.

1.12 Environment Canada's 2008-09 planned spending for the 
Department's enforcement activities was $43.1 million, including 
spending on enforcement activities related to the Fisheries Act. As of 
October 2008, the Department's Enforcement Branch employed 
198 enforcement officers. These officers are designated as inspectors 
under the Fisheries Act and are therefore responsible for enforcing the 
pollution prevention provisions, among other duties related to 
other legislation.

Previous audits

1.13 Our Office has included fish habitat in the scope of previous 
audits in the following reports:

  December 1997 Auditor General's Report, Chapter 28, 
Fisheries and Oceans Canada-Pacific Salmon: Sustainability 
of the Resource Base
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  May 1999 Report of the Commissioner of the Environment 
and Sustainable Development, Chapter 5, Streamlining 
Environmental Protection Through Federal, Provincial 
Agreements: Are They Working? 

  October 2001 Report of the Commissioner of the Environment 
and Sustainable Development, Chapter 1, A Legacy Worth 
Protecting: Charting a Sustainable Course in the Great Lakes 
and St. Lawrence River Basin

  October 2004 Report of the Commissioner of the Environment 
and Sustainable Development, Chapter 5, Fisheries and Oceans 
Canada-Salmon Stocks, Habitat, and Aquaculture

Focus of the audit

1.14 The audit focused on the administration and enforcement of 
the fish habitat protection and pollution prevention provisions of the 
Fisheries Act and the two policies (Habitat Policy and Compliance and 
Enforcement Policy) that set out the government's intentions related 
to these provisions. The audit included the policies, programs, and 
activities of Fisheries and Oceans Canada and Environment Canada, 
and the arrangements with provinces and stakeholders that support 
the administration and enforcement of these provisions. The audit 
largely focused on the protection of fish habitat in fresh water and 
estuaries rather than the marine environment.

1.15 More details on the audit objective, scope, approach, and criteria 
are in About the Audit at the end of this chapter.

Observations and Recommendations

Protecting fish habitat 1.16 Fisheries and Oceans Canada's principal activity in the 
protection of fish habitat involves the review of proposals for projects, 
in or near water, that are sent to the Department by those carrying out 
the projects. These reviews are intended to determine whether the 

projects will result in damage to fish habitat and, if so, whether the 
projects can be amended to avoid the damage. The Department 
conducts project reviews under the 1986 Habitat Policy's "no net loss" 
guiding principle, striving to balance unavoidable habitat losses with 
habitat replacement, on a project,by,project basis.

1.17 We looked at how Fisheries and Oceans Canada reviews these 

projects and monitors compliance with the project approval terms.
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planning a project that may affect fish habitat.

Environmental assessment-An assessment 
that, under the Canadian Environmental 
Assessment Act, may be one of four different 
types-a screening, a comprehensive study, 
mediation, or a panel review; the type of 
assessment varies depending on the project's 
size, complexity, and environmental impacts.
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We also reviewed how the Department enforces the habitat protection 
provisions of the Fisheries Act. We reviewed the Department's 
implementation of the Environmental Process Modernization Plan, 
a continuous improvement plan aimed at improving efficiency, 
effectiveness, transparency, timeliness, and consistency of delivery of 
the Habitat Management Program. We also looked at the Department's 
collaboration with provinces, industry, and conservation groups.

1.18 The Habitat Policy provides direction, mainly to Fisheries and 
Oceans Canada, on how to administer and enforce the fish habitat 
protection provisions (section 35) of the Fisheries Act. We looked at 
whether the Department could demonstrate that it is making progress 
toward the Habitat Policy's long~term objective of an overall net gain 
in habitat. Finally, we reviewed the Department's overall progress in 
implementing the Habitat Policy.

Fisheries and Oceans Canada needs to improve its quality assurance system for 
project referrals

1.19 The Habitat Policy provides guidance in dealing with project 
proposals that are referred to Fisheries and Oceans Canada for review 
to determine whether changes to fish habitat are likely to occur if a 
project proceeds as proposed. Department staff reviewing proposals 
may make recommendations to alter project designs to mitigate 
potential impacts to habitat by issuing a Letter of Advice to project 
proponents. The proponent is responsible for redesigning or relocating 
the project so that the mitigation objective is met.

1.20 Based on departmental experience, about 10 percent of projects 
assessed by the Habitat Management Program will have harmful effects 
on fish habitat. If damage to fish habitat cannot be avoided, a Fisheries 
Act authorization-a ministerial permission to harm habitat-may be 
issued. This allows the project to proceed but triggers an environmental 
assessment, which ultimately results in a report and a recommendation 
on whether or not the project should proceed, with a proposed 
mitigation and follow~up program.

1.21 We expected to find evidence in the project files that project 
reviews are conducted, documented, and reviewed for quality assurance 
to ensure that project risks were being assessed and that decisions made 
by departmental staff on project referrals were consistent and 
predictable. Without good~quality assurance controls, there is a risk that 
projects could be approved that may cause more harm to habitat than 
authorized, mitigation measures may be inadequate, and compensation 
for damaged habitat may be insufficient.
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1.22 We examined the Department's project referral processes by 
randomly selecting a sample of 16 ministerial authorizations and 
30 projects in which letters of advice were issued. The sample was 
chosen in the 2007-08 fiscal year from a total population of 
267 ministerial authorizations and 4,514 projects that resulted in a 
Letter of Advice. We found weaknesses in the Department's 
documentation and review of projects.

1.23 Required review processes. Our review of ministerial 
authorizations indicated that while there was much project-related 
information in the files, documentation required by departmental 
policies was often not found, such as 

  identification of the project's potential impact on fish habitat; 
  risk assessments of the impacts on habitat to determine their 

significance (for example, only 25 percent of the files we reviewed 
contained documentation on risk assessment); 

  the Department's assessment of a proponent's analysis of 
habitat impacts; 

  reasons why the Department required additional mitigation 
measures; and 

  monitoring plans on mitigation measures and documentation 
of compensatory work prepared by the proponents. 

1.24 For the 30 projects we reviewed that received letters of advice, 
we found that required steps were not followed consistently. None of 
the project files we reviewed contained all of the information that the 

Department requires to assess a project. For example, there was no 
documentation of how mitigation measures were arrived at in 27 

(90 percent) of the project files.

1.25 Compensation plans. All authorizations we reviewed required 
habitat compensation (enhancement or creation of habitat to offset 
damage to existing habitat). Compensation is required to result in no 
net loss of habitat under the Habitat Policy. Proponents are required 
to provide the Department with the compensation plans that result 
from the review under the Canadian Environmental Assessment Act. 

Department staff must review the plan and include it in the project 
file before issuing a ministerial authorization. In our review of 
16 authorizations, we found that 4 projects were issued ministerial 
authorizations without the required compensation plans on file. 

1.26 For the 12 authorizations with compensation plans on file, 
3 of the proponents' compensation plans had not been developed at 
the time the authorization was issued. For the other 9 authorizations
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and fish habitat, thereby allowing the project to 
proceed without a review by department staff. 
Examples of lower-risk projects range from dock 
construction in fresh water to routine 
maintenance dredging in marine waters.
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with compensation plans on file, 4 of these plans did not include the 
required detailed measures to compensate for habitat loss. Without 
these measures, the Department cannot properly evaluate whether the 
compensation was appropriate.

1.27 As mentioned earlier, the Habitat Management Program has the 
primary responsibility for habitat. The Program reviews major natural 
resource and industrial development projects, such as mines, 
hydroelectric, and infrastructure projects. The Minister may authorize 
a major project, even if there are large-scale losses of fish habitat, if it is 
believed that the project is in the best interests of Canadians because 
of socio-economic implications. The Department advised us that it is 
currently developing a policy that addresses large-scale habitat loss. 
This policy would clarify the approach for projects that are unlikely to 
achieve no net loss and would help to ensure transparency and 
consistency in decision making.

1.28 Key aspects of quality assurance. We looked at the guidance 
the Department provides to its staff. The Fisheries Act, the Habitat 
Policy, the Department's Risk Management Framework, and the 
project referral system all establish controls for the review and approval 
of projects, with the goal of no net loss to fish habitat. Staff use the 
Risk Management Framework to review the information and assess the 

project's risk, mitigation measures, and compensation plans for 
addressing unavoidable habitat damage.

1.29 Other than operational statements, which are used for the 
lowest-risk projects, we found that the Department does not have 
detailed guidance to help staff assess the proposed mitigation measures 
and make consistent decisions for similar projects. This guidance, 
together with random file reviews to ensure that guidance is being 
followed, would be a key element of a quality assurance system.

1.30 We also found that there is no national guidance on what 
compensation ratio to use under various habitat conditions or how to 
calculate habitat negatively affected. A compensation ratio is intended 
to make up for habitat that will be damaged during a project by having 
a proponent build or create compensatory habitat on a particular ratio, 
such as one-for-one or greater.

1.31 We found that the regions use different methods and elements to 
calculate the impact and determine the compensation ratio. For 
example, one region uses a simple calculation of the area affected, 
another uses a percentage of area deemed to be high-quality habitat, 
and another uses an estimate of affected habitat's productivity based
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on the pounds of fish per unit of habitat. Similarly, the compensation 
ratios vary. The Maritimes Region uses a compensation ratio of 3 to 1, 
while other regions use a 1,to,1 ratio. In some cases, it was not possible 
to determine the ratio used.

1.32 Lack of guidance and file reviews. Our review of project files 
found a lack of documentation, a lack of compliance with 
departmental controls, and varying approaches by the regions. The 
Department has several elements of a quality assurance system for 
project referrals-the Habitat Policy, a Risk Management Framework, 
and standard operating policies that consist largely of practitioners' 
guides and operational statements. However, it also needs to develop 
more guidance and carry out periodic reviews of project files to ensure 
that documentation is in place and controls are being applied. 

1.33 Recommendation. In order to make consistent decisions on 

project referrals, in accordance with departmental expectations, 
Fisheries and Oceans Canada should ensure that an appropriate 
risk,based quality assurance system is in place for the review of 
these decisions.

Fisheries and Oceans Canada's response. The Department accepts 
this recommendation. Over the past number of years, Fisheries and 
Oceans Canada has made efforts to improve the quality, consistency, 
and transparency of its decision making by implementing the Risk 
Management Framework. Although much progress has been made, 
the Department recognizes that there is still much work to be done 
with respect to documentation standards. With that in mind, 
by 31 March 2010, Fisheries and Oceans Canada will implement a 
risk,based quality assurance system to verify that documentation 
standards are being applied consistently by staff.

There is little monitoring of compliance and evaluation of effectiveness 

1.34 The Habitat Policy states that proponents may be required to 
carry out follow,up monitoring on the effectiveness of habitat 
mitigation and compensation activities established as a condition of 
project approval by Fisheries and Oceans Canada. 

1.35 To ensure that proponents meet the requirements of the Habitat 
Policy, the Habitat Management Program has two ways for the 
Department to evaluate proponents' activities and its decisions 
(ministerial authorizations and letters of advice): 

  monitoring of the proponent's compliance with terms and 
conditions attached to the approval to proceed (including 
monitoring mitigation and compensation work); and
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  follow~up monitoring at a later date to assess the effectiveness in 
achieving no net loss of fish habitat.

1.36 We reviewed the Department's monitoring efforts and expected 
it to use a risk~based approach to monitor projects. In our past audits, 
we identified a number of problems with monitoring activities and 
made recommendations for improvements.

1.37 In our review of 30 project referral files involving letters of 
advice, we found little or no evidence of compliance monitoring, as 
required by departmental guidance. We also found little 
documentation to show that the Department is assessing

  what habitat was lost in development projects,

  whether required mitigation measures protected habitat, and

  whether project proponents are compensating for lost habitat by 
developing new habitat.

1.38 Proponents are normally required to carry out project monitoring 
activities, and the Department may monitor projects directly or rely on 
monitoring by the proponent. We found that the Department does not 
have a risk~based approach to monitoring proponents' compliance with 
the terms and conditions of ministerial authorizations and letters of 
advice. For example, we found that proponents had carried out the 
required monitoring in only 6 of 16 (38 percent) sample items 
involving ministerial authorizations and 1 of 30 sample items involving 
letters of advice. Further, the Department directly monitored the 
proponent's compliance in only one of the cases we reviewed. We 
found no documentation to show that the Department had followed 
up or evaluated the effectiveness of its decisions-that is, whether 

implementing the conditions of the ministerial authorizations or letters 
of advice had resulted in no net loss of habitat.

1.39 At the time of our audit, the Habitat Management Program was 
implementing a Habitat Compliance Decision Framework to provide a 
nationally consistent approach to monitoring projects. The regions 
were at various stages of implementation, and none had fully 
implemented the Framework.

1.40 The Department does not have a systematic approach to 
monitoring proponents' compliance with the conditions of its project 
approvals. Nor does it evaluate whether its decisions on mitigating 
measures and compensation are effective in meeting the no net loss
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principle. As a result, projects may be causing damage to habitat 
beyond the amount authorized, and mitigating measures and 
compensation may not be effective {see the case study below}.

Fraser River Gravel Removal Plan Agreement

Project proposal. Fisheries and Oceans Canada, the Province of British Columbia, local 
governments, and First Nations agreed to gravel removal from the Fraser River, largely 
for flood and erosion management. Gravel deposits and the shifting flow of the Fraser 
River create bars, islands, and secondary channels between Hope and Mission, British 
Columbia. This area has high-quality habitat for at least 28 species of fish. The 
Department determined that gravel removal was harmful to fish habitat. 

In 2004, the Department signed a Letter of Agreement with the Province of British 
Columbia to develop a five-year Gravel Removal Plan. Numerous project proponents 
(companies interested in removing gravel and selling it) submitted proposals to the 
Department. A number of ministerial authorizations have been issued and continue to 
be issued. 

The following information provides examples of the Department's approach to 
approving and monitoring these proposals and highlights some of the challenges it 
faces in implementing the Habitat Policy. 

Flood control. Engineering and scientific studies at different sites, some commissioned 
by the Department, concluded there was no reduction in the flood profile after gravel 
removal. These studies stated that changes in the flood profile were minimal in the 
removal area and were local to the removal site. Thus, gravel removal would not 
significantly affect the potential for flooding. 

Damage to sensitive habitat. Projects in areas that are sensitive habitat for both 
salmon and sturgeon are high risk, but adequate information on fish stocks to assess 
project impacts was lacking for a number of the ministerial authorizations for gravel 
removal. In 2006, improper construction of a causeway for accessing one gravel 
removal site resulted in a side channel downstream drying up, exposing salmon nests 
and resulting in the loss of up to 2.25 million pink salmon. 

lack of compensation plans. The ministerial authorizations did not include 
compensation plans. The Department believes that compensation plans are not 
required on the assumption that new gravel will replace gravel removed over one to 
three spring runoffs. We found no documentation in the project files to support this 
position for large gravel removals, although there is evidence to the contrary. For 
example, 300,000 tonnes of gravel were mined from Foster Bar in 1995, but it has 
not been replaced to date. The Department advises us that the requirement for habitat 
compensation will be reviewed as part of the renegotiation of the 2004 Letter of 
Agreement, using the results of post-construction monitoring studies, lessons learned 
from removals under the 2004 agreement, and contemporary research. 

lack of monitoring. Although proponents are required to submit monitoring plans and 
surveys, there were few on file. These documents specify the conditions prior to gravel 
removal, during removal, and after removal, as required under the terms of the 2004 
Letter of Agreement. 

lack of enforcement. The Department did not take enforcement action after a 
proponent failed to comply with the conditions of a ministerial authorization by 
exceeding the volume of gravel allowed to be extracted, destroying habitat, and mining 
outside the approved area. We could not find documentation to support the 
Department's lack of enforcement action. The Department advised us that it was short 
of resources at the time of the proponent's actions and that it is considered too late to 
pursue charges.
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1.41 Recommendation. Fisheries and Oceans Canada should 
accelerate the implementation of its Habitat Compliance Decision 
Framework to ensure that there is an adequate risk~based approach 
to monitoring projects and providing assurance that proponents are 
complying with the Fisheries Act and all terms and conditions of 

departmental decisions. The Department should also determine 
whether the required mitigation measures and compensation are 
effective in meeting the no net loss principle.

Fisheries and Oceans Canada's response. The Department accepts 
this recommendation. Fisheries and Oceans Canada currently applies a 
risk~based approach, but recognizes that opportunities for 
improvement remain. Once the Habitat Compliance Modernization 
initiative is fully implemented, the Department will be able to provide 
better assurance that proponents are complying with the terms and 
conditions of the Department's decisions. Considering this, the 
Department commits to fully implement the Habitat Compliance 
Decision Framework and report on results of project monitoring 
activities by 31 March 2010 and annually thereafter.

Fisheries and Oceans Canada will continue to work with proponents 
to design and implement follow~up monitoring studies. Between now 
and the end of 2011, the Department will review and develop standard 
scientific methodologies to examine the effectiveness of compensation in 
achieving the no net loss guiding principle so that these methodologies 
can be used by proponents when designing monitoring studies.

Enforcement decisions need to be better documented

1.42 We reviewed the Department's approach to enforcement to 
determine if it could demonstrate that it was inspecting and 

investigating those suspected of violating section 35 of the Fisheries 
Act. The requirements and general procedures for habitat~related 
enforcement are found in the Habitat Policy and its associated 
Compliance and Enforcement Policy. 

1.43 We expected enforcement of the habitat protection and 
pollution prevention provisions to be carried out in accordance 
with the Compliance and Enforcement Policy through inspections, 
investigations, issuance of warnings and directions by inspectors, and 
court actions. Notably, the Policy does not require documentation of 
most of these actions.
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Occurrence-Information or a complaintthat is 
logged in the Departmental Violation System. 
Whether the Fisheries Act has been violated can 
only be determined when the complaint or 
information is investigated.

1.44 The Conservation and Protection Program is part of the 
Fisheries and Aquaculture Management Sector, and habitat protection 
is only one of the Program's ten areas of activity. As a result, it spends 
more time nationwide on fisheries-related compliance issues.

1.45 We selected a random sample of 15 fish habitat occurrences 
recorded in the Departmental Violation System (DVS) in the 2007-08 
fiscal year. We reviewed the sample items to determine if they complied 
with the Compliance and Enforcement Policy.

1.46 Lack of documentation. Overall, there was a lack of 
documentation in the files we reviewed. For example, for three cases of 
possible violations of subsection 35(2) of the Fisheries Act, the 
assessment of the violations and the factors considered to achieve the 
desired result with the alleged violator were not documented. A verbal 
warning was issued for one of the files we reviewed, but there was no 
documented acknowledgement by the alleged violator and no 
documentation of follow-up monitoring to ensure that corrective 
action requested in the warning was actually carried out. In one case, 
Habitat Management Program staff recommended that the 
Conservation and Protection Program proceed with charges against 
the alleged violator. No charges had been laid at the time of our audit, 
which was more than one year after the occurrence.

1.47 Enforcement. Due to the lack of documentation for the DVS 
files we reviewed, we could not determine whether the Department is 
following the Compliance and Enforcement Policy. We could not find 
evidence of what, if any, actions the Department had taken to inspect 
or investigate alleged violations or what enforcement actions it had 
taken. A quality assurance system for enforcement, including 
establishing appropriate procedures, documenting decisions, and 
periodically reviewing violation files would allow the Department to 
demonstrate that its decisions are made in accordance with 

departmental policies and expectations.

1.48 Recommendation. Fisheries and Oceans Canada should ensure 
that its enforcement quality assurance and control processes are 
sufficient to demonstrate that its actions have been taken in accordance 
with the Compliance and Enforcement Policy. The Department should 
provide guidance on the type of complaints that fishery officers should 
respond to and take action on, and the Department should specify 
minimum documentation requirements for occurrences.

Fisheries and Oceans Canada's response. The Department accepts 
this recommendation and, by 31 August 2010, will establish,
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disseminate, and communicate to regions an operational protocol to 
ensure better documentation of enforcement actions and monitoring 
of activities to ensure consistency with the Compliance and 
Enforcement Policy.

Guidance on the nature of complaints that warrant the attention of 
fishery officers has also been identified as a need by the Department. 
By 31 March 2011, the Department will examine the process currently 
in use and, by 31 March 2012, the Department will examine the 
Habitat Compliance Decision Framework to improve its guidance to 
staff, clarify documentation protocols, and establish minimum 
documentation standards for occurrences.

Modernization of the Habitat Management Program is progressing 

1.49 In 2004, the Department created the Environmental Process 
Modernization Plan (EPMP), which was part of a series of continuous 
improvement initiatives. The EPMP focused on key elements in 
modernizing the Habitat Management Program, including streamlined 
reviews of low-risk activities, strengthened partnership arrangements, 
and modernization of habitat compliance.

1.50 We reviewed the Department's progress in implementing 
the EPMP by reviewing departmental policies, procedures, and 
documents; analysing referral totals by year; and reviewing project 
files. We expected the Department to have fully implemented the 
EPMP into the Habitat Management Program and to have adjusted 
the EPMP accordingly to reflect implementation experience.

1.51 The Department has implemented parts of the EPMP but 
has made little progress in some areas-in particular, the Habitat 
Compliance Modernization initiative, which was introduced in 2005.

1.52 Streamlining. The Department developed operational statements 
to streamline its review of projects so that it could focus its reviews on 
higher-risk projects. The statements, available on its Internet site, 
outline measures and conditions to avoid harming habitat in order to 
comply with subsection 35 (1) of the Fisheries Act. Project proponents 
who comply with the statements do not have to submit their proposal for 
review by the Department. The implementation of the EPMP is one of 
the contributing factors that has led to a decrease in referrals 
from 13,234 in the 2003-04 fiscal year to 7,333 in 2007-08.

1.53 Partnering arrangements. In 2005, the Department completed 
a formal cooperative Memorandum of Understanding (MOU) with 
Nova Scotia. The provinces of British Columbia, Prince Edward Island,
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and Manitoba already had agreements in place. These agreements 
outline collaborative work with the provinces to carry out activities 
related to protection of fish habitat. The Department has also signed 
agreements with industry groups and non-governmental 
conservation organizations.

1.54 Modernization of habitat compliance. The Department 
decided to move the focus of the Habitat Management Program from 
enforcement, which is largely reactive in responding to complaints, to 
compliance promotion, such as communication and publication of 
information, public education, consultation with stakeholders, and 
technical assistance. The Department advised us that most activity of 
the Conservation and Protection Program related to habitat issues is 
determined by the level of risk associated with habitat occurrences 
that are assessed by habitat managers.

1.55 As a result of the new direction, the Conservation and 
Protection fishery officers have spent significantly less time on 
habitat-related enforcement matters-from 78,057 hours in 2003 to 
38,249 hours in 2007 (a percentage decrease of total time from 
6.4 percent to 3.3 percent). The Department advised us that this 
reduction is largely due to the Department's decision to move to a new 
habitat compliance strategy. In 2004, the number of fishery officers in 
the Central and Arctic Region was reduced from 56 to 24, and officers 
in the Pacific Region were directed to focus more on enforcement of 
other matters and less on habitat issues.

1.56 The Department implemented a National Habitat Compliance 
Protocol to clarify the roles, responsibilities, and accountabilities of the 
Habitat Management Program and the Conservation and Protection 
Program. Habitat monitors, staff who would work in the Habitat 
Management Program on both compliance promotion and 
enforcement, were to be engaged and carry out much of the work 
being done by fishery officers. Although originally planned for 2006, 
the hiring of habitat monitors was still in progress during our audit.

1.57 Compliance promotion. We found that the Department's 
compliance promotion is limited and that it has no overall strategy for 
this activity. As a result, it has not realized an improvement in habitat 
conservation and protection through increased compliance promotion 
and risk-based strategies for monitoring and enforcement.

1.58 Implementation progress. The Department has made progress 
in implementing the EPMP so that it can better manage its risks. 
However, we noted that some elements, such as Habitat Compliance
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Modernization, are not yet fully implemented. The Department has 
identified future needs for the EPMp, including consultation, 
partnering and accountability for agreements, and a formal evaluation 
of the EPMP. These initiatives have to be incorporated fully into the 
Habitat Management Program before the Department can confirm 
that the Program is being risk~managed.

Accountability in agreements is weak

1.59 The Habitat Policy calls for cooperation by encouraging and 
supporting involvement by government agencies, public interest 
groups, and the private sector to conserve, restore, and develop fish 
habitat. In the delivery of its Habitat Management Program, the 
Department relies on the support of and input from a number of 
internal and external groups. Without their help, the Department 
would need more resources to deliver its mandate.

1.60 The Department is required, through inter~agency cooperative 
agreements, to participate in the provincial project review systems and 
in provincial environmental assessment reviews for projects.

1.61 Jurisdictional responsibilities over water matters are complex as 
the provinces have many responsibilities in this area. Provincial water 
powers include flow regulation, authorization of water use development, 
water supply, pollution control, thermal and hydroelectric power 
development, and agriculture and forestry practices.

1.62 The responsibility for inland fisheries (for example, fishing 
licences and limits) has been delegated to the provinces, but the 
federal government has retained the responsibility for habitat. Fisheries 
and Oceans Canada relies on provincial government programs to 
administer some of its fish habitat protection responsibilities. Habitat 
agreements are in place with four provinces, but implementation of the 
agreements varies considerably by province.

1.63 As provincial officials are designated as fishery officers by the 
Department, we expected an appropriate accountability framework 
to be in place that includes the delivery of reports to the federal 
government on the status of habitat, enforcement actions taken, 
and monitoring carried out.

1.64 We found that Fisheries and Oceans Canada has made progress in 

working with stakeholders to identify development practices that reduce 
the potential for impact on fish habitat and promote compliance with 
the Fisheries Act. The Department has also worked with environmental

Report of the Commissioner of the Environment and Sustainable Development-Spring 2009 Chapter 1 I 29



CIMFP Exhibit P-00352 - Tab 19 Page 50
PROTECTING FISH HABITAT

groups, including those on the Canadian Environmental Network, 
to engage them in improving the delivery of its desired results.

1.65 For example, since 2001, the Department has developed 
agreements with 36 conservation authorities in Ontario to help deliver 
the habitat program. The authorities do this by, for example, reviewing 
project referrals (most of the low-risk files) and issuing letters of advice 
on the Department's behalf.

1.66 We found that there are weaknesses in the oversight process for 
the agreements with Ontario conservation authorities. The 

agreements have few accountability mechanisms, such as performance 
measures, audit provisions, or formal evaluation requirements. Thus, 
there is no formal means for the Department to know if the assigned 
activities have been carried out according to its policies and guidelines. 
While the agreements state that the Department is responsible for 
reviewing the letters of advice prepared by conservation authorities, 
we found that the Department did not receive copies of these letters to 
review.

1.67 In our 2001 audit of the Great Lakes Basin, we recommended 
that the Department develop suitable accountability arrangements 
with its partners-notably the provinces and others it relies on to 
achieve the objectives of the Fisheries Act.

1.68 These issues from seven years ago still remain and they are 
relevant to the Habitat Management Program today.

1.69 Recommendation. Fisheries and Oceans Canada should clarify 
the parts of the Habitat Management Program that it will continue to 
administer, the extent that it wants others to deliver the program on its 
behalf, and the resource implications. The Department should also 
assess whether accountability mechanisms in all of its existing 
agreements are working effectively enough to report and assess the 
results achieved through its collaboration with others. In addition, it 
should review the agreements to ensure that they are aligned with its 
view of the long-term goals of the Habitat Management Program.

Fisheries and Oceans Canada's response. The Department accepts 
this recommendation and, by 31 March 2011, will have reviewed and 
evaluated its memoranda of understanding with provinces and 
territories. The Department will continue to work with its partners to 
strengthen the governance and accountability mechanisms and ensure 
that the partnership arrangements are aligned with the Department's 
goals and its strategic vision.
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Habitat loss or gain is not being measured

1.70 The approach under the Habitat Policy is to achieve no net loss 
of habitat on each project and, together with habitat restoration and 
development, achieve a gain in habitat overall. We expected that 
Fisheries and Oceans Canada would be collecting and analyzing 
habitat data to determine whether it is achieving the Policy's objective 
of a net gain in habitat.

1.71 Measuring aspects of habitat is a complex process. In our past 
audits, we recommended that Fisheries and Oceans Canada collect 
and analyze information to provide up-to-date assessments on habitat 
conditions. In this current audit, we found no significant improvement 
in the quantity and quality of information on fish habitat. The 
Department lacks information on fish stocks, quantity and quality of 
fish habitat, contaminants in fish, and overall water quality.

1.72 Provinces and other government agencies, First Nations, and 
stewardship groups collect habitat information in discharging their 
responsibilities. There continues to be no simple access to current and 
complete data, and key technical data for many watersheds is lacking. 
As a result, the Department lacks the scientific information needed to 
establish a baseline for the state of Canada's fish habitat. To address 

this, the Department has begun a project to access habitat databases 
managed by others to more easily gather habitat information. However, 
establishing national baseline data for habitat remains a challenge.

1.73 The Department can also use indicators of habitat quality, such as 
water quality, water flow, and fish stock data, to arrive at an assessment 
of the quality of habitat in select ecosystems. Ecosystems to be reviewed 
could focus on those with significant human activity as the Department 
cannot regulate natural changes to habitat. However, the Department has 
not made much progress in developing such indicators. The Department's 
ongoing challenges in collecting data and selecting habitat indicators 
means that it still does not know whether it is progressing toward the 
Habitat Policy's long-term objective of a net gain in fish habitat. 

1.74 Recommendation. Fisheries and Oceans Canada should develop 
habitat indicators to apply in ecosystems with significant human 
activity. The Department should use these indicators to assess whether 
it is making progress on the Habitat Policy's long-term objective to 
achieve an overall net gain in fish habitat.

Fisheries and Oceans Canada's response. The Department accepts 
and agrees with this recommendation and is committed to moving 
toward an ecosystems approach and the increased use of biological
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Ecosystem science approach-An approach 
to science that focuses on identifying and 
understanding the key relationships in nature 
and their links to human needs and actions.

indicators, particularly in areas of significant human activity. However, 
this task is far from trivial as it will require significant new scientific 
understanding to ensure that the indicators adopted do in fact tell us 
what we need to know about the health of the aquatic ecosystem.

The Habitat Policy is not fully implemented after 23 years

1.75 We expected that Fisheries and Oceans Canada would have 
substantially implemented the Habitat Policy. Without such 
implementation, unmanaged human activity could result in further 
decline of fish habitat, fish stocks, and the benefits derived by 
Canadians from both.

1.76 In our October 2001 Report, we noted that 15 years had passed 
since the Habitat Policy was adopted and that it had not been fully 
applied. In our current audit, we found that the Department had 
implemented parts of the Policy, but progress in some areas did not 
advance as expected.

1.77 For example, the Policy indicates that the Department is to 
ensure a uniform and equitable level of compliance with statutes, 
regulations, and policies. However, as noted earlier, the Department 
cannot demonstrate that projects it reviews have been adequately 
assessed on a consistent basis, as required by the Habitat Policy. It 
needs to carry out better compliance monitoring and effectiveness 
evaluation--{)ther key elements required under the Policy.

1.78 Research. The Habitat Policy also requires the Department to 
conduct scientific research to provide the information and technology 
necessary for the conservation, restoration, and development of fish 
habitat. In 2001, we reported that the Department lacked scientific 
information that it needed to carry out its mandate effectively, 
including information on the quality of fish habitat. According to the 
Department, implementation of an ecosystem science approach is in 
the early stages, and assessment of habitat is not yet possible. It notes 
that data does not exist for many aquatic habitat features, or available 
information may not be organized in ways that allow staff to access it 
efficiently and systematically.

1.79 To address these gaps, the Department advised us that it has a 
five~year research plan to address the impact from human activities. 
External to government, there are recently formed Centres of 
Expertise that study the impacts of hydro and of oil and gas on habitat, 
and a new Centre of Expertise is being created to provide science 
support to the Habitat Management Program. In addition, Ecosystem
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Research Initiatives, whose objective is to deploy an ecosystem science 
approach, were recently established in seven areas across the country.

1.80 Recommendation. Fisheries and Oceans Canada should 
determine what actions are required to fully implement the 
1986 Habitat Policy and confirm whether it intends to implement 
all aspects of the Policy.

Fisheries and Oceans Canada's response. The Department accepts 
this recommendation and, by March 2010, will determine what actions 
are required to fully implement the Habitat Policy.

1.81 The pollution prevention provisions of the Fisheries Act prohibit 
all deposits of deleterious substances into waters frequented by fish. 
This type of prohibition has been a part of the Fisheries Act since its 
enactment in 1868. The only exception to this general requirement is 
when harmful deposits are authorized by regulations under the Act.

1.82 Six regulations are currently in force under the Fisheries Act's 
pollution prevention provisions. These regulations allow deposits of 
specific harmful substances from the regulated industry within specific 
discharge limits.

1.83 Environment Canada has been responsible for the 
administration of the pollution prevention provisions of the Fisheries 
Act since 1978. Environment Canada administers the Act within its 

existing organizational structure and processes that also support its 
other legislative responsibilities, such as the Canadian Environmental 
Protection Act, 1999. It does not have a separate Fisheries Act program.

Accountability for addressing Fisheries Act responsibilities is lacking

1.84 We focused on Environment Canada's processes for determining 
how it fulfills its Fisheries Act responsibilities. We expected to find the 
following two conditions: 

  Environment Canada has clearly identified what it must do to 

meet its Fisheries Act responsibilities, including establishing results 

expectations and appropriate accountability arrangements for 

delivering those responsibilities. 

  Environment Canada has identified and assessed the risks 

associated with substances that are harmful to fish, developed 
and implemented compliance strategies to manage significant 

risks, and regularly updated approaches to mitigate or address 

risks.
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The following paragraphs present our findings related to these 
expectations:

1.85 Results expectations. Environment Canada has not established 
clear objectives or results expectations for meeting its Fisheries Act 
responsibilities.

1.86 Environment Canada has identified its priorities for 
administration of the Fisheries Act in its 2008-2009 Report on Plans 
and Priorities (RPP). Its RPP points to the Pulp and Paper Effluent 
Regulations (about 115 mills are subject to these regulations), Metal 
Mining Effluent Regulations (about 100 mines are subject to these 
regulations), development of new regulations for wastewater effluent, 
and enforcement of the Act as its priorities.

1.87 Environment Canada has not clearly established what it plans to 
achieve with its main Fisheries Act responsibility---ensuring compliance 
by industries and activities with the Act's prohibition against the 
deposit of harmful substances in water frequented by fish (the 
Department estimates that this could apply to hundreds of thousands 
of organizations or individuals).

1.88 Administration of the Act's prohibition requirement. In 2005, 
Environment Canada established a Fisheries Act working group to 
develop and implement a national approach for administering the 
Act's prohibition against the deposit of harmful substances in water 
frequented by fish. The working group identified nine national 
priorities and additional regional priorities (sectors, industries, or 
activities) where water pollution issues should be addressed through 
administering the Act's prohibition requirement. The working group 
recommended a plan of action to address these priorities. It has not 
met since 2006, and no one is clearly assigned the responsibility for 
action on the issues identified.

1.89 Further, the working group observed that Environment Canada's 
focus was on its administration of the Canadian Environmental 
Protection Act, 1999 and that the Department no longer had the 
management structure to administer the Fisheries Act.

1.90 In November 2007, Environment Canada officials reviewed the 
working group's findings and did further analysis to identify challenges 
with administering the pollution prevention provisions. It identified 
specific challenges faced by the Department in ensuring compliance 
with the Fisheries Act prohibition requirement, including a lack of 
clear priorities, difficulties in determining compliance, and reactive 
activities, with inconsistent responses across regions and across sectors.
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1.91 No further coordinated action was taken on these departmental 
initiatives, leaving Environment Canada without a national approach 
to provide coordination, focus, and guidance on administration of the 
Act's prohibition requirement.

1.92 Environment Canada has not clearly identified what it has to 
do to meet its Fisheries Act responsibilities, including establishing 
results expectations and appropriate accountability arrangements 
for delivering those responsibilities.

1.93 Recommendation. Environment Canada should set out clear 

objectives and results expectations for its Fisheries Act responsibilities, 
and establish accountability for achieving the desired results, including 
providing national coordination and guidance on the administration of 
the Act.

