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This bibliography is for fishers, community members and environmentalists who are seeking 
information on environmental issues affecting fish in British Columbia. It is meant to be a quick 
reference guide for research on a variety of topics and is divided into three parts: Part 1 - Water 
Quality; Part 2 - Loss of Fish Habitat; and Part 3 - Water Diversion Projects. When abstracts of 
the reports or papers were not available, summaries, introductions or prefaces were used to 
describe the contents of the reports.  
 
Facing an overwhelming amount of research from around the world, we tried to focus on issues 
affecting B.C.’s fisheries and therefore the majority of the citations represent research done in 
British Columbia. Some of the material contains information dealing with broader issues than 
fisheries and when deemed relevant, research from areas other than B.C. is included. The 
Vancouver Public Library (Main Branch), University of British Columbia Libraries (UBC) and 
Simon Fraser University (SFU) Bennett Library were the main sources of information for this 
project. 
 
The entries are arranged in chronological order under each heading and include title, author, 
date of publication, publisher or journal, where the citation was found, and the abstract, 
summary, introduction or preface. In cases such as the British Columbia Utilities Commission 
Reports on the Kemano Completion Project (KCP), only the list of volumes are presented due to 
space considerations. Anyone interested in this subject should check out the Vancouver Public 
Library Main Branch or contact B.C. Utilities Commission (660-4700) for the section on KCP. 
 
We hope by using the table of contents and the index that the information that is desired on a 
particular subject can be looked up easily and quickly. If you have any comments or 
suggestions for further editions or would like to order another copy, please write to the T. Buck 
Suzuki Environmental Foundation, #160 - 111 Victoria Drive, Vancouver, B.C. V5L 4C4; Tel 
(604) 255-8819 Fax (604) 255-3162. 
 
This project was funded by a grant from Employment Canada, Job Creation Program with the 
support of the T. Buck Suzuki Environmental Foundation and was completed in April, 1995. The 
editor for this project was Lynn Stapleford and the researchers were Mitchell Anderson, Rose-
Mary Bennett, Antonia Corby-Cabral and Lynn Stapleford.  
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The T. Buck Suzuki Environmental Foundation was established in 1981 to make the public 
aware of the importance of fish habitat. It is a research and education facility that provides 
Canadians concerned about fish habitat with information necessary to assess the threat posed 
to fish by new developments. 
 
This book was printed on 100% recycled (50% post consumer), unbleached paper. 
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PART 1 - WATER QUALITY 

1.1 Water Quality Issues in British Columbia  
 

 1.1.1 General 
 
TITLE: A Review of Land Use - Water Quality Interrelationships and a Proposed Method for 
their Study 
AUTHOR: Slaymaker, O., Lavkulich, L.M. 
DATE: 1978 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
PAGES: 59 
FOUND: Woodward Library, UBC 
NOTES: Summary: 
 
This report reviews aspects of the land use - water quality literature, emphasizing work on 
diffuse sources where pollutants have been associated with pathways over and through 
modified surficial materials. As indicated in the literature review, major differences in water 
quality can be anticipated as between undisturbed, logged, agricultural, residential, and 
industrial areas. Five watersheds were selected to include representation of each of these five 
land use conditions. A methodology was developed which took into account the nature of the 
surficial materials and proceeded on the premise that texture, slope and drainage of these 
materials influence the supply of pollutants to the nearest watercourse. The concept of a 
geomorphic unit was used to define a spatial entity which is homogeneous with respect to 
texture, slope and drainage. Superimposed on the series of geomorphic units in the Lower 
Fraser Valley are the constantly changing land use patterns. A land use classification scheme 
which takes into account pollution potential was devised and this led to the further hypothesis 
that each geomorphic unit has a certain capability for pollutants assimilation. By aggregating 
geomorphic unit capability for pollutant assimilation, average watershed capability indices were 
calculated. It was then possible to rank watersheds according to their capability for pollutant 
assimilation. 
 
 
TITLE: The Real World of Pollution Control 
AUTHOR: Sproule-Jones, M.H. 
DATE: 1980 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
PAGES: 116 
FOUND: Vancouver Public Library 
NOTES: Contents: 
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Chapter 1- Addressing the Problems of Water Quality Management: Major difficulties of water 
quality management; The political and institutional context of water quality management; Social 
values and water quality management; The three critical questions of water quality 
management; An approach for integrating the technical, institutional, and social nature of water 
quality; Initial steps of investigation; Conclusion. Chapter 2 - The Water Quality Provision 
System: Identifying the system; The policies and priorities of member organizations of the water 
quality provision system; Conclusion. Chapter 3 - Technical Effectiveness: A methodological 
note; The behavior of the system - Evidence of technical effectiveness; The behavior of the 
provision system - Further evidence; Conclusion. Chapter 4 - Institutional Factors and the 
Behavior of the Provision System: Legal and financial constraints; Coordination and its 
constraints; Procedures for coordination and their advantages and disadvantages; Conclusions. 
Chapter 5 - What About the Public?: Methodology; Findings on social appropriateness; 
Conclusion. Chapter 6 - Conclusions and Reappraisal: The evolution of the system; Reforms; 
Implications of the study for environmental and other policy making. 
 
 
TITLE: Proceedings of the Eleventh Annual Aquatic Toxicity Workshop: November 13-15, 1984, 
Vancouver, British Columbia  
AUTHOR: Geen, G.H., Woodward, K.L. (Eds.) 
DATE: 1986 
PUBLISHER: Department of Fisheries and Oceans, Vancouver, B.C.  
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences #1480 
PAGES: 330  
FOUND: Main Library, UBC 
NOTES: Contents (papers only): 
 