Environment Canada's response. The Department accepts this 
recommendation and will put in place a Results-based Management 
and Accountability Framework in 2009-10 for Environment Canada's 
Fisheries Act responsibilities. The framework will clearly identify the 
objectives, responsibilities, and expected results, including how 
national coordination and guidance on Environment Canada's 
administration of the Act will be provided.

1.94 Compliance strategy. We expected to find that Environment 
Canada had developed and implemented a compliance strategy to 
address significant Fisheries Act responsibilities. A compliance strategy 
would address areas of greatest risk to fish habitat based on integrated 
information gathering and the use of scientific knowledge. It would 
then set departmental priorities for using tools such as compliance 
promotion, education, promotion of technology development, and 
targeted enforcement to increase rates of compliance.

1.95 Environment Canada has a compliance strategy, environmental 
effects monitoring, and an enforcement plan in place for each of the 
two regulations it actively administers and enforces-the Pulp and 
Paper Effluent Regulations and the Metal Mining Effluent Regulations.

1.96 However, Environment Canada does not have a Fisheries Act 
compliance strategy for the industries and activities that must comply 
with the Act's prohibition requirement against the deposit of harmful 
substances in water frequented by fish. The Department informed us 
that the number of parties potentially subject to the Act's prohibition 
requirement numbers in the hundreds of thousands. The size of this 
population represents a challenge in developing a compliance strategy
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and setting priorities for the use of compliance promotion and 
enforcement resources.

1.97 Environment Canada has not instituted an overall risk~based 

approach to the Fisheries Act to identify, assess, and address risks of 
non~compliance with the Act that could result in significant harm to 
fish habitat. The use of risk~based methodologies would allow the 
Department to focus its resources on those areas where significant risks 
to fish habitat are highest and ensure that they are adequately 
addressed in a consistent manner.

1.98 The absence of a risk~based approach to the Fisheries Act's 
prohibition requirement also hampers the ability of the Department's 
Enforcement Branch to plan its enforcement activities based on 
significant risks to fish habitat identified by the Department. The 
2008-2009 National Enforcement Plan reflects a largely reactive 
approach, based on complaints, to the Act's prohibition requirement. 
However, the Plan does include planned inspections for some cruise 
ships, fish plants, and abandoned mines.

1.99 Identification of substances harmful to fish. We expected to 
find that Environment Canada had identified and assessed the risks 
associated with substances that are potentially harmful to fish and 
incorporated this information into its decision~making processes. 
We found that many sources of pollution that are harmful to fish are 
known to Environment Canada, but that information is incomplete 
and, in the absence of a compliance strategy for the Fisheries Act 
prohibition requirement, the Department is not using information 
that it does have to its full potential.

1.100 There are many substances or combinations of substances that 
have the potential to harm fish. Environment Canada has different 
means to identify such substances, including scientific and some working 
knowledge of sources of pollution and some individual substances that 
are harmful to fish and the aquatic environment. For example, during 
the late 1990s, the Department's Science Branch conducted a series of 
threat assessments that were summarized in a 2001 report. While this 
work is now becoming dated, it identified sources of pollution by 
industries and activities, such as municipal wastewater effluent, that 
have a significant impact on aquatic ecosystems.

1.101 Environment Canada has knowledge about chemical substances 
through its scientific assessments under the Canadian Environmental 
Protection Act, 1999 and about the sources of some pollution that are 
harmful to fish from the Department's other initiatives, such as the
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processes supporting the 1987 Great Lakes Water Quality Agreement. 
However, the Department's 2006 Science Plan identified the need for 
additional information to adequately assess the impacts of substances, 
especially the combination of substances entering fish habitat.

1.102 In June 2008, Environment Canada reported that "there is no 
national network of water quality monitoring sites designed specifically 
for the purpose of reporting the state of Canada's water quality in a fully 
representative way at different geographic scales across Canada." While 
such monitoring is not designed to identify individual substances 
harmful to fish, Environment Canada has indicated that information 
from water quality monitoring in sensitive watersheds could be used to 
supplement information about impacts on fish and fish habitat.

Complementary roles of related legislation and other jurisdictions have not 
been assessed

1.103 As noted earlier, Environment Canada does not have a separate 
organizational structure or processes to manage its overall Fisheries Act 
responsibilities; it uses the structures and processes that support its 
other legislative responsibilities, including the Canadian 
Environmental Protection Act, 1999 (CEPA).

1.104 Environment Canada has informed us that CEPA can playa 
complementary role to reduce the risk of violations of the Fisheries Act 
and reduce discharges of CEPA,regulated substances, thereby 
protecting fish habitat.

1.105 Reliance on CEPA. We expected to find that Environment 
Canada had determined the extent that the results achieved from its 
administration ofCEPA could be relied on to meet its mandate for the 
Fisheries Act's prohibition against the deposit of harmful substances 
into waters frequented by fish. The Department could also use such an 
assessment to help it determine the resources needed for administering 
its Fisheries Act responsibilities. However, Environment Canada has 
not completed such an assessment.

1.106 The case study (page 38) shows how the Department has used 
and proposes to use CEPA and the Fisheries Act to address significant 
risks to fish habitat from wastewater effluent.

1.107 Reliance on other jurisdictions. We focused on Environment 
Canada's approach to cooperation with other jurisdictions, most 
notably provinces. Environment Canada relies on water legislation and 
enforcement in other jurisdictions to protect water from the effects of 
pollution and complement its Fisheries Act responsibilities. We expected
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that Environment Canada had determined the extent that it could rely 
on the water legislation and enforcement by other jurisdictions to meet 
its mandate for the Fisheries Act's prohibition requirement. We found 
that Environment Canada had not done this.

1.108 There is a history of cooperation on water pollution prevention 
where federal, provincial, and territorial governments have worked 
together through the Canadian Council of Ministers of the 
Environment (CCME) to address wastewater effluent, water quality 
monitoring, and water quality guidelines. Such cooperation is widely 
recognized as being important to implementing successful pollution 
prevention programs.

1.109 The Government of Canada has entered into formal agreements 
with Alberta and Saskatchewan to administer aspects of the Fisheries 
Act's pollution prevention provisions. In a 1999 Report, the 
Commissioner of the Environment and Sustainable Development 
reported that these agreements did not always work as intended and 
that many activities that are essential to implementing the agreements 
were not working as well as they could.

Efforts to address risks posed by wastewater effluent

Wastewater effluent has long been identified as a major risk to aquatic ecosystems. It 
is one of the largest sources of pollution in water by volume and is a significant source 
of releases of nitrogen and phosphorus into water, both substances that can be harmful 
to fish. The issues that all governments must address to reduce the risks to water 
quality from wastewater effluent are complex and costly. 

Under the Fisheries Act, wastewater effluent can contain substances harmful to fish. 
Environment Canada does not presently have a compliance strategy to ensure that 
municipal and other communities' wastewater facilities comply with the Act's 
prohibition requirement. However, Environment Canada's Enforcement Branch 
responds to complaints involving wastewater facilities. Since 1999, several high-risk 
substances often found in wastewater effluent have been regulated under the Canadian 
Environmental Protection Act, 1999 (CEPA). 

In 2003, Environment Canada started working with the Canadian Council of Ministers 
of the Environment (CCME) to address wastewater effluent issues. In October 2007, 
the CCME released the draft Canada-wide Strategy for the Management of Municipal 
Wastewater Effluent (the Strategy) for consultation. At the same time, Environment 
Canada consulted on its proposal to develop and use Fisheries Act regulations to 
implement the Strategy. 

The Strategy is to be implemented over a long time frame, as long as 30 years, with 
the high-risk facilities having to meet the proposed regulatory requirement within 
10 years. The rationale for this lengthy time frame is the complex nature of the issues 
being addressed and the large costs involved to construct or upgrade wastewater 
facilities.

The necessary Fisheries Act regulations have yet to be established. However, this is an 
example of how CEPA and the Fisheries Act can be used to address significant risks to 
fish habitat.
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1.110 We examined the Canada-Alberta Administrative Agreement 
for the Control of Deposits of Deleterious Substances under the 
Fisheries Act. We found that the agreement was out of date and not 

being fully implemented (see the case study below). 

1.111 We found that Environment Canada cannot demonstrate that 
the agreements with the provinces are active and being implemented, 
and it does not know the extent that the legislative frameworks of 
other jurisdictions can be relied on to support Environment Canada's 
administration and enforcement of the pollution prevention provisions 
of the Fisheries Act.

Canada-Alberta Administrative Agreement for the Control 
of Deposits of Deleterious Substances under the Fisheries Act

In 1994, the Governments of Canada and Alberta entered into the Canada-Alberta 
Administrative Agreement for the Control of Deposits of Deleterious Substances under 
the Fisheries Act (the Agreement). The purpose of the Agreement was to establish 
terms and conditions for the cooperative administration of the pollution prevention 
provisions of the Fisheries Act and relevant provincial legislation. The rationale behind 
this was to streamline and coordinate the regulatory activities of Canada and Alberta 
and to reduce duplication. We examined the mechanisms that were in place under the 
Agreement to report to Environment Canada on the results achieved for specific 
responsibilities administered on its behalf. 

We found that the Management Committee that governs the implementation and 
administration of the Agreement has not met in over two years. Environment Canada 
informed us that it meets regularly at the staff level with Alberta to discuss issues, 
including enforcement activity and reported releases of substances. Although 
Environment Canada has not formally assessed these working-level arrangements, it 
informed us that they are working effectively. 

To determine how this collaboration has occurred in practice, we examined the 
arrangements for implementation of the Agreement with respect to oil sands 
operations. The Pembina Institute, an Alberta-based environmental non-governmental 
organization, has reported that oil sands operations are producing about 1.8 billion 
litres of tailings per day, storing them in tailing ponds. These tailings contain 
substances that are potentially harmful to fish. According to several environmental 
impact assessments of oil sands projects, leaching of the substances contained in the 
tailing ponds can be expected. 

Environment Canada participates in environmental impact assessments and a number 
of oil sands working groups and research initiatives. Environment Canada has informed 
us that it does not have its own independent monitoring program because Alberta 
prohibits the release of tailing pond contents to surface water and monitors for leaching 
into local rivers and lakes. Alberta has a process in place to report spills to 
Environment Canada, including incidents that potentially fall under the Fisheries Act. 

Environment Canada relies on the Agreement and the arrangements with Alberta to 
meet its Fisheries Act responsibilities. However, the Agreement's Management 
Committee has not provided its oversight role in over two years and Environment 
Canada has not formally assessed the extent that the arrangements with Alberta fulfill 
the Department's Fisheries Act responsibilities.
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1.112 Recommendation. Environment Canada should develop a risk~ 
based approach to the Fisheries Act pollution prevention provisions to 
identify, assess, and address significant risks associated with non~ 
compliance with the Act. As part of this approach, Environment 
Canada should determine whether there are significant risks to fish 
habitat associated with non~compliance with the Fisheries Act that are 
not being addressed by the combination of its own administration and 
enforcement of the Act, and the administration of other federal and 
provincial legislation. 

Environment Canada's response. The Department accepts this 
recommendation and has assigned responsibility to the Public and 
Resources Sectors Directorate of the Environmental Stewardship 
Branch to coordinate risk management and compliance promotion 
priorities for subsection 36(3) of the Fisheries Act and associated 
regulations.

In 2009-10, Environment Canada will develop a work plan to identify 
current risks and risk management activities in non~regulated sectors, 
including Fisheries Act compliance promotion activities and other 
federal and provincial legislation. In 2010-11, the Department will 
complete the review of risks and risk management activities and will 
adjust departmental work plans as required.

Some regulations and guidance are outdated 

1.113 We expected that Environment Canada would actively administer 
the Fisheries Act regulations pursuant to the pollution prevention 
provisions, and ensure that the regulations, and guidance on compliance 
with the Act, are adequate, up~to~date, relevant, and enforceable. 

1.114 Regulated industries. Of the six Fisheries Act pollution 
prevention regulations currently in force, Environment Canada 
actively administers two-the Pulp and Paper Effluent Regulations and 
the Metal Mining Effluent Regulations. The four remaining regulations 
date back to the 1970s and are based on outdated technology and 
practices, making them difficult to enforce. 

1.115 For example, the Petroleum Refinery Liquid Effluent Regulations 
contain outdated effluent sampling methods and requirements that are 
used to determine whether refineries are complying with the Fisheries 
Act. In addition, these regulations only apply to the five refineries that 
began operations on or after 1 November 1973 when the regulations 
came into force. The 14 refineries that were operating before that 
date are not subject to the regulations but are covered by 
voluntary guidelines.
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1.116 In 1998, the Standing Committee on Environment and 
Sustainable Development recommended that the Minister of the 
Environment undertake a review of Fisheries Act regulations to ensure 
that they were adequate, up-to-date, and enforceable. Further, 
regulations that were found to be deficient were to be amended to 
ensure their enforceability. The government responded that a review 
was not needed at that time. Consequently, the regulations that the 
Committee was concerned about 10 years ago have yet to be reviewed 

by Environment Canada and have not been updated. 

1.117 Under the 2007 Cabinet Directive on Streamlining Regulations, 
departments are responsible for ensuring that regulations continually 
meet their initial policy objectives and for renewing their regulatory 
frameworks on an ongoing basis. While Environment Canada officials 
have raised concerns about these outdated regulations, the 
Department has no plans to address the concerns.

1.118 Guidelines and best practice statements. Between 1970 
and 1977, the Minister of Fisheries and the Environment issued six 
Fisheries Act guidelines to specific industries. These guidelines 
recommend voluntary measures that could be applied to control effluent 
discharged from operations and thereby demonstrate compliance with 
the Act. The guidelines are based on technology and best practices 
dating back to the 1960s. Consequently, the guidelines represent an 
impediment to Environment Canada's current enforcement of the Act's 
prohibition requirement, as industrial practices and technology have 
changed significantly in the intervening decades. 

1.119 Environment Canada has also issued many industry-specific 
best practice statements over the years. However, the Department 
has no process to review and recall these statements should they 
become outdated.

1.120 Recommendation. Environment Canada should review existing 
Fisheries Act regulations, guidelines, and best management practices to 
ensure that they are adequate, up-to-date, relevant, and enforceable. 

Environment Canada's response. The Department accepts this 
recommendation. Over the 2009-2012 period, Environment Canada 
will undertake a review of the continued relevance of the four 

regulations noted below in light of Fisheries Act guidelines, provincial 
standards, and industry best management practices, and will take the 
necessary steps to update or repeal them as appropriate: 

  Chlor-Alkali Mercury Liquid Effluent Regulations 

  Meat and Poultry Products Plant Liquid Effluent Regulations
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  Petroleum Refinery Liquid Effluent Regulations 

  Potato Processing Plant Liquid Effluent Regulations

Enforcement quality assurance and control have weaknesses

1.121 We focused on Environment Canada's enforcement activities that 

prevent, deter, and detect non-compliance with the pollution 
prevention provisions of the Fisheries Act. Enforcement activities include 

  inspections to verify compliance; 

  investigations of suspected violations; and

  measures to compel compliance, such as written directives 

and warnings, and charges under the Act.

1.122 We expected that Environment Canada could demonstrate that 
its enforcement actions had been taken in accordance with the 

Compliance and Enforcement Policy, which states that the Act must 
be administered and enforced in a "fair, predictable and consistent 
manner" and provides general guidance on how this is to be achieved.

1.123 We examined the Enforcement Branch's quality assurance and 
control practices for its enforcement activities. There are a number of 
important quality assurance and control practices in place. For 
example, Environment Canada has provided reporting independence 
to its Enforcement Branch as it now reports directly to the Deputy 
Minister, and the Department and Fisheries and Oceans Canada 
jointly developed the 2001 Compliance and Enforcement Policy in 
response to recommendations from a 1998 Report of the Standing 
Committee on the Environment and Sustainable Development. 
However, we found the following: 

  There is no overall process by which headquarters reviews 

regional enforcement activities to assess whether the Policy 
was followed and consistently enforced. 

  The Enforcement Branch has limited information on the nature 
and extent of Fisheries Act compliance issues. The Enforcement 
Branch believes that about 40 to 50 percent of the public 
complaints it receives arise from Fisheries Act concerns, but it has 
not completed an analysis of the nature of these complaints or the 

subsequent enforcement activities.

1.124 We selected a random sample of 15 enforcement actions- 
inspections, investigations, and measures to compel compliance- 
taken in the year ended 31 March 2008 to determine whether they
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were taken in accordance with the Compliance and Enforcement 
Policy. We found that the enforcement actions we reviewed 
demonstrated compliance with the Policy. 

1.125 Nevertheless, the weaknesses in the Enforcement Branch's 
quality assurance and control practices limit the Branch's ability to 
demonstrate that its actions have been taken in accordance with the 

Compliance and Enforcement Policy. 

1.126 Recommendation. Environment Canada should ensure that its 
enforcement quality assurance and control practices are sufficient to 
demonstrate that its actions have been taken in accordance with the 

Compliance and Enforcement Policy. 

Environment Canada's response. The Department accepts this 
recommendation. The Enforcement Branch is continuing to develop a 
framework, standardize processes, and establish accountabilities to 
enhance its quality assurance and its quality control. More specifically, 
the quality assurance and quality control framework is being both 
developed and implemented over the 2009-10 and 2010-11 fiscal 
years and maintained thereafter. At the same time, the Enforcement 
Branch is establishing a quality assurance unit, as well as a working 
group, to oversee and support the quality of enforcement data. 
Collectively, their responsibilities will include developing new 
procedures for data entry, implementing a systematic data quality and 
control monitoring process that will involve both regional 
management teams as well as headquarters, conducting periodic 
quality assurance analysis of enforcement files, and providing training 
to Enforcement Officers.

Interdepartmental cooperation Cooperation between the two departments is lacking 

1.127 The Minister of Fisheries and Oceans continues to be legally 
responsible to Parliament for all sections of the Fisheries Act, including 
administration of the pollution prevention provisions that have been 
assigned to Environment Canada. The Habitat Policy and the 
Compliance and Enforcement Policy promote the concept of Fisheries 
and Oceans Canada and Environment Canada working cooperatively 
to achieve the policies' objectives. We expected to find that the two 
departments had formal arrangements to establish the expectations for 
administration of the pollution prevention provisions of the Fisheries 
Act and that they had implemented the cooperative arrangements 
reflected in the policies.
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1.128 A 1985 Memorandum of Understanding (MOU) between 
Fisheries and Oceans Canada and Environment Canada sets out their 
collective responsibilities for administration of the pollution 
prevention provisions of the Fisheries Act. It is not being actively 
implemented by the two departments. For example, the MOU calls for 
regular, at least annual, meetings between senior officials to discuss 
operational, regulatory, and national policy considerations. These 
meetings are not held.

1.129 In response to our 2001 audit, Fisheries and Oceans Canada 
noted that the Memorandum of Understanding would be reviewed in 
the near future to further clarify the respective roles and expectations 
of the two departments in administering the pollution prevention 
provisions. This has not been done.

1.130 Implementing the policies. We found that Fisheries and Oceans 
Canada and Environment Canada have few formal interactions related 

to the policies. The Habitat Policy indicates that Fisheries and Oceans 
Canada is to work with Environment Canada to establish federal 

priorities. The Policy also stipulates that Fisheries and Oceans Canada 
is to provide criteria for fisheries protection to Environment Canada to 
guide it in its effort to protect fish and fish habitat from pollution. 
This has not been done.

1.131 The 2001 Compliance and Enforcement Policy called for a joint 
review of its implementation by the two departments after five years. 
Seven years later, we found that neither department was aware of this 
requirement and the joint review has not been done.

1.132 While there are many ongoing working~level interactions 
between officials of the two departments, we found that this has not 
been translated into the specific actions called for under the Habitat 
Policy and the Compliance and Enforcement Policy.

1.133 Establishing expectations. There are no formal arrangements 
by which Fisheries and Oceans Canada and Environment Canada 
establish the expectations for administration of the pollution 
prevention provisions of the Fisheries Act. Environment Canada's 
administration of the provisions has been left to its discretion.

1.134 Recommendation. Fisheries and Oceans Canada, with 
the support of Environment Canada, should clearly establish the 
expectations for Environment Canada's administration of the pollution 
prevention provisions, including the expected interactions between the 
two departments to support the delivery of the 1986 Habitat Policy.
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Environment Canada's and Fisheries and Oceans Canada's 

response. The departments accept this recommendation and, by 
31 March 2011, will review the administration of section 36 of the 
Fisheries Act. By 31 March 2012, a renewed Memorandum of 
Understanding that better establishes expectations and responsibilities 
for Environment Canada will be in place.

Conclusion

1.135 Fisheries and Oceans Canada and Environment Canada cannot 
demonstrate that they are adequately administering and enforcing the 
Fisheries Act, and applying the Habitat Policy and the Compliance and 
Enforcement Policy in order to protect fish habitat from the adverse 
impacts of human activity.

1.136 Habitat Policy. In the 23 years since the Habitat Policy was 
adopted, Fisheries and Oceans Canada has not fully implemented 
the Policy, and little information exists about the achievement of 
the Policy's overall long, term objective of a net gain in productive 
fish habitat. Fisheries and Oceans Canada needs to gather information 
on the state of fish habitat and develop habitat indicators to assess 
the state of Canada's fish habitat. Through improved information 
about the state of fish habitat, Canadians will be better informed 
about whether progress is being made toward the Policy's long,term 
objective.

1.137 Environmental Process Modernization Plan (EPMP). 
Fisheries and Oceans Canada has made progress in implementing 
the EPMP so that it can better manage its risks. The EPMP has 
resulted in a reliance on Canadians' self, compliance with the 
Fisheries Act habitat protection provisions for common, low, risk 

projects, to allow the Department to use its resources on projects that 
represent a greater risk to fish habitat. There are shortcomings in 
implementation of the EPMP. We found that the Department does not 
have adequate quality assurance and control processes for its new risk, 
based decision making. It cannot demonstrate that projects that 
represent a risk to fish habitat have been adequately assessed and a 
consistent approach has been applied. We found that Fisheries and 
Oceans Canada reduced its enforcement by half before implementing 
its new compliance approach. Further, the Department rarely monitors 
whether project proponents actually comply with the Department's 
conditions of approval or whether proponents' actions effectively 
maintained the expected no net loss in habitat.
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1.138 Pollution prevention provisions. Environment Canada has not 
clearly identified what it has to do to meet its Fisheries Act 
responsibility for the pollution prevention provisions, including 
establishing results expectations and appropriate accountability 
arrangements that provide national coordination and guidance on the 
administration of the Act. Environment Canada does not use a 
risk-based approach to the Fisheries Act to identify, assess, and address 
risks associated with non-compliance with the Act that could lead to 
significant harm to fish habitat. It does not have a Fisheries Act 
compliance strategy for the industries and activities that must comply 
with the Act's prohibition against the deposit of harmful substances in 
waters frequented by fish. Environment Canada has not determined 
whether the results achieved through other legislation (such as the 
Canadian Environmental Protection Act, 1999), other levels of 
government, and its own enforcement activities meet the Act's 

stringent pollution prohibition requirement. 

1.139 Review of regulations. Regulations under the pollution 
prevention provisions of the Fisheries Act allow regulated industries to 
deposit specified substances into waters frequented by fish within 
discharge limits. Environment Canada actively administers only two of 
the six Fisheries Act regulations for which it has responsibility. The two 
regulations cover the pulp and paper industry and metal mines, which 
have in the past represented risks to fish. However, the remaining four 
regulations, all of which date to the 1970s, are not actively being 
administered. The Department considers them to be outdated and 
difficult to enforce. By not reviewing these regulations to determine 
whether they still meet their initial policy objectives, Environment 
Canada is not following the 2007 Cabinet Directive on Streamlining 
Regulations. 

1.140 Continuing issues. Many of the issues raised in this chapter have 
been raised before in previous audit reports, especially as they relate to 
Fisheries and Oceans Canada. For example, we have previously 
observed that Fisheries and Oceans Canada had not implemented 
aspects of the Habitat Policy, did not know whether it was progressing 
toward the ultimate objective of a net gain in fish habitat, and needed 
to devote more time and effort to compliance monitoring.
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About the Audit

All of the audit work in this chapter was conducted in accordance with the standards for assurance 
engagements set by The Canadian Institute of Chartered Accountants. While the Office adopts these 
standards as the minimum requirement for our audits, we also draw upon the standards and practices of 
other disciplines.

Objective

The audit objective was to determine whether Fisheries and Oceans Canada and Environment Canada 
can demonstrate that they are adequately administering and enforcing the Fisheries Act, and applying the 
Habitat Policy and the Compliance and Enforcement Policy in order to protect fish habitat from the 
adverse impacts of human activity.

Scope and approach

The audit included the administration of the fish habitat protection and pollution prevention provisions of 
the Fisheries Act and the two policies (the Habitat Policy and the Compliance and Enforcement Policy) 
that set out the government's intentions related to these provisions. The audit included the policies, 
programs, and activities of Fisheries and Oceans Canada and Environment Canada, and certain 
arrangements with others that support the administration and enforcement of these provisions. 

The audit did not focus on the environmental assessments required by the Canadian Environmental 
Assessment Act that may be triggered by ministerial authorizations under the provisions of the Fisheries Act. 

Our approach included reviewing documents from the headquarters and regional offices, interviewing 
management and employees, examining databases, examining a sample of project proposals referred to 
Fisheries and Oceans Canada, examining a sample of enforcement actions taken by both departments, and 
analyzing procedures. We also reviewed a number of relevant environmental petitions and the related 
responses from department ministers.

Criteria

Listed below are the criteria that were used to conduct this audit and their sources.

Criteria Sources

Fisheries and Oceans Canada and Environment Canada should 
administer and enforce the fish habitat protection and pollution 
control provisions of the Fisheries Act in a fair, predictable, and 
consistent manner so as to achieve the Habitat Policy and the 
Compliance and Enforcement Policy.

  Department of Fisheries and Oceans, Policy for the 
Management of Fish Habitat, 1986 

. Environment Canada, Compliance and Enforcement Policy for 
the Habitat Protection and Pollution Prevention Provisions of 
the Fisheries Act, 2001 

. Cabinet Directive on Streamlining Regulation, 2007
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Criteria Sources

Fisheries and Oceans Canada and Environment Canada should 
work collaboratively with provinces, communities, and 
stakeholders to implement the fish habitat protection and 
pollution control provisions of the Fisheries Act, and the Habitat 
Policy and the Compliance and Enforcement Policy. Where 
specific responsibilities are administered by others on behalf of 
Fisheries and Oceans Canada and Environment Canada, 
mechanisms should be in place to report to Fisheries and 
Oceans Canada or Environment Canada on the results achieved 
in the conduct of these responsibilities.

Fisheries and Oceans Canada's Environmental Process 
Modernization Plan should support the achievement of the 
Habitat Policy and the Compliance and Enforcement Policy, and 
be implemented fully, adapting its implementation to reflect 
experience.

. Department of Fisheries and Oceans, Policy for the 
Management of Fish Habitat, 1986 

. Environment Canada, Compliance and Enforcement Policy for 
the Habitat Protection and Pollution Prevention Provisions of 
the Fisheries Act, 2001 

. CCME, A Canada-wide Accord on Environmental 
Harmonization

. 1999 CESD Report-Streamlining Environmental Protection 
Through Federal-Provincial Agreements: Are They Working? 

. Department of Fisheries and Oceans, Policy for the 
Management of Fish Habitat, 1986 

. Environment Canada, Compliance and Enforcement Policy for 
the Habitat Protection and Pollution Prevention Provisions of 
the Fisheries Act, 2001 

  DFO Change Agenda 

. DFO, Environmental Process Modernization Plan, 2004 

. Cabinet Directive on Streamlining Regulation, 2007

Fisheries and Oceans Canada and Environment Canada should 
measure and report on the extent to which their programs and 
activities contribute to the achievement of the Habitat Policy 
and the Compliance and Enforcement Policy and meet the 
reporting requirements under the Fisheries Act.

. Department of Fisheries and Oceans, Policy for the 
Management of Fish Habitat, 1986 

  Environment Canada, Compliance and Enforcement Policy for 
the Habitat Protection and Pollution Prevention Provisions of 
the Fisheries Act, 2001 

. Results for Canadians: A Management Framework for the 
Government of Canada

Audit work completed 

Audit work for this chapter was substantially completed on 3 October 2008.

Audit team

Assistant Auditor General: Neil Maxwell 

Principals: Eric Hellsten and Kevin Potter 
Directors: Lana Dar and John Sokolowski

Erika Boch 

S bastien Bureau 

Joanne Butler 
Don MacNeill 

David Wright 

For information, please contact Communications at 613-995-3708 or 1-888-761-5953 (toll-free).
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Appendix list of recommendations

The following is a list of recommendations found in Chapter 1. The number in front of the 
recommendation indicates the paragraph number where it appears in the chapter. The numbers in 
parentheses indicate the paragraph numbers where the topic is discussed.

Recommendation

Protecting fish habitat

1.33 In order to make consistent 
decisions on project referrals, in 
accordance with departmental 
expectations, Fisheries and Oceans 
Canada should ensure that an 

appropriate risk-based quality assurance 
system is in place for the review of 
these decisions. (1.19-1.32)

1.41 Fisheries and Oceans Canada 
should accelerate the implementation 
of its Habitat Compliance Decision 
Framework to ensure that there is an 

adequate risk-based approach 
to monitoring projects and providing 
assurance that proponents are 

complying with the Fisheries Act and all 
terms and conditions of departmental 
decisions. The Department should also 
determine whether the required 
mitigation measures and compensation 
are effective in meeting the no net loss 
principle. (1.34-1.40)

][ Response

Fisheries and Oceans Canada's response. The Department 
accepts this recommendation. Over the past number of years, 
Fisheries and Oceans Canada has made efforts to improve the 
quality, consistency, and transparency of its decision making by 
implementing the Risk Management Framework. Although 
much progress has been made, the Department recognizes that 
there is still much work to be done with respect to 
documentation standards. With that in mind, 
by 31 March 2010, Fisheries and Oceans Canada will implement 
a risk-based quality assurance system to verify that 
documentation standards are being applied consistently by staff.

Fisheries and Oceans Canada's response. The Department 
accepts this recommendation. Fisheries and Oceans Canada 

currently applies a risk-based approach, but recognizes that 
opportunities for improvement remain. Once the Habitat 
Compliance Modernization initiative is fully implemented, the 
Department will be able to provide better assurance that 
proponents are complying with the terms and conditions of the 
Department's decisions. Considering this, the Department 
commits to fully implement the Habitat Compliance Decision 
Framework and report on results of project monitoring activities 
by 31 March 2010 and annually thereafter.

Fisheries and Oceans Canada will continue to work with 

proponents to design and implement follow-up monitoring 
studies. Between now and the end of 2011, the Department will 
review and develop standard scientific methodologies to 
examine the effectiveness of compensation in achieving the no 
net loss guiding principle so that these methodologies can be 
used by proponents when designing monitoring studies.
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Recommendation

1.48 Fisheries and Oceans Canada 
should ensure that its enforcement 

quality assurance and control processes 
are sufficient to demonstrate that its 
actions have been taken in accordance 
with the Compliance and Enforcement 
Policy. The Department should provide 
guidance on the type of complaints that 
fishery officers should respond to and 
take action on, and the Department 
should specify minimum 
documentation requirements for 
occurrences. (1.42-1.47)

1.69 Fisheries and Oceans Canada 
should clarify the parts of the Habitat 
Management Program that it will 
continue to administer, the extent that 
it wants others to deliver the program 
on its behalf, and the resource 
implications. The Department should 
also assess whether accountability 
mechanisms in all of its existing 
agreements are working effectively 
enough to report and assess the results 
achieved through its collaboration with 
others. In addition, it should review the 
agreements to ensure that they are 
aligned with its view of the long-term 
goals of the Habitat Management 
Program. (1.49-1.68)

1.74 Fisheries and Oceans Canada 
should develop habitat indicators to 
apply in ecosystems with significant 
human activity. The Department 
should use these indicators to assess 
whether it is making progress on the 
Habitat Policy's long-term objective to 
achieve an overall net gain in fish 
habitat. (1.70-1.73)

If Response

Fisheries and Oceans Canada's response. The Department 
accepts this recommendation and, by 31 August 2010, will 
establish, disseminate, and communicate to regions an 
operational protocol to ensure better documentation of 
enforcement actions and monitoring of activities to ensure 
consistency with the Compliance and Enforcement Policy. 

Guidance on the nature of complaints that warrant the attention 
of fishery officers has also been identified as a need by the 
Department. By 31 March 2011, the Department will examine 
the process currently in use and, by 31 March 2012, the 
Department will examine the Habitat Compliance Decision 
Framework to improve its guidance to staff, clarify 
documentation protocols, and establish minimum 
documentation standards for occurrences.

Fisheries and Oceans Canada's response. The Department 
accepts this recommendation and, by 31 March 2011, will have 
reviewed and evaluated its memoranda of understanding with 
provinces and territories. The Department will continue to work 
with its partners to strengthen the governance and 
accountability mechanisms and ensure that the partnership 
arrangements are aligned with the Department's goals and its 
strategic vision.

Fisheries and Oceans Canada's response. The Department 
accepts and agrees with this recommendation and is committed 

to moving toward an ecosystems approach and the increased use 
of biological indicators, particularly in areas of significant human 
activity. However, this task is far from trivial as it will require 
significant new scientific understanding to ensure that the 
indicators adopted do in fact tell us what we need to know about 
the health of the aquatic ecosystem.
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Recommendation

1.80 Fisheries and Oceans Canada 
should determine what actions are 

required to fully implement the 
1986 Habitat Policy and confirm 
whether it intends to implement 
all aspects of the Policy. (1.75-1.79)

II Response

Fisheries and Oceans Canada's response. The Department 
accepts this recommendation and, by March 2010, will 
determine what actions are required to fully implement the 
Habitat Policy.

Pollution prevention provisions 

1.93 Environment Canada should set 
out clear objectives and results 
expectations for its Fisheries Act 
responsibilities, and establish 
accountability for achieving the desired 
results, including providing national 
coordination and guidance on the 
administration of the Act. (1.81-1.92)

1.112 Environment Canada should 

develop a risk-based approach to the 
Fisheries Act pollution prevention 
provisions to identify, assess, and 
address significant risks associated with 
non-compliance with the Act. As part 
of this approach, Environment Canada 
should determine whether there are 

significant risks to fish habitat 
associated with non-compliance with 
the Fisheries Act that are not being 
addressed by the combination of its own 
administration and enforcement of the 

Act, and the administration of other 
federal and provincial legislation. 
(1.94-1.111)

Environment Canada's response. The Department accepts this 
recommendation and will put in place a Results-based 
Management and Accountability Framework in 2009-10 for 
Environment Canada's Fisheries Act responsibilities. The 
framework will clearly identify the objectives, responsibilities, 
and expected results, including how national coordination and 
guidance on Environment Canada's administration of the Act 
will be provided.

Environment Canada's response. The Department accepts this 
recommendation and has assigned responsibility to the Public 
and Resources Sectors Directorate of the Environmental 

Stewardship Branch to coordinate risk management and 
compliance promotion priorities for subsection 36 (3) of the 
Fisheries Act and associated regulations. 

In 2009-10, Environment Canada will develop a work plan to 
identify current risks and risk management activities in non- 
regulated sectors, including Fisheries Act compliance promotion 
activities and other federal and provincial legislation. In 
2010-11, the Department will complete the review of risks and 
risk management activities and will adjust departmental work 
plans as required.
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Recommendation

1.120 Environment Canada should 
review existing Fisheries Act regulations, 
guidelines, and best management 
practices to ensure that they are 
adequate, up-to-date, relevant, and 
enforceable. (1.113-1.119)

1.126 Environment Canada should 
ensure that its enforcement quality 
assurance and control practices are 
sufficient to demonstrate that its 
actions have been taken in accordance 
with the Compliance and Enforcement 
Policy. (1.121-1.125)

If Response

Environment Canada's response. The Department accepts this 
recommendation. Over the 2009-2012 period, Environment 
Canada will undertake a review of the continued relevance of 
the four regulations noted below in light of Fisheries Act 
guidelines, provincial standards, and industry best management 
practices, and will take the necessary steps to update or repeal 
them as appropriate: 

  Chlor-Alkali Mercury Liquid Effluent Regulations 
  Meat and Poultry Products Plant Liquid Effluent Regulations 
  Petroleum Refinery Liquid Effluent Regulations 
  Potato Processing Plant Liquid Effluent Regulations

Environment Canada's response. The Department accepts this 
recommendation. The Enforcement Branch is continuing to 
develop a framework, standardize processes, and establish 
accountabilities to enhance its quality assurance and its quality 
control. More specifically, the quality assurance and quality 
control framework is being both developed and implemented 
over the 2009-10 and 2010-11 fiscal years and maintained 
thereafter. At the same time, the Enforcement Branch is 

establishing a quality assurance unit, as well as a working group, 
to oversee and support the quality of enforcement data. 
Collectively, their responsibilities will include developing new 
procedures for data entry, implementing a systematic data 
quality and control monitoring process that will involve both 
regional management teams as well as headquarters, conducting 
periodic quality assurance analysis of enforcement files, and 
providing training to Enforcement Officers.

Interdepartmental cooperation 

1.134 Fisheries and Oceans Canada, 
with the support of Environment 

Canada, should clearly establish the 
expectations for Environment Canada's 
administration of the pollution 
prevention provisions, including the 
expected interactions between the two 
departments to support the delivery of 
the 1986 Habitat Policy. 
(1.127-1.133)

Environment Canada's and Fisheries and Oceans Canada's 

response. The departments accept this recommendation and, by 
31 March 2011, will review the administration of section 36 of 
the Fisheries Act. By 31 March 2012, a renewed Memorandum of 
Understanding that better establishes expectations and 
responsibilities for Environment Canada will be in place.
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The most often heard claims in support 
of large scale hydroelectric development 
are: (1) hydropower generation is 
'clean', (2) water flowing freely to the 
ocean is 'wasted', and (3) local residents 
(usually aboriginals) will benefit from 
the development. These three claims are 
critically examined using case histories 
from Canada and elsewhere in the 
world. The critique is based mainly on 
journal articles and books, material that 
is readily available to the public, and 
reveals that the three claims cannot be 
supported by fact. Nevertheless, large 
scale hydroelectric development contin- 
ues on a worldwide basis. The public 
needs to be well informed about the 
environmental and social consequences 
of large scale hydroelectric development 
in order to narrow the gap between its 
wishes for environmental protection and 
what is really occurring.

D M Rosenberg and R A Bodaly are with 
the Department of Fisheries and Oceans, 
501 University Crescent, Winnipeg, MB, 
R3T 2N6. P J Usher is at P J Usher 
Consulting Services, Box 4815, Station E, 
Ottawa, ON, Canada K1 S 5H9.
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Environmental and 
social impacts of 
large scale hydro- 
electric development: 
who is listening?
D M Rosenberg, R A Bodaly and P J Usher

Proponents of hydropower development claim a number of benefits in support 
of their projects. First, they insist that hydropower generation is 'clean', that is, 
it has fewer environmental consequences than other sources of power genera- 
tion.1 Secondly, they argue that water flowing unimpeded to the ocean is 
'wasted'." Thirdly, they assure us that residents - especially aboriginal peoples 
- of areas affected by the creation of reservoirs or the diversion of water will 
derive social and economic benefits from the project.3 The main objective of 
this article is to examine critically these three claims; information from hydro- 
electric developments in different countries will be used but the emphasis will 
be on Canada. A second objective is to show that considerable amounts of 

freely available information exist on the environmental and social impacts of 
hydroelectric development, so that each new project need not be regarded as 
unique by decision makers:4 effects can be predicted in broad outline.

Hydropower is 'clean' 
In an imperfect world, hydroelectric power is a form of energy which has the fewest 

imperfections of all. It is virtually non-polluting.5

Contrary to the sentiment expressed in the above quotation, large scale 
hydroelectric development produces a broad range of environmental impacts. 
Chief among these impacts are landscape destruction, contamination of food 
webs by mercury, and possibly the evolution of greenhouse gases. A consid- 
eration of these impacts follows.

Landscape destruction 

The flooding of vast areas of forest in the formation of reservoirs (Figure I), 
desiccation of water bodies because of water diversion for hydropower gener- 
ation or irrigation (Figure 2), and shoreline erosion caused by lake 

impoundment (Figure 3) or diversion of waters through existing river channels 
with insufficient hydraulic capacity are examples of landscape destruction. 

For example, =760 m'jsec of Churchill River water was diverted into the
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Continued from page 127 
north. The alternative to interbasin diver- 
sions' in W Nicholaichuk and F Quinn 
(eds) Proceedings of the Symposium on 
Interbasin Transfer of Water: Impacts and 
Research Needs for Canada, 9-10 
November 1987, Environment Canada, 
Saskatoon, SK, 1987, pp 59-70; and D 
Phantumvanit and W Nandhabiwat, 'The 
Nam Choan controversy: An EIA in prac- 
tice', Environmental Impact Assessment 
Review, Vol 9, 1989. pp 135-147 
2For example, P H Abelson, 'Electric 

power from the north', Science, Vol 228, 
1985, P 1487; Bourassa, op cit, Ref 1; 
Kierans, op cit, Ref 1; T Kierans, 
'Recycled run-off from the north', Journal 
of Great Lakes Research, Vol 14, 1988, 
pp 255-256; and G F White, 'The environ- 
mental effects of the High Dam at Aswan', 
Environment, Vol 30, No 7, 1988, p39, 
note 8 
3For example, Kierans, 1988, op cit, Ref 
2; and Hydro-Qu bec, 'Grande Baleine 

complex', Bulletin 4, Hydro-Qu bec, 
Montreal, 1991 
4The term 'decision makers' is meant to 
include senior government bureaucrats, 
senior hydro managers, and politicians 
5Bourassa, op cit, Ref 1, pp 125-126 
6R A Bodaly et ai, 'Ecological effects of 
hydroelectric development in northern 
Manitoba, Canada: The Churchill-Nelson 
River diversion', in P J Sheehan et al 

(eds) Effects of Pollutants at the 

Ecosystem Level, John Wiley, New York, 
1984, pp 273-309 
7Bodaly et ai, op cit, Ref 6; R W Newbury, 
G K McCullough, and R E Hecky, 'The 
Southern Indian Lake impoundment and 
Churchill River diversion', Canadian 
Journal of Fisheries and Aquatic 
Sciences, Vol 41, 1984, pp 548-557 
sR W Newbury, 'Some principles of com- 
patible hydroelectric design', Canadian 
Water Resources Journal, Vol 6, 1981, pp 
284-294; Bodaly et ai, op cit, Ref 6 
9System wide changes are described in G 
McCullough 'Flow and level effects of 
Lake Winnipeg regulation and Churchill 
River diversion on northern Manitoba 
rivers', in P J Usher and M S Weinstein, 
'Towards assessing the effects of Lake 

Winnipeg regulation and Churchill River 
diversion on resource harvesting in native 
communities in northern Manitoba', 
Canadian Technical Report of Fisheries 
and Aquatic Sciences, No 1794, 1991, pp 
68-69 and Map 1 ; and Environment 
Canada and Department of Fisheries and 
Oceans, 'Federal Ecological Monitoring 
Program. Final Report Vol 1', Environ- 
ment Canada and Department of 
Fisheries and Oceans, Winnipeg, 1992, 
pp 2.4 to 2.15
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Figure 1 The Rat River, route of the Churchill-Nelson River diversion in 

northern Manitoba. (a) Before formation of the Notigi Reservoir and start of 
diversion flows; (b) After flooding and diversion. Note the large areas of float- 
ing peat. Photos: Allen P Wiens.

nearby Nelson River to enhance flows through a series of large dams con- 
structed along the lower Nelson in northern Manitoba (Figure 4).6 The point 
of diversion was Southern Indian Lake (SIL). The natural outlet of the lake 
(Missi Falls shown in Figure 4) was blocked by a control structure, the lake 
was impounded 3 m above its long term mean level, and the Churchill River 
flow was diverted through a newly excavated channel from the southern part 
of the lake into the Nelson River catchment. Prior to diversion, the area 
between Southern Indian Lake and the Notigi dam (Figure 4) was allowed to 
fill to the same level as Southern Indian Lake. The combined Southern 

Indian Lake-Notigi Reservoir flooded =750 km2 of land to yield a reservoir 
of =2800 km2 total surface area.7 The Rat and Burntwood rivers, into which 
the diversion flows were routed, carried <100 m3jsec before diversion but 
=880 m3jsec after.8 As a result of the diversion, the lower Churchill was 
dewatered (Figure 2), extensive shoreline erosion occurred in Southern 

Indian Lake (Figure 3), and flooding and erosion occurred along the diver- 
sion route (Figure 1).9
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Figure 1b

'ONewbury, op cit, Ref 8 
"Ibid

The magnitude of landscape destruction caused by the Churchill-Nelson 
diversion is best understood by doing an analysis of redirected power. 10 The 
distribution of potential power throughout the system before and after diver- 
sion is summarized in Table I. Most of the power can be recovered as 

hydroelectric plants are built along the Burntwood and lower Nelson rivers. 
However, the power not used until these plants are built. and the displaced 
power remaining after the last installation is completed, are both available to 
rework the landscape. 

The extent of damage to the landscape depends on the landforms 

involved. II For example, wave energy redirected at a flooded bedrock cliff 
causes no damage; however, flooding permanently frozen backshore zones 
composed of unconsolidated materials causes a protracted cycle of melting 
and shoreline erosion. Thus, much of the 25 MW of wave energy on 
Southern Indian Lake (Table I) has been directed at the highly erodable 
shorelines during the open water season. The 16-38 times greater power of 
the diverted flows has begun to reform a new lower Churchill River along 
the Rat and Burntwood systems with consequent extensive landscape 
destruction. 'The redirected natural forces are often too large or too dispersed 
to be overcome or even hastened by further remedial construction. As a 
result, the instabilities created in the environment are essentially beyond
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12/bid, P 288 
13F Berkes, 'The intrinsic difficulty of pre- 
dicting impacts: lessons from the James 
Bay hydro project', Environmenta/lmpact 
Assessment Review, Vol 8, 1988, pp 
201-220; D Roy and D Messier, 'A review 
of the effects of water transfers in the La 
Grande hydroelectric complex (Qu bec, 
Canada)', Regulated Rivers: Research 
and Management, Vol 4, 1989, pp 
299-316
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Figure 2 The lower Churchill River, northern Manitoba, (a) Before diversion; 
(b) After diversion, Photos: Allen P Wiens.

control' .12 How long the instability will last under the subarctic conditions of 
the area is unknown, 

Existing and planned development of the hydropower potential of rivers in 
northern Qu bec dwarf the Churchill-Nelson diversion by comparison. 
Development of James Bay involves a total of 30000 MW of power (cf, 
= 10000 MW in northern Manitoba), Three major river catchments are 

involved: (I) La Grande, (2) Great Whale, and (3) Nottaway-Broadback- 
Rupert. Phase I of La Grande development has been completed: it involved 
the creation of five major reservoirs that have flooded 9675 km2 of boreal 
forest, and two major river diversions totalling = 1600 mJjsec, about twice 
the flow of water diverted out of the Churchill River.1J In addition, riverbank
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"~~~~~I.L,ii"d ;

Figure 3 Southern Indian Lake, northern Manitoba. (a) A beach in the southern part of the lake 
before impoundment; (b) The same beach after impoundment; (c) Aerial photo of shoreline erosion. 
Photos: Allen P Wiens.

14See map in P Gorrie, 'The James Bay 
Power Project', Canadian Geographic, Vol 
110, No 1, 1990, P 25, for locations of the 
La Grande Reservoirs 
15F Berkes, 'The James Bay hydroelectric 
project', Alternatives, Vol 17, No 3, 1990, 
P 20 
16For example, creation of the Laforge-1 
and Eastmain-1 reservoirs involved addi- 
tional river diversions and =2000 km2 of 
flooding (A Penn, Cree Regional Authority, 
Montreal, personal communication) 
17Power figures can be found in J-F 

Rougerie, 'James Bay development pro- 
ject. Hydroelectric development in 

northwestern Ou bec', Canadian Water 

Watch, Vol 3, 1990, pp 56-58; and J I 

Linton, 'The James Bay hydroelectric pro- 
ject - Issue of the century'. Arctic, Vol 44. 
No 3, 1991, pp iii-iv. The scale of devel- 
opment in the Great Whale River project 
can be seen in Hydro-Ou bec. op cit, Ref 
3. The Great Whale project was post- 
poned in December 1994 
18D M Rosenberg et ai, 'The environmen- 
tal assessment of hydroelectric 
impoundments and diversions in Canada,' 
in M C Healey and R R Wallace (eds) 
'Canadian Aquatic Resources,' Canadian 
Bulletin of Fisheries and Aquatic 
Sciences, Vol 215, 1987, p 98 
19A R Abernathy and P M Cumbie, 
'Mercury accumulation by largemouth 

Continued on page 132

erosion has resulted downstream of the La Grande (LG)2 Reservoirl4 
because discharge in the La Grande River increased from 1760 mJjsec to 
3400 m'jsec; furthermore, . dead zones' surround the reservoirs because of 

drawdown.15 Development is continuing on the La Grande,16 but attention 
has shifted northward to the Great Whale River. Although development there 
will produce less power than on the La Grande River, the scale of reservoirs 
and river diversions involved will also produce extensive landscape destruc- 
tion.17

Mercury cOlltaminatioll 

Despite advances in scientific capability to predict the environmental effects of 

hydroelectric developments, a great deal of uncertainty still surrounds this activity. , . 

Indeed, even some major impacts resulting from hydroelectric development are still 
being identified. For example, discovery in the last decade of contamination of fish by 
mercury in new reservoirs 

... challenges the sanguine view that all significant 
impact~ associated with reservoir formation in temperate regions are known. . 

.IX

The first indication that mercury may be a by-product of reservoir formation 
came from South Carolina in the mid-1970s.l~ Since then, elevated mercury 
levels in fish have been recorded from reservoirs in a variety of locations (eg 
boreal zone - northern Manitoba,}!) northern Qu bec,21 Labrador,22 
Finland;23 temperate areas-southern Saskatchewan,24 IlIinois,2) South 

Carolina: 6 tropical areas-Thailand27). Fish mercury concentrations have 

increased in all reservoirs for which pre- and post-impoundment data have 
been collected. 

Mercury in fish can attain very high levels in reservoirs. For example, in 
the LG2 Reservoir (see above) mercury concentrations in predatory fish
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Continued from page 131 
bass (Micropterus salmoides) in recently 
impounded reservoirs', Bulletin of 
Environmental Contamination and 

Toxicology, Vol 17, 1977, pp 595-602 
20R A Bodaly, R E Hecky, and R J P 

Fudge, 'Increases in fish mercury levels in 
lakes flooded by the Churchill River diver- 
sion, northern Manitoba', Canadian 
Journal of Fisheries and Aquatic 
Sciences, Vol 41, 1984, pp 682-691 
21R Boucher, R Schetagne, and E 

Magnin, 'Teneur en mercure des poissons 
des r servoirs La Grande 2 et Opinaca 
(Qu bec, Canada) avant et apr s la mise 
en eau', Revue Francaise des Sciences 
de /'Eau, Vol 4, 1985, pp 193-206 
22W J Bruce and K D Spencer, 'Mercury 
levels in Labrador fish, 1977-78', 
Canadian Industry Report of Fisheries 
and Aquatic Sciences, No 111, 1979, pp 
1-12 
23M Lodenius, A Sepp nen, and M 

Herranen, 'Accumulation of mercury in 

fish and man from reservoirs in northern 
Finland', Water, Air, and Soil Pollution, 
Vol 19, 1983, pp 237-246 
24D T Waite, G W Dunn, and R J Stedwi II , 
'Mercury in Cookson Reservoir (East 
Poplar River)', WPC-23, Saskatchewan 
Environment, Regina, 1980 
25J A Cox et ai, 'Source of mercury in fish 
in new impoundments', Bulletin of 
Environmental Contamination and 

Toxicology, Vol 23, 1979, pp 779-783 
26A R Abernathy, M E Newman, and W D 
Nicholas, 'Mercury mobilization and bio- 

magnification resulting from the filling of a 
Piedmont reservoir', Report No 119 

(Technical Completion Report G-932-07), 
Water Resources Research Institute, 
Clemson, 1985 
27D Yingcharoen and R A Bodaly, 
'Elevated mercury levels in fish resulting 
from reservoir flooding in Thailand', Asian 
Fisheries Science, Vol 6, 1993, pp 73-80 
28Bodaly et ai, op cit, Ref 20; T A 

Johnston, R A Bodaly, and J A Mathias, 
'Predicting fish mercury levels from physi- 
cal characteristics of boreal reservoirs', 
Canadian Journal of Fisheries and 

Aquatic Sciences, Vol 48, 1991, pp 
1468-1475 
29R E Hecky et ai, 'Evolution of limnologi- 
cal conditions, microbial methylation of 

mercury and mercury concentrations in 
fish in reservoirs of northern Manitoba, A 

summary report for Project 2.4 of the 
Canada-Manitoba Agreement on the 

Study and Monitoring of Mercury in the 
Churchill River Diversion', Technical 

Appendices to the Summary Report, 
Canada-Manitoba Mercury Agreement, 
Winnipeg, 1987 
30R E Hecky et ai, 'Increased methylmer- 
cury contamination in fish in newly formed 
freshwater reservoirs', in T Suzuki, A 
Imura, and T W Clarkson (eds) Advances 
in Mercury Toxicology, Plenum Press, 
New York, 1991, pp 33-52
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Figure 3b

(pike: Esox lucius; walleye: Stizostediol1 \'itreum) reached almost six times the 
Canadian marketing limit of 0.5 /lg/g (Figure 5), Although mercury in lake 
whitefish (Coregollus clupea{ormisl in the SIL Reservoir has declined to pre- 
impoundment concentrations, levels in lake whitefish in LG2 and in pike and 
walleye in both reservoirs remain elevated 9-12 years after impoundment. 

Elevated mercury levels in fish are related to the degree of flooding of ter- 
restrial areas involved in reservoir creation: the more land flooded 

proportional to the size of the reservoir the higher the mercury levels in 

fish.~x Mercury levels in all three species shown in Figure 5 increased signifi- 
cantly after flooding in both reservoirs but increases were greater in the 

extensively flooded LG2 Reservoir than the marginally flooded SIL 

Reservoir. 

Experimental studies in mesocosms have demonstrated that the 

methylmercury accumulating in fish is microbially transformed from ambient 
natural mercury sources.2tJ All organic material tested in these experiments 
(moss/peat, spruce boughs, prairie sod) stimulated methylmercury uptake by 
yellow perch (Perea flal'escensl. In addition, greatly enhanced rates of con- 
version of inorganic mercury to methylmercury have been demonstrated in 
flooded sediments of new reservoirs."o
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31 R Verdon et al. 'Mercury evolution 

(1978-1988) in fishes of the La Grande 

hydroelectric complex, Qu bec, Canada', 
Water, Air, and Soil Pollution, Vol 56, 
1991, pp 405-417; Johnston et ai, op cit, 
Ref 28 
32Canada-Manitoba Mercury Agreement, 
'Summary report', Canada-Manitoba 
Agreement on the Study and Monitoring 
of Mercury in the Churchill River 

Diversion, Winnipeg, 1987; Verdon et ai, 
op cit, Ref 31

Figure 3c

Experience from river systems in northern Manitoba. northern Qu bec 
(James Bay). and Labrador indicates that significant elevations of fish mer- 
cury concentrations also can be expected for many kilometers downstream of 
reservoirs.' I For example, mercury concentrations in lake whitefish and pike, 
in and downstream of reservoirs in the La Grande River development are 
shown in Figure 6. Such downstream effects arc a result of predation on fish 
that have been weakened by passing through turbines and/or downstream 
transport of dissolved methylmercury in water or invertebrates (and conse- 
quent uptake in the food chain). 

Fish mercury levels in boreal reservoirs probably will remain elevated for 
decades following impoundment:'] for example, after a decade of impound- 
ment, mercury levels in pike and walleye in LG2 were still increasing 
(Figure 5). Similar predictions cannot be made for reservoirs in warmer areas 
because of a lack of data. The removaL burning, or covering of vegetation 
and organic soil layers may reduce the severity of the problem because it is 

the presence of organic material that tends to stimulate the microbial produc- 
tion of methylmercury. However, the degree to which this mitigation is 

successful has not been experimentally verified and, at any rate, it would be 

impractical to do for the reservoirs that characterize many contemporary
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Figure 4 Hydroelectric development along the Churchill and Nelson rivers, northern Manitoba, indicating altered flow 
regime of the rivers. Dark tone indicates relative magnitude of lower Churchill River discharge after diversion; mid-tone 
indicates Churchill River diversion at Southern Indian Lake; light tone indicates Nelson River discharge.

Source: R W Newbury er ai, op dr, Ref 7. Adapted by permission of the Canadian Journal o(Fisheries and Aquaric Sciences.
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"The analysis is based on mean annual flows 
(rivers) and average open water conditions 

(Southern Indian Lake). NA = not applicable. 
bThis represents pre-impoundment wave power 
available to act on a new. highly erodable shore- 
line. 

Source: R W Newbury, op cit, Ref 8.

Figure 5 Mercury concentrations in 
the muscle tissue of (a) lake whitefish 
(Coregonus clupeaformis), (b) pike 
(Esox lucius), and (c) walleye (Stizo- 
stedion vitreum) in the Southern 
Indian Lake (SIL) Reservoir, northern 
Manitoba, and the La Grande (LG)2 
Reservoir, northern Qu bec. Mean 

mercury concentrations are standard- 
ized for fish length by linear 

interpolation. 
Sources: SIL - N EStrange, R A Bodaly, 
and R J P Fudge, 'Mercury concentra- 
tions in fish in Southern Indian Lake and 
Issett Lake, Manitoba, 1975-88: The 
effect of lake impoundment and Churchill 
River diversion', Canadian Technical 
Report of Fisheries and Aquatic Sciences, 
No 1824, 1991, pp 1-61; SIL locations 
are shown in figure 1 of R A Bodaly et ai, 
op cit, Ref 20; LG2 - R Verdon et aI, op 
cit, Ref 31.

33Newbury et al. op cit, Ref 7 
34J W M Rudd et aI, 'Are hydroelectric 
reservoirs significant sources of green- 
house gases?' Ambio, Vol 22, 1993, pp 
246-248 
35 Ibid 
36 Ibid 
37 Ibid

Table 1. Changes in power distribution in the Churchill and Nelson River systems as a result 
of hydroelectric development..

Location 

Lower Churchill River 
Southern Indian Lake 

(wave power) 
Rat River 
Burntwood River 
Lower Nelson River

Pre-diversion(MW) Post-diversion(MW) 
2462 448 
o 25b

Change(x) 
-0.2 
NA

153 
716 

Natural + 1194

+38 
+16 
+1.3

4 
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~ 0.1

Whitefish
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o
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10 12

large scale hydroelectric projects. For example, SIL has a post-impoundment 
shoreline length of 3788 km.33

Greenhouse gases 

The release of greenhouse gases (CH4 and CO2) caused by the flooding of 
upland forest and peatland areas, two major land types in parts of northern 
Canada where large hydroelectric reservoirs are located, may be the newest 

'surprise' connected with reservoir creation.34 Under natural conditions, 
peatlands are sinks for CO2 but they are slight sources of CH4 to the atmos- 
phere; forests are slight sinks for CH4, but they are neither sources nor sinks 
for CO); therefore, the total 'greenhouse effect' is estimated to be about 
zero.35 Microbial decomposition caused by the flooding offorest uplands and 
peatlands in the course of reservoir creation may upset these natural balances 
and increase the flux of greenhouse gases to the atmosphere.36 In fact, the 
rate of emission of greenhouse gases to the atmosphere after flooding may be 
similar to that of power plants run by fossil fuels (Table 2). 
A number of factors may be involved in regulating the duration and inten- 

sity of greenhouse gas emissionsY An initial period of rapid decomposition 
of easily degraded organic material probably will be followed by a period of 
slower decomposition of more refractory organic material; the estimates 

given in Table 2 are for the latter period. Given certain nutrient conditions, 
the slow period could last for decades. After decomposition is essentially 
complete, greenhouse gas emission will ~till be greater than estimated fluxes 
for undisturbed terrestrial systems. The ratio of flooded area to energy pro- 
duced is another important factor (Table 2). As noted above, the area of 
flooding involved in reservoir creation is also an important determinant of 
mercury uptake in fish. 
The magnitude of the problem is currently being examined in a wetland
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38Rosenberg et ai, op cit, Ref 18 
39Rougerie, op cit, Ref 17. These figures 
do not include the =2000 km2 of flooding 
involved in formation of the Laforge-1 and 
Eastmain-1 reservoirs in Phase II of La 
Grande development (Penn, op cit, Ref 
16) 
4oBourassa, op cit, Ref 1 , P 4
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flooding experiment being conducted at the Canadian Department of 

Fisheries and Oceans' Experimental Lakes Area (ELA) in northwestern 

Ontario. Should the experimental results support the preliminary observa- 
tions, the implications are significant: the total surface area of impounded 
water in five extant major Canadian hydroelectric developments is >20000 
km2 - an area the size of Lake Ontario.38 New reservoirs planned for the 
James Bay area of northern Qu bec will cover another = 10 000 km2, involv- 
ing =4650 km2 of newly flooded land.39

Water flowing unimpeded to the ocean is 'wasted'
. . . Quebec is a vast hydroelectric plant in-the-bud, and every day millions of poten- 
tial kilowatt-hours flow downhill and out to the sea. What a waste!40

The attitude that hydrological resources are wasted unless they are 

harnessed for industrial and domestic use is commonplace. In the case of 
north-temperate rivers, natural seasonal run-off patterns heavily influence the 
ecology of downstream deltaic, estuarine, and coastal areas; modification of 
this natural run-off by interbasin water diversion and water storage for power 
production can have severe environmental impacts. Hydro developments on
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4

Figure 6 Mercury concentrations in 
lake whitefish (Coregonus clu- 

peaformis) and pike (Esox lucius) in 

and downstream of (a) La Grande 

(LG)2 and (b) Opinaca Reservoirs, 
northern Qu bec. Mean mercury 
concentrations are standardized for 
fish length. Sampling sites (km) 
shown in (b): 0 = Opinaca Reservoir 
- Opinaca station; 3 = Boyd-Sakami 
diversion (BSD) - Cot  station; 56 = 
BSD - Sakami station; 95 = BSD - 
Ladouceur station; 115 LG2 

Reservoir - Coutaceau station.

Source: R Verdon et ai, op cit, Ref 31.

41 Discussed by White, op cit, Ref 2, p 38 
42See D Tolmazin, 'Black Sea - dead 
sea?' New Scientist, Vol 84, No 1184, 
1979, P 768 and S P Volovik, 'The effects 
of environmental changes caused by 
human activities on the biological commu- 
nities of the River Don (Azov Sea Basin)', 
Water Science and Technology, Vol 29, 
1994, pp 43-47, for information on the 
Azov and Black seas; and M A Rozengurt 
and J W Hedgpeth, 'The impact of altered 
river flow on the ecosystem of the 
Caspian Sea', Reviews in Aquatic 
Sciences, Vol 1, 1989, pp 337-362, for 
detailed information on the Caspian Sea. 
For a discussion of the Aral Sea, see P P 
Mickl n, 'Desiccation of the Aral Sea: A 
water management disaster in the Soviet 
Union', Scien e, Vol 241, 1988, pp 
1170-1176; W S Ellis and D C Turnley, 
'The Aral. A Soviet sea lies dying', 
National Geographic, Vol 177, No 2, 
1990, pp 70-93; V M Kotlyakov, 'The Aral 
Sea Basin. A critical environmental zone', 
Environment, Vol 33, No 1, 1991, pp 4-9 
and 36-38; N Precoda, 'Requiem for the 
Aral Sea', Ambia, Vol 20, 1991, pp 
109-114; M H Glantz, A Z Rubinstein, 
and I Zonn, 'Tragedy in the Aral Sea. 
Looking back to plan ahead?' Global 
Environmental Change, Vol 3, 1993, pp 
174-198; and J Perera, 'A sea turns to 
dust', New Scientist, Vol 140, No 1896, 
1993, pp 24-27. The heroic measures 

and costs required for conservation and 
restoration of the Aral Sea are outlined in 
A Levintanus, 'Saving the Aral Sea', 
Journal of Environmental Management, 
Vol 36, 1992, pp 193-199. For a discus- 
sion of the High Dam at Aswan, see A A 
Aleem, 'Effect of river outflow manage- 
ment on marine life', Marine Biology, Vol 
15, 1972, pp 200-208; White, op cit, Ref 
2; and D J Stanley and A G Warne, 'Nile 
Delta: Recent geological evolution and 
human impact', Science, Vol 260, 1993, 
pp 628-634
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north-temperate rivers characteristically trap high spring flows for storage in 
reservoirs, and release higher flows than normal during winter when the power 
is needed. Thus, the normal hydrograph is attenuated in spring and enhanced in 
winter. Ironically, because of the alteration of flow patterns in river systems, it 
is downstream and coastal resources that eventually are 'wasted'. 

Detailed studies of the effects of hydro megaprojects on downstream 
resources are rare for a number of reasons: (1) downstream areas often are out 
of the jurisdiction of the agency responsible for doing the upstream water 
development project and studying its resultant impacts; (2) a lack of interest 
in pursuing post-audits of major projects;4l and (3) cumulative impact assess- 
ment is highly complex, expensive, and requires good, long term databases 
from before and after the project; such databases are seldom available. 

Nevertheless, some excellent case history studies of downstream effects are 
available to warn us of the adverse ecological consequences of large scale 
interruptions of natural seasonal water flows. Perhaps the best known of these 
involve the creation of extensive reservoirs for hydroelectric generation 
and/or the withdrawal of water for irrigation purposes affecting the four great 
inland seas (Black, Azov, Caspian, and Aral) of the southwestern (former) 
Soviet Union, and downstream effects of the High Dam at Aswan in Egypt.42
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aA Manitoba reservoir having a low ratio of 
flooded area to energy produced. 
bA Manitoba reservoir having a high ratio of 
flooded area to energy produced. 
Source: Adapted from J W M Rudd et ai, op cit, 
Ref 34, where details of calculations can be 
found34

43H J A Neu, 'Man-made storage of water 
resources - A liability to the ocean envi- 
ronment?' Parts I and II, Marine Pollution 
Bulletin, Vol 13, 1982, pp 7-12 and 44-47 
440 M Rosenberg, 'Resources and devel- 
opment of the Mackenzie system', in B R 
Davies and K F Walker (eds) The Ecology 
of River Systems, Dr W Junk Publishers, 
Dordrecht, 1986, pp 517-540; Rosenberg 
et ai, op cit, Ref 18 
45Mackenzie River Basin Committee, 
'Mackenzie River Basin Study report. A 
report under the 1978-81 Federal- 
Provincial Study Agreement Respecting 
the Water and Related Resources of the 
Mackenzie River Basin', Environment 
Canada, Regina, 1981 
46G H Townsend, 'Impact of the Bennett 
Dam on the Peace-Athabasca Delta', 
Journal of the Fisheries Research Board 
of Canada, Vol 32, 1975, pp 171-176 
47 Ibid
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Table 2. Possible rates of greenhouse gas produced and power generation

km2/(TWh/yr) Equivalent Tg CO/TWh 
0.4-1.0 
0.04-0.06 
0.3-0.5

Coal-fired generation 
Churchill/Nelson rivers developmenta 
Grand Rapids (Cedar Lake)b

88 
710

Effects of extensive hydro development and water regulation in the catchment 
of the St Lawrence River, Canada, on the Atlantic coastal region are more 

speculative.43 Here, we will present a Canadian freshwater example, drying of 
the Peace-Athabasca Delta, and consider the effects of hydro development in 
Manitoba, Ontario, and Qu bec on Hudson and James bays in Canada.

Peace-Athabasca Delta, Alberta, Canada 

The Peace-Athabasca Delta in northern Alberta includes the active delta of 

the Athabasca River, which flows from the south into the western end of Lake 
Athabasca; the active delta of the much smaller Birch River, which flows in 
from the west; and the inactive delta of the Peace River to the north (Figure 
7).44 The main outflow from Lake Athabasca is the Rivi re des Rochers, 
which joins the Peace River to form the Slave River, which flows northward 
into Great Slave Lake. The Revillon Coup  and Chenal des Quatre Fourches 
are two other major outlets that connect Lake Athabasca to the Peace River. 
The Delta covers 3800 km2 and is one of the most extensive inland deltas in 
the Western Hemisphere. Much of the Delta lies within Wood Buffalo 

National Park, which has been designated a World Heritage site. 
Under natural conditions, high early summer flows in the Peace River 

blocked flows out of Lake Athabasca, which caused Lake Athabasca water to 
flood the Delta. In due course, discharge on the Peace River declined, the 
major outflows from Lake Athabasca would no longer be blocked, water from 
the Lake resumed its northward flow, and the flood waters receded. This sea- 
sonal cycle of flooding maintained Delta vegetation in an early 
successional stage of high productivity, which in tum led to a diverse and pro- 
ductive wildlife community: 215 species of birds, 45 species of mammals, 
and 20 species of fish. Flooding also removed accumulated dissolved salts 
from Delta lakes and filled perched basins, thus maintaining aquatic commu- 
nities and extensive shorelines. 

The first large hydro project built in the Mackenzie River catchment was the 
WAC Bennett Dam on the upper Peace River in British Columbia.45 The 
Bennett Dam was closed in 1967 and Williston Reservoir behind it was filled 

with =62 km3 of water from 1968 to 1971. During filling, normal Peace River 
peak flows of 4(){)().-9000 m3/sec were reduced to 280 m3/sec; flood flows in 
the Peace River adjacent to the Delta were reduced by as much as 5600 m3/sec 
Water levels in the River dropped 3-3.5 m below normal and Lake Athabasca 
waters flowed out of the Delta without causing normal seasonal flooding.46 
The Delta landscape began to change dramatically during the period 

1968-71. Perched lake basins suffered a nearly 40% decrease in shorelines 
and water surface areas; larger lakes connected to Lake Athabasca or to river 
channels in the Delta began drying out: 500 km2 of mudflats were exposed. 
Numbers of the common muskrat (Ondatra zibethicus) were reduced from 
40000 (autumn 1971) to 17000 (March 1973) because many marshes were 
too shallow for overwintering, and perched basins were abandoned.47 
Vegetational succession continued unchecked, creating new meadow and 
willow communities. 

Formation of a task force is a common Canadian response to environmental
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Figure 7 The Peace-Athabasca Delta, northern Alberta, Canada.

Source: Mackenzie River Basin Committee, op cit, Ref 45.