1) Problems of metal bioaccumulation arising from mining industry disposal of tailing to the sea; 
2) Approaches to waste management and environmental protection at Westmin Resources Ltd., 
Myra Falls Operations; 3) A laboratory study of the bioaccumulation of metals by bivalves 
exposed to Alice Arm sediment contaminated with Amax/Kitsault mine tailings; 4) A review of 
toxicity and tissue residues of lead, and cadmium for marine molluscs and crustaceans; 5) 
Changes in the aluminum content of tissues of crayfish held in the laboratory and in 
experimental field enclosures; 6) Fish neoplasms: epizootiology, experimental carcinogenesis 
risks and benefits; 7) Conceptual basis for the biochemical surveillance of contaminant effects 
on fish; 8) Studies of brook trout, Salvelinus fontinalis, density, growth, and movement in 
Icewater Creek, Algoma District, Ontario; 9) Matacil may enhance susceptibility of fish cells to 
viral infection; 10) 14C-ostachlorodibenzo-p-dioxin: fate in artificial outdoor ponds; 11) Acute and 
delayed effects of the mutagen ethyl methanesulphonate on Brachydanio rerio; 12) In vitro fish 
cell DNA breakage and repair assays for detecting mutagenic activity; 13) Use of bioassay 
techniques to evaluate the effectiveness of natural and chemical detoxification of tar sands 
tailings waters; 14) Acute lethality of oil based drilling fluids and components; 15) Comparative 
solubility and acute toxicity to Daphnia magna of coal liquids, shale oil and petroleum; 16) A 
laboratory apparatus for studying organisms in stratified waters; 17) Sediment bioassay tests 
provide toxicity data necessary for assessment and regulation; 18) The influence of pH on the 
acute lethality of fenitrothion, 2,4-D and aminocarb and some pH altered sublethal effects of 
aminocarb to rainbow trout; 19) Selected organic contaminants in fish and sediments from the 
Fraser River estuary; 20) Effects of wood waste on the recruitment potential of marine benthic 
communities; 21) Studies on chinook salmon and municipal waste from the Iona Island Sewage 
Treatment Plant, Vancouver; 22) The interaction of selenate and selenite with selected 
freshwater sediments; 23) Some effects of suspended Fraser River sediments in sockeye 
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salmon 24) A study of the impact of triazine herbicides and periphytic algae; 25) Simultaneous 
integrated ecotoxicological evaluation. 
 
TITLE: Pollutants in British Columbia’ s Marine Environment: A Status Report 
AUTHOR: Kay, B.H.  
DATE: April 1989  
PUBLISHER: Environment Canada, Environmental Protection, Pacific and Yukon Region 
SERIES: State of the Environment Report # 89-1 
PAGES: 59 
FOUND: Vancouver Public Library 
NOTES: Preface: 
 
The quality of the marine environment in British Columbia has become an issue of concern. The 
goal of this project was to answer two questions: 1) What is the current status of pollutants in 
the marine environment in British Columbia? 2) Has the quality of the marine environment 
improved or deteriorated since the early 1960s? This report answers the first question by 
summarizing data on the sources and levels of pollutants in the marine environment, as well as 
the environmental impacts of these contaminants. Our ability to answer the second question is 
limited by the lack of long-term studies on the marine environment. 
 
 

 1.1.2 Fraser River 
 
TITLE: The Uncertain Future of the Lower Fraser 
AUTHOR: Dorcey, A.H.J., Fox, I.K., Hall, K.J., Northcote, T.G., Peterson, K.G., Sproule-Jones, 
M.H., Weins J.H.  
DATE: 1976 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C.  
PAGES: 202 
FOUND: Vancouver Public Library 
NOTES: Abbreviated form of Introduction: 
 
This book endeavors to progress in a logical fashion from a definition of the pollution problem to 
an examination of the technologies, policies and institutional arrangements to control pollution 
and ending with concrete suggestions for dealing with the problems identified. Chapter 2 
provides an overview of the pollution control problem in the Lower Fraser with a view to aiding 
the reader in understanding how the remaining contributions fit together. Chapters 3, 4 and 5 
are concerned with the current condition of the aquatic ecosystem and the sources of the 
pollutants that reach the river. In Chapter 3, Ken Hall assesses water quality conditions in the 
river itself and identifies the major sources of the pollutants reaching the waterway. In Chapter 
4, Ken Hall and John Weins examine water quality conditions in selected tributaries of the 
Lower Fraser. They also identify pollution sources. Then in Chapter 5 Tom Northcote describes 
the biology of the Lower Fraser, indicates the effects pollution is having upon organisms in the 
river, and assess the possible effects of future waste discharges upon the biology of the river. 
Anthony Dorcey in Chapter 6, turns to the technologies of reducing pollution and the kinds of 
policies that might be employed to limit waste discharges to the aquatic environment. In Chapter 
7 Mark Sproule-Jones and Ken Peterson focus on the institutional arrangements for pollution 
control. They portray the key features of this quite intricate system, identify its limitations and 
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examine some ways of strengthening it. The concluding Chapter undertakes the most difficult 
task faced in this study, namely the presentation of suggestions for controlling pollution more 
effectively in the Lower Fraser in light of the problems that have been uncovered through the 
Centre’s research effort. What society considers to be the right course of action depends upon 
how it ranks its preferences and what risks it is willing to take in view of the uncertainties that 
exist. The course adopted with regard to pollution control depends upon the value society 
places upon protecting the resource in comparison with the value it places on other social 
objectives. What society considers appropriate to do may, for example, depend upon whether it 
prefers to use tax money to reduce the flow of toxic pollutants to the river and thus reduce the 
risks of adversely affecting the ecology of the river and the Strait of Georgia or whether it wishes 
to use tax money for some other purpose, such as the building of a new street or bridge. In 
offering specific suggestions in the concluding chapter we have assumed that the public and its 
governmental representatives give high priority to the preservation of water quality in the Lower 
Fraser. Our proposals are based on the premise that they will wish to take steps and make 
investments which reduce the risk to human health and aquatic ecosystems caused by current 
and prospective levels of waste discharge to the Lower Fraser System. Fortunately the cost of 
such action is not very great. 
 
 
TITLE: Industrial Effluents 
AUTHOR: Swain, L.G. 
DATE: 1980 
PUBLISHER: Fraser River Estuary Study, Government of Canada; Province of British Columbia, 
Victoria, B.C. 
SERIES: Fraser River Estuary Study:Water Quality 
PAGES: 195 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
A review of industrial wastewater effluents discharged directly to the Fraser and Serpentine 
Rivers within the Fraser River estuary study area, over the period 1970 to 1978, was 
undertaken. Each industrial sector was addressed from the viewpoint of relevant guidelines, 
objectives, or regulations and applicable wastewater treatment technology. Individual operations 
within an industrial sector were assessed according to their pollution control permits, monitoring 
data related to their discharges, and the relationship between individual discharges in the same 
industrial sector. Many of the assessments were made on the basis of very few data. 
Operations within the forest and food industries, exclusive of fish processing operations, are 
generally required to meet level “A” objectives of the Pollution Control Board. Suspended solid 
loadings to the study area from the food industry could be reduced between 60% and 90% if 
effluents from fish processing operations met level “A” of the objectives. Domestic sewage 
discharges from industry and small operations are required to meet level “AA” of the objectives. 
Many metal finishing and fabricating operations do not meet level “AA” of the objectives. Some 
metal loadings from metal finishing and fabricating operations could be reduced by 95% if level 
“C” of the objectives was met. Bioassay monitoring is required for effluents from the forest, food, 
metal finishing and fabricating, and concrete industries, as well as from certain other specified 
operations. This monitoring should include adequate background chemical analyses. Other 
required monitoring programs include mercury analyses of effluents at the forest, food, and 
metal finishing and fabricating industries; nutrient analyses of effluents from all forest and food 
operations; analyses of all effluents from the concrete industry and some specified forest 
industry operations for certain heavy metals; as well as analyses of effluents from forest industry 
and wood preservation operations for chlorinated phenolic compounds. A special study has 
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been recommended to determine any improvements in ground and surface waters if pH is 
controlled in exfiltration ponds at metal finishing operations. 
 