48Peace-Athabasca Delta Project Group, 
'The Peace-Athabasca Delta Project. A 
report on low water levels in Lake 
Athabasca and their effects on the Peace- 
Athabasca Delta', Technical Report, 
Environment Ministers of Canada, 
Alberta, and Saskatchewan. Edmonton. 
1973; Townsend, op cit. Ref 46

disasters and the Peace-Athabasca Delta situation was no exception. The 
Peace-Athabasca Delta Project Group was a cooperative study team that 
included the governments of Canada, Alberta, and Saskatchewan (part of 
Lake Athabasca lies in Saskatchewan) but not the government of British 
Columbia despite the fact that one of its Crown (ie government owned) cor- 
porations caused the problem. 
Long term effects of operating the Bennett Dam, predicted by hydrologi- 

cal and wildlife computer simulation models created after problems in the 
Delta became obvious, indicated the following fate for the Delta: 

(1) a marked departure from past flow patterns of the Peace River and long 
term reductions in summer and peak flows; levels in Lake Athabasca 
would be insufficient to flood the Delta; 

(2) extensive vegetational succession and drying of perched basins 

(50-55% decrease in shorelines); greatly accelerated ageing of the 
Delta; and 

(3) downward trends in duck production (20-25%); reductions (40-60%) 
of autumn populations of muskrat.48 

Fish populations were not included in the simulations (because of a lack of 
quantitative data), but other studies indicated reduced spawning success of 
walleye. However, goldeye (Hiodon alosoides) and lake trout (Salvelinus 
namaycush) would be unaffected. Reductions in muskrat and walleye
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49According to G H Townsend, 'An evalu- 
ation of the effectiveness of the Rochers 
Weir in restoring water levels in the 
Peace-Athabasca Delta', Canadian 
Wildlife Service, Edmonton, 1982, the 
weirs have raised minimum (winter) levels 
of Lake Athabasca without raising maxi- 
mum (summer) levels although the 
objective was to do the latter. In contrast, 
the Peace-Athabasca Delta Implementa- 
tion Committee, 'Status report for the 
period 1974-1983. A report to the 
Ministers', Peace-Athabasca Delta 
Implementation Committee, Canada, 
Alberta, Saskatchewan, 1983, claimed 
that summer lake levels have been posi- 
tively affected. 
50p Nichol, 'Bleak future predicted for 
delta', Fort McMurray Today, 16 
December, 1991, P 1 
51Neu, op cit, Ref 43, p 11 
52Lake Winnipeg, Churchill and Nelson 
Rivers Study Board, 'Summary Report', 
Canada-Manitoba Lake Winnipeg, 
Churchill and Nelson Rivers Study, 
Winnipeg, 1975; R E Hecky et ai, 
'Environmental impact prediction and 
assessment: The Southern Indian Lake 

experience', Canadian Journal of 
Fisheries and Aquatic Sciences, Vol 41, 
1984, pp 720-73.,2; Newbury et ai, op cit, 
Ref 7 
530ntario Hydro, 'Proposal for hydroelec- 
tric development. The Moose River 
drainage region', Report No 88826, 
Ontario Hydro, Toronto, 1988 
54Gorrie, op cit, Ref 14; Rougerie, op cit, 
Ref 17 
55Gorrie, op cit, Ref 14; Rougerie, op cit, 
Ref 17; Hydro-Qu bec, op cit, Ref 3 
56Gorrie, op cit, Ref 14; Hydro-Qu bec, 
'NBR Complex', No 1, Hydro-Qu bec, 
Montreal, 1990; Rougerie, op cit, Ref 17 
57Bourassa, op cit, Ref 1; Kierans, op cit, 
Refs 1 and 2; U S Panu and M 
Oosterveld, 'Pre-feasibility technical 
investigations of the cost of water transfer 
from Lake Superior to United States High 
Plains region', Canadian Water 
Resources Journal, Vol 15, 1990, 
pp 231-247. For rebuttals to the scheme, 
see D J Gamble, 'The GRAND Canal 
scheme: Some observations on research 
and policy implications', in W Nicholaichuk 
and F Quinn (eds) Proceedings of the 

Symposium on Interbasin Transfer of 
Water: Impacts and Research Needs for 
Canada, 9-10 November 1987, Environ- 
ment Canada, Saskatoon, SK, 1987, pp 
71-84; and D J Gamble, 'The GRAND 
Canal scheme', Journal of Great Lakes 
Research, Vol 15, 1989, pp 531-533 
58Canadian Arctic Resources Committee, 
Environmental Committee of Sanikiluaq, 
and Rawson Academy of Aquatic 
Science, 'Sustainable development in the 
Hudson Bay/James Bay bioregion', 
unpublished research proposal, 1991 
59For example, see Department of 
Fisheries and Oceans, 'EIS scoping work- 
shop submission presented to the 

Continued on page 141
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populations would exacerbate already serious economic problems in the pre- 
dominantly Indian and M tis Delta community of Fort Chipewyan. 

In response to these dire predictions, fixed-crest weirs were built on the 
Rivi re des Rochers and the Revillon Coup  (Figure 7) to recreate the 

hydraulic damming effect of the pre-impoundment Peace River and, thereby, 
restore circumannual flooding to the Delta. Their efficacy was controversial,49 
but a recent Parks Canada study confirmed that the Delta continues to dry out 
and that it will disappear in 50 years unless new management approaches are 
adopted.50 Satisfactory resolution of the problem is further complicated by 
indeterminate plans to develop dams on the Peace River, 62 km from the BC- 
Alberta border, and on the Slave River, downstream of the Delta.

Implications of past experience to the future: James and Hudson bays, 
Canada 

The consequences of drastic alterations in the natural seasonal hydrograph 
characteristic of many north-temperate hydro developments are summarized 
by Neu in his comments on the St Lawrence River: 

Obviously, such a hydrograph is unrelated to and in outright conflict with natural con- 
ditions. Runoff is transferred from the biologically active to the biologically inactive 
period of the year. This is analogous to stopping the rain during the growing season 
and irrigating during the winter, when no growth occurs.51

Yet, we can only wonder why Canada has been so slow to learn from past 
experience at home and abroad when it comes to Hudson and James bays, 
the downstream focus of major hydro developments in Manitoba, Ontario, 
and Qu bec. 

Figure 8 shows the existing and planned major hydroelectric develop- 
ments on river systems draining into James and Hudson bays. Location of 
the dike across James Bay for the proposed Great Recycling and Northern 
Development (GRAND) Canal scheme is also shown. Table 3 summarizes 
the salient features of these projects. 

The question mark in Figure 8 signifies that little is known about the 

cumulative effects of these  evelopments on the Hudson Bay ecosystem, 
even though the largest of these developments (the Churchill-Nelson River 
diversion in Manitoba and the La Grande River development in Qu bec) were 
completed in the mid-1970s. The problem is one of jurisdiction and unfulfilled 
responsibilities. Neither the provincial utilities (all are publicly owned) nor the 
provincial governments have addressed the impacts of their projects outside of 
provincial borders because they have no mandate or authority to do so. 58 The 
waters of Hudson and James bays are exclusively a federal responsibility, but 
the federal government has been slow to react to the need for downstream 
cumulative impact assessment of provincial projects. 

The Canadian Department of Fisheries and Oceans has begun to rectify this 
situation by including a requirement for cumulative impact assessment in its 
environmental impact assessment guidelines for the (now postponed) Great 
Whale River project in Qu bec and the (now postponed) Conawapa Dam on 
the lower Nelson River in Manitoba,59 and Manitoba Hydro had announced its 
willingness to cooperate in this regard. These are welcome positive signs, 
although the actual extent of commitment to cumulative impact assessment 
remains to be seen. 
A number of independent preliminary attempts have been made to predict 

the effects of water development projects in the Hudson Bay catchment.6o It 
is even possible that major changes in Hudson Bay will be felt in 'down- 
stream' areas such as the Labrador coast.61 However, concerted efforts' at 
cumulative impact assessment will be severely hampered by the meager 
database that exists for Hudson Bay, especially for the very important winter
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Federal-Provincial Environmental Review 
Panel for the Conawapa project'. 
Department of Fisheries and Oceans. 
Central and Arctic Region. Winnipeg. 22 
May 1992 
6oFor example. S J Prinsenberg. 'Man- 
made changes in the freshwater input 
rates of Hudson and James Bays'. 
Canadian Journal of Fisheries and 

Aquatic Sciences. Vol 37. 1980. pp 

Continued on page 142

Figure 8 Major hydroelectric developments and water diversions existing and 
planned in the Hudson and James Bay catchments, northern Canada. Further 
hydroelectric development is planned for already developed river systems.

period.62 Natural cause-and-effect relationships are only poorly understood, 
and ranges of natural variability have not been established. The implications 
of long term neglect of research in one of the world's largest inland seas will 
become increasingly apparent as the Canadian federal government begins to 
fulfil its responsibilities_
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Continued from page 141 
1101-1110. described spatial and tempo- 
ral changes in freshwater inputs into 
Hudson and James bays as a result of 
hydroelectric development; and R Milko, 
'Potential ecological effects of the pro- 
posed GRAND Canal diversion project on 
Hudson and James Bays', Arctic, Vol 39, 
1986, pp 316-326; R J Milko, 'The 
GRAND Canal: Potential ecological 
impacts to the north and research needs', 
in W Nicholaichuk and F Quinn (eds) 
Proceedings of the Symposium on 

Interbasin Transfer of Water: Impacts and 
Research Needs for Canada, 9-1 0 
November 1987, Environment Canada. 
Saskatoon, SK, 1987. pp 85-99; W R 
Rouse, M-K Woo, and J S Price. 
'Damming James Bay: I. Potential impacts 
on coastal climate and the water balance', 
Canadian Geographer, Vol 36, 1992, pp 
2-7; J S Price, M-K Woo. and W R 
Rouse. 'Damming James Bay: II. Impacts 
on coastal marshes'. Canadian 
Geographer, Vol 36. 1992. pp 8-13 
described potential ecological effects of 
the GRAND Canal scheme 
61Milko. op cit. Ref 60 
62Prinsenberg. op cit. Ref 60; M J Dunbar. 
'Oceanographic research in Hudson and 
James bays'. in I P Martini (ed) James 
and Hudson Bay Symposium. 28-30 April 
1981. Guelph. ON. Le Naturaliste 
Canadien. Revue d'Ecologie et de 

Syst matique. Vol 109. 1982. pp 
677-683; I P Martini. 'Introduction'. in I P 
Martini (ed) James and Hudson Bay 
Symposium. 28-30 April 1981. Guelph. 
ON. Le Naturaliste Canadien. Revue 

d'Ecologie et de Syst matique. Vol 109. 
1982. pp 301-305 
63Letter. Premier Duff Roblin to Chief 
Donald Easter. 21 August 1964. cited in J 
B Waldram, As Long as the Rivers Run. 
Hydroelectric Development and Native 
Communities in Western Canada. 
University of Manitoba Press, Winnipeg. 
1988, p 97 
64Waldram. op cit. Ref 63 
65Kierans. op cit. Ref 2. p 255 
66A summary of physical and biological 
effects for the whole LWR/CRD system is 
given in R F Baker and S Davies. 
'Physical, chemical and biological effects 
of the Churchill River diversion and Lake 
Winnipeg regulation on aquatic ecosys- 
tems', Canadian Technical Report of 
Fisheries and Aquatic Sciences, No 1806. 
1991, pp 1-53 and Environment Canada 
and Department of Fisheries and Oceans. 
'Federal Ecological Monitoring Program. 
Summary Report'. Environment Canada 
and Department of Fisheries and Oceans. 
Winnipeg, 1992. Equivalent references for 
LGRD do not exist.
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Table 3. Existing and proposed water development projects in the Hudson Bay catchment.

Project" 

Churchill-Nelson rivers diversion 
and Lake Winnipeg regulation. 
Manitoba

Description 

Development 01 ~8000-1 0 000 MW 01 power along the lower 
Nelson River; Lake Winnipeg regulated within natural maximum 
and minimum levels to act as storage reservoir; license allows 
850 m3/sec to be diverted from Churchill River into Nelson River 
to supply extra Ilow in lower Nelson52 
14 sites to be developed; 6 01 the 14 are already developed but 
would be enhanced; 2150 MW would be added; development to 
occur on the 2 major tributaries (Mattagami and Abitibi rivers). 
and on the Moose mainstem; no diversions planned53 
A part 01 the development of the Qu bec portion 01 James Bay; 
Phase I involved the creation 015 reservoirs. 4 river diversions. 
and 3 powerhouses yielding ~12 400 MW; Phase II involves the 
creation 014 more reservoirs and 6 or 7 more powerhouses yield' 
ing another ~3200 MW54 
The second part of Qu bec's development 01 James Bay; 
involves the creation of 4 reservoirs. a number of river diversions 
(not yet decided). and 3 powerhouses yielding ~3000 MW (still to 
be done)55 
The last part of Qu bec's James Bay development; involves the 
creation 01 7 reservoirs; 2 major river diversions (the Nottaway 
and Rupert rivers into the Broadback). and 11 powerhouses yield- 
ing ~8400 MW (still to be done)56 
James Bay will be dammed turning it into a Ireshwater lake by 
capturing run-off Irom surrounding rivers; water will be diverted 
through a series of canals into the Great Lakes (where it will sup- 
posedly stabilize water levels) and from there to (mid- and 
southwest) water-short areas 01 Canada (the Prairies) and the 
USA57

Moose River. Ontario

La Grande River, Qu bec

Great Whale River, Qu bec

Nottaway-Broadback-Rupert 
rivers. Qu bec

Great Recycling and Northern 
Development (GRAND) 
Canal scheme

aFor development of the Qu bec part of James Bay. see also Bourassa, op cit. Ref 1. Developments 
in the Qu bec part 01 James Bay are still being planned, so descriptions are 'composites' using ref- 
erences cited.

Local residents will benefit from hydroelectric development
. . . 

A newly formed economic development committee would ensure that the 'people 
are not hurt by the Forebay Development but will in fact be able to earn as good a liv- 
ing as before, and we hope, a better living'.63

This assurance by the Premier of Manitoba to the Chief of the Chemawawin 
Cree with regard to flooding caused by the Grand Rapids Dam in north-cen- 
tral Manitoba proved to be groundless.64 
And 24 years later, from an article promoting the GRAND Canal scheme:

James Bay's native people will enjoy long overdue opportunities to live and prosper 
in their ancient homeland by creating valuable fresh water at sea level.65

In reality, what are the effects of major water development projects on local 
residents, especially aboriginal peoples? To answer this question, we exam- 
ine case history information mostly from Canada, and identify common 
trends elsewhere in the world. The Canadian examples reveal a close connec- 
tion between biophysical impacts (discussed above) and social impacts.

Lake Winnipeg regulation/Churchill River diversion and La Grande River 
development 
The impact zones of both Lake Winnipeg regulation and Churchill River 
diversion (LWR/CRD) in Manitoba, and La Grande River development 
(LGRD) in Qu bec are located in the subarctic boreal forest region of the 
Canadian Shield. Because of relatively low elevations and relief throughout 
the region, lowest cost engineering designs require river diversion and flood- 
ing to achieve optimum volume and head for project operation. Thus, 
L WR/CRD and LGRD are characterized by substantial transformation of 
landscapes and hydrological regimes, and this has directly affected local resi- 
dents.66 

The areas directly affected by L WR/CRD and LGRD are inhabited largely
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57'Subsistence' refers to the production of 
local renewable resources for non-market 
home and community use. In contempo- 
rary northern aboriginal villages, 
subsistence is integrated at the household 
level with wage labour, commercial 
resource harvesting, and other economic 
activities (see R J Wolfe and R J Walker, 
'Subsistence economies in Alaska: 

Productivity, geography, and development 
impacts', Arctic Anthropology, Vol 24, 
1987, pp 56-81; Usher and Weinstein, op 
cit, Ref 9) 
68F Tough, 'Native people and the 

regional economy of northern Manitoba: 
1870-1930s', PhD Thesis, York 
University, Toronto, 1987 
59Berkes, op cit, Ref 13. Examples of relo- 
cations in other countries are given in E 
Goldsmith and N Hildyard, (eds) 'The 
social and environmental effects of large 
dams. A report to the European 
Ecological Action Group (ECOPORA)', 
Vol I: Overview, Wade bridge Ecological 
Centre, Camelford, 1984, pp 15-48 
70M Loney, 'The construction of depen- 
dency: The case of the Grand Rapids 
hydro project', Canadian Journal of Native 
Studies, Vol 7, 1987, pp 57-78; Waldram, 
op cit, Ref 63; G Mills and S Armstrong, 
'Africa tames the town planners', New 
Scientist, Vol 138, No 1871, 1993, pp 
21-25 make the point 'That town planners 
and architects will not design housing that 
people want to live in until they discover 
what people themselves produce when 
not constrained by town plans - the so- 
called informal settlements that the 

experts have traditionally dismissed as 

chaotic and wholly undesirable' 
71J B Waldram, 'Relocation, consolidation, 
and settlement pattern in the Canadian 
subarctic', Human Ecology, Vol 15, 1987, 
pp 117-131 
72F Berkes, 'Some environmental and 
social impacts of the James Bay hydro- 
electric project, Canada', Journal of 
Environmental Management, Vol 12, 
1981, pp 157-172. However, there are 

claims that the town was moved for the 
financial convenience of Hydro-Qu bec 
(see A Dwyer, 'The trouble at Great 
Whale', Equinox, Vol 11, No 61, 1992, pp 
28-41) 
73F Berkes, University of Manitoba, 
Winnipeg, personal communication 
74 Ibid 
75 Ibid. An anecdotal account of social 
stress and social breakdown in Chisasibi 
is given in Dwyer, op cit, Ref 72. See also 
L Krotz, 'Dammed and diverted', 
Canadian Geographic, Vol 111, No 1, 
1991, pp 36-44, for an anecdotal descrip- 
tion of social decay in South Indian Lake. 
76J B Waldram, 'Native employment and 
hydroelectric development in northern 
Manitoba', Journal of Canadian Studies, 
Vol 22, 1987, pp 62-76

by Cree Indians. They live in small villages (populations of 500-4000), all of 
which are located on major rivers and lakes. These villages are characterized 
by mixed, subsistence based economies,67 and each relies on access to the 
fish and wildlife resources of customary territories that range in size from 

thousands to tens of thousands km2 of land and water. Subsistence based 
economies are sensitive to industrial development' because changes in 

resource use and harvesting patterns directly affect established systems of 
land tenure and resource management, and the organization of production 
and distribution. However, measuring changes in these economies is difficult 
because they are remarkably flexible and resilient, although there are finite 

limits to their adaptability. These limits can only be established through 
improved understanding of the subsistence system. 
The Cree have been in contact with European, and later Euro-Canadian 

society for a long time, resulting in new and evolving economic and social 
relations.6s However, prior to hydroelectric development, their villages 
remained relatively isolated, the subsistence basis of their economies was 
viable (and sometimes even thrived), and their cultural identity remained 
intact. Hydroelectric development profoundly affected their existence in a 
number of ways:

( I ) Relocation - Like most large scale hydroelectric developments, 
LWR/CRD and LGRD involved relocation and resettlement of local 
populations.69 Governments have used the opportunity provided by 
these relocations to 'modernize' traditional communities by providing 
new houses and new village infrastructure. However, village residents 
do not experience these events as positive developments but rather as 
adverse effects: disruption of settlement patterns (based on kinship rela- 
tions and shoreline access) and added costs of fishing and hunting.7o 

Both L WR/CRD and LGRD involved stressful community reloca- 
tion. For example, the South Indian Lake settlement (Figure 4) was 
flooded by impoundment of Southern Indian Lake as part of CRD. In 
the old village, the houses were spaced along the shore in small clusters 
of kin groups, but at the new location houses were grouped like a subdi- 
vision and assigned randomly. The houses were built cheaply and soon 
deteriorated, and they were heated by electricity too expensive for most 
villagers to afford. The houses did not have running water, but in many 
cases were placed so far from the lake shore that hauling water became 
a problem, especially for the elderly. The move has been associated 
with social disruption and disintegrationJ] 

In LGRD, increased discharge in the lower La Grande River and the 
threat of bank erosion necessitated the relocation of the largest Cree set- 
tlement in the area, Ft George, from the estuary of the La Grande to a 
more upstream 10cation.72 The move split the community; some fami- 
lies stayed at Ft George despite the lack of amenities there.n 

The new town, Chisasibi, was built in a southern style and, unlike Ft 
George, does not look out over the River. Soon after its occupation, 
attitudes and lifestyles of the residents began to change.74 People who 
were formerly active outdoors became more sedentary. Youth adopted a 
southern lifestyle without having a way to support it because of unem- 
ployment. The result has been social stress in the community, although 
this has not been studied in a quantitative manner.75 

Although hydro-induced relocation results in a new physical infrastruc- 
ture, it is rarely associated with matching employment benefits. The Crees 
in northern Manitoba obtained only low paying, short term jobs, and little 
training, and even this was disruptive of their existing economy.76

Glohal Environmental Change 1995 Volume 5 Numher 2 143



CIMFP Exhibit P-00352 - Tab 19 Page 90
Environmental and social impacts of large scale hydroelectric development: D M Rosenberg, R A Bodaly and P J Usher 

Relocation experiences in the Canadian north sound similar to those 
reported elsewhere as a result of large scale hydroelectric development. 
For example, construction of the High Dam at Aswan, Egypt, resulted 
in relocation of 50 000-60 000 Nubians in the Egyptian part of the 
Lake Nasser Reservoir and 53 000 Nubians in the Sudanese part.n The 
Egyptian Nubians were moved to new villages 20 km north of Aswan 
where serious problems developed with land allocation, soil quality, 
irrigation facilities, distances between allocated land and home villages, 
the government's requirement to raise unfamiliar crops (sugar cane), 
and the inappropriate, non-traditional housing provided.78 By 15-18 
years after the move, although the health of the people overall had 
improved and they had developed a handicraft industry, their agricul- 
tural production remained modest and many longed to return to their 
old home.79 

The Sudanese Nubians were resettled in the Kashm el-Girba region 
to the southeast. Here, the social structure of many of the old villages 
was severely disrupted because they were split up upon resettlement. 80 
Social tensions were exacerbated by settling three different ethnic 

groups together: the farmers flooded out by the Aswan development 
and two groups of local nomadic pastoralists being 'sedentarized' by 
the government. Aside from cultural differences, the grazing practises 
of the pastoralists' were incompatible with the cultivation practised by 
the farmers. In addition, like the experience of the resettled Egyptian 
Nubians, the design of the housing provided '. 

. . paid little heed to the 
social needs of the uprooted settlers'. 81 The parallels between this 

example and the Cree of South Indian Lake, Manitoba, and Chisasibi, 
Qu bec, are striking. 

(2) Encroachment - Large scale hydroelectric projects necessarily entail 
the encroachment by outsiders on the traditional territories of the abo- 
riginal population, chiefly through the access provided by new roads 
and airfields. The Cree land tenure system is family based, a system that 
is formally recognized by governments in both Qu bec and Manitoba 
through trapline registration. Both the tenure system itself, and the 
abundance and distribution of fish and wildlife resources, are disrupted 
by external encroachment, with consequent adverse social impacts.82 

(3) Harvest disruption - Harvest disruption is a serious and often perma- 
nent impairment of the economic, social, and cultural life of aboriginal 
communities,83 especially where the resource base is largely aquatic 
and access to it is mainly by way of rivers and lakes. The physical and 
biological effects of both Canadian projects have disrupted harvesting 
activities such as hunting, fishing, and trapping.84 For example, fisheries 
in northern Manitoba have collapsed because of the deleterious effects 
of water level fluctuations on spawning activities,85 and because the 
emplacement of a water control structure prevented natural seasonal 
migration of a fish population.86 Available data for five LWR/CRD 
communities indicate that substantial declines in per capita harvests of 
subsistence fisheries have occurred at Cross Lake and Split Lake (the 
two communities for which pre- and post-project data are available). 
Commercial fisheries appear to have been affected in all the communi- 
ties: production has declined sharply at Cross lake; the catch at Nelson 
House has been partially contaminated by mercury; and unit costs of 
production have increased at Norway House and, possibly, Split Lake 
and York LandingP A more detailed analysis of the South Indian Lake 
commercial fishery, formerly the largest in northern Manitoba, indi- 
cated a substantial decline in economic performance.88 In the case of

77White, op cit, Ref 2. These figures differ 
from those of Goldsmith and Hildyard, op 
cit, Ref 69, who claimed that 120 000 peo- 
ple were resettled (p 15). of which 30 000 
were Sudanese (p 30) 
78Goldsmith and Hildyard, op cit, Ref 69 
79White, op cit, Ref 2. According to 

Goldsmith and Hildyard, op cit, Ref 69, 
many did return 
8oGoidsmith and Hildyard, op cit, Ref 69 
81 Ibid, P 32 
821n Alaska, per capita harvest levels in 
native communities are most strongly 
inversely associated with road accessibil- 
ity (see Wolfe and Walker, op cit, Ref 67) 
B3See, for example, P J Usher et ai, 'The 
economic and social impact of mercury 
pOllution on the Whitedog and Grassy 
Narrows Indian reserves, Ontario', Report 
prepared for the Anti-Mercury Ojibwa 
Group, Kenora, 1979; copy on deposit at 
the library of the Department of Indian 
Affairs and Northern Development, 
Ottawa; A F Riordan, 'When our bad sea- 
son comes: A cultural account of 
subsistence harvesting and harvest dis- 
ruption on the Yukon Delta', Alaska 
Anthropological Association Monograph 
Series No 1, Anchorage, 1986; and 
G Wenzel, Animal Rights, Human Rights: 
Ecology, Economy and Idealogy in the 
Canadian Arctic, University of Toronto 
Press, Toronto, 1991 
84For a preliminary assessment of harvest 
disruption resulting from LWR/CRD, see 
Usher and Weinstein, op cit, Ref 9; a 

schematic representation of cause and 
effect is presented on p 13. For LGRD, 
see Berkes, op cit, Ref 72 
8SBodaly, et ai, op cit, Ref 6; M N Gaboury 
and J W Patalas, 'Influences of water 
level drawdowns on the fish populations 
of Cross Lake, Manitoba', Canadian 
Journal of Fisheries and Aquatic 
Sciences, Vol 41, 1984, pp 118-125 
86R A Bodaly et ai, 'Collapse of the lake 
whitefish (Coregonus clupeaformis) fish- 
ery in Southern Indian Lake, Manitoba, 
following lake impoundment and river 
diversion', Canadian Journal of Fisheries 
and Aquatic Sciences, Vol 41, 1984, pp 
692-700; N E Barnes, 'Abundance and 
origin of lake whitefish, Coregonus clu- 

peaformis (Mitchill), congregating 
downstream of the Missi Falls control 
dam, Southern Indian Lake, Manitoba', 
MSc Thesis, University of Manitoba, 
Winnipeg, 1990 
B7Usher and Weinstein, op cit, Ref 9 
88J A Waldram, 'The impact of hydro-elec- 
tric development upon a northern 
Manitoba native community', Ph D Thesis, 
University of Connecticut, Storrs, 1983; M 
W Wagner, 'Postimpoundment change in 
financial performance of the Southern 
Indian Lake commercial fishery', 
Canadian Journal of Fisheries and 
Aquatic Sciences, Vol 41, 1984, pp 
715-719
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northern Qu bec, Cree hunters have reported diminished harvests of 
species valuable for food and fur from wetland habitats in the lower La 
Grande River area since 1979.89 Hunters blame reduced feeding areas, 
loss of habitat along the river bank, and drowning (especially of 

muskrat) in winter for these declines. 
Harvest disruption also occurs because access to hunting, fishing, and 

trapping areas is rendered more difficult, or even impossible, by debris, 
increased discharge, or unstable ice conditionsYo In the case of LGRD, 
access to the north shore of the La Grande River is important to the 
people of Chisasibi because almost half of the person days of land use 
(36000 out of 74000) occur there. Since LG2 became operational, 
winter flows and water temperatures have been higher than natural so 
little or no ice forms on the lower La Grande River and its estuary. This 
created winter and spring travel problems across the river to the north 

shore; the problems have been solved by building a road to the north 
shore over the recently constructed most downstream dam on the sys- 
tem (LGI). 

Similar access disruptions have occurred in northern Manitoba. 
Reservoir management for variable power requirements has destabi- 
lized the winter ice regime, rendering river travel in winter hazardous. 
Sudden water withdrawals leave hanging ice upstream, and 'slush' 

(waterlogged snow above the ice cover) downstream. Extensive erosion 
has not only resulted in inaccessible shorelines and reservoirs contain- 
ing hazardous debris,91 but also the fouling of fish nets by debris.92 
Access to well known fishing areas has been impaired, and local 

hydrology and fish behaviour have been so changed that traditional 
knowledge no longer provides practical guidance for fishing success. 
The result has been increased costs and reduced catch per unit of effort 
in both subsistence and commercial harvesting activities.9:l 

(4) Mercury contamination - The problem of mercury contamination in 
northern communities is particularly serious.94 In northern Qu bec, lev- 
els of up to 3 ppm occurred in piscivorous species of fish (walleye, 
northern pike) in LG2 Reservoir (see above). The Cree living in 

Chisasibi were seriously affected by subsequent closure of the fishery 
because =25% of the community's wild food harvest usually came 
from fishing (=60 kg/yr/person). The problem necessitated a special 
mercury compensation agreement, which was signed in 1986y5 

In the area of northern Manitoba affected by CRD, mercury levels in 
piscivorous species seldom exceeded 2 ppm, but they still remain above 
acceptable levels for both commercial production and subsistence con- 
sumptionY6 Pre-project subsistence consumption rates of fish are poorly 
documented for L WR/CRD villages, but the more reliable estimates 
indicate a range from 31.2-150.6 kg/yr/person (edible weight).97 
Although no precise measures are available, fish probably constituted 
about 50% of the wild food harvest of the L WR/CRD communities. 

Mercury contamination of fish and elevated body loadings of mer- 
cury in humans have been widely reported in native communities in the 
Canadian Shield area of the central subarctic, where both natural and 
industrial sources of mercury are high.98 Reservoirs are now recognized 
as a leading cause of this contamination (see above). The effects are 

compounded for native communities because fish in subarctic fresh 

waters grow slowly and are thus prone to accumulating methylmercury, 
and because residents routinely catch and eat large quantities of fish 
over extended periods of the year. 

Medical authorities have tended to view mercury contamination pri-

89Berkes, op cit, Ref 13. This is poorly 
documented common knowledge 
9oBerkes, op cit, Ref 13; Environment 
Canada and Department of Fisheries and 
Oceans, op cit, Ref 9, pp 2.16 to 2.21. 

Again, these effects are commonly known 
but not widely documented in readily 
available literature sources 
91 R W Newbury and G K McCullough, 
'Shoreline erosion and restabilization in 
the Southern Indian Lake reservoir', 
Canadian Journal of Fisheries and 
Aquatic Sciences, Vol 41, 1984, pp 
558-566 
92For example, the cutting of a new hydro- 
logical channel between Lake Winnipeg 
and, immediately downstream, Playgreen 
Lake served to introduce debris into 
Playgreen Lake (G K McCullough, 
Freshwater Institute, Winnipeg, personal 
communication) 
93Usher and Weinstein, op cit, Ref 9 
94Bodaly, et ai, op cit, Ref 20; Canada- 
Manitoba Mercury Agreement, op cit, Ref 
32; Berk"s, op cit, Ref 13; Boucher et ai, 
op cit, Ref 21 
95Berkes, op cit, Ref 13 
96Bodaly et ai, op cit, Ref 20; Environment 
Canada and Department of Fisheries and 
Oceans, 'Federal Ecological Monitoring 
Program. Final report. Vol 2', Environment 
Canada and Department of Fisheries and 
Oceans, Winnipeg, 1992, pp 2.18 to 2.20. 
97Usher and Weinstein, op cit, Ref 9, pp 
14-21 
98Canada National Health and Welfare, 
Methylmercury in Canada: Exposure of 
Indian and Inuit Residents to 

Methylmercury in the Canadian 
Environment, Canada National Health and 
Welfare, Medical Services Branch, 
Ottawa, 1979
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marily as a public health issue, so their efforts are directed to: (a) under- 
standing the uptake of methylmercury and its dose response 
relationship, (b) monitoring the presence of mercury in fish and in 

humans, and (c) minimizing health risks by advising avoidance of fish 
consumption and substitution with other foods, Unfortunately, only lim- 
ited attention has been given to the less direct but more pervasive 
effects of mercury contamination on the social and mental well being of 
natives and communities at risk. Whether or not individuals are 

exposed to, or are actually ingesting, injurious levels of mercury, the 
threat alone is the cause of anxiety over many facets of their lives. 
Although only a small portion of the population is at risk of physical 
harm, and an even smaller portion is affected, the native community 
suffers adverse social and psychological effects.99 
A public health strategy that advises native people not to eat contam- 

inated fish also has the effect of advising them not to fish, which is a 

popular activity of great economic and cultural value. Such advice must 
be weighed against increasing the reliance of native people on store 
bought food, with its associated health problems. 100

99p J Usher, 'Socio-economic effects of 
elevated mercury levels in fish on sub-arc- 
tic native communities', in Contaminants 
in the Marine Environment of Nunavik, 
Proceedings of the Conference, 12-14 
September 1990, Montreal, PQ, 
Universit  Laval, Qu bec, 1992, pp 45-50 
100E Szathmary, C Rittenbaugh, and C M 
Goodby, 'Dietary changes and plasma 
glucose levels in an Amerindian popula- 
tion undergoing cultural transition', Social 
Science and Medicine, Vol 24, 1987, pp 
791-804; J P Thouez, A Rannou, and P 
Foggin, 'The other face of development: 
Native population, health status, and indi- 
cators of malnutrition. The case of the 
Cree and Inuit of northern Qu bec', Social 
Science and Medicine, Vol 29, 1989, pp 
965-974 
101B Richardson, Strangers Devour the 
Land, MacMillan, Toronto, 1975; 
Waldram, op cit, Ref 63 
102Berkes, op cit, Ref 13 
103B Diamond, 'Villages of the dammed', 
Arctic Circle, Vol 1, No 3, 1990, pp 24-34; 
S McCutcheon, Electric Rivers. The Story 
of the James Bay Project, Black Rose 
Books, Montr al, 1991, pp 154-156 
104Northern Flood Agreement, Agreement 
Dated December 16, 1977 Between Her 
Majesty the Queen in Right of the 
Province of Manitoba of the First Part and 
the Manitoba Hydro-Electric Board of the 
Second Part and the Northern Flood 
Committee, Inc. of the Third Part and Her 
Majesty the Queen in Right of Canada as 
Represented by the Minister of Indian 
Affairs and Northern Development of the 
Fourth Part, Winnipeg, 1977 
105Waldram, op cit, Ref 63 
106Waldram, op cit, Ref 63; Usher and 
Weinstein, op cit, Ref 9 
107For a discussion of mitigation/compen- 
sation arrangements as afterthoughts, see 
F Quinn, 'As long as the rivers run: The 
impacts of corporate water development 
on native communities in Canada', 
Canadian Journal of Native Studies, Vol 
11,1991, pp 137-154 
108J C Day and F Quinn, 'Water diversion 
and export: Learning from Canadian 
experience', Department of Geography 
Publication Series No 36, University of 
Waterloo and Canadian Association of 

Geographers Public Issues Committee, 
No 1, University of Waterloo, Waterloo, 
1992, discuss failures in implementation 
of the JBNQA and NFA (pp 122-125 and 
144-146) 
109Berkes, op cit, Ref 13 
110Attitudes of proponents to environmen- 
tal and social assessments are discussed 
in White, op cit, Ref 2, p 38

146

Dealing with adverse effects. Both LGRD and LWR/CRD were strongly 
resisted by the affected Cree populations. 101 When the development scheme 
on the La Grande River was announced, the Cree and Inuit went to court to 

protect their title to the land, a title that they had never surrendered. 102 This 
action forced Hydro-Qu bec to negotiate an agreement on remedial action 
and compensation (after construction had begun): the James Bay and 
Northern Qu bec Agreement (JBNQA), signed in 1975 for the first phase of 
James Bay development. The Qu bec government now claims that the 

JBNQA is valid for further development of the area, whereas the Cree of the 
area disagree.103 As a result, there is renewed resistance by the Cree to the 
proposed Great Whale River development to the north of LGRD (see above). 

In Manitoba, a similar type of agreement, the Northern Flood Agreement 
(NFA),104 was signed after major construction was completed, in response to 
threats of litigation by the native communities affected by LWR/CRD.105 To 
date, its implementation is incomplete. Substitute lands have not been trans- 
ferred, remedial action is partial, monitoring and assessment provisions 
remain largely unimplemented, and some major compensation claims still 

await resolution.106 For both developments, it would have been preferable 
that governments recognized that compensation would be required, and the 
principles of compensation be agreed upon, before the developments pro- 
ceeded.IO? Adequate institutional funding and administrative structures are 
also required to ensure the subsequent smooth functioning of the compensa- 
tion programmes. 