 
TITLE: Toxic Chemical Research Needs in the Lower Fraser River: Workshop Proceedings 
AUTHOR: Mah, F., McPhee, M. 
DATE: 1985 
PUBLISHER: Environment Canada, Pacific and Yukon Region, Vancouver, B.C 
PAGES: 114 
FOUND: Vancouver Public Library 
NOTES: Preface: 
 
As the title of the Workshop implies, the intent of Environment Canada in sponsoring this 
Workshop was to focus on toxic chemicals research needs in the Fraser River estuary. 
Specifically, the Workshop was to address the following objectives: 1) to review the current 
status of knowledge regarding toxic substances in the Fraser River estuary; 2) to examine what 
additional information is required on toxics in order to more effectively manage water quality in 
the estuary; and 3) to recommend toxic chemicals research that will help improve the 
information required for managing toxic chemicals. The Workshop provided a forum for key 
players in government, research institutes an universities to exchange ideas and information on 
current research findings relating to toxic chemicals in the Fraser River estuary. In highlighting 
the key issues, the Workshop Proceedings should provide valuable guidance to managers and 
researchers in setting research priorities and in coordinating research programs. The Workshop 
also helped to forge a better understanding between the needs of managers and those involved 
in undertaking research on toxic chemicals. Many of the participants expressed a desire to see 
this type of dialogue continue on a regular basis. The Proceedings of the Workshop should also 
be extremely valuable to those agencies participating in the Fraser River Estuary Management 
Program. One of the goals of the program is to develop and implement a water quality plan for 
the estuary. A top priority of this plan is to reduce overall, and in particular cases, eliminate the 
loading of persistent or cumulative toxic chemicals in the estuary. Many of the recommendations 
should be particularly useful in developing a water quality plan and a waste management 
activity program. Dr. Ken Hall of the Westwater Research Centre, UBC led off the Workshop 
with an overview of toxic chemicals in the estuary. Discussion groups followed, focusing on five 
major themes/session: I-Identification of Toxic Chemicals and Determination of sources; II-
Hydrodynamics and Sediment Transport; III-Chemical Pathways; IV-Effects on Biota; V-Water 
Quality Objectives - Aquatic Environmental Quality Requirements. A wrap-up session 
highlighted the major discussion points in each of the sessions. 
 
 
 
 
 
 
 
 
TITLE: The Fraser River Estuary: An Overview of Changing Conditions  
AUTHOR: Kennett, K, McPhee, M.N  
DATE: September 1988 
PUBLISHER: Fraser River Estuary Management Program, New Westminster, B.C. 
PAGES: 31 
FOUND: Vancouver Public Library 
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NOTES: Introduction: 
 
In the southwest corner of British Columbia, where the Fraser River flows into the Pacific 
Ocean, a magnificent estuary is produced which is the focal point of much biological and human 
activity. The Fraser River estuary provides key habitat for fish and wildlife and is a vital resting 
point for thousands of migrating birds. The estuary also plays an integral role in the lives of 
many people in the Lower Mainland, British Columbia, and even Canada, by providing protected 
harbours and opportunities for fishing, recreation, log storage and transportation. In October 
1985, the Fraser River Estuary Management Program (FREMP) was initiated by a five-year 
agreement involving Environment Canada, B.C. Ministry of the Environment, Fisheries and 
Oceans Canada, North Fraser Harbour Commission, and the Fraser River Harbour 
Commission. FREMP was established, in part, to ensure that the Fraser River estuary continues 
to provide the multitude of opportunities outlined above. Another important objective of FREMP 
is its commitment to provide useful information about the estuary and the management of its 
resources. 
 This report is one of the first efforts to provide an overview of conditions in the Fraser River 
estuary since the Phase 1 Fraser River Estuary Study reports were published in 1978. The 
Phase 1 reports were a major accomplishment in reviewing and analyzing the issues of concern 
affecting the estuary. Therefore, this report has utilized the Phase 1 reports as a benchmark for 
updating information and where possible, for examining trends and conditions since 1978. This 
report is not as comprehensive as earlier reports; rather it is designed for a broader audience 
because it brings together in one volume a general description of the Fraser River estuary’s 
natural resources and features, as well as their uses and management. 
 The report is divided into four major sections: The Natural Environment describes the 
physical processes of the river and estuary, and the biological processes, including the fish and 
wildlife resources and the habitats upon which they depend; Human Use describes major land 
uses, the various fisheries that utilize the estuary, log handling activities, shipping and 
navigation, and recreation; Management examines management efforts in the areas of flood 
control, habitat management, waste management, and water quality. The Conclusions draw 
together some of the major trends and changing conditions in the estuary. This final section also 
describes the management initiatives that have been put in place to address issues and 
concerns and challenges still ahead. 
 The boundaries of the estuary for the purposes of this report are those defined by the 
Fraser River Estuary Management Program and indicated in Figure 1. This area of 155 square 
kilometers includes the land and water areas outside the dikes from Quanta Creek and the 
outlet of Pitt Lake at the eastern limit, to estuary drop-off in the Strait of Georgia at the western 
limit. The area extends as far north as Point Grey and as far south as the international 
boundary, including Boundary Bay The term estuary refers to the water body created when a 
river and ocean meet whereas the term delta refers to the land built up through the complex 
interactions of riverine and oceanic systems. 
 
 
 
TITLE: Report on The 1988 Fish Monitoring Program 
AUTHOR: Swain, L.G., Walton, D.G. 
DATE: 1989 
PUBLISHER: Fraser River Harbour Commission (Canada); Fraser River Estuary 
Management Program, Ministry of Environment, Victoria, B.C. 
SERIES: Fraser River Estuary Monitoring 
PAGES: 147 
FOUND: Main Library, UBC 
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NOTES: Abbreviated form of Summary: 
 
Fish were collected from three sites in the lower Fraser River during August 1988 by P. A. 
Harder and Associates. As was possible, muscle tissue and livers were dissected and 
submitted for separate analysis to Analytical Services Laboratories. Analyses performed 
included metals, PCBs, chlorophenols, PAHs, phthalate esters, and organochlorine pesticides. 
As possible, results from this survey were compared to two earlier studies, one in 1980 and a 
second in 1972/1973. The data are also evaluated as appropriate with regard to water quality 
objectives for PCBs and chlorophenols in fish muscle tissue, and compared to data for other 
non-industrial sites in British Columbia. Differences in concentrations among species appear to 
be randomly distributed. Fish collected from the Barnston Island site, upstream from many 
sources in the Lower Mainland, do not appear to be any less contaminated than fish from the 
lower river reaches. It is recommended that a similar study with appropriate controls be 
undertaken in about five years time. 
 
 
TITLE: Potential Surface Water Contamination from Miscellaneous Sources in the Fraser River 
Estuary: Waste Management Activity Program Background Paper 
AUTHOR: Hagen, M.E.  
DATE: 1990 
PUBLISHER: Fraser River Estuary Management Program, New Westminster, B. C. 
PAGES: 23 
FOUND: Main Library, UBC 
NOTES: Introduction: 
 
While the major sources of contaminants to the Fraser River estuary are from municipal sewage 
treatment plants, industrial effluents, stormwater discharges, or agricultural discharges, there 
are a number of other sources which, while generally minor, may result in significant localized 
impacts. These included sources that are on, in, over or beside the water: floating homes and 
water craft, log booms, marine timbers, shipyards, and bridges. Contaminants may also be 
brought into the estuary from upstream, deposited from the atmosphere, introduced through 
accidental spills, dumped illegally, or reintroduced to the water column by disturbing 
contaminated sediments. This background paper is subdivided into thirteen sections, each 
considering a source or area of potential contamination. For each, the nature and magnitude of 
the waste management problem is defined, along with the legislation, programs, and current 
and recommended best management practices. Action requirements, which may include 
research, public awareness, or development and implementation of control measures, are then 
summarized. 
 
 
 
CHAPTER TITLE: Water Quality in the Fraser River Basin 
AUTHOR: Hall, K.J., Schreier, H., Brown, S.J.  
DATE: 1991 
PAGES: 41-72  
BOOK TITLE: Water in Sustainable Development: Exploring Our Common Future in the Fraser 
River Basin 
EDITORS: Dorcey, A.H.J, Griggs, J.R. 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
FOUND: Vancouver Public Library 
NOTES: Introduction: 
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To assess the sustainability of water use in the Fraser River Basin consideration must be given 
to each of the components of the hydrologic cycle, since the ecological integrity of the aquatic 
environment is dependent upon quality conditions in all of them. This chapter investigates the 
quality of precipitation, groundwater, lakes and the major rivers in the Basin and it characterizes 
both natural and contaminated water quality conditions. The section on precipitation addresses 
the issue of acid rain, as well as other atmospheric contaminants which can ultimately affect 
surface water quality. Groundwater is assessed in terms of its quality for domestic water supply. 
Lakes are investigated for their ability to resist acid input, their nutrient status, and the spatial 
relationship between lake productivity and dissolved solids content of the water. The basic 
geological conditions of the Basin are related to the potential to resist acid rain inputs, 
groundwater quality and the buffering capacity of the lakes. The water chemistry of the 
mainstream Fraser and the major tributaries is discussed in terms of geological and seasonal 
factors. Pollution problems are evaluated in terms of various parameters but particularly fecal 
coliform levels, trace metals and organic contaminants. Where ever possible, water quality is 
related to standards or objectives that are available to assess how the quality restricts use of 
the water at present and what this means in terms of future use of the aquatic resources of the 
Fraser River Basin. This water quality assessment was made using existing data from journal 
articles, technical reports, published and unpublished government reports, as well as raw data 
from various computer data bases. Some data in regional government files were not used due 
to time constraints. The data available for a comprehensive review of this nature were often 
weak in both spatial and temporal dimensions and it was often difficult to provide a basin-wide 
perspective. Where possible, this chapter examines the water quality conditions in relation to 
the 13 sub-basins of the Fraser described in Chapter 1. Water quality in lakes was analyzed in 
relation to the limnological regions that previous investigators have delineated. Groundwater 
quality is evaluated from well water data available from the different sub-basins. In this analysis, 
many of the data deficiencies are pointed out for future investigations. 
 
 
 
 
 
 
 
 
 
 
 
TITLE: A Bibliography of Scientific Information on Fraser River Basin Environmental Quality 
AUTHOR: Missler, H. 
DATE: August 1992 
PUBLISHER: Environment Canada, Conservation and Protection, Environmental Conservation 
Directorate, Pacific and Yukon Region, Vancouver, B.C. 
PAGES: 390 
FOUND: Scientific and Engineering Division, Main Library, UBC 
NOTES: Abstract: 
 
This bibliography is a compilation of more than four thousand references of scientific information 
on the environmental quality of the Fraser River basin. It provides an extensive and flexible data 
base on the physical environment, aquatic and terrestrial biota, the quality of their environments 
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and the effects that human activities have on them. Planners, researchers, teachers and 
students will find it a most useful reference source of baseline information. 
 
 
TITLE: A Bibliography of Scientific Information on Fraser River Basin Environmental Quality, 
1994 Supplement 
AUTHOR: Missler, H. 
DATE: June 1994 
PUBLISHER: Environment Canada, Conservation and Protection, Environmental Conservation 
Directorate, Pacific and Yukon Region, Vancouver, B.C. 
SERIES: Fraser River Action Plan 1994-11 
PAGES: 173 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: 
 
This bibliography is a supplement to the 1992 edition, described above. An additional 920 
references on environmental quality in the Fraser basin are contained in the report. 
 
 
TITLE: Urban Runoff Quantification and Contaminants Loading in the Fraser Basin and Burrard 
Inlet 
AUTHOR: Stanley Associates Engineering Ltd. 
DATE: December 1992 
PUBLISHER: Environment Canada, Conservation and Protection, Fraser Pollution Abatement 
Office, North Vancouver, B.C. 
SERIES: Fraser River Action Plan 93-19 
PAGES: 29 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
This report is a planning-level assessment of surface water contaminant loadings from selected 
urban runoff sources. Runoff volumes and selected contaminant loadings were quantified on a 
mean monthly basis for each chosen municipality, grouped for each hydrographic region and 
combined to present mean monthly and annual loadings. The loadings of 20 contaminants were 
included in this study. Loadings were based on typical urban runoff concentrations, and are 
useful as a range of projected values for planning and investigation in the future. 
 
 
TITLE: Water Quality Plan Monitoring Data Report January to March 1993 
AUTHOR: Morse, D. 
DATE: February 1994 
PUBLISHER: Fraser River Estuary Management Program, New Westminster, B.C. 
SERIES: FREMP WQWM 93-02, DOE FRAP 1993-31 
PAGES: 29 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract:  
 
This report presents water quality data from the lower Fraser River. The samples were collected 
once every two weeks from the beginning of January 1993 to the end of March 1993. The 
monitoring was conducted, and continues to be conducted, as part of the Fraser River Estuary 
Management Program, (FREMP) Water Quality Plan. The Water Quality Plan was developed by 



PART 1 -WATER QUALITY 

 10

a Committee composed of federal, provincial and GVRD members. This report does not 
interpret the data; interpretation is planned for a future report when more data are available. 
 