108 

In summary, adverse social impacts created by both Canadian large scale 
hydroelectric developments were compounded by a failure of governments 
to apply suitable remedies. In fact, a comprehensive evaluation of the envi- 
ronmental and social impacts of James Bay development still has not been 
done, for a number of reasons.109 First, the project is huge and complex. 
Impacts occur sequentially over time, they may be cumulative, and there is 
uncertainty in decision making (eg building schedules). Secondly, the moni- 
toring programme established by Hydro-Qu bec has not taken an ecosystem 
approach, so putting the individual variables together is difficult. Thirdly, 
Hydro-Qu bec probably is interested in minimizing the reporting of environ- 
mental and social impacts rather than constructing an accurate case history 
because more development is to come. 110 

Comprehensive environmental and social impact assessments have been
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completed for parts of L WR/CRD, but not for the whole development. 
111 

However, an effective social impact assessment that documents the full 

range and extent of the socioeconomic effects of the project and links them 
to the physical and biological effects described has never been done because 
of improper paradigm selection, insufficient identification of impact hypothe- 
ses and indicator data, and inadequate collection of baseline or monitoring 
data, 112 Such a social impact assessment would provide the basis for a con- 
tinuing monitoring programme and just compensation.

111 For example, see Hecky et ai, op cit, 
Ref 52; and Waldram, op cit, Ref 88, for 
Southern Indian Lake 
112Usher and Weinstein, op cit, Ref 9 
1131n fact, there are precedents for this 
review: Goldsmith and Hildyard, op cit, 
Ref 69; E Goldsmith and N Hildyard (eds) 
'The social and environmental effects of 

large dams', Vol 2: Case studies, 
Wadebridge Ecological Centre, 
Camelford, 1986; and D Trussell (ed) 'The 
social and environmental effects of large 
dams', Vol III. A review of the literature, 
Wadebridge Ecological Centre, 
Camelford, 1992 
114Kierans, op cit, Refs 1 and 2; Panu and 
Oosterveld, op cit, Ref 57 
115Rougerie, op cit, Ref 17; Hydro- 
Qu bec, op cit, Ref 3 
116Hydro-Qu bec, op cit, Ref 56; 
Rougerie, op cit, Ref 17 
117p M Fearnside, 'China's Three Gorges 
Dam: "Fatal" project or step toward mod- 
ernization?' World Development, Vol 16, 
1988, pp 615-630 
11sF Pearce, 'The dam that should not be 
built', New Scientist, Vol 129, No 1753, 
1991, pp 37-41 
119J K Boyce, 'Birth of a megaproject: 
Political economy of flood control in 

Bangladesh', Environmental Management, 
Vol 14, 1990, pp 419-428 
120B Morse and T Berger, Sardar Sarovar. 
The Report of the Independent Review, 
Resource Futures International, Ottawa, 
1992. See also A Mcilroy, 'India's 
Narmada: D j  views', Arctic Circle, Vol 2, 
No 6, 1992, pp 28-31; and S K Miller, 
'World Bank admits mistakes over dam', 
New Scientist, Vol 134, No 1827, 1992, P 
4. Threats posed to other tropical Asian 
rivers by large scale hydroelectric devel- 
opment are discussed in D Dudgeon, 
'Endangered ecosystems: A review of the 
conservation status of tropical Asian 
rivers', Hydrobiologia, Vol 248, 1992, pp 
167-191 
121For example, C Dagenais, former head 
of the Qu bec consulting engineering firm 
Surveyer, Nenninger et Ch nevert (SNC), 
was quoted in McCutcheon, op cit, Ref 
103, P 148, as saying: 'In my view, nature 
is awful, and what we do is cure it' 
122R W Newbury, Gibsons, BC, personal 
communication; see also McCutcheon, op 
cit, Ref 103, P 86 
123Rosenberg et ai, op cit, Ref 18; Quinn, 
op cit, Ref 107 
124Newbury, op cit, Ref 8 
1251bid

Conclusion

This review has shown the adverse environmental and social effects that 

result from large scale hydroelectric developments (or other water abstrac- 
tion projects) in Canada and elsewhere. There should no longer be any 
claims by the proponents of these developments that hydroelectric power 
generation is 'clean', that water flowing to the ocean unimpeded is 'wasted', 
or that the local residents will benefit from these kinds of developments. 

Yet, two facts are inescapable: (I) all the information presented here exists 
in the public domain, most of it is readily accessible, and it is freely available 
to decision makers; 113 and (2) large hydropower projects and other large 
water manipulations continue to be proposed and built (Table 4). It is ger- 
mane to ask: 'Why?' Values are at the base of the answer to this question.121 
The values of decision makers usually differ from those of people who are 

concerned with the environment or with the social effects of environmental 

perturbations. In order for large hydroelectric projects to make economic 
sense, water resources such as rivers and lakes in their natural state have to 

be regarded as having no monetary value.122 Thus, whatever results from 
their 'development' has value; it is like turning garbage into gold. 

In Canada, most of the best hydroelectric sites in the populated south have 
been used; therefore, there has been a steady move northward into sparsely 
populated areas, which are generally regarded as empty hinterlands waiting 
to be developed. 123 Relatively contained southern project configurations have 
given way to uncontained northern project configurations, as exemplified by 
the Churchill-Nelson River diversion.124 These northern developments are 
out of sight and out of mind of most Canadians, one factor that has allowed 
decision makers to press ahead with such projects. 

If energy conservation alternatives are insufficient to meet future power 
demands and large scale hydroelectric projects must be built, then agencies 
should consider more benign ways of constructing and operating them. For 
example, in the case of hydropower development in northern Manitoba, land- 
scape destruction and social costs could have been minimized either by 
constructing run-of-the-river hydro plants along the lower Churchill River or 
by digging a deeper diversion channel and operating Southern Indian Lake 
within its natural 2 m range. 

125 The latter option at least would have avoided

Table 4. Examples of large hydroelectric and water-diversion projects being proposed or 
built.

Project 
GRAND Canal Scheme'14 
Great Whale River"5 
Nottaway-Broadback-Rupert 
rivers"6 
Three Gorges Dam'17 
Tehri Dam"8 
Ganges and Brahmaputra 
rivers flood control"9 
Sardar Sarovar Projects 120

Location 

Canada 
Canada 
Canada

China 
India 

Bangladesh

India
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shoreline erosion within the lake and would have decreased flooding in the 
Rat River Valley, two of the most destructive elements of the Churchill- 
Nelson River diversion, The alternative configurations were estimated to cost 
an additional 5_15%126 but were dismissed by Manitoba Hydro,127 
Aboriginal compensation claims stemming from damages caused by the 

Churchill-Nelson River diversion are expected to reach hundreds of millions 
of dollars, 128 

Current operating regimes of large northern hydro projects need to be 
more ecologically realistic. For example, at Kettle Dam on the lower Nelson 
River (Figure 4), daily discharge fluctuations over the period 1979-88 

exceeded 2000 m3jsec in winter and were =3000 m3jsec in summer, com- 
pared to a natural mean river discharge of 2170 m3jsec at that location! 129 

This substantial departure from natural flows is tied to weekly patterns of 
energy use in Manitoba. Such a generating regime may service Manitoba 
Hydro's customers, and in the process optimize economic benefits to the util- 
ity, but it shows little regard for the ecology of the lower Nelson River.130 
Eventually, decisions will have to be made to endure the extra costs of oper- 
ating large northern hydro developments in a more benign fashion if natural 
resources are to be preserved. 

Public support in developed countries for environmental protection has 
never been higher. 131 However, decision makers continue to foster hydro- 
electric projects that belong to a bygone era.132 It is important to narrow the 
gap between the public's wishes and what is really occurring. We hope that 
this review will help to do so.

126/bid 
127R W Newbury, personal communication 
128The potential range of costs ($340- 
$550 million) is given in J Collinson, Study 
Team Leader, 'Improved program deliv- 

ery. Indians and natives. A Study Team 
report to the Task Force on Program 
Review', Supply and Services Canada, 
Ottawa, 1986, p 216. The Cree refused a 
$250 million settlement offer in 1990 (Day 
and Quinn, op cit, Ref 108 P 125) 
129See figure 2.21 in Environment Canada 
and Department of Fisheries and Oceans, 
op cit, Ref 9, pp 2.15 
130To our knowledge, the ecological 
effects of extreme daily flow fluctuations 
on the lower mainstem Nelson River have 
not been studied 
131For example, see R E Dunlap, 'Public 
opinion in the 1980s. Clear consensus, 
ambiguous commitment', Environment, 
Vol 33, No 8,1991, pp 11-15 and 32-37. 
132Linton, op cit, Ref 17
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Large-scale impacts of hydroelectric development
D.M. Rosenberg,1 F. Berkes, R.A. Bodaly, R.E. Hecky, C.A. Kelly, and J.W.M. Rudel

Abstrad: The SID slantial size of some hydroelec tric projec ts and the extensive total sullace area covere d by reservoirs 
globallyrequire that research detennining the imp:tcts of these developments be done at ever-increasing sp:dial and temf ral 
scales. As a consequence ofthis resealCh, newvie\li'S are emerging about the spitial extent and longevityofthe 
environmental and soc ial impicts of such developments. New fmdings challenge the ro tion of hydroelec tric development as 
a benign alte mative to other fonns of f wer gene ration. 'I'lUs review examine s the intertwine d environmental am soc ial 
effe cts of methylmercury bioacc umula tion in the food web, e mission of gre enhouse gases from reservoirs, downstream 
effe cts of altere d flows, and imp:tcts on biodiversi ty, each of W'hi.c h orera tes at its own unique spitial and te mf ral sc ales. 
IvIethylmercury bioacc umula tion oc curs at the smalle st spitial and tem f ral scales of the four imp:tc ts revie l,l  d, whereas 
downstream effec ts usually occur a t the largest scales. Gre enhouse gas e missions, the newest smprise conne ete d with 
large-scale hydroele etrie deve lopment, are rela tivel y short te nn but eventual! y may have imf rtant global-scale 
consequenc es. Lim ita tion of biodive lSity by hydroe lectric  velopment usually occ urs at intennediate spitial and te mf ral 
scales. Knowle cige deve lored from working at eXpinded Spitial and temf ral scale s should be an important p:trt of future 
decision making for large-scale hydroelectric  velopment. 

KBy words: hydroele ctric deve lopment, large -sc ale, environmental im p:tcts, social imp:tc ts.

R sum.  : La dimension co n;id  rable de certains projets hydro  lectriques et le s vastes s1ll"faces to tale s globale ment couvertes 
p3.I les r servoirs n cessite nt que la recherc he me n e f ur d te nnine r les imp:tcts de ce s d velowments soi t condui te   des 
 c helie s d' esp:tce et de te mp:: de plus en plus grandes. Comme cons que n:: e de cette recherc he, de nouvelles rerce ptions 

prenne nt naissanc es conce rnant l' ampleur spitiale et la long vit  de s imp:tc ts soc iaux et e nvironnementaux, suite   ce s 

d ve loWme nts. De nouvelles consta tations mettent en doute la notion que Ie d velowment hydro lec trique se rait une 
al temative b nigne p3.I ra Pf rt   d' autre s forme de production d'  ne rgie. Dans c ette revue, les auteurs examinent le s effets 

sociaux et environnementaux intercrois s de la bioaccumulation du mercure m thyl.  dans la coone alimentaire, de 

l'   mission de gaz   effe t serre   p:trtir de s re se rvoirs, des cons que nces en aval des rert1ll"OO tions de s rivi re s ainsi que des 
im p:tcts sur la biodiversit , lesquels agissent chacun   leurs  c helie s spi tiales et tem f relie s. Parmi les quatre impicts 
consid r  S, la bioacc umulation du mercure m thyl.  survie nt a ux  che lies spitiale s et temf re lies les plus retites, alors que 
le s re:r .nbations en aval des cours d' ea u s1ll"Viennent aux   chelles le s plus grandes. Les  missions de gaz   effe t serre, la 
derni re smprise reli  e a ux d veloWme nts hydro le etriques sur de gran  s smfaces, sont de dur e rela tivement c ourte mais 

f urraient  ventue liement avair des c ons  quences imf rtantes   I'  chelle globale. La limitation de la biodive rsit  pir le 

d ve loWme nt hydro  lectrique se manifeste habitue liement   des   chelles spitiales e t te mf relles interm diaire s. La 
connaissanc e prove nant du travail   des  c helles spi tiales et te mf relles plus vaste s devrait jouer un r le imf rtante dans le s 

processus futures de prise de d cision lors des d velowments hydro lechiques   g:tande  chelle. 

Mots cl~s : d veloW ment hydro le ctrique, grande  che lie, impicts socia ux, impicts e wironneme ntaux. 

[Traduit pir la r dac tion]

Introduction of data (e. g., Ph Ein and Y em el'yanova 1929; R oz engurt and 
Hedgpeth 1929; Mar chand 1990). At the very 1ar ge st s cal e S, 
Chao (1991, 1995) rep orted that w od dwide im p oundm ent of 
water has reduce d se a 1 eve! s by 3 cm, and the c onc emation of 
reservoirs built in the last 40 years at high1atitudes has caused 
the earth to spin faster! 

The global extent of reservoirs, including hydroelectric 
facilities is enormous. There are ~39 000 large dams in the

C ontem p or ary re se arch on the envir onm ental effects of hydro- 
electric development is pursued at a variety of spatial and 
temporal scales. These scales extend from short-term studies 
following form ati on of single, sm all reservoirs (e. g., Aggus 
1971; Bass 1992; Koskenniemi 1994) to studies of huge 
r e servo1r and water- di. ver si on com p1 ex e s dr wrn fr om de c ade s
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Tab 1e 1. Se lec ted estimates of reg ional sp:L ti.al cwe rage by reselVOlls (estimate s may not agre e). 

Region Tws ofreselVOils Area cwered (km2) 
Global Hydroelectric 600000 (larger than the North Sea) 

 .ll  Yf'3s and sizes 500 000 (- 2x the La lJIentian Ore at Lakes) 
 .ll  Yf'3s, large (>lQS m3 of\'i'ater) California or France 

Hydroelectric, five, extant, large (~1000 IvI'iV of -20000 (Lake Ordario) 
fO..wr) 

Hydroe lectric, ne w, planned for northern Quebe c ~ 1 0 000 (~ 1 f2 cwere d by forest) 
U rote d States  .ll  Yf'3 s and sizes (> 1 00 000; 5500 are large, Ne w Hamp:>hire and Ve rmont 

i.e., dams ~ 15 m height) 
All  Yf'3s andsi.zes (>1550 are large; >100 000 are 
medium and small; meaning of size not 
specified)

Canada

India

Page 96

Ref. 

Pearce 1996 

Kellyet al. 1994 
Dyne si us and Nilsson 1994 
Rosenberg et al. 1987

Rougerie 1990 
[evllie 1995

Large, > 14500; medium and small, > 11 000 Foote et al. 1996

world (WorldRegister of Dam s 1988, in Dynesius andN i1sson 
1994); some 5500 of these p-15 m heig t) are in the United 
States (D wine 1995) and618 P-1 0 m) are in C anacla (Environ- 
m ent Canada 1990). The usabl e man- made reservoir c apaci ty 
i s ~9% of the annual global ri verrunoff (Dyne sius and Nils son 
1994). The pre sent stor age cap aci ty of 1ar ge clam s am ou.nts to 
5500 km3 (P oste1 et al. 1996). Of this, 3500 km3 are active1j 
used in regulating river runoff; by 2025 another ~1200 km 
will have be en aclcle d to active storage (P 0 ste1 et al. 1996). It 
has been e stim ate d that! e servoirs of all typ e s and siz e s oc wpy 
500 000 km 2 gl. 0 ball y, an ar e a approx im ate1 y twi ce that of the 
Laurentian Great Lakes (Kelly et al. 1994). Table 1 summ a- 
riz e s som ere gi. 000 e stirn ate s of the are al extem.s of re servoir s 
and Table 2 presem.s the extent of local flooding caused by 
se1 e Gte d m aj or hydr oe1 e ctri c deve1 opm ents. 

P r oj e cts lik e LaG r an de River deve 1 opm ent in Canada 
(Berkes 1981), the Sardar Sarovar development in India 
(1vI orse and B er ger 1992), and the Thr e e G or ge s deve10pm em. 
in China (F e arnsi de 1988) indi c ate continuing global im.ere st 
in the construction of megapr~ ects that produce significaru. 
am ounts of power (i. e., ~1O 0 0 MVV), although Postel et al. 
(1996) c om.end that the average num b er of large clam s (d 5 m) 
constructed in the worldis dropping and will continue to do so 
im.o the nex t century (s e e al so Maj ot 1996). InC anada, hydro- 
e1 e ctri c deve1 opm ent over th e past fe w de c a de s has move d 
fr om re1 ative1y c ontaine d proj e Gt c onfi gurations in the p opu.- 
1 ate d south of the c ou.nt:ry to re1 ati vel y unc om.aine d c onfigur a- 
tions in the spar se1y popul. ate d north, whi ch indic ate s that the 
best(i.e., most cost effective) sites have been used (see Devine 
1995 for a similar comment about. the United States). Some 
1 arge- seal e C anadi an hydr 0 e1e ctri c proj ects ar e r evi ewe d in 
Rosenberg et al. (1987). 

Past and pr e se nt deve 1 opm ent of hydr 0 e1 e ctri c me ga- 
projects has required environmental and social researchers to 
work at ever-increasing spatial and temporal scales. This re- 
view will deal with these expanded scales rather than with the 
sm all er sc al e, in- re servoir and imm e di ate 1 y downstre am pr 0- 
C esse s ( e. g., change s in se dim entati on re gim e, prim ary pr 0- 
ductivi ty, and faunal p opulati ons) of more traditi onal review s 
( e. g., B axte:r1977 ; Baxter and G1 aude 1 980). Re search aU arger 
sc al es has begun to 1 e ad to new view s ab out the sp ati al extem. 
and longevity of the environm ental and social effects of such 
proj e cts, and cum ul. ative effe cts on a gl. 0 bal basi s. The se find- 
ings challenge the notion of hydroelectric development as a 
re1 ati ve1y benign form of power generation and raise que stions

ab out whether hydro e1 ectri c proj ects c an ever be made envi- 
ronm ental1y sustainable (Goodland et al. 1993). 

This review will focus on fom, large- scale impacts attrib- 
utable to hydroelectric developments, each of which oper- 
ates at its own unique spatial and temporal scales (Fig. 1): 
(1) methylmercury bioaccumulation; (11) emissions of green- 
house gases; (iil) downstream effects; and (iv) limitation of 
biodiversity. Each of these impacts have environmental and 
social effects, both of which are considered in this review, 
although environmem.al effects receive more emphasis. We 
have chosen to interweave the presentation of environmental 
and soci al effects to em phasiz e the link age s betwe en them . 

The 
material presented concentrates on Canadian experiences, but. 
ex am pl e s fr om el sewher e in the w or1 d are used to dem onstr ate 
that broadly applicable principles are involved. Thisreview 
will not address alternative energy sourc es to hydroelectric 
generation or hydr oe1 e ctric c onservati on pro gram S, whi ch are 
both su~ ects broad enoug  to deserve separate attention.

Met hylmercury bioaccumulat ion 
M ethyhn er cury bi oac cum ul. ation by fi sh and the c onse quem. 
c onsum ption of fish by hum ans is of c oncem in the c:r e ati on of 
reservoirs. Methylmercury is an organic molecule produced 
m ai:nl y by bacteria (B erm an and B artha 1986) fr om inorganic 
mercury naturally pre sent in materials fl 00 de d during the course 
of reservoir creation (B odaly et al. 1984a; Hecky et al. 1991; 
Kel1yet al. 1997). Methylmercury is a neurotoxin to which the 
hum an fetus is particularly sensitive (e.g., Weihe et al. 1996). 
M ethyhn ercury bi oac cum ulation is the most sp atial1y r e- 

stricted of the four environm ental impacts being reviewed 
(F ig. 1). M ethyhn ercury pr ob1 em s in fi sh are c online d to the 
re servoirs them se1ve s and short (< 100 km) di stanc e s down- 

stre am. T em p or all y, m ethy1m ercury c ontam ina tion in r e ser- 
voirs can last 2 0-30 years or more; for ex ample, methylmercury 
level s in pre datory fi sh in bore al re serVOlrS of C anacla and 
Finland can be expected to return to back :1ouncl1evels 20-30 
ye ars after imp ounclm ent (B odal y et al. 1997).

E me iro runen tal effects 

The first indi cation that m ethy1m ercury was a problem in new 
reservoirs cam e from South Carolina (Abernathy and Cum bie 
1977). A1erte d by the Am eric an ex p eri enc e, re se archers e1 se- 
where began reporting similar occurrences (Table 3). Research 
on northern re servoirs, e sp e cial1y in C anacla and F i:nl and, has
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Tab 1e 2. Exte nt of flooiling il"J.'.oU lved in selec ted major hydroelec hie developments.

Total smface

area of Area of newly
imro1lll.ded flooded land

Projec t and loc ation water (km2) (km2) Comments Ref.

Canada

Kemano, Phase I, B.C. 890 NA Includes the Nechako ReselVOir Rosenberg et al. 1987
Williston ReselVOir, B.C. 1645 NA Involves Pe ace River Peac e-A thabasca IH ta

Project Group 1972
Ch1llChill-N elson, Ivlan. 3299 -750 Includes Southern Indian Lake (SIL), Notigi, Newbury et al. 1984;

and Stephens Lake reselVOlls; Rosenberg e tal. 1987,
preimroundment surface area ofSIL, 1995
1977 km2

Ivlanic 5, Qu . 20n NA R. Harris, personal
communic ation

La Grande, Phase I, Qu  .
11345 9675 Includes La Grande (W) 2, 3, ard 4, Berkes 1988

Opinaca, and Caniapisca u reselVOlls.
Deslandes e tal. (199 5) re rort ilia t Phase 1
covers a total area of 13520 km2

La Grande, Phase I L Qu -2000 NA Inc ludes Laforge -1 and Eastmain-1 reselVOirs A. Penn, personal
communic ation

Ch1llChill F ails, Labrador 6705 NA Includes Small WlJod, Ossokmanuan, and Rosenberg et al. 1987
Jacopie Lake reselVOils

U niEd States

IvIisso uri mainstem 6260 NA Includes Lake Ft. Peck (991 km2), Lake Rosenberg et al. 1987
re selVOirs, IvIont., Sakakawea (3060 km2), Lake Francis Case
N.Dak., S.Dak., Nebr. (420 km2), Lewis and ClarkLake (113 km2),

Lake Oahe (1450 km2), and Lake Sharpe
(226 km 2) reselVOlls

Russian Federa m

VolgaRiwr 26010 50-69% of Inc ludes 11 reselVOlls, 8 in the Volga River Roz.e ngurt and Hedgpeth
area catchment and 3 in the Kama River 1989

inunda ted was catchment. The largest of these are
highl y fertile Kuiliyshevskaya (6450 km2) and Rybinskaya
cropland (4550 km2) reselVOlls, both in the Volga

catchment. Poddubnyand Galat (1995) rerort
the following total: shallow-water areas
(km2) for the four reselVOirs oftre Upper
Volga River: Ivankova, 327:156; Uglich,
249: 89; R ybinsk, 4450:950; Gorky, 1591 :368

River Don 5500 NA > 130 reselVOirs in the ca tchme nt V olovili 1994

Ukraine

Dnieper Fiver -7000 NA Dnie per reselVOir cascade. Exact number of Romanenko and
reselVOlls involved is not given Yevtushenko 1996

Smth Am.eril::a

Balbina ReselVOir, 2360--4000 NA Exact size is not known beca we of S1.llvey' s Feamside 1989

Amazonas State, Brazil margin of e rror
3147 3108 Columns 7 and 8 ofTable III in Feamside Feamside 1995

1995
Tucurai ReselVOir, Pal 2160 NA IvIonosowski 1984

S tate, Brazil
2247 1926 Columns 7 and 8 ofTable III in Feamside Feamside 1995

1995
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Tab 1e 2 (con.clu.ded).

Total sullace

area of Area of newly
imro1lll.ded flooded land

Projec t and loc ation water (km2) (km2) Conunents Ref.

2830 NA Tocantins-Araguaia catchment, the Rilieiro et al. 1995
southe astenunost Amazonian tributary;
integra tes the seasonally dry Cerrados with
the hot humid iuna:mnian rain fore st

Ita ipu, Brazil and 1350 NA Goldsmith and Hildyard
Paraguay 1984

Guri, V enezue la 3280 NA Goldsmith and Hildyard
1984

Afri:a

Lake Kariba ReseIYOir, 5364 NA Dam on middle pill of Zunbezi. River at Balon 1978; Cbe ng 1981
Zimbabwe and Zambia Kariba Gorge; foreste d and savannah regions

V olta Lake Re se Nair, 8500 NA Dam on Volta Rive rat Akosombo. Rese lVOir Petr 1971; Cbeng 1977,
Ghana oc cupie s two climatic zones: forest in south 1981

and savannah-woodland in north
Lake Kainji, Nigeria 1280 NA Dam on Nig er River at Bussa; forested and Obeng 1981

savannah regions
High Dam at As\V .It, 3000--6000 NA Dam on Nile River. ReselVOir is kno\'i'Il as Vilhite 1988

Egypt and Sudm Lake Nasser (Egyptian pill) and Lake Nubia
(S udane se put)

6276 Re se lVOir lie s in dese rt region Obeng 1981
Cabora Bassa Darn, 3800 NA Dam on 10m r Zambe zi. Riw r at Cabo ra Goldsmith and Hildyard

IvIozambique BassaGorge 1984; Bolton 1984

Mi.dd1e East

Southeast Anatolia 1857 NA E uphrate s Rive r development: Ke ban Dam Hillel 1994

Project, Turkey (680 km 2), Karakoya Dam (300 km2), and
A ta turk Dam (877 km2); other smaller
developments on Euphrates. Deve lopmen ts
on Tigris are planned

Sout  t Asia

Brokorondo, Suriname 1500 NA Goldsmith and Hildyard
1984

Kabalebo, Suriname 1450 NA Goldsmith and Hildyard
1984

China

Three Gorges ReselVOir, 1150 632 IvIostly in mountainous te rrain Chau 1995

Yangtze River
Danjiangkou ReselVOir, 745-1000 NA Largest extant reselVOir in China Zhong and Power 1996
Han River

Note: N A, roh'i'ailible.

been extensive; fewer reports come from temperate and tropi- 
cal re servoir s. H ow ever, the pr ob1 em app e ars to be 1e ss severe 
in warmer areas 0'"ingcharoen and B odaly 1993). 

Research in northern C anaclian reservoirs has revealed the 

following characteristics of methylm ercury in fish. 
(1) It can re ach very hi g  levels. F or ex ample pr e datory fi sh 

(pike: Esox lucius; walleye: Stizostedion vitreum) inLaGrande 
(LG) 2 Reservoir in the James Bay re e.i on of Q ueo e c reache d 
approximately six times background levels or more than seven 
tim e s the C anadi an mark eting lim it of 0.5 IJ-gI g (V er don et al. 
1991). Mean concentrations in pre datory fi sh a1m 0 st always 
ex ce ed 1 .0 IJ-glg in northern re servo1rs (B odaly et al. 1997).

(2) Levels in predatoryfish usua11yrem ain elevated for 2-3 
decades following impoundment, whereas levels in water and 
zooplankton rem ain e1 evated for 10 and 10 -15 ye ars, re sp e c- 
tive1 y (B 0 daly et al. 1997). The cliff erence betwe en fish and 
lower tr ophic levels is pro b 001 Y the re sult of a longer half-life 
of m ethy1m ercury in fi sh and a slower turnover of fish p opu.- 
1 ati ons. M ethylm ercury 1 eve1 s in pr e datory fi sh from the LG 2 
Reservoir and from reservoirs in northern Manitoba remain 

above m ark eting1eve1s 10-20 years after re servoir ere ati. on (Strange 
et al. 1991; James Bay Mercury Committee 1995; Bodaly et al. 
1997) . Average 1 evel s in LG2 were still > 3.0 IJ-gfg 13 ye ars 
after fl ooding.
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Location

Tab 1e 3. Exam pIes of elevated methyhnercwy levels in flsh from new reservoirs.

Page 99
31

Srecies 
Boreal zone 

Stiz.o::. !dion vitreum (\'i'alleye), EX!x lucius (northe rn pike), and Coregonus 
clupeajormis (lare wtt.i teflsh) 

As for northern IvIanitoba plus C tostomus catostomus (longnose sucker) and 
Salve linus namaycush (lake trout) 

EX! x lucius, Salvelinus namaycush, and Coregonus dupeajormis 
EX! x lucius and Coregonus lavaretus (white flsh) 

Temp erate areas 
Stiz.ostedion vitreum and C stostomus commersoni (common sucker) 
Micropterus salmoide s (largemouth bass) 
Micropterus salmoide S, Morone chrysops (wtt.i te bass), and Percajlavesce n.s 

(yellow rerc h)

Northern IvIanitoba

Northern Quebec

Labrador 

Finland

Southern S askatc hewan 

Illinois 

South Carolina

Thailand

Tropkal:uea 
Pn.stolepisjasciarus, Puntioplites pro ozysron, Hampala macrol epidota, and 

Morulius chry X!phe kadion

Ref.

Bodalyet al. 1984a

Boucher et al. 1985

Bruce andSrencer 1979 
Lodenius et al. 1983

Waite etal. 1980 

Cox et al. 1979 

Aberna thy et al. 1985

Y ingc haroen and Bodaly 1993

Fig. l. Sp:dial and temf ral scales at which impiCts resulting from 
large-scale hydroelectric developme nt manifest themselves. 1 = 
me thyhne rcwy bioaccum ulation; 2 = e mission of gre enhouse 
gases; 3 = do\li1lStream effects; 4 = limitation of biodiversity. (Note 
that axes are in log scales.) 
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(3) Methylmercuty can be elevated in biota downstream of 
re servoirs. F or ex am p1 e, fi sh downstre am of dam s have higher 
methylmercury concentrations than fish in the reservoir up- 
stre am, be c aus e the downstre am fi sh feed on fi sh that ar e in- 

jured passing through the turbines (Brouard et al. 1994). Fish 
and invertebrates downstream of reservoirs also can have ele- 

vate d m ethy1m ercury cone entrati ons in the abs enc e of gen- 
er ating stations (J ohnston et al. 1991; B 0 daly et al. 1997), 
apparently b ec ause of the transp ort of m ethylm er cury in water 
and invertebrates. This second kind of downstream transport 
of m ethylm er cuty pro bab1 y ex tends for < 100 km but may be 
a more comm on oc cunenc e than elevate d 1 evel s cause d by fish 
feeding on injured fish

Why is methylmercury a by-product of flooding and how 
is it bi oac cum u1 ated by fish? At the outset, m ethylm er cuty 
e1 evation in fi sh is re1 ate d to the de gre e of fl 00 ding of terr es- 
tri al are as involve din reservoir cre ati on. A high pr op orti on of 
land flooded to the final surface area of the reservoir produces 
higher methy1m ercury level s than when a low prop ortion 
of the surface are a i s floo de d land (B 0 daly et al. 1984a; Johnston 
et al. 1991). Thi s re1ati on~p appe ars to explain whyfish m ethy1- 
mercuty levels in the LG2 reservoir, which was created by 
flooding a river valley, were so much higher than those in 
Southern Indian Lake (SIL), Manitoba, an already existing 
1 ake who se water 1 eve1 wasr ais ed 3 m (V er don et al. 1991 ; cf. 

Strange et al. 1991). Line ar model s develope d by Johnston 
et al. (1991) c an be use d to pr edict fish m ethylm ercury 1 eve1 s 
in bore al re servoir s base d on the ratio s of flo 0 de d terr estrial 

are a to water volume of the res ervoir itself (within-1 ak e effe cts) 
and of flooded terrestrial area to water volume of inflowing 
waters (upstream effects). Models developed by Hydro- 
Qu bec (1993a) also depend on the terrestrial area flooded 
but. inc1 ude data on re servoir volume and flushing r ate, dec om- 
po sable organi c matter, and m ethylm ercury dynami cs in fish. 

Ex perim ental studi e s done in meso c osm s dem onstr ate d that 
methylmercury accumulating in fish oriEinates by microbial 
transformation of inorganic mercury naturally present in the 
soil and vegetation that are flooded (H ecky et al. 1987, 1991). 
All organic materials (moss, spruce boug s, and prairie sOqJ 
adde d to the meso co sm s stirn ul ate d m ethy1m e rc ury bi 0- 
ac cum ul ati on by yell ow per ch (Percafl avescens). He cky et al. 
(1991) als 0 dem onstr ate d gre atly enhanc e d r ate s of c onver sian 
from inorganic mercury to methylmercury in newly flooded 
sediments of reservoirs compared with natural lake sediments. 
M ethylm ercury pr oduction and uptak e into the aquati c fo od 

web are being ex amined by the Experimental Lakes Area 
Reservoir P roj e ct (ELARP) in northwestern 0 ntario (K ell y 
et al. 1997). Natural wetlands in the northern boreal ecotone 
are site s of m ethylm ercury pr oducti on and im p ortant sour c e s 
of m ethy1m er cury to downstr e am e c 0 system s (St. Louis et al. 
1994, 1996). Bore al wetl ands fl 00 de d to form re s ervoir s be- 
come even larger sources of methylmercury because of
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increased methylmercury production in flooded vegetation 
and peat. Thi s problem was studied in an experimentally 
flooded wetland in which methylmercury production in- 
cre as e d 35- fo1 d (to -6 Ifg- m -2. ye ar- ~ after fl 0 oding (K e 11 y 
et al. 1997). B acteri a c onverte d inor gani c mer cury Cpr e sent 
pri or to fl 00 din j to m ethy1m er cury in the pro cess of de c om- 
posing flo 0 de d vegetation The system re sp onde d willin weeks 
to the incre ase d m ethylm ercury pro ducti on. C onc entr ati ons 
of m ethylm ercury in surface water and peat increased -10- 
fold (to -1 ng/L and 10 nglg dry weight, respectively); the 
proportion of methylm ercury to total mercury in water in- 
cre ase d from -5 to > 30 %. Methy1m ercury c onc entr ati ons al s 0 
increased after flooding in zooplankton (to -340 nglg dry 
weight (1 0- fo141; M. J. P aters on, personal c omm uni cation) ; 
pre datory shor eline ins eGis (to -180 nf!! g dry wei ght (2 -f ol d); 
footnote 4); cage d floater mussels (Pyganodon grandis; 
Malley et al. 1996); finescale dace (Phoxinw neogaew; to 
-0.3 0 !-!gIg wet weight (3-fo1d); Kelly et al. 1997); and 
18-day old nestling tree swallows (Tachycineta bico[or; 
to -100 nglg dryweig t (2-fold); V . 

St. Louis, personal com- 
m uni c ati on). In addition, an ex p erim ent done in ne arby ref er- 
enc e Lake 240 showe d that food was the dam inant pathway 
of methylmercuryuptake byfish(P. neogaew; 85 versus 15% 
by passive uptake from water) at natural levels of methyl- 
mer cury (H all et al. 1 997). It will be imp ortani to determ ine 
the durati on of elevate d rate s of me thy1m ercury pro d ucti on 
in the ex p erim ental re servoir. Methyl ati on rate s still rem ain 
hig  3 years after flooding. 

The link b etwe en new1 y fl 0 ode d or gani c matter, the sti m u- 
1ation of methy1m ercury production, and increased methy1- 
mercury bioac cum ulation in fish has 1e d to an obvi ous 
re c omm endati on for rem e di ation rem oval, burning, or c over- 
ing of vegetation and soil organic matter before flooding to 
reduce the severity of the mercury problem. However, this 
recommendation has not been experimentally verified and, in 
any case, is impractical to carry out in large reservoirs. For 
ex am pl e, the SI L reservoir has a shor eline 1 ength of 378 8 km 
eN ewbury et al. 1984) . Alternative s w oul d be to minim iz e 
the are a fl 0 ode d when cre ating re servoir s and avoi d flo 0 ding 
natural wetland areas (Kelly et al. 1997). 

It is not cl e ar whether cone entr ati ons of m ethy1m ercury in 
predatory fish from reservoirs are sufficiently high to affect 
their populations eN iimi and Kissoon 1994; Wiener and Spry 
1996). However, the main c one ern has be en the effe ct of con- 
sumption of these fish on human populations.