 

 1.1.3 Georgia Strait 
 
TITLE: Pollution in the Strait of Georgia: A Review 
AUTHOR: Waldichuk, M. 
DATE: 1983 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 40 
PAGES: 1142-1167 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
The Strait of Georgia, when considered as a whole, is still comparatively free of major pollution 
problems. Local environmental degradation has taken place, however, in waters on the 
periphery of the Strait, adjacent to urban communities and industries, such as pulp mills. The 
Fraser River, which is the major source of freshwater to the Strait, introduces natural and man-
made materials that can adversely affect its estuary and the marine environment. The Strait of 
Georgia is flushed regularly, with deep waters being replaced about annually and waters in the 
upper layer having a considerably shorter residence time. Buildup of pollutants or their effects, 
e.g. oxygen depletion, are prevented in this way. However, there is refluxing of surface waters 
into the deep zone from the mixing region at the southern entrance to the Strait, and this means 
that surface pollutants such as oil could pollute the deep water and be retained there for up to a 
year. Problems affecting fisheries have been identified at the Fraser River estuary arising from 
discharge of sewage treatment plant effluent. The major problem of pollution affecting fisheries 
in the Strait of Georgia has been bacteriological contamination from sewage, which has 
necessitated the closure of shellfish beds. The quality of oysters, as represented by condition 
factor and flavour, has deteriorated in the vicinity of some pulp mills. Evidence so far indicates 
that the “critical pollutants,” e.g. petroleum hydrocarbons, organochlorines, and metals, which 
are persistent, toxic and can be bioaccummulated by marine organisms, are present in low 
concentrations in the water, sediments, and biota away from the Fraser River estuary. Wood 
wastes in the Strait of Georgia create a menace of navigation, especially during spring freshet 
of the Fraser River. 
 
 
TITLE: Dire Straits: Pollution in the Strait of Georgia, British Columbia, Canada 
AUTHOR: Lyons, B.  
DATE: 1989 
PUBLISHER: Greenpeace Canada, Vancouver, B.C. 
PAGES: 123 
FOUND: Vancouver Public Library 
NOTES: Executive Summary: 
 
The Strait of Georgia is a unique ecosystem. It is neither ocean or lake, but a combination. 
Parts of the Strait run very deep, up to 420 metres. The Strait is home to many rare marine 
species. In 1970, this undersea treasure prompted the then Minister of Fisheries, Jack Davies, 
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to suggest the entire Strait be declared a marine park. Today, the Strait of Georgia is following 
the downward path of other inland waters, like the Great Lakes, or the North Sea. The Strait of 
Georgia has become our dumping ground for toxic wastes. Since water in the Strait is not well 
flushed, dumped toxins will remain in this ecosystem for a long time to come. Signs of trouble 
are already plentiful. Six hundred and fifty kilometres of coast are closed to shellfishing, due to 
sewage contamination. Dioxin contamination has closed fishing areas in Howe Sound. Sixty 
percent of sole in Port Moody Harbour have cancerous lesions. Probably 80 % of the pollution 
directly entering the Strait of Georgia comes from a few distinct sources: the six pulp mills at 
Woodfibre, Port Mellon, Powell River, Campbell River, Nanaimo, and Crofton; and the sewage 
outfalls of Greater Vancouver and Victoria. The remainder comes from smaller industries and 
municipalities, as well as from shipping, and direct dumping of sludge and dredgings. The 
harbours of Vancouver and Victoria have hotspots toxic with oil contamination and industrial 
chemicals leaching out of sediments.  
 The Fraser River is a carrier of pollution, loaded with the wastes of inland pulp mills, and 
towns. As the Fraser reaches for the sea, B.C.’s heavily populated Lower Mainland adds 
thousands of tons more of toxic chemicals, to fan out into the Strait of Georgia. Even modern 
farming chokes the Strait with toxic pesticides, herbicides, and chemical fertilizers. Overfishing, 
and destruction of salmon spawning grounds through logging, log booming, and development 
endanger our salmon. Aquaculture may pose additional dangers to wild stock through 
introduction of new diseases. Contrary to former belief, scientists now realize that urban air 
pollution, too, affects marine life forms. Urban smog mixes with the microlayer, a fifty 
micrometer thin layer on the ocean surface. The microlayer contains the eggs of many fish, 
such as flounder and sole - and a wide variety of microscopic sea life that is important to the 
food chain. Automobile emissions, like polycyclic aromatic hydrocarbons (PAH’s) dramatically 
reduce survival of fish eggs in the microlayer, further damaging this layer so important to the 
overall ecosystem. 
 Despite these alarming signs of environmental degradation of the Strait, neither the Federal 
nor the Provincial government have taken action, or even made a plan to clean-up the Strait. No 
inventory of all toxic discharges into the Strait of Georgia has been done. Government reports 
published so far focus on isolated chemicals and their effects on isolated species, rather than 
considering combined or synergistic effects on the entire ecosystem. Even worse, authority to 
grant discharge permits is split between various government agencies on three different levels: 
municipal, provincial and federal. No single agency has a mandate to preserve these waters. No 
authority has taken the right and duty to force polluters to clean up. 
 In Europe, governments are now scrambling in an attempt to clean up the North Sea and 
Baltic. Last summer seals died by the thousands, and vast blooms of algae created biological 
deserts in the polluted sea. Radical reductions, and soon zero discharge of toxic wastes, is their 
only hope to restore life forms now at the verge of extinction. Both the North Sea Conference 
and the Helsinki Commission, who are the international bodies governing the North Sea and the 
Baltic, finally adopted the Precautionary Principle: that governments must act before it is too 
late, and well before there is irrefutable scientific proof that toxic and persistent chemicals 
indeed cause harm to the environment.  
 It is not too late to turn the tide of decline in our Inland Waters. What is needed is 
governmental leadership, supported by a public determined to save the beauty of Georgia 
Strait. We can’t wait for dying seals and killing algae. We have the warning signs to act now, to 
preserve life in these waters.  
 
 
TITLE: The State of the Strait: Proceedings of a Conference on the Health of Georgia Strait 
AUTHOR: Fox, B., Martel, D., Sujan, B. (Eds.)  
DATE: 1991 
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PUBLISHER: Save Georgia Strait Alliance, Gabriola Island, B.C. 
PAGES: 230 
FOUND: Vancouver Public Library 
NOTES: Abbreviated form of Introduction: 
 
In response to increasing evidence that the rich and diverse life of our precious Strait is being 
destroyed, the Save Georgia Strait Alliance was formed early in 1990. It was born out of deep 
concern and love for our home waters, and out of the knowledge that people coming together to 
take informed, committed action can be a powerful force for change. Originally conceived as 
simply a marathon swim across the Strait, the vision for the Alliance grew quickly as more and 
more people contributed ideas. By the summer of 1990, we had decided that a conference the 
following February could provide essential information and serve as an important catalyst for 
change. Planning for the State of the Strait Conference began right after the 1990 Save the 
Strait Marathon. Our goal was to bring people together to share the best current thinking about 
the problems in Georgia Strait, and to explore strategies for stopping the pollution and 
beginning the clean-up. Over the weekend, a wide variety of speaking examined the complex of 
factors and interrelationships involved in formulating realistic and effective solutions for Georgia 
Strait. Participants raised further concerns and shared their thinking on a host of issues 
affecting the Strait. Musicians, dancers and a native story-teller added their unique and creative 
perspectives. Live television coverage of the entire conference was provided by Shaw Cable, 
ensuring that the information went to a wide audience. The process was lively and often moving.
 This book is a summary of that conference. Included are the speeches, much of the 
discussion, and the final recommendations compiled from the many pages of comments and 
recommendations contributed by conference participants and panelist. It represents the thinking 
of many people, and hopefully will serve as a useful resource and organizing tool for people 
working to protect Georgia Strait or other coastal waters. 
 
 
 
TITLE: Saving the Strait, Saving Ourselves: A Report on Georgia Strait 
AUTHOR: Thomas, R.  
DATE: 1992  
PUBLISHER: Save Georgia Strait Alliance, Gabriola Island, B.C. 
PAGES: 50 
FOUND: Vancouver Public Library 
NOTES: Summary of contents: 
 
This report is divided into two parts: Part I - Crisis and Part II - Opportunity. The Crisis section 
discusses the background information on some unique ecological aspects of the Strait as well 
as some facts on the major sources of pollution in Georgia Strait including pulp and paper, 
municipal sewage, air emissions, noise pollution, oil pollution, global warming, and nuclear 
power. The opportunity section suggests ways to get involved and help save Georgia Strait from 
further devastating pollution. 
 
 
TITLE: Review of the Marine Environment and Biota of Strait of Georgia, Puget Sound and Juan 
de Fuca Strait: Proceedings of the B.C./Washington Symposium on the Marine Environment, 
January 13 and 14, 1994 
AUTHOR: Wilson, R.C.H., Beamish, R.J., Aikens, F., Bell, J. (Eds.) 
DATE: April, 1994 
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PUBLISHER: State of Washington and Province of British Columbia, Ministry of Environment, 
Lands and Parks; Fisheries and Oceans 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1948 
PAGES: 390 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: 
 
This report includes the text and discussion highlights of presentations at the British 
Columbia/Washington Symposium on the Marine Environment, held in Vancouver, B.C. on 
January 13 and 14, 1994. This symposium was organized by the B.C./Washington 
Environmental Cooperation council to help the B.C./Washington Marine Science Panel prepare 
a report for the Council on marine environmental quality in the boundary region. The Panel’s 
report to Council is published separately. The symposium brought together key presentations on 
status, quality and trends in the physical and chemical environment and biota of the coastal 
marine ecosystem shared by Canada and the USA. Geographic areas included are Puget 
Sound, the Strait of Georgia, and Juan de Fuca Strait. Topics included in this report are: loading 
of pollutants from industrial, municipal and non-point sources; estuarine circulation, 
hydrography, currents and ocean model results; contaminant concentrations in sediments, 
shellfish and fish; sublethal effects of contaminants on fish; potential human health implications 
of consuming contaminated fish from boundary areas; nutrients and eutrophication; algal toxins 
and the problems due to toxic algal blooms; the status of marine and intertidal benthos and the 
use of benthos to indicate ecosystem health; the influence of fisheries, changes in the physical 
environment, and pollution on abundance and distribution of commercially harvested species of 
invertebrates, shellfish and fish; the status and ecology of seabird and marine mammal 
populations; and the loss of marsh and other types of shore-zone habitat. Also included is the 
text of a presentation by the B.C. Minister of Environment, Lands and Parks about priorities for 
government action, particularly on oil spills. The symposium was focused around six questions 
related to the sustainability of development around the shared waters of the Georgia 
Depression, and the projected impact of population growth. Further information about the 
symposium is contained in the introduction of this report. 
 
 

1.2 Municipal Waste and Water Treatment 
 

 1.2.1 General 
 
TITLE: Toxic Substances in the Waste Waters from a Metropolitan Area 
AUTHOR: Koch, F.A., Hall, K.J., Yesaki, I.  
DATE: 1977  
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
SERIES: Technical Report #12 
PAGES: 107 
FOUND: Woodward Library, UBC and Vancouver Public Library 
NOTES: Abstract:  
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As a preliminary investigation into sources of toxic substances discharged to the Lower Fraser 
River, twelve collection areas representing a multiplicity of land uses were monitored during the 
summer and fall of 1974 for the trace metals - cadmium, copper, iron, mercury, manganese, 
nickel, lead and zinc - and for the organic contaminants - hydrocarbons, phenols and 
surfactants. In residential wastewaters, copper is the major trace metal contaminant and results 
from corrosion of piping in the potable water delivery system by the very soft water supply. 
Mixed system wastewaters which represent a combination of residential, commercial and 
industrial activities have higher concentrations of cadmium, nickel and zinc to the mixed 
wastewaters, and institutional wastewaters contain the highest level of mercury. There is 
considerable diurnal variation in trace metal concentrations, especially for copper, lead and 
zinc, at sewage treatment plants. Peak concentrations usually occur during mid-day coincident 
with peak flow periods and reflect transport of trace metals adsorbed to particulate material. 
Urban stormwater is an important source of lead and to a lesser extent copper and zinc, and 
can represent an important source of contamination in combined systems during a rainfall 
period. The concentrations of the organic pollutants, namely, hydrocarbons, phenols and 
surfactants, are low in wastewaters of the Vancouver area when compared to wastewaters from 
other cities. Within the metropolitan Vancouver wastewater system, highest hydrocarbon levels 
were found in mixed wastewaters implicating industries which utilize petroleum products as an 
important source. University wastewaters contained the highest level of phenols, probably as a 
direct result of their use in laboratories. 
 