So cial efl cts 

Canada has be en a fo cus for the study of so ci al im pacts of 
m ethylm ercury bi oac cum ul ati on re sulting from hydro e1 e ctri c 
development. The movem ent of large-scale hydroelectric de- 
velopment into Canada's subarctic boreal forest region has put 
ahi sk re si dents of the are a, who ar e mainly abori ginal and live 
in small villages that are usually located on major rivers and 
lakes. The villages are characterized by mix ed subsistence- 
based economies and rely on access to the fish and wildlife 
r e sour c e s of custom ary terri tori e s that range in siz e fr om 
thousands to tens of thousands of square ki10m etres of land 

and water (U sher and Weinstein 1991). The term subsi stene e

~ B.D. Hall, D.M Rose nberg, and A .P. Wie rtS. IvIethylmercl.llY in 
aquatic insects from an eXf"'rimental reselVOir. In pref'll8.tion.
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ref ers to the pr oducti on of 10 c al r enewab1 e r esourc e s for non- 
market hom e and comm unity use. Subsistence in contem- 
porary northern abori nal communities is integrated at the 
hous eho1 d 1 eve1 with wage 1 ab or, com m e rci al r e sourc e har- 
ve sting, and other ec onomi c activitie s (Wolfe and Walk er 198 7; 
Usher and Weinstein 1991 ; Berkes et al. 19941. 

Large-scale hydroelectric development in northern Canada 
has entailed re10c ation of som e communities away from 
floode d zones, encroachment by outsiders on traditional terri- 
torie S, harve st di srupti on cause d by the physic al and bi ol ogi c al 
effe cts of the pr oj e cts, and m ethy1m ercury c ontam ina ti on 
(Rosenberg et al. 1995; Berkes and Fast 1996). All of these 
events affect subsistenee-based economies in often complex 
Wf:ijS. The problem of methy1m ercury contamination, and 
resultant closed fisheries, in northern communities is par- 
ticularly serious (Bodaly et al. 1984a; Boucher et al. 1985; 
Anonymous 1987; Berkes 1988), althoug  to date no m edi- 
cally documented cases are available of mercury poisoning 
c aus ed by eating fi sh fr om new reservoirs (e. g., Vii'he at! ey and 
P aradi s 1995). In addition, the s oci a1 im p act of e1 evate d 

mercury 1 eve1 s is diffi cut t to di stingui sh from impacts of a 
range of so cial change s c aus ed by hydro e1e ctri c deve10pm ent 
(Waldram 1985; N iezen 1993). 

Research reported in Rosenberg et al. (1995) and Berkes 
and Fast (1996) indi c ate d that approx im ate1 y one quarter to 
one third of the wild food harvested by Cree communities 
in northern M ani tob a, Ontario, and Q u b e c came from fishing; 
re si dents of the se com m uni ti e s routinely caught and ate 1ar ge 
quanti ti e s of fi sh ove r ex tende d peri ods of the ye ar. A pub- 
h c he al th sir ate gy that advi sed nati ve p e op1 e not to eat c on- 
taminated fish also advised them not to fish, which is a 

common activity of great economic and cultural importance 
(e. g, Vii'heatley andParadis 1995). In addition, the substitution 
of natural food with store- bought food posed its own threats 
to the health of native populations (Szathmary et al. 1987; 
Thouez et al. 1989). L as~ the p erva si ve effects of m ethy1- 
mercury c ontam ination on the so ci al and mental w ell- be ing 
of natives and communities at risk needs to be mentioned. 
Whether or not individuals were exposed to or actually in- 
gested injurious levels of methylmercury, the threat alone 
caused anxiety and the native communities suffered adverse 
social and psychological effects (U sher 1992; Vii'heatley and 
Paradis 1995).

Greenhouse gases

The release of greenhouse gases (CH4 and CO>> caused by the 
fl 0 oding of or ganic matter such as in fore sted p e atl ands m f:ij 
be the new e st surpri se c onnecte d with r es ervoir cre ati on (R udd 
et al. 1993). The pr ob1 em is re asonab1e to exp e ct given the 
considerable decomposition of flooded organic material and 
frequent oxygen depletion that usually accompany reservoir 
creation. 

Bacterial de c om p osi tion of flo 0 de d or ganic m ateri al is at 
the base of both the m ethy1m ercury bi oac cum ul ation pro bl em 
discussed above and greenhouse gas emissions. On a temporal 
scale, greenhouse gas emissions from northern boreal reser- 
voirs shoul d slow with tim e but m f:ij 1 astl onger than 100 ye ars 
where peat has been flooded, whereas the process should be 
faster in tropi cal are as b ec ause they have no p eat tie d up as or- 
ganic carbon in soils and have higher year-round temperatures
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Tab 1e 4. Possible rate s of greenhouse gas produced and energy gene rate d by W fossil-fue 1 ge neration, and 
reselVOils having a (il) low and (iil) high ratio of flooded area to energy produce d.* 

Ra tio of floode d area to 

energy produce d 
km1 

TIVhyearlSite usedin estimation

Cate gOlyof 
ene rgyge nerated

Ra te of gree nhouse 

gas production (equiv. 
Tg C01.TIVh-1)

Page 101

Coal-fired gene ration 
Churchill-N elson dive rnon 

Grand Rapids (Cedar Lake)

(A) Ma1Ii.toba (details given in R udd et al 1993) 
i 

ti ~ 

tii 710 

(B) Brazil. (details given in F earnside 1995)

0.4-1.0 
0.04-0.06 

0.3-0.5

IvIanaus fossil fue 1 

Tucurai ii 

Balbina reselVOir iii 

NoE: nAIh=tenwa1t lDws; Tg =telap"ams; T = IOU. 
.Caution shccld. be u;;ed in oo~ the result:; ofRlldd. et al.. (1993) ani Feam; lie (1995) becalse of differe es in 

(a) d.culatirg t  glOO al. warming potential ofCH~; (b) oon;iderin; infued and dlled eft ct:; ofC H ~ ; ani ( c) time sc ales u;;ed. 
In aiditiorJ, Fe=ide (1995) relied on nDdehng, w  reas Rlldd. et al.. ( 1993) took dlled measulel rd:; .

(F i g. I). Sp ati ally, gre enhous e gas emi ssi ons probably repr e- 
sent the most extensive impact of large-scale hydroelectric 
de vel opm ent, as they may contribute to g1 ob al dim ate change 
(see below).

E JW iro runen tal effects 
The net greenhouse effect in natural boreal forests is about. 
zero: peatlands are natural sinh for CO2, but they are slight 
sour c es of C H 4 to the atm 0 spher e, and fore sts are slight sink s 
for CH4> but they are neutral for CO2 (Rudd et al. 1993). The 
fl 0 oding of fore sts in the c our se of re servoir cr e ati on up sets 
the se natur al b al arlC e s and re sui ts in a flux of gr e enhouse 

gases to the atmosphere. Estimates of greenhouse gas emis- 
si ons fr om northern C anadi an and B r azili an reservoirs indi- 
cate that some reservoirs with a hig  ratio of surface area to 
energy produced can approximate (Table 4A) or greatly ex- 
c e e d (T abl e 4B) emi ssi ons fr om power pi ants using fo ssil fu- 
el s. C onver sely, rut"l- of- the-river install ati ons may be much 
less polluting than p ower plants rut"l by f os sit fuel s. 

The dramatic difference in greenhouse gas emissi ons 
b etw e en Cedar Lake Res ervoir in Manitoba and B al tina R e s- 
ervoir in the B razili an Am az on (T abl e 4) is pro babl y real. The 
much higher emi ssi ons calculate d for Balbina ar ear e sul. t of 
recentflooclingin a tropical setting(see below). There is a need 
for more of these kinds of geographic comparisons and re- 
search to explain the differences. 

The following factors may be involved in regulating the 
intensity and duration of greenhouse gas emissions afterreser- 
voir cre ation (K elly et al. 1994). 

(1) The am ount of fl 0 oding invol ved. Ex tensi ve fl 0 oding of 
terrestrial are as will lead to large rele ase s of gases (e. g., 
T abl e 4), a factor al so important in determ ining ti 0 ac cum u.- 
I ati on of m ethylm er cury in fi sh (se e ab ove). 

(2) The age of the re servoir. D ec om p ositi on rate s appe ar to 
de cr ease with tim e, as indi c ated by data on ox ygen depleti on 
(B ax ter and G1 aucle 198 0; S chetagne 1989). An initi al peri 0 d 
of rapi d de c om po si ti on of e asil y de grade d or gani c m ateri al 
prob ably will be foll owed by a peri od of slower de com po a tion of 
m ore refractory organic material. The slowing of rates me am that

64 

1437

1.30 

0.58 

26.20

the longer the life of a reservoir, the lower will be the average 
flux per year of gases. However, even after decomposition of 
organi c m ateri al is com pl ete, gre enhouse gas em issions will be 
similar to the rates pr oduc ed by natur allak e S, which ar e gre ater 
than e stirn ate d fl ux e s for the ori Einal, undi sturb e d., terr e stri al 
system (RuM et al. 1993). 

(3) The am ou:nt of plant biomass and soil carbon flooded. 
Plant biomass varies in different ecosystems (e. g, 0.7 kgC/m2 
in grasslands to 20 kg C/m2 in tropical rain forests; boreal 
ecosystems are approximately midway in ilis range) and so 
doe s soil c arb on (1ow in the tr opi c s to hi g  in boreal pe atlands) 
(K elly et al. 1994). FI 00 ding of pe atlancls is of spe ci al c onc em 
because the I arge am ou:nt of c arb on stor e d in them could pro- 
due e gr eenhouse gase s for de c ade s. 

(4) The ge 0 graphi c I oc ation of are servoir. T em per ature will 
vary wi th 10 c atio:n, and tem perature will aft' e ct the rate of de- 
composition and the ratio ofCH4:C02 thatisreleasecl. Tropical 
reservoirs will have hig  water temperatures and fast decom- 
p osi tion, whi ch tend to pro duc e anoxi c c ondi tions and a hi g  
prop orti on of C H 4 (F e arnsi de 1995). The g1 0 b al- warming 
potential of C H 4 is 20--40 tim e s that of CO2 (per g basi s), so 
the percentage of CH4 released is important 

The m agni tude and ex tent of the p otenti al gr e enhouse gas 
emission problem is currently being examined along with 
methylmercury bioaccumulation in the ELARP experiment in 
northwestern 0 ntario (s ee ab ove). FI m of C H 4 to the atm 0 s- 
pher e after flo 0 ding of the ex p erim ental re s ervoir incr ease d 
by about 20-fold (to II g C.m ~.yearl); Kelly et al. 1997). 
Prior to fl 0 oding. the wetland was a net sink for CO2 (8.2 g 
C.m ~.yearl) because of fixation of CO2 as organic carbon by 
plant photosynthe si s. After flo oding. the wetland be cam e a 
large CO2 sourc e (> 170 g C .m -2. ye ar-1). The se p ostfl 0 oding 
changes were cause d by the de ath of ve getation, whi ch elimi- 
nated the photosynthetic CO2 sink and stimulated the produc- 
tion of CO2 and CH4 by decomposition of plant tissue. The 
incr ease d flux of C H 4 was also c aus ed by an incre ase dl evel of 
anox ia in the re servoir and de cre ase d C H 4 ox idatio:n, whi ch 
re duce d the pr op om on of CH 4 that was c onsum ed by b acteri a 
before it could escape from the reservoir.
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Postflood fluxes of CO2 from the experimental reservoir 
were similar to measured flm es of CO2 from large hydroelec- 
tric reservoirs in northern Qu bec (Kelly et al. 1997). Fluxes 
of C H 4 from the ex perim ental reservoir at the Ex perim ental 
Lakes Are a (ELA) wer e f aster than from the Qu b ec re servoir s 
but. much slower than the very hi g  rate s pre dicte d for tr opi cal 
reservoirs. Measured fluxes of greenhouse gases from the ex- 
perimental reservoir were similar to rates predicted by Rudd 
et al. (1993) and ar e wi thin a range that is signific ant in som e 
types of hydroelectric deve10pm ents. The level of concern is 
re1 ated to the ratio of e1 e ctrici ty pr oduc ed per unit of 1 and 

flooded; pre sently available data indicate that greenhouse 
gas fl me s fr om northern hydr oe1 e ctric deve1 opm ents that pro- 
duce < 1 MW of e1ectricity/km 2 of land flooded maybe of con- 
cern in proposals for new reservoir development (C.A Kelly, 
unpublished data). The global significance of reservoirs as 
sour c es of gre enhouse gas es is re1 ate d to the total are a of all 

types of reservoirs and to flm es from the major types; how- 
ever, the gl ob al surfac e are a of r es ervoirs is p oorl Y known and 
flux measurements are available for only a few locations. 

As for the methylmercury problem discussed above, possi- 
ble rem e di ation woul d re quire r em oval of or ga.ni c matter from 
the are a to be fl 00 ded, an im pro bab1e task given the extent of 
forest flooded in today's large-scale hydroelectric deve10p- 
m ents. Minimizing the ar e a flo 0 de d and avoiding well ands are 
possible alternatives (see above).

So cial efl cts 
The social effects of gree:nhouse gas emissions from reservoirs 
are entwined in the greater problem of g).obal clim ate warming. 
The social effects of global climate change are complex and, 
until re c ent! y, som ewhat sp e cul ative. F or ex am pl e, everyone 
is famili ar with the cl aim that clim ate warming will eventually 
cause rising sea levels, which will inundate low-lying cities 
(e. g, Gribbin and Gri bbin 1996) . However, re cent new s stori es 
indicate that insurance companies worldwide are concerned 
about the increasing incidence of extreme weather events, 
thoug t to be tie d to clim ate warm ing (e. g, Sterling 1996; 
R e dek op 1996). The above ex am pl e s indic ate that the so cial 
eff ects of clim ate warming will oc cur at much bro ader sp atial 
and temporal sc al e s than, say, e1 evated m ethylm er cury level s. 
A maj or problem in public perception is the lack of am eas- 

urab1e link between specific gree:nhouse gas emissions (green- 
house gas es ar e pro duc e d by a vari ety of hum an acti viti e s) and 
any sub se quent envlfOnm ental or so cial dam age. Thi s str ongly 
contrasts wi th other 10 c al and re gional effe cts of hydro e1 e ctri c 
de vel opm ent for whi ch cause and effe ct are often obvious. 

The role played by greenhouse gas emissions from hydro- 
electric development will be difficult to identify. The overall 
contribution of greenhouse gas emissions from reservoirs to 
global clim ate warmingis thoug t to be small when compared 
with other m aj or sourc e s of gr eenhouse gase S, such as the 

burning of fossil fuels (C.A Kelly and J .w.M. Rudd, unpub- 
lis he d dat ). Certainly, li ttl e evi denc e ex i sts in the current 

energy policy literature indicating that reservoir greenhouse 
gas emissions are deem ed to be important (e.g., Goodland 
1994-1995). However, P earc e (1996) estimated that CO2 
emissions from reservoirs globally amount to 7% of total, 
m an-m ade emi ssi ons of C 03. He use d a total gl ob al re servoir 
surf ac e ar e a of 600 000 km and C anadi an rate s of emi ssi on 

(pre sum ably base d on R udd et al. 1993). Canadian re servoir s
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w ou1 d add 12 % to total C anadi an gr e e:nhouse gas emi ssi ons 
over the nex t 50 year s if R udd et al.' s (1993) e stim ate s are 
correct (Pearce 1996). This source of greenhouse gases may 
be com e incre asingl y im p ortant in tim e as the burning of fo ssi1 
fuel s de cre ase s. D eterminati on of the im p ortanc e of hydr oe1 e c- 
tric developments as contributors of greenhouse gases on a 
global level is an important future research endeavor. 

Greenhouse gas emissions from reservoirs may assume 

gre ater future imp ortanc e at the local 1 eve1 as nati ons move 
toward CO2 accounting. Decisions can be made at the local 
1 evel; tools are avai1abl e (e. g, Rudd et al. 1993; F earn:i de 1995) 
to choo se am ong al ternati ve hydro el e ctri c de vel opm ent p os- 
siblities to minimize gree:nhouse gas production

Downstream effects

Proponents oflarge-scale hydroelectric development often claim 
that water fl owing fr e ely to the 0 ce an is wasted ( e . g., Bourassa 

1985; Vii'hite 1988). Ironically, changes in the natural hydro- 
1 ogi c al cycle as at esul t of water stor age for power pr oducti on 
and interbasin water diversion ultimately cause downstream 
fr e shwater and m anne res ourc e s to be waste d. This im pact can 
oper ate at the sc ale of thousands of kil om etr e s from the s ourc e 
of the problem (Fig. 1), although some predicted effects on 
marine CUff ents and change s in dim ate (se e below) ex pand the 
sp ati al sc ale even more. T em p or ally, change s to downstre am 
are as c an be re gar de d as very long term, unle ss som e effort is 
made to operate upstream facilities in a way that mimics 
natural hydrolo@cal flows.

E JW iro nmen tal effects: 

Natural se asonal runoff patterns influenc e he avi1 y the e c 01 ogy 
of downstre am de 1taic, e stuanne, and marine coastal ar e as 

(e.g., Neu 1982a, 1982b; Rozengurt and Hedgpeth 1989; 
R oz engurt and H aycio ck 1993). The se downstre am ar e as are 

cradles of biological productivity because of the delivery of 
nutrients to them by freshwater runoff and be cause, at least 
in the north- tem p era te zone, fre shwater runoff entering the 
ocean causes mixing and entrainment of deep, nutrient-rich 
o ce an water into the surfa c e 1 ayer (N eu 1982 a; Milko 1986; 
R ozengurt and H ayciock 1993). Nearshore bi 01 o@cal pro ce sse s 
such as prim ary pro ducti vi ty and fi sh fe e ding. gr owth, m i- 
gration, and spawning are attuned to these seasonal dynamics 
of fl ow. I n the case of a 1 arge, northern fre shwater delta like 
the Peace-Athabasca in Alberta, natural seasonal cycles of 
fl 0 oding maintain the delta ve getation in an early suc ce ssi onal 
stage of high productivity, which leads to a diverse and pro- 
ductive wi1cll.ife community (Rosenberg 1986). 

Hydroelectric developm ents on north-temperate rivers char- 
acteristically trap high spring flows for storage in reservoirs 
and release hig er-than-norm al flows in winter when the power 
is needed (Fig 2; see also Fig 3 of B ergstr m and Carlsson 
1994 for the L ul e  1 'len River, S we de ri). Thus, the norm al 
hydrograph is attenuated in spring and enhanced in winter 
(e. g, Devine 1995; se e Dudge on 1992 for different flow m 0 di- 
fi cation in tropic al A sian rivers) . 

E col ogi c all y, runoff i s trans- 
ferredfrom the biologically active period of the year to the 
bi 010 gi c all y inactive: it is lik e watering your gar den in the 
winter (N eu 1982a). 
N eu (198 2b) neatly expre sse d the magnitude of the pr ob1 em 

for Canada. All rivers on earth at anyone time contain
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Fig. 2. Effect of flow control on the natural hyclrograph of a north-tem~rate river, the Peace at the town of Peace River, Alta. (reprinted from 
Shelast et al. 1994, p. 26, with ~rrnission of Sen tar Consultants Ltd., Calgary, Alta.). The Bennett Dam is situated upstream in British 
Columbia (see Rosenberg 1986).
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-1300 km 3 of water, which is approxim ate1y the sam e 
am oun t of exi sting artifi ci;:u (i. e., reservoir) storage in C anach. 
Canada's rivers annu;:u1 y di scharge -1500-2000 km 3, a value 
slightly above existing artificial storage. If the live storage 
am OUllts to one quarter to one third of ilis am ouru., then 
-400 km3 of water is shifted annually from spring to winter. 
In other words, before any regulation, the spring and winter 
vo1um e s were 1600 and 400 km 3, r espe ctive1 y, after ex tensi ve 
re gulati on, the volume s be came 1200 and 800 km 3, respe ctive1y. 

B ergstr m and Carl soon (1994) doeum e:nte d changes of river 
runoff into the northern basins of the B al ti c Sea as a re suit of 

hydropower deve10pm ent. Seasonally, the Bothnian Bay and 
the Bothnian Sea receive increased wi:nter discharge and de- 
creased discharge at other times of the year. On a mo:nth.ly 
basis, both of these areas show evidence of increasing base- 
flow levels over time. 

Physical/chemical changes to downstream areas resulting

from significant alteration of seasonal flows include (1) desic- 
c ati on of w etl ands, incr ease d off shore salinity, and up sire am 
saltwater intrusion because of reduced flows; (11) collapse of 
natural deltaic levees and subsidence of coastal deltaic areas 
because of reduced sedimentinputs; and(ii1) overall reduction 
of spring nutri ent inputs to e stuari e s (e. g., R oz engurt and 
Hedgpeth 1989; R Ctl e ngurt and H aydo ck 1993). N orthe rn 
areas are particularly affected by the loss of buoyancy flw: 
provided by freshwater inputs and the resulting stable layer 
that enab1 e s high, off shore prim ary pro ducti vi ty. On an even 
1 arger se al e, the re duction of river inputs of se dim ents to the 
sea because of dam construction has reduced "...the input of 
natural ballasts which are instrument;:u in carbon removal and 

preservation. By changing the sedim e:nt load of rivers we are 
changing bio geo chern ic al cycling of e1 em ents in r e   ons where 

more than 80% of organic carbon is being removed today..." 

(1 ttekkot and Haake 1990).
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Biological changes involve (1) l(11,lfered spring primary 
pr oducti vity b e c aus e of de cr ease d nutri ent inputs and loss of 
str atifi c ati on; (11) low ere d b enthi c inverte br ate pr 0 due tivi ty 
because of changes in primary productivity and increased 
salini ty; and (iil) del eteri ous effects on the most val uab1 e c om- 
mercial fisheries because of changes in fish.food organisms, 
nursery grounds, spring spawning and migration (Razengurt 
and Hedgpeth 1989; Rozengurt and Haydock 1993; Attrill 
et al. 1996). 

Changes to 0 c e an currents and clim ate as a re sult of 1 arge- 
sc al e hydr oe1 e ctric de vel opm ent (e. g., N eu 198 2a) and water 
diversi ons ( e. g , Gribbin 197 9; IvIi cklin 1985; Milk 0 1986) can 
also be considered d(l1,lfnsUeam effects, albeit of the largest 
possible extent. However, predictions of such changes and 
their e col ogi calm e anings ar e unc ertain at this point, and the 
propo se d, massive water diversi on pr ~ e cts that would cause 
them are not yet a re ali ty. 

Several case histories of downstream effects are available 

that dem onstr ate the adverse ecologic al c onse quence s of gro ssl y 
altered seasonal water fl(l1,lfs, as described above (Table 5). 
The Aral Sea has not be en included because its desiccation 
is related to upstream irrigation practises rather than hydro- 
e1 ectri c deve10pm em.. N everlhe1 e ss, it is an ex cell ent ex am pIe 
of the ultimate effect of extreme water abstraction on d(l1,lfn- 

stream areas (e.g., see Micklin 1988; Ellis and Tumley 1990; 
Kotlyakov 1991; Precoda 1991; Levim.anus 1992; Glantz et al. 
1993; Pe arce 1995b). In addition, L  ffler (1993) reviewed 
irrigation problem s of lakes in developing countries, IvIirza 
and Eri cben (1996) des cri be d the envir onm ental and so ci al 
im p acts of fl 0 0 d.. c ontr ol!irri gati on proj e cts in B ang). a de sh, 
and Nichols et al. (1986) described effects of extensive up- 
stre am water withdrawal for irri gati on on the estuary of S an 
Francisco Bay. 

Predicting the cumulative effects on Hudson and James bays 
of 1arge- scal e hydr oe1e ctric deve1 opm em. in their catchm em.s is a 
problem currently being faced in Canada (Rosenberg et al. 
1995). Maj or devel opm em.s ex ist on the Churchill and N e1 son 
rivers in Manitoba, the Moose River inOntario, andLa Grande 
Ri ver in Q u b e c, and others have be en prop ose d (se e T at1 e 4 
of R 0 senb erg et al. 1995). C onc erte d efforts at cum ul ati ve im- 
p act asse ssm em. on Hudson Bay will be hamper e d by the me a- 
ger data base avail abl e ( espe ci all y for the winter p erio cD, po or 
know1e dge of range s of natur al variability, inc om p1ete under- 
standing of natural processes, and lack of political will to 
im pr ove thes e defi ci enci e s (R 0 senb erg et al. 1995).

So cial efl cts 

N um er ous benefi ts and di sb enefi ts of 1 arge- sc al e hydro e1 ectri c 
development on downstream uses of water have been docu- 
m ented. B enefi ts may include fl 0 od control (e. g., Fe arnsi de 
1988; Vii'hite 1988; Hillel 1994; Chau 1995; Dudgeon 1995; 
Losos et al. 1995); provision of irrigation water (e .g., Vi1h.i te 

1988; Hillel 1994; Dudgeon 1995; Losos et al. 1995; 
Romanenko and Y evtushenko 1996; Zhong andPower 1996) ; 
and pr ovision of urban and industrial water supplie s 
(e. g, Hillel 1994; Rom anenko and Yevtushenko 1996; Zhong 
and Power 1996). Disbenefits may include the loss of water 
for irrigation and urb an nee ds; loss of soil f erli1i ty be c aus e of 
e1im inati on of norm al flo 0 d peri ods ( e. g, Vi!hi te 1988; Hillel 
1994); and reduction of productivity of fish and wildlife
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(e.g., Berkes 1982; Gaboury and Pata1as 1984; Ebe1 et al. 
1989; Hesse et al. 1989; Usher and Weinstein 1991). In gen- 
eral, any impacts on mangrove areas, floodplains, wetlands, 
and deltas will also affect human uses that depend on these 
productive ecosystems or on high water quality. 

Perhaps the most dramatic social consequence of altering 
natural flows to downsUe am are as is the re dueti on or c 01 lap se 
of the c omm erci al fi sheri e s in the se ar eas. T he de cline s in 
c omm erci al fish c atche s fr om 1950 to 1970 to 1990 in the four 

gre at inl and se as of the form er Soviet Union and the eastern 
Me di terrane an off the coast of E gypt are sh(l1,lfn in T ab1 e 6. 

R ozengurt and H aydo ck (1994) attribute the se de cline s to im- 
poundment of maj or river systems, but other anthropogenic 
activities such as overfishing and chemical pollution are al- 
most c ertainl y al so involved. The ensuing har dshi P on fi sher s 
has been mentioned explicitly for the Azov Sea (Razengurt 
and Haydock 1993) and the D anub e Delta (Pring). e et al. 1993). 
H ow eve r, sim il ar effe c ts pro b ab1 y r e sul te d from the pr e ci pi- 
tous de cline of c omm e rc i al fi sheri e s in the C a spi an Sea 
(Roz engurt and Hedgpeth 1989) and the Black Sea (T olmazin 
1979). C onstruetion of the High Dam at Aswan in Egypt has 
been im plic ated in the serious decline of the sar dine fi shery in 
the eastern Mediterranean, but. cause-and-effecthas been dif- 
fi cult to prove (Vii'hite 198 8) . 

Several hydr oe1 e ctri c proj e cts in the C anadi an north have 
do c um e nte d ne gati ve impacts on d ownstre am a b ori gina1 
communities (Rosenberg et al. 1995). F or example, the Peace- 
Athabasca Delta in northern Alberta is located 700 km down- 
stream of the Bennett D am in British C olum bia. The Delta, 
one of the largest inland deltas in the Western Hemisphere, 
pr ovi de d pr 0 ducti ve m uskr at, fi sh, and w aterf owl habitat, 
which supported the atorignal economy of Ft. Chipewyan 
(P eac e-A that asc a Delta Proj e ct Group 1973). R e duc ed spring 
flooding in the Delta as a result of the upstream dam 

(T ab1 e 5) negatively aff e cte d the harve st of m uskr at, and 
som e species of fish and waterfowl, with conse quent ad- 
ver se e ff e cts on the ab ori ginal c om m unity. T he dam age 
was only partially remedied by mitigative measures (DirscW 
et al. 1993). 
A subsistence fishery at Chisasibi on La Grande River 

d(l1,lfnstr e am of the LG 2 Reservoir in northern Q u b e c de clined 
when the river was blocked in 1978 to allow filling of the 
Reservoir (B erkes 1982). H (I1,lfever, the effect was short lived 
and the fishery recovered, only to be closed later because of 
high methylmercury levels (B erkes 1988). Anum ber of other 
problems at the mouth of La Grande resulted from hydroelec- 
tric development upstream: (1) upstream movement of saline 
water fr om Jam e s B ffj, whi ch affe cte d the 1 oc al water supply; 
(il) debris in the river, which affected the fishery, and (iil) 
problems of access to the north shore of the river because of 
unpredictable ice conditions resulting from operation of the 
LG 2 Res ervoir (B erkes 198 1, 1982, 1 988). The 1 ast pr obI em 
was solved by building a road across the recently completed 
LG 1 D am (Anonym ous 1995). Similar problem s were en- 
counter ed by the Inuit of K uujj uaq (F ort C him 0) at the mouth 
of the K oho ak River f 011 (I1,lfing b10 ck age of the C aniapi sc au 
River in 1982 to fill the C aniapiscau Reservoir: (1) increased 
salinity of the drinking water; (il) fouling of nets by algae, 
whi ch lim ite d fi sting; and (iil) diffi cult ac cess and navigation 
b ec ause of g1 aci al boulders exp 0 se d atl ow water (B i ssonnette 
and Bouchard 1984).
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Limitation of biodiversity 
''River syste ms and their ripHian wne s play key roles in the 
regulation and mallitenance of biodiversity in the land ap3s." 
(Dynesius and Nilsson 1994) 
''Loss ofbiodiversitycompromises tie structure and function 
of ecosystems, which can in turn compromise the economic 
well-being of human populations." (Coleman 1996) 

Biodiversity can be defined as "...the variety and variability 
am ong living organisms and the eco10E.ica1 complex es in 
whi ch they oc em' (0 T A 1987, in Angerm ei er and Kan 1994) . 

More simply pu~ biodiversity is "...the variety of life and its 
processes" (Hu les and N oss 1992). These definitions encom- 
pass a number of different levels of biological organization, 
including genes, species, communities, ecosystems, and land- 
sc ap es (H ughe s and No ss 1992; B io diversi ty Sci enc e Asse ss- 
ment Team 1994). These definitions also involve components 
of com po a ti on, structure, and functi on (H ughe s and N 0 ss 1 992). 

Although the idea of impacts on biodiversity caused by 
1 arge- sc al e hydr oe1 e ctri c deve1 opm ent i s quite new, the hydro- 
e1 ectri c industry in North Am eri c a has r e c ogniz e d it as a seri- 
ous issue (e.g., Mattice et al. 1996). The concern is that these 
kinds of deve1 opm ent may cause loss es of bio diversi ty w ell in 
ex ce ss of natural, back gr ound 10 sse s (C 01 em an 1996). F or ex- 
ample, the reduction or extirpation of native species throu l 
al terati on of physic al habitat or intro duction of ex oti c sp e cie s 
is a form of biodiversity loss connected with large-scale hy- 
dro e1e ctri c deve1 opm ent (P ower et al. 1996). 

Impacts to biodiversity can occur over extensive spatial 
sc al es (several 10 00 kID 2 in the case of chains of re servott s 
oper ate d as a sing). e uri t; e. g., se e Rancourt and Parent 1994 
for LaG rande River deve1 opm enf) and over extende d peri ods 
of time (Fig. 1). In fact, species extinctions (see below), an 
ex tr em e form of bio diversi ty lim itation, ar e perm anent.

E JW Un nmen tal effects 

The de gr e e of bi odi ver sity loss from all anthrop ogeni c cause s 
in fresh waters is not fully known but. must be substantial 
because of the extent of physical impact ofm an on streams and 
rivers, especially in developed countries such as the United 
States (Hesse et al. 1989; B e:nke 1990; Allan and F1ecker 1993; 
Dynesius and Nilsson 1994; Devine 1995). For example, a 
survey of the species listed under the EndangeredSpecies Act 
in the Unite d State s done by L oso setal. (1995) indi c ate d that 
water deve1 opm ent proj e cts aft' e cte d hi gher num b ers of sp e- 
cies (256 or -30%) than any other resource- extraction activity. 
Water- fl ow di srupti on and water diver si on were am ong the 
most di Sf up ti ve c ate gori e s of water deve1 opm ent. Anim al s 
were aft'e cte d more than pl ants; water deve10pm ents endan- 
gered-95% oflisted clam and mussel species (see also D evine 
1995), and -85% of listed fish species (Losos et al. 1995). 
N ehl sen et al. (1991) identifie d 214 native, natur all y sp aw n- 

ing sto ck s of P acifi c s alm on, ste e1he ad, and se a run cutthro at 
(Oncar hync hus spp.) fr om the P acifi c northw e st that ar e en- 
dangered (1 stock), are facing hi l (101 stocks) or moderate 
risk (58 stocks) of extinction, or are of special concern (54 
stock s). Ei ghte en of the hi gh-ri sk stocks may alr e ady be 
extinct. The chief causes of the plight of these stocks were 
(l) habitat 10 ss or dam age, im pe de d m ovem en~ and low fl ow s 
(c ause d by hydr oe1 e ctri c deve10pm ent, agriculture, logging, 
etc.); (il) overfishing, and(iil) negative interactions with other
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species offish, including hatchery stocks. Seventy-six of these 
at-risk stocks originated from the C olum bia River catchm ent, 
which has undergone extensive hydro el e ctric deve10pm ent (se e 
below). At least 106 major populations of salmon and stee1- 
head on the West Coast are extinct; one of the major reasons 
is dam construction (N ehl sen et al. 1991) . 'With the loss of so 
many populations prior to our knowledge of stock structure, 
the historic richness of the salmon and stee1head resource of 
the West Coast will never be known. However, it is clear that 
what has survived is a small proportion of what once existed, 
and what remains is sub stantial1y at ri sk" (N ehlsen et al. 1991). 

Slaney et al. (1996) extende d the N ehlsen et al. (1991) 
study to B!iti sh C alum bi a and the Yukon Territory in Canada. 
Status classific ations were p os sib1 e for 5491 stocks or 57 % of 
the stocks i dentifie d. Of thes e, 932 stocks were at hi gh (11. 4%) 
or moderate (1.4%) risk of extinction, or were of special con- 
cern (4.2%). An additional 142 stocks (2.6% of those c1assi- 
fiecD were driven to extinction in this century mainly because 
of logging, urbanization, and hydroelectric power develop- 
ment Maj or rivers in British Columbia that support anadro- 
mous salm on do not have mainstream dams, but dams on the 
C olum bia River in the United State shave cause d the extinction 
of various sto cks in the Canadian portion of the C alum bi a 
c atchm ent (S 1 aney e t al. 1996). H ydr 0 e1 e ctri c deve1 opm ent 
has al so 1e d to sto ck 1 osse s on sm al1er B!iti sh Col um bi a rivers. 
C onfli cts b etw" e en water re quirem ents for p ower and fisherie s 
have 1 e d to stock depre ssions in anum ber of B ri ti sh C alum bia 
and Yukon Territory rivers (Slaney et al. 1996).

Land:5cape and ecosystem. levels 
H abi tat alteration or de structi on aft' ects all 1 eve1 s of bi odi ver- 
si ty. The fl 0 oding of vast are as of land in the cre ati on of re s- 
ervott S, dewatering of water b 0 di e s by di versi on, and ero si on 
caused by increased flows have their initial effects on land- 
scape and ecosystem levels. As mentioned above, it has been 
e stim ate d that res ervoir s of all siz e s and typ e snow 0 c cupy 
500 000 km2 globally (Kelly et al. 1994). Up-to- date data on 
the total surface area occupied by maj or hydroelectric deve1- 
opm ents in various countries or ecoloE.icalzones are not easily 
available; however, large areas of landscape-level habitat 
al ter ati on are involved in m aj or proj e cts (T able 2). 