 
 
 
 
 
 
 
TITLE: Municipal Effluents 
AUTHOR: Cain, R.T., Swain, L.G.  
DATE: 1980 
PUBLISHER: Fraser River Estuary Study, Province of British Columbia, Victoria, B.C. 
SERIES: Fraser River Estuary Study: Water Quality 
PAGES: 101 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
An investigation into domestic sewage discharged directly to the Fraser River and Sturgeon 
Bank within the Fraser River estuary study area in the period 1970 to 1979 was undertaken. 
Each treated discharge was addressed from the viewpoint of relevant objectives, conditions of 
permits which may apply, and applicable wastewater treatment technology. Each discharge was 
assessed according to monitoring data related to the discharge. All discharges of raw sewage, 
excepting combined sewer overflows and sewage treatment plant bypasses, will have been 
eliminated from receiving waters in the study area by the end of 1980. As well, all sewage will 
receive as a minimum primary treatment. The three largest sewage treatment plants within the 
study area are operated by the Greater Vancouver Sewerage and Drainage District (GVS &DD). 
Due to possible hydraulic overloading, a detailed engineering assessment of the present 
primary facilities at the Iona STP is required immediately. The GVS&DD should prepare a 
timetable outlining steps to be taken to upgrade the effluent quality at the three sewage 
treatment plants to meet level “AA” of the objectives with respect to acute toxicity. As a means 
to this end, a source control program is recommended. It is recommended that the 1979 effluent 
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monitoring program at the three plants be continued, and that a special study related to 
chlorinated organics formed in injection water be undertaken. As well, a groundwater monitoring 
program adjacent to sludge storage facilities is recommended. Studies to measure the timing 
and volumes of combined sewer overflows and sewage treatment bypasses are recommended. 
It is further recommended that the diversion of sewage from the secondary treatment plants at 
Maple Ridge and Pitt Meadows to Annacis be deferred until secondary treatment of the Annacis 
effluent is provided.  
 
 
TITLE: Toxicity Assessment of Treated Municipal Effluents 
AUTHOR: Metikosh, S., Cairns, V.W., Jank, B.E.  
DATE: 1980 
PUBLISHER: Environment Canada, Wastewater Technology Centre, Environmental Protection 
Service 
SERIES: Report # EPS 4-WP-80-1 
PAGES: 36 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
A study was conducted to determine the acute lethality of undiluted primary and secondary 
effluents from 24 municipal activated sludge plants, and final effluents from five waste 
stabilization ponds produced during summer and winter operation. Samples were collected 
before chlorination to exclude toxicity due to residual chlorine. All of the primary effluents 
sampled were acutely lethal to rainbow trout. The acute lethality of these effluents was 
suspected to be due to high concentrations of ammonia and anionic surfactants. Seventy-five 
percent of the secondary effluents sampled during the summer, and 45% of those sampled 
during the winter were non-acutely lethal. The increased acute lethality of effluents sampled 
during the winter was attributed to a decrease in treatment efficiency brought about by low 
winter operating temperatures. Toxicity removal depended on the operating efficiency of the 
individual treatment systems and was not affected by the proportion of industrial wastewater 
making up the influent. Samples from wastewater treatment systems which produced good 
quality, nitrified effluent were consistently non-acutely lethal. Both seasonal discharge and 
continuous discharge waste stabilization ponds produced non-acutely lethal effluents during the 
summer. However, during the winter, decreased treatment efficiency due to low temperatures 
and ice cover resulted in acutely lethal effluents. Only samples from a waste stabilization pond 
preceded by an aerated cell remained non-acutely lethal during the winter. Although the 
inclusion of the aerated cell may have resulted in increased treatment efficiency, further studies 
are required to determine the amount of aeration necessary to eliminate H2S production in the 
waste stabilization pond systems during the winter. 
 
 
TITLE: Acute Toxicity of Effluents 
AUTHOR: Singleton, H.J.  
DATE: 1980 
PUBLISHER: Fraser River Estuary Study, Province of British Columbia, Victoria, B.C. 
SERIES: Fraser River Estuary Study: Water Quality 
PAGES: 91 
FOUND: Woodward Library, UBC 
NOTES: Summary:  
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This report presents a summary and analysis of all the bioassay data on discharges to the lower 
Fraser River, up to the end of 1978. The amount of data available is not large and the data are 
difficult to interpret due to variations in experimental methods, sampling techniques and 
calculation procedures. Continuous flow bioassays, using juvenile salmon or trout, appear to be 
the most sensitive indicator of effluent toxicity. The data obtained on effluents are extrapolated 
to conditions in the river, using certain application factors. These calculations give a very 
approximate estimate of the possible effects of major effluents on fish in the river. Primary 
treated effluents from the three main municipal treatment plants are moderately toxic to fish. 
The acute toxicity of the Iona effluent is not a major threat to aquatic life on Sturgeon Bank. 
However, the accumulation of heavy metals and other toxicants in benthic fauna indicates that 
effluent from Iona is having a detrimental effect on localized area of Sturgeon Bank. Projections 
indicate that the Annacis effluent does not generally affect fish outside the initial dilution zone. 
Certain criteria suggest that at the minimum recorded river flow and present effluent flows, 
sublethal effects from persistent and cumulative toxicants may be experienced. When the 
maximum effluent flow from the plant is reached, by about the year 2020, a small increase in the 
acute toxicity over present values could cause unsafe conditions for fish in the river. The control 
of industries discharging to the sewers and further treatment at the plant are ways of reducing 
effluent toxicity. There is a need for more bioassay information on all discharges, including 
industrial discharges, and for the use of a uniform method to collect this information. More 
knowledge of which toxicants cause effluent toxicity is also required. 
 
 
 
 
TITLE: Brief Presented to the British Columbia Pollution Control Board Inquiry Pertaining to the 
Annacis Island Sewage Treatment Plant and Municipal Waste Discharges into the Lower Fraser 
River 
AUTHOR: Birtwell, I.K., Davis, J.C., Hobbs, M., Nassichuk, M.D., Waldichuk, M., Servizi, .J.A.  
DATE: 1981 
SERIES: Canadian Industry Report of Fisheries and Aquatic Sciences # 126 
PAGES: 40 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Information on the biological resources of the Lower Fraser River, associated economic 
considerations and the effects of municipal waste disposal comprise this joint Department of 
Fisheries and Oceans and International Pacific Salmon Fisheries Commission brief. The brief 
was prepared for, and presented at, a public hearing held by the government of British 
Columbia, February 1980, Vancouver, B.C. The hearing was related to the Annacis Island 
sewage treatment plant which discharges primary treated effluent into the Fraser River, and the 
adequacy of the provincial government's Municipal Type Waste Objectives to protect these 
waters from a polluted condition. 
 