At the ecosystem level, perhaps the greatest cost of chang- 
ing the natur e of a river by turning it into chains of re servott s 
is the interrupti on of energy flow into the system from 
allochthonous and auto chthonous sour c e s. B i oti c c omm uni- 
ties are probably structured along resource gradients and 
downstream comm unities at least partly depend on upstream 
pro c esses (V annote et al. 1980; Johnson et al. 1995) . Imp ound- 
ments along river courses can interrupt natural longitudinal 
gradients, causing 1 ongi tudinal shifts in physic al and chemic al 
vari abl e S, whi ch in tum cause bi oti c shifts (Ward and Stanford 
1983). This reset mechanism ultimately affects biodiversity 
(e. g., Lehmkuhl 1972; Harding 1992). F or ex ample, transport 
of sediment and organic matter to downstream reaches is in- 
tenupte d by re servoirs ( e spe ci ally by ero si on control measure s 
in them) and thi s pro bab1 y aft'e cts c arb on and nUID ent cycling 
(e. g., see Hesse et al. 1989 for the IvIissouri River, U.S.A.). 
Furtherm ore, interm ittent and perm anent aquati c habitats out- 
si de the m ain channel ar e als 0 im portant to norm al river func- 
tioning; the pr edi ctab1e advanc e and retre at of water onto the 
fl 0 odp1ain are thought to contr 01 adaptati ons of m ost . of the
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Tab 1e S. Se lee ted examples of the downstre am effects of altered floW'S caused by large-scale hydroe lee hic: development. (Note this table 
reads across faci~ p9ges and continues on the following two facing p9ges.)

Area affe cte d 

Gulf of St. Lawrence, Canada

Peace -Athabasca Delta, Alta.

Danube Delta, Romania and 
The Ukraine

Volga Delta and Caspian Sea

U p::;tream development 
H ydroele chic: developmentin the 

St. La'h'rence catdunent

W A.C. Bennett Dam and 
Williston Rese lVOll, Peace River, 
B.C.

H ydroele chic: development (> 30 
dams and other engineering works 
along the mainstem); \'i' .ter 
re rnoval for drinbng, iniga tion, 
am industrial p-oc es si ng ; 

tranqmtation; disPJsal of 
m unicip:d and industrial wastes

IvIajor \Vater users in the Caspian 
c atehment: (i) agric ul ture, 
(i 1) hydroele chic: PJwe r plants, 
(iil) industry, (iv) murtic:i pll 
governmen~ (v) shipping, and 
(Vl) commercial flsherie s 

Volga-Kama catchment: 11 large 
hydroPJ\lfer stations (most built 
in period 1955-1965); 200 small 
am large re selVOirS inl.llLdating 
'" 26 000 km1 of the c ate hment 
(",50--69% of this \'i' .S highly 
fe rtile cropland)

Ph)Bic al effects 
>8000 m3 Is of spring dischalge withheld (-lf4-l  of peak discharge) 
Twentyb thirtypercent reduction in mrmal ~ q ntityofnutrients

Williston ReselVOir filled with 62 km3 of Peace River \Vater 
(1968-1971); normal Peac e River floW'S (4000-9000 m3 Is) reduce d 
to 280 m3 Is during filling; flood floW'S of Fe ace River adj acent to 
Peac e-Athabasca Delta reduc ed by as much as 5600 m3 I s; \'i' .ter 
levels in Peace River dropped 3- 3.5 m below normal; Lake 
A thaba a \'i' . ters flo\lfed out of the Delta without causing floo ding 

Forty perce nt decrease in shorelines and surface areas of perched 
basins; 500 km1 of mud flats of large r lake s de sic cated; com puter 
simula tions using operating conditions of the Dam pre dicte d: 
continued marked departures from natural flow p:ttterns (reduced 
peak floW'S), continued chying of pe rched basins, and ac celerate d 
ageing of the Delta

Floodplain reduce d by 2l 0 000 ha because of hydrologic 
modiflcations to mainstem (e.g., e rnbankme nts); resulting loss of 
4.3 km3 of \Vate r retention cap:tcityso nutrients and hearymetals 
are carried straight to Delta 

Severe coastal erosion (up to 17 m/year) be cause dams and other 
hydrologic change s have reduce d hansPJrt of sediments

190-200 km3 lye ar of \Vater accumulated to form reselVOll; 
fresh\Vater floW'S to CaspiansignifIcantly reduc ed 

S pring flows re duced as muc h as 37% (98.9 c f. 155.8 km 3; 
1967 -1979); 1051 km 3 of spring floW'S retained over pe riod 
1961-1979 (= 4-:: normal annual runoff from Volga); regulate d 
releases sm\lfed deviations of 30-50% below normal natural mean 
flows (cf. :!:l 0-15% for normaL natural spring flows) 

Regula ted winter runoff incre a  d to 2.2x normal 
IvIean annual salinities of north basin of Caspian incre a  d from 8 to 

11 ppt since 1955; estuarine mix ing wne c ompresse d and moved 
up Delta; exte nt ofbrac kish \Vater inc re ased bee au  of exce ssive 
\Vate rre rnoval and dry years of 1973-1977 

Reduce d se dimen t load (2-4x less than normal); stability of river 
banks and levees affected 

Nutrient fluxes incre ased by 10-35% in winte r and deere ased by 
25-40% in spring; annual amount of inorganic and organic 
phosphorus de livere d to Caspian de creased by 1.5-2 .Ox, reducing 
primary production in north basin of Caspian by 50%; organic 
nitrogen (industrial and municipll sourc es) increase d >2.5x
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Biological effects 
Drastic de cline in fish catches in the late 1960s an:! early 1970s 

corre q:onding to a f'3riod of ill. turally low discharges and increased 
regulation ( 4J 00 to 8000 m3/s); mid-1970s rec O'tely corre q:onding to a 
f'3riod of increase d natural discharge; quantitative proof dimc ult 
bec ause of the many other variable s involved

Muskra t (Oldatm .:::ibe thieu.s) mllnbe rs harve sted declined from 
144 000 (winter 1965-1966) to <2000 (winter 1971-1972); vege tational 
succe ssion continued unc hecked (c reating new meadow and willow 
commurrities); computer simulations (under of'3rating conditions) 
predicted continued vegetational succession, 20-25% reduction in 
duck produc tion, and 40--60% re duction of fall muskrat PJ p.1lations; 
other studies indicatedreduced spiwning success ofwalleye 
(Stiwdedion vitrewn.) but no effects on goldeye (Hiodon alosoides) 
and lake trout (Salvelinu.s namlycu.sh)

Decline in c ommerc ial fish c atc hes (1970-1990) from 7000-9000 to 
4000-5000 tons/year; "...attribute d to the loss of fish habitat and the 
gene ral deteriora tion of wate r quality..." 

Incre ase d eutrophication and tlnbidi ty in Delta waters caused by 
inc reasing input of nutrients, metals, and f'3 sticide sin cornbina tion with 
changes of surfac e water flow and se diment loading; reductions in 
biodiversity, major shifts of ecosystem primary produc tivity (from 
roote d macrophytes to phytoplankton), and large declines in fish yie Ids 
ca use d byde gradation of water quality 

Bird PJpulatio n:; muc h reduced ave r historical levels because of 
degraded habi tat; imPJundme nts p:trtly to blame 

Declining water qua lit yo fB lack Sea pirtly be cause of eutrophication 
of the Danube; valuable fisheries destroyed because chemocline has 
ascended from 170 to 110 m (see also Tolmazin 1979)

Area of nursery grounds of se mianadromous fish able to tolerate 
salinity fluc mations of 0 .2-5 ppt during Spi wning and up to 8 ppt 
during fe eding decreased from 25 000 (1959-1971) to 6200 km2 
(1977); optimum salinity of 2 ppt for mussels (imPJrtant food for 
semianadromous fish) reduc ed to 30% of historic al area, le ading to 
large dec lines of musse ls; biomass of phytoplankton, IDOplankton, and 
IDobenthos in north basin of Caspian decreased byas much as 2.5x 

Catches of commercially imPJrtant fish Sf'3c ies declined by almost an 
order of magnitu  from 1930 to 1972; commercial fishery became 
dominate d by the le ss valuable sprat (Ou.peonell a delie arula), which 
inc reased 107x between 1930 and 1972; Volga - North Caspian 
ende mic re Iring Ai osa !  ssleri volgensis vlrtually disaW ared 
(1913-1916, 130000-160000 t; 1960s, 5000--6000 t; 1969-1972, 10 t); 
similar pitterns of reduction in commercial flshe lY re PJrted from other 
parts of Caspian catc hment that also suiTe Ie d alterations in water flow; 
dec lines of commerciallyvaluable fish attnbuted to W chronic water 
shortage s an:! acute temf'3 rarure flucma tions in Volga Delta nursery 
are a, witich nega tivel y affec ted spiwning, food suppl y, and feeding; 
and (il) inadequate water supply during spring, which hindered 
spiwning activities and migration of j 1Nenile s

Comments 

The article is Sf'3 culative

Despite remedial efforts, the Delta 
continues to desiccate and W'ill 

disawar within 50 years l.ll e ss 
new management approaches are 
adopted

Causes of biologic al effe cts in the 
De Ita are difflC ult to dise ntangle. 
HydroPJwer development is 
thought to be at least partly 
resPJnsible for those listed here

Ivbre than 300 rive rs exist in the 

Caspian Sea catchment, but the 
Volga River exercises major 
control aver the physic al and 
chemical oceanog 18. phy and 
biological produc tivity of the Sea, 
beca use the Volga's catchment 
represents 40% of the total 
Caspian catchment and provides 
85% of the natural historical 

average annual discharge of 
300 km3. Water levels of the 

Caspian Sea have been rising sinc e 
1977, f'3rhaps because of a natural 
increase in the wlume ofwater 

discharge d by the Volga Rive r 
(Williams 1996)

Ref. 

Neu 1982a, 1982b

Townsend 1975; Rosenberg 
1986; Nichol 1991 ; 
Rosenberg e t al 1995

Pringle e t all 99 3

Roze ngurt and Hedgf'3th 
1989
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Tab 1e S (con.clu.ded). 

Area affe cte d 

Awv Sea, Russian Federation

U p::;tream development 
On the River COn hydroelectric 

facilities, hearyindushy, and 
inigation; > 130 re se lVOlls 
containing 37 km3 of water and 
covering 5500 km2

Nile Delta, Egypt High Dam at Aswan is the major 
problem; built to control floods, to 
store water to allow "wa ter 

security" for year-round 
agricultl.llal production, and to 
generate hydroelec tric PJ'her

Page 108

Ph)Bic al e tTects 

Average wate r flow reduce d to 21.4 km3 fyear or 76% of normal 
(pre-19 52); spring flow (IvIarc h- Ivhy) normally 70% of annual flow 
and now 37%; flow during otrer seasons increased 2.5-3.0x; 
floodplain sp:twning grounds reduced from 950 to 270 km2; flood 
p3riod reduced from 49 to 11 days; change s in mineral fluxe s in 
Rive r COn Delta (e.g., total phosphorus de creased from 11.3 x 103 
to 2.3 x 103 tonsfyear, total susp3nded solids decre ased from 
3.6 x 10' to 1.1 x 10' tonsfye ar, sulphate increased from 1860 x 
103 to 3550 X 103 tonsfyear, chloride increased from 970 x 103 to 
2650 X 103 tons/year)

High Dam designed to store average flow of 84 km3 fye ar so no 
exc ess flow would exist be)O rd ne eds of 55.5 km 3 

Downstream tlnbiditydroWd from 30-3000 to 15--40 mg!l. and 
from c mracteristic se asonal p3ak during flood season to regular 
level throughout the year; lowest levels at time of incoming flood 

Total dissolved solids increased from 110-180 to 120-230 mg!l., 
with similar change in seasonal distribution de sc ribed for tlnbidity, 
salt burden incre ase d; inc reased volume of water de livere d to 
p3re nnial irrigation syste ms re sul ted in large return flow through 
cul tivated soiL which le d to incre ased burden of dissolved salts in 
rec eivlng drains and canals; more salt reache d the Delta than be fore 
construction of the Dam, but less reacred Mditenanean Sea; result 
is average annual acc umulation of chlorides and sodium in the 

Delta soils; PJtential water quali ty problems not antic ip:tted 
Widespread coastal erosion because of(!) silt deprivation from 

upstream, although the vast system of irrigation c anals in the Delta 
itself maybe to blame (Stanley 1996); (i1) removal of Delta se dime nt 
by marine waves and CuIre nts; and (ii!) subside nce ard rising se a 
level overlow-Iaying northe rn areas of the Delta; areas of northe rn 
Delta threatened by increased salinization of groundwater and 
inc ursion of salt water; Nile wate r reaching the coast highly PJll uted 
by agricultural runoff and industrial municip:tl waste; Delta 
constitutes two thirds of Egypt's habitable land, so losse s are critical

biota (J ohnson et al. 1995). Preventi on of this natur 81 fl 0 oding 
w ou1 d, therefore, c onsti tute a di sturb anc e (B ayl ey 1995). For 
ex am pl e, channe1- be d degradati on below m ainstem dam s in 
the Missouri River has eliminated many of the backwater 
and sub si di ary channel S, whi ch provi de d much of the river's 
autochthonous prim ary and se condary pr oduction Lo ss of the se 
habi tat type s has had am aj or im pact on energy fl ow to higher 
trophic levels (Hesse et 81. 1989; see also Power et al. 1996). 
Alienating sections of floodplains or reducing the frequency 
of flood recurrence may seriously affect the substantial stores 
of re sting- stage invertebrate s in dry fl 00 dp1 ain se dim enw, thus 
rem oving a potentially im p ortan! f 00 d sour c e for j uvenil e fish 
(B oulton and L1 oye! 1992). H es se (1995) di scusse s alternative 
plans to re stor e natural functi oring of the Mi ssouri Ri ver e c 0- 
system by operating mainsrem dam s to approximate the pre- 
re gulati on hydr ograph (se e below) . 

Still in the context of functio!1, Hydro-Qu bec (1993b) has

argued that the replacement of northern boreal forest by large 
ex panse s of re s ervoir r e sul. ts in a net gain of pro ducti vity (as 
the pro ducti on of fi sh bi om ass) over what is pr ovi de d (as ter- 
restrial fauna) by pre-existing forest habitat. However, this 
"m ore-i s- better" ar gum ent do es not ac c aunt for change s in 
biodiversity involved in conversion from a terrestrial to an 

aquatic system, and ignor e s the m any natural servi c es provi ded 
by the bore al fore st as a c arb on sink (G orham 1991 ; Mack emi e 
1994; Kelly et al. 1997) and as a source of food and fur for 
aboriginal communities (Charest 1982; Berkes et al. 1994).

CommU'"!i;(:v, species, a:nd genetic levels 
The effects of large-scale hydroelectric development on bio- 
diversi ty canal so be m anife ste d at c omm unity, spe ci e S, and 
genetic 1 eve1 s. H abi tat al ter ati ons cr e ate the main effe cts, but 
the introduction of non-native biota by water diversions and 
stocking activities is also important.

@ 1597 NRC Cam.d.a



Ro noorg oat aJ.

CIMFP Exhibit P-00352 - Tab 19 Page 109
41

Biologic al effe cts 
Te rrestrial and aquatic plants: gene ral dec rease of native s[ecies; 

inc reased numbe r of introduc ed 0/ cie s and \'fee dy plants 
characte ristic of dishnbed environments 

IvIanynative mammal, bird, reptile, fIsh, and insect s[ecies almost 
extinct 0 r e ndangere d 

Or y 3 years out oflast jJ have been good for repro:luction of fishes 
Blue -green algae am diatoms in:: reased, whereas gre en algae declined 

in the lo\'fer Don; overall phytoplankton biomass increased from 
0.45 (1960) to 2.9 g/m 3 (1980-1990); biomass of woplankton 
decreased from 1.15 g/m3 (pre-1952) to 17-25 mglm3 (1980-1991) 
Before 1952, >20 co mmerc ial fish s[ecies and ca tehes 
;:: 75 000 tons/year in the Azov-Don fIshe ry'", by 1991, 6 commercial 
fIsh s[ecie s and catches of 3000-5000 tons/year

Downstream phytoplankton density incre ase d from 160 to 250 mg/L 
bec ause of reduce d levels of silt in the water 

Commercial fIshery affe cte d: (1) numbe r of s[ec ies, number of fish, and 
we rage size declined at two locations in De lta, although numbers and 
size increase d at a third; (1i) sardine fIshery in eastern IvIedi terrane an 
dec lined probably beca use of water quality proble ms rather than 
overfishing; (iii) shrimp catches declined after closure of the Dam, 
partly beca use of overfIshing of immature s in north Delta lakes; 
(iv) demersal fIsh cate hes de clined aile r closure, but He n partly 
rebounde d probably bec ause of incre ase in motorize d boats in 
dec ad.e after 1970; and (v) acc elera ted migration of Red Se a fIsh 
into the IvIediterranean thatbegan with the Suez Canal but that had 
bee n prevente d by flow of Nile into the Sea

Comments 

Greate st changes in River Do n c ate hment 
occurred from the 1930s-1960s with the 
construe tion of large hyclroele ctric facilities 
and damming of rivers. The River Don 
s~em is polluted by oil, metals, and 
[esticid.es, among others, flOm industries, 
agriculture, and munic ipalitie s. IvIajor water 
regulation schemes have also affected the 
Black Se a and its c omme rcial fIshery 
(Tolmazin 1979)

Nile River water has be en mani pulated 
historically. Changes immediately 
following the commissioning of the High 
Dam in:: lud.ed (1) reduction of nutrient 
cone entrations reaching the IvIediterranean 
Sea; (1!) failure of phytoplankton blooms to 
develop; (ii!) drop in sardine (SardinAla) 
ca tehe s; and (iv) dec line in fIsheries in 
brae kish Del ta lakes (for further details se e 
Aleem 1972). Authors on tre subject ofthe 
effe cts of the High Dam usually are careful 
to point out the benefits that ac crued from 
the development: (!) control over water 
supplie s tre. t allo1,l  d [erennial agriculture; 
(ii) flood control; and (ii!) contribution to 
Egyp's national electrical grid. Ivhnyofthe 
disbene fits are surrounded by controversy 
because ofa lack of comprehensive study. 
As White (1988) commented: the Aswan 
High Dam "...demonstrates the drlTIcultyon 
scie ntific grounds of making a definitive 
evaluation of the full consequene es of a 

massive, unique inte rvention in 
physiological, biologicaL and human 
s~ems"

Ref. 

Tolmazin 1979; 
V olovik 1994

White 1988; Stanley 
and Warne 1993; 
Pearce 1994

Hd:Jitat alteration:;: Several kinds of habitat alterations act 

together to limi t bio cli. versi ty. Block age s pr eventing mi gration, 
habi tat sim plifi cati on, and unnatur al cli. scharge re gim e s are all 
char acteri ruc of 1 arge- sc al e hydr oe1 e ctri c deve10pm em. Ex am- 
p1e s of each ar e given in Table 7. 

The fr agm entati on of river system s by the constructi on of 
hydroelectric dam s (other blockages such as irrigation or 

navi gati on b anage s have the sam e effe ct (s ee N atar aj an 1989; 
Reeves and Leatherwood 1994)) impedes the free passage of 
fauna and its us e of van ous kinds of habi tat (T ab1 e 7). Thi s 
can lead to the diminished abundance or even extirpation of 
species over wide areas (Table 8). 

Ex tincti on of spe ci e s me am the 10 ss of a uni que geneti c 
base that has probably evolved over a very long time (Meffe 
1986). A more subtle threat is the erosion of genetic diver- 
si ty that underpins 1 ong- term per si sten c e and adap tabili ty

Tab1e6. Commercial fIsherycatehes in 1950,1970, and 1990 in 
the four grea t inland seas of the former Soviet Union and in the 
eastern IvIediterranean off the coast of Egypt (data from Fig. 6 of 
Rozengurt and Haylock 1994).

Catehes (x 103 tons)
Location 1950 1970 1990

Western Black Sea 200 75 5
Seaof Azov 300 36 2

Caspian Sea 400 100 10

AralSea 50 18 0

IvIediterranean - Egypt 40 6 7
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Tab 1e 7. Lllnitation of biodiversity by habi tat alterations resulti~ from large-scale hylroelectric developme nt. 

TYf'3ofhabitat 
alteration

Blockage by 
damslhabita t 

fragmentation

Habitat 

simplifIca tion

Location

Col umbia Fiver, 
U.S.A.

Tucurai Dam, 
Tocantins River, 
Brazil

UwrVolga 
River, Russian 
Federation

IvIissouri River, 
U.S.A.

Effects 

Reduc ed numbe IS of anadromous salmonids 

(a el et al. 1989), as follo\VS 
Salmon and steelhead runs reduce d from 

10 x 10' -16 x 10' fIslJyear in the 1880s 
(before maj or development in the catchment) 
to an average of2.5 x 10' fIslJyear in the 
1980s (ael et al. 1989; IvIeffe 1992); by 
1990, only 1.2 x 10' salmon and steelhead 
retuned to the Columbia, of which only25% 
were wild stocks (Feldman 1995) 

Snake Fiver (a major tributary): >1.5 x 10' 
spring, summer, and fall chinook salmon 
adults returnedannuailyduring the 1800s; 
onlyl800 returned in 1994 (Williams and 
Williams 1995); sockeye ne amy extilptte d 
(probably rest reaoonable hore); ste elhe ad 
numbers declining fast (Williams and 
Williams 1995) 

Comrensation for losses led to extensive 
hatchery"-re aring programs; these have 
neg ative ly affec ted wild stoc ks (ae 1 et al. 
1989; Mffe 1992) 

Inte rrupted upstream, reproductive 
migrations of long - distance migratolY srec ies 
(e.g., large catfishes: Brachy plarysfoma 
flavic an; Brachy plary stomafi lamenfosum; 
c hnacins: Froc Modus nigricans, &odus 
elongarus); PJpula tions of these srecies 
neg ative ly affec ted in 101,l  r Tocantins, 
downstream of dam (Ribe iro et al. 1995) 

Changes to fIsh fauna followi~ construction 
of four major reservoilS (Poddubnyand Galat 
1995): number of srecie s increased from 44 
before regulation to 46 after; 7 srecies 
(mainlyanadromous rheophils) disapfe ared, 
an:! 9 srec ies immigrated or 1,l  re introduc ed; 
none ofthese 9 are re producing naturally and 
will probably disaW ar bec ause stocking 
discontinued; J} srecies currently resident 

'"Transformation of the IvIisoouri River into a 

single channel has resulted in the elimination 
of most side channels, islands, back'h' ter 
are as, and sloughs whic h are im PJrtant 
fee ding, nursing, resting, and spa wning areas 
for fIsh and wildlife" (Hesse et al. 1989) 

"...changes in basin and floodplain 
physiography and channel morphology have 
red u:: ed commercial fish halve st by more 
than 80% and are implicate d in the demise of 
native srec ies" (Hesse e t al. 198 9)

Comments

H ylroPJ1,l  r development is the major cause, 
al though other developments (e.g., agric ulture, 
irrigation, logging, mining, wate r fOllution) also 
hel red alter the river ec osyste m (Mlntosh et al. 
1994; Rhodes 1994; Feldman 1995). IvIortalities of 
upstream and downstream migrants at dams are one 
of the main causes ofthe declines in anadromous 
runs (Devine 1995; Looos et al. 1995). Ivbrlalityof 
juve nile fish moving doW'l\Stre am in the regula ted 
Columbia system is - n ...1)6%, whereas mortality of 
adul t fIsh moving upstream is ~ 37 -51 % (W issmar 
et al. 1994). IvIeffe (1992) warned about negative 
genetic changes to natural PJpulations of Pacific 
salmon as a result of major, hate hery"-rearing 
programs meant to replace wild stocks diminished 
by hylroelectric and other impacts on large rivers. 
Resident (nonanadromous) fIsh are also affected 
(Geist et al. 1996). Possibilities of operating the 
Columbia system in a more benign 'h' yare currently 
being examined (e.g., We rnstedt and Paulsen 1995; 
Geist et al. 1996)

'"The impacts of current basin-wide deve lopments on 
biodiversity is [sic] dill cult to asse ss for there are 
both direct and indirec t effec ts and monitoring is 
not be ing carried our' (Ribeiro e tal. 1995)

The I\Ilissouri Rive r is 3768 km long; 1233 km of the 
mainstem is imPJunded, and another 1333 km is 
semi-free flowing (i.e., usually downstream from 
large dams; Hesse 1995). The rive r has been 
channelized 75 km downstream from the last large 
dam (Gavins Point) for 1202 hn to its confluence 

with the Ivli.ssissippi Rive r (He sse 1995). Effe cts 
described are the result of ove rail river development 
and Oreratioll, of whic h hylroelectric generation is 
apart
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TYf'3ofhabitat 
alteration Location

Col umbia Fiver, 
U.S.A.

UppnVolga 
Fiver, RU ian 
Federation

Fiver Rlrine, 
LO\'i'erRhSre 

Fiver, Europ3

Unnatural 

discharge 
regImes

Colorado River, 
U.S.A.

Ivloose River 

system,Ont.
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Effects 

Lovrer yields of wit.i te sturgeon (Acipenser 
tramm:mtanu.s) f pulations in reselVOirs in 
the lovrer Columbia River than in 
urrim f unded pill   cause control of annual 

floods and creation of homogeneous 

reselVOirs re duced habitat diversity and dims 

preve nt move ment among many different 

rive rine habitats normally used (see above) 

(Beamesderfer et al. 1995) 

Limite d bioproductivity in rese lVOirs because 

of conside rable changes in major biotop3 s 

after reselVOir construction (Poddubny and 

Gala t 1995): ''Typical riverine fIsh 

habi tats.. .remain only in the uWr re ache s of 

tributaries and in the forewaters of dams and 

ac count for no more thm 1 % of the total \l!8.ter 

smface area" 

Imf Ye rishment of be nthic inverteb rate 

sf'3cies in River Rhine (Brose liske et al. 

1991) and re duced biodiversity of benthic 

inve rtebra tes, fIsh, and water birds in Lo \'i'er 

Rh ne (Fruget 1992), putlybecause of 

habi tat sim plillcation as a result of ri'  r 

regulation 

Elimina tion of2 year classes of endemic 

Colorado &J.uawfIsh (Pteicmcheilu.s lu.ciu.s) 

from its most productive remaining nursery 

habi tats in the Green Rive r cate hment, 

f'3rha ft' be cause of extreme flow fluctuations 

and alteration of seasonal flow Ie gime s (Jones 

and Tyus 1985, in Carlson and Ivfuth 1989) 

Low lake sturgeon (A pemer folvexem) 

f pula tions in IvIattagami River probably 

bec ause of commercial overhalYesting and 

nega tive effects on sp:twning of \l!8.te r-level 

fluc tuations caused by f \'i'e r genera tion: 

CO low \l!8.te r conditions after sp:twning 

eXf se eggs to variable water temf'3ra tures, 

low oxygen c oncentra tions, and desicc ation; 

(ii) fry traWd in shallow f ols and eXf sed 

to pre dation, high tem f'3rature S, and oxygen 

depletion (BroU eau and Goodchild 1989)

Page 111
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Comments 

Only - 7 5 out of - 950 km of the Columbia River 
bet\'i'ee n the oce an and the Canadian border remain 

lotic; the remainder have been transformed into 
reselVOirs (Devine 995). The resident A pe n.:;e r 

transroontanu.s has been listed as endangered under 
the U.S .A. Errlangered Sf'3cies Act (Geist et al. 1996)

Poddubnyand Galat ( 1995) re commended a number 
of habi tat improveme nts to foster grea ter fIsh 
production

The Rhine and the Rh ne rive rs have resf nded 
similarly to regulation and f llution (Fruget 1992)

The of'3 ration of Colorado Rive r dams has shown 
little regard for the minimum flow needs offIsh 
fauna (Carlson and Muth 1989)

Lake sturgeon f pulations awar to be healthy in the 
Frederick House, Abitib~ and Groundhog rivers 
(Brousseau and Goodchild 1989). Random \l!8.ter 

fluc tuations and winter drawdown of some lakes for 

low-flow augmentation of f \'i'e r production also 
nega tivel y imp:tc t fIsh in the syste m (BroU ea u and 
Goodchild 1989)

(V rij enhoek et 81. 1985; Meffe 1986). Habitat fragmentation, 
as 0 ccurs when a number of dam S are built along a river sys- 
tem, has the p otenti al to subdivide sp eci e s into sm all, is 01 ate d 
local populations (H urn pe seh 1992; D ynesi us and Nilsson 1994) 
that may lose genetic variability through inbreeding and ge- 
netic drift. Erosion of genetic variability may further reduce 
fi tne s s and adaptive p otenti al.  .m ong p opul ati ons, los s of 
genetic vari abili ty 1 e ads to convergence to one type and a nar- 
row range of options for that species. 
H abi tat sim plific ation seri ousl y thre atem the native fish 

and other fauna of m aj Of river system s that have had ex tensi ve 
hydro el e ctric devel opm ent( e. g., Brousseau andG 00 dchi1d 1989; 
Carlson and Muth 1989; Ebel et al. 1989; Hesse et al. 1989;

N ataraj an 1989; Fruget 1992; B eamesderfer et al. 1995; Geist 
et al. 1996; Table 7). 0 ther kinds of river devel opm ent are 
usually also involved, but. hydroelectric development is a ma- 
j Of c ontribut.or to the problem. 

Unnatural di scharge r egim e s downstre am of m aj Of dam s 
involve both extrem e fl uctuati ons and alteration of norm 81 se a- 

son81 flow re gim e s (T ab1 e 7). Both c ondi ti ons can severely 
affe ct bio eli vet sity of loti. c c omm uni tie s (e. g, Blinn et 81. 1995) 
be cause the sec omm uniti e s have a dapte dover e om to the 
natural p attem of eli scharge. F Of ex am p1 e, Power et al. (1996) 
discuss the many ways that natural flushing flows maintain 
riverine biota. 

U nfortunate1 y, water r e1 ease s from dam s gener all y on! Y
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Tab 1e 8. Se lec ted examples of s!=",cies affec ted by habitat fragmentation resultirg from hydroe lec hie: development on river syste ms. 

S !=",cies Deve lopments Comments Ref. 

Rirer doJphins 
Now exists as a metaPJpulation offol.ll to frve artifically 

isolated subPJpulations 
Or  y a few subPJpulations remain: (i) confme d to up::;tream 

ends of Ganges tributaries; (ii) PJpulation in lower Ganges 
also prrtitioned; and (iil) subPJpulation entrawed in a 
reservoir on the Kamapuli River, Bangladesh 

Dol phins were abundant in the N arayani Rive r, N ep:t4 in the 
p:ts~ but He y are disa waring from the up;:tream p:trts of 
the river; disawarance attributed to a valle ty of causes, 
including blockage of migration by (irrigation) barrages 

-==2 m re main; Three Gorge s Dam will fl.llther deg rade habitat

Pi atanista minor (Indus 
dolphin) 

Pi atani:sta gang,gtica 
(Ganges dolphin)

Dams and barrages on the 
Indian subcontinent

Reeves and 
Leatlewroo d 1  4 

Reeves and 

LeatlelViOod 1  4

Shrestha 1993

Lipote s vHillife r 
(Yangtze dolphin)

Dams and floodgates that 
interrupt flow be tween 
the Yangtze River an:! 
adjoining lakes 

Gezro ill a Dam

Reeves and 

Leathewrood 1994

The numbe r of dolphins betwee n Ouc:hikou and Chenglingji 
declined from nine group;: and 43 individuals (1986) to 
three group;: and 11 individuals (1991) 

Fish 

Riverine fishery up;:tream ofbarrage virtually eliminated; 
new reme dial c onstruc tion unlikely to res tore hilsa flshe ry 
to earlie r imPJrtance; yield of major ca!p O/C ies in lower 
Ganges also reduce d (50% of 19641evels); the Ganges 
suffe rs from other im p:tct, too (se e also Dudgeon (1992, 
1995) for multiple imp:tcts in other tropical Asian rive rs) 

Ivli.gratory p:tthwa ys blocked; the fish virtually disaW ared 
from the river by 1970;fry of Chinese carp;: (many 
specie s of Cyprinidae, es!=",c iall y Orrhinu.s molito;,g lla) 
also affe cted

Zhong and Powe r 
1996

Hiisa iii sha F arakka Barrage, Gange s 
River, India

Natarajan 1989

Macru.ra ;,ge vesii (Chinese 
shad), au.panodon 
thrissa (gizzard shad)

Dams in lowe r reache s 
and reservoirs in the 

uw r reaches of the 

East River, tributary to 
the Pearl River, China 

Fuchunjiang and 
H unanzhen dams, 
Qiantang Rive r, China

Liao e t al. 1989

Macru.ra ;,ge vesii Drastically reduce d and finally elimina ted from the river; 
the number of fish 0/ cies in the region ofthe Xinanjiang 
Reservoir on the Qianting River dec reased from 107 to 
66-83 because migration was blocked by He Xinanjiang 
Dam 

Sp:t wrung runs detaine d below Dam and the se 0/ cies were 
endangered byovelfIshing; many Acipenser sin,gnsis were 
hurt or blled trying to ascend Dam; Acipenser sinensis and 
Myxocyprinus asiatic u.s now artificiallybred and released 
into river eac h year

Zhong and Powe r 
1996

Ac ipenser sinensis 
(Chine se sturge on), 
lIfpxocyprinu.s asiaticu.s 
(Chine se sucker), 
Psephu.ru.s fi. a diu. s 
(white sturge on), 
~reiu.s guiche noti 

Probarbu.sju.ilie ni (giant 
cyprinid) 

AIom spp. (mostlyfallax) 
(shad)

Gezro ill a Darn, Yangtze 
River, China

Zhong and Powe r 
1996

Chenderoh Darn, Perak 
River, Ivhlaysia 

Dams on the lower 
Rh ne River

De cline s p:trtly a re sul t of blockage of migra tion route s by 
the Dam 

Or y 15% of the mainstem remains accessible; shad catches 
have de clire d from 53 tin 1927 (be fore deve lopment) to 
-8 t in the early 1970s (d. shad in the River IUtine, W'hi.c h 
have completely disa Wared) 

All anadromous and catadromous fls  s are considere d 
''thre atened" in S p:tnish and Portuguese Re d B 00 Ys ; 
range distributions of the s!=",cies shown have been 
reduce d by an average of 50-1 00% along the le rg ths 
of maj or Sp:tnish rivers

Dudge on 1992

Fruget 1992

Petro11!fzon man.nu.s (sea 
lamprey), Aclpenser 
srurio (sturgeon), AI om 
aiosa (allis shad), AIosa 
fallax (twaite shad), 
Anguilla anguilla (ee 1), 
Mugilidae (mullets)

Dams on major rivers in 
Sp:tin

Nic ola e t al. 1996
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S f'3cies Ref.

Zelandobiu.s (two sf'3cies, 
stoneflies), Eriopterini 
(two Sf'3cies, crane flies) 

Leptedhen.a dahalacemis, 
Eol eptesthen.a ticinensi;;, 
Imnadia yeyetta (clam 
shrimFt')

Leptodeafragilis (fragile 
p:tf'3 rshe 11 mussel), 
Potamilu.s alarus (pink 
hee !splitter musse 1)

Simu.liu.m gariepe nse 
(black fly)

Deve lopments 
Aq uati: invertebrates

Dams for hydroPJ\'i'"er 
ge neration in rive r 

systems in New Zealand 
H ydroPJ\'i'"er development 
on the Danube Rive r, 
Austria

Dams on frve river 

systems in the Americ an 
mid\'i'"est

1m PJunclments in the 
Orange River, South 
Africa

Populatio n;: of stoneflies and crare flie s substantially 
reduce d below imPJundments; PJpula tions of the snail 
Potamopyr gu.s antipodaru.m signifrcantly enhanc ed 

Local extirp:ttion of c lam shrimp habita ts is caused by 
change sin h yhologic re gimes; of'3ra tion of ne w 
hydroelectric plants on the Danube prevents inundation 
by the River of astatic PJo!s; tiese o/cies are 
considere d to be endangered 

UFt'tream distribution stoFt' at dams; dams are a barrier to 
the frsh (freshwater drum: Aplodinorus gru.nniem) that 
hosts the glochidia of the se mussel o/cies; other unionid 
specie s may also be limited by dams in the se river systems: 
Potamilu.s oniensis (pnk p:trersiell), Tru.ncilla ,kmC/f,iformis 
(fawnsfoot), Tru.ncilla tru.ncata (deertoe), Qu.adru.la 
qu.adru.l a (mapleleaf), and Epiobl asma triqu.etra (snufibox) 

This South African en  mic, nonp3st 0/ cie s awars to be 
atTec ted by reduc ed tmbidi ty and f'3ak flows, esf'3c iall y 
beca use the Orange Ri"u flows thlO ~ h arid are as, whic h 
minimizes the PJten tial for colonization from tributarie s; 
the Orange River system maybe the onlyremaining area 
in which tie 0/ cies is found

Comments

Harding 1992

H dl and &ler 1996

Watters 1996; se e 
also Bogan 1993

Palmer and Palmer 
1995

Fig. 3. Hourly mean disc harge for the Ne!son River, 1924. The large day- to-da Y fluctuations a t Kettle Dam do not occ ur at Kelse y Dam or 
the inflow to Cross Lilie (Je nf'3g Dam), wbic h are upstream installations (reprinted from Environment Canada and Department of Fisheries 
and Oceans 1992, p. 2.15).
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satisfy power gener ati on re qui. rem ents (but. se e 0 1m sted and 
Bolin 1996 for a di ssenting vi ew) . F or ex am p1e, in the Mi ssouri 
Ri ver, "... water m anagem ent within the re se:rvoll s for fi sh and 

wildlife occurs only when interference with other purposes 
does not exist" (Hesse et al. 1989). In the Columbia River, "It 
is apparent from our modeling that existing operations (repre- 
sented by the base-case alternatives) are not beneficial to fish 
and wi1 dlife re sour c e S, but ar e b enefici al to p ower and irriga- 
tion interests. This points to an increased urgency to develop 
al ternative ways to operate the C 01 um bi a River hydrop ow er 
system" (Geist et al. 1996). 

V ery li ttl e is known ab out the e colo E.i c al effe cts of ex trem e 
fluctuations in daily discharge in the lower Nelson River, 
northern Manitoba (F i g. 3). D ail Y di s charge fl uctua ti ons at

md~~t 

Friday 
-;' Ju~

'111d, !;;t".I: 

Saturd~ 
~ Ju,/

rTlld"' -,I; 

SL.nd~ 
~ .lu!v

rnd""l.:;trt 

t-.1cndE!'{ 
.(1 lip-

Kettle D am for the period 1979-1988 am ounte d to >2000 m 3 Is 
in winter and ~3 DOOm 3 Is in sum mer; mean natural river dis- 

charge at that location is 2170 m3/s (Environm ent Canada and 
D ep a:rtm ent of F i sherie s and 0 c e ans 1992). The abnorm al pat- 
terns of di scharge in the hi gh1 y regulate d lower Nelson are tie d 
to we ekl y energy use inM anitoba. Daily discharge coincides wi th 
power demand: itis raised eachm orning during workdays and 
lowered again at nig t Discharge is lowered over the weekend 
and beE.ins its daily workday cycle again on Mondaymoming. 
Many of the negative impacts of habitat alteration on the 

bio diversi ty of comm uni ti e S, p opul. ations, and gene s c oul. db e 
am eliorate d if the oper ati on of hydro e1e ctri c facili tie s more 
do sel y mimicke d natural flow re E.im es (D evine 1995; F el elm an 
1995; Hesse 1995; Zhong andP ower 1996). For ex ample, lake
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sturgeon spawning activity in the Sturgeon River, Michigan, 
responded positively to a change in operation of the Prickett 
hydroelectric facility to near rutl-of-the-river flOW'"s (Auer 1996), 
and Zhong and P OW'" er (1996) shOW'" e d that Chine se 1 ow- he ad., 
tun- of- the-river proj e cts have 1e sser im pacts than high-he ad 
dam s on aquatic envirorun ents, including fish and fisheries. 
An ecologically based., water-regulation procedure for lakes 
aff ecte d by hydro e1 ectri c pOW'" er pro duction has be en devel- 
ope d in F in! and (H ell sten et al. 1996).

Jnfro cf:lon of non-native biota: Exotic species can be intro- 
duc e d by interc atchm ent water di versi ons that ar e p art of 
hydr 0 el e ctric deve1 opm ent or by sto eking of hydro el e ctric r es- 
ervoir s. S pe cifi c ex am pl e s of the form er are diffi cult to find., 
perhaps b ec ause of a lack of study. The M cGr e gor Di versi on, 
a proposed hydroelectric project in British Columbia, neces- 
si tate d the mix ing of waters fr om the P e ac e, an Arcti c- dr aining 
ri ver, and the F r as er, a Pacific - dr aining river. The pr oj e ct 
was cancelled because of the fear of introducing potential 
harmful fish parasites from the Pacific into the Arctic drain- 
age (Seage1 1987). 

The problem of species introductions caused by artificial 
inter c 0 nne c ti ons am ong m aj or river sis app ar entl y wi de- 
spr e ad in southern Afu c a (B roton and van As 1986). The se 
water diversions may involve hydroelectric generation, but their 
main functions are flood control and agricultural, dom estic, 
and industrial water supply (C am bray et al. 1986). F or ex am- 
p1e, Cam bray and J ub b (197 7) do cum ente d the survival offive 
sp e cie s of fi sh that passe d throug  the Or ange-Fi sh tunnel in 
South Africa, which diverts irrigation water out of the Orange 
River system (Atlantic Ocean drainage) into the Great Fish and 
Sundays rivers (1 ncli an 0 c e an dr ainage). The more perm anent 
fl ow and incre ase d ero si onal are as in the G re at Fish River 1 e d 
to a change in the species composition of the macroinverte- 
brate fauna, ind ucling rep1ac em ent of the pr etr ansf er dominant 
black flies Simulium adersi and Simulium nigritarse by the 
pest species ESmulium chutteri(Davies et al. 1993). Intercatch- 
ment transfers of water are also common in China, but little 
i:nf orm ation appe ars to ex i st on the intro duction of ex oti c sp e- 
cies as a result (Dudgeon 1995). Most such transfers are done 
prim ari1 y to satisfy water - suppl y pr ob1 em s r ather than for 

hydro e1 e ctri c generati on. 
N onincli genous fish and crustac e am were intr oduc ed to the 

Mi ss ouri River num er ous tim e s to fill new ni che s and habitats 
in im pounclm ents, but the c onse quenc e s to nati ve i chthyofauna 
were rarely analyze d (H esse et al. 1989). Stocking acti vi tie s in 
C oloracloRiver re servoir sw ere part of the overall., river-  ve10pm ent 
as saul t (T ab1 e 7) on the unique, endemi c fi sh fauna of thi s 
river system (C ar1son and Muth 1989). As a result of river 

deve10pm em, approxim atel y 100 spe ci e s of fish are nOW'" present; 
some 67 non-native species have been introduced since the 
turn of the century and are nOW'" pr edominant in most fi sh 
communities. Seventeen of 54 native species are threatened., 
enclangere d., or extinct, and the abunclanc e and distributi on of 
most have been drastically reduced (C ar1son and Muth 1989).

So cial efl cts 

Limi tati on of cul tur al diversity by habi tat de structi on has been 
observed in anum ber of comm unities that lay in the path of 
maj or hydroelectric developm ent. Canadian ex am ples reveal a 
dose conne ction b e .v e en habitat destruction and ne gati ve so-
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cial impacts in four major ways: (1) mercury contamination 
(s ee above); (:ll) re1 0 cati on; (:!:!l) encro achm ent; and (:Iv) harve st 
disruption (R osenb er g et al. 1 995 ; B erk e s and F ast 1996).

Relocafion 

M aj or hydro e1e ctri c deve1 opm ent often ne c e ssi tate s the relo- 
cation of large numbers of people (Table 9) and results in 
harmful soci al effe cts (T abl e 10). Much of the internati onal 
literature focuses on involuntary resettlem ent, not only as 
the m aj or so ci al im p act of dam s but p erhap s as the sing! e 
most seri ous issue of 1 arge- sc al e hydr 0 e1 e ctri c deve1 opm ent 
(e. g, Scudder 1973; Goo ill and 1994-1995). In Canada, relo- 
cations caused by hydroelectric developments such as the Ke- 
mano in BritishC olum bia and GrandRapids in Manitoba (see 
below) continue to be a sour c e of gri evanc e and so ci al costs 
even after half a century (Royal Commission on Aborigi.nal 
Peoples 1996). Studies of northern Canadian developments, 
which involved moving relatively small numbers of people by 
internati onal standar ds (hundr e ds versus tens of thousands; 
se e Table 9), have provi de d insi ghts into the se im pacts. 

Relocations allOW'" governments to "modernize" traditional 
ab original c omm unities. H OW'" ever, residents of aff ecte d vil- 

lages do not necessarily view the acquisition of new houses 
and vil1 age i:nfrastructure in a p osi tive li ght. S ettlem ent pat- 
terns, whi ch are base d on kinshi p re1 ati ons and ac ce ss to shor e- 
line s, are di srupte d and costs ar e aclcle d to hunting and fishing 
(L oney 1987; Waldram 1988). Relocation experiences in the 
Canadian north are similar to those reported elsewhere in the 
world as a result of large-scale hydroelectric development 
(Table 10).

Encroac hment 

Large-scale hydroelectric pr~ ects in remote areas involve the 
encroachment by outsiders into traditional aboriginal territo- 
ri e S, whether in the C anadi an north, the Brazilian Am az on, or 
elsewhere. Encroachment is facilitated by new roads and an- 
fi e1 ds constructe d as part of the infr astructur e nee de d for such 
projects. 

In the C anacli an north, the C re e land- tenure system is family 
based., and it is offi ci ally r ec 0 gniz ed through trap line re gistr a- 
tion. N ew1 y constructe d ro ads often re sult in an infl ux of out- 
siders. External encroachment disrupts the tenure system and 
the abundance and distribution of fish and wildlife upon 
whi ch the tenur e system is base d (B erk e s 1981). The c onse- 
quenc e is adverse so ci al impacts, whi ch m ay p ersi st for gen- 
erations (Niezen 1993; Preston et al. 1995). 

The plig t of the Waimm-Atroari tribe in central Amazonia, 
Brazi~ is described by Fearnside (1989). Encroachment has 
played a large role in reduction of the num bers of this tribe 
from 6000 at the tum of the century to 3500 by 1973, 1100 by 
197 9, and 374 by 1986. The se effects c annat be attribute d to 
hydro el ectric deve10pm ent but nonethe1e ss ex em plify what can 
result from infrastructure development of the land associated 
wi th hydro e1 e ctri c deve 1 opm e nt ( e. g., road c onstructi on) . 

Flooding of part of the Waimiri-Atroari tribe's reserve by the 
Balbina Reservoir adde d another stre ss c onnecte d with m od.- 

erniz ati on of the rem ote are a in which they live.

Harvest disruption 
H arve st disropti on is a s eri ous and often perm anent imp air- 
m ent to the life of ab original c omm uniti e S, e sp e cial1 y where
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Tab 1e 9. Se lec ted examples of rna jor relocations of ~ople to make W' . Y for re se lVOir ere ation (se e also Goodland 1994-1995). 

Approximate 
numbe r of ~ ople 

involved Commen illProject 
Volga Riwr, R=ianFederation 
S amnenxia Dun, Yellow River, ClUna 
Three Gorges Dam, Yangtze Riwr, 

ClUna

Lake Kariba, Zunbezi River, 
Zimbabwe and Zambia

Volta Lake (Akosombo Dam), Volta 
River, Gharu. 

Lake Kainji, River Niger, Nigeria 
Lesotlo Higl ands Water Project, 

Lesotho, Africa

High Dam at AsW' .rt, Nile Rive r, 
Egypt and Su .n

>300000 

300000 
> 1 000 000 Proje ct under construction

Ref.   

IvIarchand 1990 

Pearc e 1991 

F earnside 1988 ~ Pearce 
1995a 

Chau 19951 131 800 Re location by 2008 ~ e stirnate is conselVative bec ause of 
ille gal immigration into the area and high natural rate of 
fOpulation increase l 

>50000 Tongans affected

Primary aim of project is to eXfOrt water to J ohartnesburg 
and Pre toria~ hydroelec tric generation for Lesotho is a 
minor aim~ mountain ~ople have been flooded out 
ra ther than resettled~ subsequent phases of the 
development will affect even larger numbers of~ople 

N ubians affe cte d, -1r2 in Egypt and - 1 t2 in Sudan

86000 

80000

50000 

20000

dOD 000

120000 

120000 30000 Sudanese

>50000 
>100000

Balon 1978

Obeng 1981 
Obeng 1981

Obeng 1981 
Horta 1995

Walton 1981 ~ Pearce 

1994~ White 1988 
Obeng 1981 
Goldsmith and Hildyw:l. 

1984 

Hillel 1994 
IvIorse and Berger1992

Sudanese villagers displaced~ Egyptians not mentioned 
Additional 140 000 farmers will be affected by canal 
and irrigation system~ proj ect c urrentl yb eing buil tl

70000

40000

250000 
-70000

Pearce 1992

Pearce 1992

Tigris and Euphrates rivers 
Euphrates River~ Bedouins displaced

Hillel 1994 
Hillel 1994

the resource base is largely aquatic (Rosenberg et al. 1995). 
The physical and bio1o cal effects ofC anadian boreal projects 
have affected the availability of important species and access 
to them (B erkes 1981 ~ Usher and Weinstein 1991). F or exam- 
ple, fisheries in northern Manitoba have been affected by 
fl uctuating wa te r1 eve1 s (G ab outy and P atal as 198 4) and the 
bl ockage of fi sh migration by a water- c ont101 sttuctur e (B odaly 
et al. 198 4lJ ~ B arne s and B 0 daly 1994) . 

Avail abl e data indi c ate 
decline s in per - capita, sub sistenee catche s and for c omm er cial 
catches in some or all of the communities affected by the 
C hur chill-N e1 son di versi on (U sher and Weinstein 1 991) . 

In the Grand Rapids project area in Manitoba, previously 
self-reliant abori nal communities became dependent on the 
outsi de. Social problem s such as crim e and family vi 01 enee 
esc al ate d. The am ount of fo 0 d obtaine d fr om the SU!f ounding 
area declined by a factor of 10 after damming and relocation 
as compare d with before (l. oney 198 7) . 

In northern Qu bec, Cree hunters reported diminished 00-

S ardar S arovar Dam, Narmada Rive r, 
India 

S obradinho Darn, S o Francisc 0 
Rive r, Brazil 

Itapillca Dam., S o Francisco River, 
Brazil 

Southeast Anatolia Project, Turkey 
Tabqa Dam., Lak Assad, Syria 

. 
.... . 

S onE autlDrs provide inf nna.b.on on social nnpa.cts. 
lWater oon;e l'.'all:y proj eel:; und.e rtaken in Chim. Sll  194 9 have Uwol. ved th;, resettle l m of> 10 000 000 people (Chau 199 5; Dudgeon 199 S) . 
l'Th;, el1llle N annada B asin Devel.opnEm P1og=mn;, is expected to displa  > 1 000 000 people over th;, n;,xt 40 years (U S . 

Govemm.ent Pril1!:ing Offi  1990, 
inFoote et al. 19%).

ve sis sine e 1979 of valuable fo od and fur spe ci e s from well and 

habi tats in the lower LaG rande River (B erke s 198 8) . 
Hunters 

b1am e d re duce dhabi tat and fee ding are as, loss of rip an an pro- 
ducti vi ty, and drowning and fr e ezing- out of several sp e cie s in 
winter. Also, many trappers lost their territories to flooding. 
Six m aj or reservoirs buil t betwe en 1940 and 1972 in the vast 
M omagnais territory east of the Jam e s Bay c atchm ent c aus ed 
most hunting!t.rapping areas to be abandoned by their users 
because of partial flooding and water-level fluctuations. For 
ex am p1 e, 47 out of 87 hunting/trapping ar e as belonging to the 
c omm uni ty of B ersimi s were affe cted~ of thos e, 24 di d not 

pro duc e any fur in 197 5-197 6 (Chare st 1982). 
Incre ase d di scOOge, unstabl e ice c ondi ti o 1S, or de bri s r e- 

sui ting fr om shoreline er osi on make ac cess to r e sourc e s diffi- 
cul. t or im po ssi b1e in m any ar e as affe cted by hydro e1 ectri c 
de vel opm ent. 0 per ati on of upstre am re servo1r s cre ate d wimer 
and spring travel problems across La Grande River (B erkes 
1988), the Moo se River (P re ston et al. 1995), and in many
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Tab 1e 10. Se lec ted example s of soc ial impicts of reloca tion ne cessi tated by large-scale hydroe lectric  velopment. 

Development Relocation Comments 

Diversion of the Churchill The old settle ment of South Indian Lake, The move was assoc iated with social cbsruption and 
Five r into the Ne !son River which was flooded by im PJundment, \'i'aS disin tegration (Waldram 1987; Krotz 1991): former 
and the flooding of Southern moved to a new, modem town built neailiy lin-group arrangement offamilies was not retained in 
Indian Lake, northern ne w housing; cheaply built ne w houses soon deteriora ted; 
IvlaItitoba (Ne wbmy e tal. electric he at in ne w houses W'il.S too expensive for most 
1984) villagers; and hauling W'il.ter from the Lake W'il.S a 

problem, espec ially for elderly 
IvIove associated with social stress (see Dwyer 1992 for an 

anecdotal account)
La Grande Fiver, northe rn 

Quebec (Berkes 1981)

Volta Lake, Ghana (Obeng 
1981)

High Dam at hW'il.rt, Egypt 
and Sudan (Vilhite 1988)

Erosion ca use db yincrease driver cbscharg e 
thre atene d the town of Ft. Ge orge on the 

estuary of La Grande Five r, so the people 
were move d into the new town of Chisasibi 

upstream 
80 000 people from 700 villages, representing 

1 % of the PJpulationofthe Volta River 
ca tchme n~ ~ re floode d 0 ut by crea tion of 
V olta Lake. IvIost (69 000) ~re reloc ated in 
52 new towns speciallybuilt for them

50 000 - 60 000 Nubians in the Egyptian pirt 
of the Lake N asse r ReselVOir were moved 

to ne wvillage s 20 km north of hW'il.n

53 000 Nubians in the Sudanese pirl of the 
Lake Nasser ReselVOir ~ re moved to the 

Kashm el-Gilba region to the southeast

Re location brought trauma associa ted with abandonment of 
familiar lards, anc estral re sting plac es, farms, and homes; 
different social condi tions/nee d to prese!Ve cultural 

identities; the need to learn new shlls to survive; and 
exPJsure to schistosomiasis (Obeng 1981) 

Similar diffICult relocation described by Balon (1978) for 
50 000 To rg a people cbsplace d by creation of Lalre 
Karib a, Zimbab~ and Zmlbia 

Serious proble ms  velope d because of ne w agricultural 
conditions and prac tic es, and inappropriate, nontraditional 
housing provide d (Goldsmith and Hildyard 1984) 

By 15-18 years after move, the health of people overall 
had improved, handicraft industry developed, agricultural 
produc tion remaine d modes~ and many people longed to 
re turn to the ir old home s (Walton 1981; Vilhite 1988); 
many people did return (Goldsmith and Hildyard 1984) 

Social structure of many of the old villages was seve rely 
disrupted (Goldsmith and Hildyard 1984): three different 
ethnic groups were settled together, and aside from cultural 
di fference S, ag ricultural prac tice s of pistoralists (g razing) 
were incompitible with those of farme rs (cultivation); 
de sign 0 fhousing ".. .piid li ttle heed to the social needs of 
the uprooted settlers" (Goldsmith and Hildyard 1984)

other northern C ana di an ri ver s affe cte d by hydro e1 e ciri c de- 
vel opm ent (B erke s and Fast 1996). In northern Manitoba, 
extensive shoreline erosion resulted in reservoirs containing 
hazar dollS de bti sand inac c e ssi bl e shoreline s; it al so cause d the 

fouling of fi sh nets (N ewbury and McC un oug  1984; G.K. 
M cC ul.1 oug , personal com m uni c ati orY. L oc al hydr 010 gy and 
fi sh behavior wer e so change d and ac cess to well-known fi sh- 
ing areas were so impaired that traditional knowledge was no 
longer a gui de for fi sting suc c es s (Ro senberg et al. 1995). 
Costs incre ase d and c atche s per unit of effort de cr ease d in 

both the subsistence and commercial fisheries (U sher and 
Weinstein 1991).

Conclusions

''Large dams are among the most awe-inspiring monuments to 
modem society." (Pearce 1991) 
''F ew creations of big technology capture the imagira tion like 
giant dams." (.AnonJroous 1992) 

The fascination of p o1i ti cians with hydro me gaproj ects at 1e ast

partly explains why these projects are built. The politician's 
job is mostly done after the switch is thrown to start electrical 
generation at am assive new clam, but the work of the environ- 
m ental and so cial sci enti sts r esponsib1 e for po staucli is has just 
begun It is r egrettabl e that so little supp ort is usually avail abl e 
for the po staudit p art of a proj e ct compare d with i is p1 anning 
and constru::tion phases (VVhi.te 1988). Even  ven adequate sup- 
port, the ta~ of di sentangling im pacts of a proj e ct from the natu- 
ral variabih ty of ec osystem s can be difficul. t (e. g., Gribbin 1979). 

This r evi ew has addre sse d the ne e d for c onsi dering 1ar ge 
sp ati al and temp or al sc ale sin asse ssing the cum ul. ative effe cts 
of hydro e1e ctri c deve! opm ent, and in so doing, has r eve al e d 
the interconnections between environmental and social im- 

p acts. F or ex am p1 e, habitat al ter ati on or de mucti on li e s at the 
base of the four 1 arge- sc al e im pacts ex amine d. Environm ental 
changes resulting from habitat destruction lead to the social 
and ec onomi c problem s exp eri ence d by com m uni ti e s dep end.- 
ent on local natural resources. A holistic view is therefore 
needed to discern these interconnections. 

Wear e at an early stage in our under standing of 1ar ge- sc ale 
im pacts. V'ilhat nee ds to be done to further thi s understanding?
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M ercuty r ese ar ch re quire s m ore spatial and tern p or al data from 
re servoirs that flo 0 d diff erem 1 and typ e s with different ve ge- 
tati on, e sp e ci ally in tern perate and tropic al ar eas. Em phasi sis 
needed on the time course of microbial production of methy1- 
mercuty and its uptake by lower trophic levels. It would also 
be useful to determine the importa:ni factors involved in down- 
stream transport and bioaccumulation of methy1mercuty, and 
to establish the ex act spatial extent of this phenomenon. A 
thorough understanding of mi cr obi al methyl ati 0 no' dem ethy1a- 
tion processes would, perhaps, enable effective mitigation of 
mer Cuty c omaminati on by either unc oup1ing m ethy1ati on or 
enhancing dem ethy1ation. 

More comparative data from temperate and tropical zones 
are ne e de d to determ ine the gl. 0 bal si gnifi c anc e of Er e enhouse 
gas emissions from reservoirs, especially data on the relative 
dur ati ons and am ounts of C H4 and CO;"] emitted in the differ em 
settings. In thi s c ontex t, it is important to have ade quate data 
on the surf ac e ar e a of r e se rvoirs and to know the prop ortion 

of this surfac e ar e a that is fl 00 ded 1 and. Better understanding 
of gre enhouse gas flux e s under different ge 0 graphi c/clim ati c 
c onditi ons combined with better e stirn ate s of the world's sur- 
face area occupied by reservoirs would enable estim ation of 
the c ontri bution made by r es ervoirs to gl. 0 bal dim ate warming. 
Mathematical models calibrated by data collected in the field 
appe ar to hol d the most pr omi se for pr e di cting the generati on 
of both Er e enhouse gase s and m ethylm ercury in re servoirs. 

Better understanding i s ne e ded of the effe cts of imerf er enc e 
with freshwater flows to the ocean by upstream reservoir de- 
ve10pmems that involve substa:ntial discharge regulation. A 
prime ex ample is Canada's Hudson Bay, which is surrounded 
by 1arge-sc ale hydroe1e ctri c developm e:nt (R osenberg et al. 1995). 
However, Neu (1982b) warns, "The problem is so large and 
com pl ex that it would tat e 18 ars, even de c ade S, of intensive 
studi e s be for e som e of the e1 em ents given in thi s analysis 
could be verified in detail." An improved understanding of 
physi c a1J chern ic al and geom orphic change s would 1 e ad to bet- 
ter explanations of changes in the biota of areas downstream 
of 1ar ge- sc al e hydr oe1 e ctric deve10pm ent 
R e se arch into effe cts on bi 0 di versi ty is initi ally limi ted by 

poor, general inventories of different levels of biodiversity 
(e. g, Savage 1995). Such inventori es ne ed to be improve d on 
a w od d- wi de basis. F urtherm or e, few 1arge- sc al e hydro e1 ectri c 
de vel opm ents have trie d to do cum eru., even p arti all y, structural 
and functional changes in biodiversity after completion of a 
project. The task is dau:nting because of the number of bio- 

diversity levels potentially involved, and because disturbed 
ecosystem s tak e along tim e to re ach new equilibria (Dynesius 
and Nilsson 19941. Yet, only after such an accounting is done 
can we hope to understand biodiversity10sses and gains result.- 
ing from such deve10pm ems. 

Po ftaudi. ts of 1 arge- sc al e hydro el ectri c deve10pm ents require 
more supp ort because they pr ovi de astor ehous e of inform ati on 
and ex perienc e that may b e use full y applie d to future proj e cts. 
The ne e d for 1 ong- term m oni toring is e sp e ci all y im P ortant 
with respect to social impacts, not only to understand the 
mechanisms of change but also for the adaptive management 
and mitigation ofimpacts. Experiences such as withLaGrande 
River project in Canada indicate that many of the combined 
environmemal and social impacts are unpredictable and be- 
com e appar ent only after a tim e lag (B erk e s 1988) . Much can 
be learned from the accumulated literature of social impact
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asse ssm ents (e. g., Scudder 197 3). Such ass es sm ems c an be 
im prove d by the foll owing (l) more f 0 ruse d investi gati on of 
link e d soci al-environm emal system S, with appropriate atten- 
tion to cross- scale effects in both space and time; (11) ide:ntifi- 
cation of key ecosystem processes; and (iil) development of 
testable hypotheses as opposed to the generation of merely 
descriptive social and economic data. 

F inal1 y, de ci si on maker s ne e dab etter under standing of 
the envi ronm ental and so ci al pr 0 b1 em s surr ounding 1 ar ge- 
sc al e hydro e1 ectri c devel opm em. A1 though prevailing politic al 
philosophies and values of decision makers in developed and 
developing countries are not likely to support the necessary 
tim e and work ne e de d to study 1 arge- sc al e im p acts, the contin- 
ued effort by environm emal and social scie:ntists in trying to 
understand and describe these impacts, as evidenced by the 
studi e s cited in this r evi ew, may eventuall y c ontri bute to more 
enli ghtene d de ci sion-m aking for hydr oe1 e ctric deve10pm ent
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Abstract Fish habitat loss has been prevalent over the last century in Canada. To prevent further 
erosion of the resource base and ensure sustainable development, Fisheries and Oceans Canada 
enacted the habitat provisions ofthe Fisheries Act in 1976. In 1986, this was articulated by a 
policy that a "harmful alteration, disruption, or destruction to fish habitat" (HADD) cannot occur 
unless authorised with legally binding compensatory habitat to offset the HADD. Despite 
Canada's progressive conservation policies, the effectiveness of compensation habitat in 
replicating ecosystem function has never been tested on a national scale. The effectiveness of 
habitat compensation projects in achieving no net loss of habitat productivity (NNL) was 
evaluated at 16 sites across Canada. Periphyton biomass, invertebrate density, fish biomass, and 
riparian vegetation density were used as indicators of habitat productivity. Approximately 63% 
of projects resulted in net losses in habitat productivity. These projects were characterised by 
mean compensation ratios (area gain:area loss) of 0.7:1. Twenty-five percent of projects 
achieved NNL and 12% of projects achieved a net gain in habitat productivity. These projects 
were characterised by mean ratios of 1.1:1 and 4.8:1, respectively. We demonstrated that 
artificially increasing ratios to 2: 1 was not sufficient to achieve NNL for all projects. The ability 
to replicate ecosystem function is clearly limited. Improvements in both compensation science 
and institutional approaches are recommended to achieve Canada's conservation goal.

Keywords Habitat compensation - Effectiveness - No Net Loss - Field evaluation - Fisheries 
Act - Authorisation - Habitat productivity - Policy - Canada
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A 1\1odel for Freshwater Habitat Compensation Agreements 
Based on Relative Salmunid Production Potential of Lakes and Rivers 

in Insular ,"ewfoundland, Canada

by

Patrick M. R)'an

Ryan Environmental, I'>. O. Box. 58, Riverhead Road, 
Mobile, Newfoundland, Canada AOA 3AO

Ahslract

Under the Policy for the ~1anagement of Fish Habitat and the "no net loss" guiding principle of 

the Department of fisheries and Oceans Canada, no harmfiil alteration, disruption, or destruction 

(HADD) of l ~h habitat may proceed without an authorization by the Minister under Subsection 

3 5(:!) of the Fisheries Act Authorizations arc not ,normally to be issued until adequate measures 
have been developed to compensate for the habitat which is to he harrm':ll, altered, disrupted, or 

destroyed In Newfoundland's lakes and rivers occu9ied by migratory salmonids, substantial 

variation in habitat use occurs both seasonally and annually and t sh numbers or bIOmass measured 

over a short term cannot be considered as representative of potential productivity. In this paper, 
estimated average values of Atlantic salmon CSallllo salar) smolt production in Newfoundland 

lakc~ and rivers fire used in a calculation of the rdative production potential of the two habitat 

types. The calculated relationship suggests that appropriate compensation Il.lr a hectare of lake 

habitat which is to be llarmed, altt.:re , disrupted, or destroyed might be the creation of or making 
available for use, 0.023 hectare of river suitable t(J[ salmonid habitat. Alternatively. appropriate 
compensation for a hectare of river habitat whIch is to be harmed, altered, disrupted, or destroyed 
might be the creation nf, Or mak ing available for lise, 42 857 hectares of lake suitable for salmonid 

habitat 2W .....

I ntroductioll

As described in the Directive on the Issuance of Subsection 35(2) Authorizatiom (Anon. 1995), 

an objective or the Department of Fisheries and Ol,;t;:alls Canada is the maintenance of the 

productive capacity of tish habitats supporting Canada's t sherics resources. Under the Policy for 
the Management of Fish Hahitat and the "no net loss" guiding principle of the Department, ne 
harmful alteration. disnlption, or destruction (HADD) of fish habitat may proceed without an 
authorization bv the M inistcr under Subsection 35(2) of the Fisheries Act Authorizations are not 

normally to be issued until adequate measures have been developed to compensate for the habitat 

which is to be harmed, aitered, disrupted, or destroyed.



CIMFP Exhibit P-00352 - Tab 19 Page 125

In cases where habitat loss win occur i~ (lacustrine, pond, or standing water) or rive[.(fluvial, 
riverine, or running water) habitats of river systems and compensation measures are being 

developed, it would be advantageous to have a measure of the relative production potential of 

these two major habitat types. If a correspondence existed, lost lake habitat (ie. in the case of 

reservoir creation) ]!light be compensated for hy creation of river habitat, provided that the overall 

productive capacity of the total fish habitat was maintained. A measure of the correspondence 
between the production potentials of the two habitat types would increase the options available 

for satist ctory compensation agreements

In Newfoundland fresh waters occupied by river-spawning salmonids such as Atlantic salmon 

(Salmo salar) and brook trout (Salvelinus fontinalis), substantial variation in habitat use occurs_ 
both seasonally and annually du~to the migrations of the species to and from the available habitat 

types (ie. Knoechel and Ryan 1994, Ryan 1993a, Ryan 1994) (Fig. I) 
-

Figure 1. Variation in salmonid lake habitat use as exemplified by variation in I)Opulation 
sizes of brook trout and Atlantic salmon in two lakes (area = t 12.6 hal of Cf'ntral 

Newfoundland. For further details on these lakes and the methods employed in the 

calculation of population sizes see Ryall (1993a, 1993b).
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__ATLANTIC SALMON 0() BROOK TROUT

Financial and temporal constraints often apply to environmental assessment processes and fish 
numbers or biomass measured over a short term cannot be considered as representative of 

potential productivity. The following method employs estimated average values of Atlantic 

salmon smolt production in Newfoundland lakes and rivers in the calculation of relative
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production potential of the two habitat types, The calculated relationship may be used as an aid in 
the calculation of habitat of one type required to replace habitat of the other type which is to be 
harmed, altered, disrupted, or destroyed,'

Methods

As described by Dempson and O'Connell (1993) and O'Connell and Dempson (1995), smolt 
production figures considered representative of average values of Atlantic salmon smolt 

production in lakes and rivers are used in the assessment of target spawning requirements tor 
salmon stocks in Newfoundland river systems, These estimates f ctor in [he potential contribution 
of both fluvial and lacustrine habitats (Fig. 2).

RIVER HABITAT 

X 3 Smolts/l 00 m2 

SMOLTS

LAKE HABITAT

X 7 Smolts/ha 

SMOLTS

0.0125 

EGGS

0.019

EGGS

TOTAL EGGS

ADULTS

F gurf' 2. Re-prese-ntation of the model IIst'd to calculate target Atlantic salmon egg 

deposition requirements in Newfoundland river systems. The values 0.0125 and 0.019 are 

estimated egg-to-smolt survival rates in the two habitat types. Redrawn from Dempson and 
O'Connell (1993).

Average production values in the two habitat types have been calculated from data such as 

recommended salmon egg deposition rates J{n rivers in Atlantic Canada (Elson 1975), relative 
amounts of lake and river habitat on different rivers systems, and the use of salmon counting 
fences, Smolt production values from each habitat type are converted to egg deposition using 
egg-to-smolt sUf\ilval rates,
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Based upon this model used for salmon 
stock assessment purposes, salmon production potentials 

in lacustrine (or lake) and riverine (or river) habitats can 
be related as follows:

Since:

-lake production = 7 smolts/hectare: and --

-river production -= 3 smoltsl1 00 square metres or 300 smolts/hectare: 
then

-one hectare ofriver potential production = 300/7 
= 42.857 hectares potential lake production: or

-one hectare oflake potential production = 7/300 
= 0.023 hectare potential river production.

This comparison suggests that appropriate compensation 
for a hectare of lake habitat which is to 

be harmed, altered, disrupted, Of destroyed might be the 
creation of or making available for use, 

0.023 hectare of river suitable for salmonid habitat

Alternatively, the comparison suggests that appropriate compensation 
for a hectare ot fiver 

habitat which is to be harmed, altered, disrupted, or destroyed might 
be the creation oC or making 

available for use, 42.857 hectares of lake suitable for 
salmonid habitat.

Discussion

Use of the Atlantic salmon stock assessment model 
does not appear to preclude the application of 

a correspondence between the habitat types in the case of 
other salmonids or species mixes. There 

is strong evidence that similar salmonids occur 
in patterns of reciprocal abundance in waters 

or 

Newfoundland (Ryan 1993b) and elsewhere (Rose 1986). Since the stock assessment model 

employs figures representative of average values 
of Atlantic salmon smoll production. it can be 

expected that varying population sizes of similar salmonids 
would have occurred in the locations 

used  n the calculation of model parameters

Application of a correspondence between the 
habitat types requires consideration of habitats 

critical to the survival and well-being of the species in question. For example, the lack of 

availability of suitable river spawning areas near newly available 
lake habitat would obviously be 

detrimental to the long-term survival of river-spawning tish. Similarly, 
the availability of deeper 

water habitats for greater overwinter survival would provide tor a more optimum usc of newly 

available river areas
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Applicat on of the correspondence between habitat types as described above cannot he consider( 
mandatory or optimal in any given situation due to a variety of circumstances such as the possib 
presence of exceptional stocks (ie. trophy fish stocks) and particular habitats (ic very popul, 
fishing areas or critical spawning areas). However, the correspondence of potential salmoni
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production betvl'een the two habitat types described ahove may serve as a mo<lel for use in the 
prtparalion of fr\;shwater habitat compensation agreements in many circumstances in insular 

Newfoundland
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