 
TITLE: Environmental Effects of a Deep Marine Sewage Outfall at Five Finger Island, Nanaimo, 
British Columbia, 1977-1980 
AUTHOR: Pomeroy, W.M., Packman, G.A. 
DATE: 1981 
PUBLISHER: Department of the Environment, Environmental Protection Service, Pacific Region 
PAGES: 66 
FOUND: Woodward Library, UBC 
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NOTES: Abstract: 
 
The Environmental Protection Service monitored the impact of the Five Finger outfall on the 
receiving environment from 1977 to 1980. Of interest were (1) water quality characteristics of 
salinity, temperature, dissolved oxygen and nutrients; and (2) benthic characteristics of grain 
size, organic content, trace metal concentrations and benthic infauna and epifauna. Dives were 
made in the Pisces IV submersible to examine physical features of the outfall, immediate effects 
on substrate (deposition or scouring), turbidity changes and any obvious response of organisms 
to the outfall. Results from 1977 to 1980 indicated some minor effects of primary treated 
sewage effluent and a deep marine outfall on the receiving environment. Oceanographic 
parameters of salinity, temperature and dissolved oxygen displayed seasonal patterns 
characteristic of the Strait of Georgia. Dissolved nutrients were elevated around the outfall as 
were trace metals in prawns and shrimp. An increase in intermediate size sediment particles, 
sediment organic content and trace metal concentrations were noted. Benthic invertebrate 
communities surrounding the outfall had a different species composition than those recorded at 
distance. None of the benthic communities sampled were characteristic of a polluted situation. 
 
 
 
 
TITLE: Sewage Pollution in British Columbia in Perspective 
AUTHOR: Waldichuk, M. 
DATE: 1984 
PUBLISHER: Department of Fisheries and Oceans, West Vancouver Laboratory, West 
Vancouver, B.C. 
PAGES: 49  
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The historical development of sewage disposal, in the context of its effect on the environment, is 
briefly reviewed. The characteristics of sewage, i.e., solids, microorganisms, dissolved organic 
constituents, nutrients and metals, that affect the aquatic environment and ecosystem are 
discussed. A brief review is given of the three levels of treatment: primary, secondary and 
tertiary. Then four case studies of sewage treatment and ocean disposal in coastal areas of 
British Columbia (Greater Vancouver, Greater Victoria, Comox-Courtenay, and Nanaimo) are 
reviewed in some detail. Other areas are discussed with respect to specific problems. The 
perceived problems are largely associated with the impact of sewage bacteria and viruses on 
shellfish and the potential hazard to consumers. Closure of shellfish beds to harvesting, 
because of sewage pollution, has had a major economic impact. 
 
 
TITLE: Shellfish Growing Water Bacteriological and Sanitary Survey of Sooke Harbour and 
Basin, British Columbia, 1983 
AUTHOR: Walker, D.B. Kay, B.H.  
DATE: 1986 
PUBLISHER: Environment Canada, Conservation and Protection, Environmental Protection 
Service, Pacific and Yukon Region  
PAGES: 70 
SERIES: Regional Program Report 84-24 
FOUND: Main Library, UBC 
NOTES: Abstract:  
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Bacteriological and sanitary surveys of Sooke Harbour and Basin were conducted in 1983 
during two different climatic conditions. The purpose of these surveys was to re-evaluate the 
quality of the shellfish growing waters and to identify and evaluate sources of fecal pollution to 
these marine waters. During the summer period, August 9 to 14, 1983 and the winter period, 
December 6 to 12, 1983, a total of 598 marine, 11 freshwater, 11 tissue, and 8 sediment 
samples were collected. Eight of the sixty marine stations sampled did not meet the approved 
growing water quality standards. Data indicate that fecal contamination is sporadic in all stations 
of the study area but most evident around the areas of Sooke Flats, Hutchinson Cove and 
Anderson Cove. This contamination was also more evident during the winter period coincident 
with increased precipitation, lower amounts of sunlight, cooler temperatures and increased 
freshwater input. As a result of this study one closure has been expanded, one closure has 
been renamed, and six closures have been revoked under the Pacific Shellfish Regulations 
Schedule I (Contaminated Areas).  
 
 
 
 
TITLE: Marine Monitoring at Cape Lazo, B.C. Marine Sewage Outfall: March 1985 Update and 
Trend Analysis 
AUTHOR: Colodey, A.G.  
DATE: 1986 
PUBLISHER: Environmental Protection Service, Environment Canada; Conservation and 
Protection, Pacific and Yukon Region  
SERIES: Regional Progress Report 86-20 
PAGES: 23 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Sediments and water were sampled in the vicinity of the (Comox) Cape Lazo, B.C. submarine 
outfall on 11 March 1985. A reference site 5 nautical miles away was also sampled. The water 
column at the outfall and the reference site was unstratified. Temperature ranged from 7.8 - 7.9 
°C, while salinity was uniformly 29.7 ppt. Dissolved oxygen ranged from 7.0 to 8.9 mg/L (74-93 
% saturation). Nutrients (NH3, NO2, N03, o-P04, t-P04) were not elevated at the outfall site, when 
compared to baseline and reference site data. Sediment nickel, lead, and hydrocarbons were all 
below detection limits. Sediment fecal coliforms were at or below the limit of detection (200 
mpn/100 g sediment). The increase in sediment volatile residue noted in the summer of 1984, 
was apparently due to seasonal fluctuations. Levels detected in winter 1985 are comparable to 
the winter 1979 concentrations. In summary, no significant impact of the outfall on water or 
sediment quality was detected after about one year of sewage discharge. 
 
 
TITLE: Victoria’s Sewage Circus 
AUTHOR: Dew-Jones, J.E.  
DATE: 1991 
PUBLISHER: J.E. Jones, Victoria, B.C. 
PAGES: 50 
FOUND: Vancouver Public Library 
NOTES: Abbreviated form of the Introduction: 
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This book provides information to enable residents of Greater Victoria to decide if they want a 
sewage treatment plant to be built or continue to rely on two long outfalls. These outfalls are 
located at Macauley Point and Clover Point and were designed to discharge screened sanitary 
sewage without causing pollution. Residents face the question of whether a treatment plant 
should be built to serve the Colwood area or whether it would be better served by a long outfall. 
Colwood currently does not have a sewage collection system and depends largely on septic 
tanks. It is the author’s contention that such information has never been adequately provided, 
notwithstanding much publicity from recent work on this topic by the Capital Regional District 
(CRD) under the “Liquid Waste Management Plan” which they are producing. In order to form a 
balanced view of the Victoria situation, an understanding of several topics is necessary. These 
are touched on in brief and include: some general history of sewage treatment, the factors 
leading to present day concerns in Victoria, the relative importance of our sewage discharge 
today compared with other discharges and with those of other places and other times. 
 
 
TITLE: Environmental Monitoring Near the Macauley Point and Clover Point Marine Sewage 
Outfalls at Victoria, British Columbia in 1989 and 1990 
AUTHOR: Colodey, A.G., Salmon, R. A., Lim, P.G. 
DATE: 1992 
PUBLISHER: Environment Canada, Conservation and Protection, Environmental Protection, 
Pacific and Yukon Region 
SERIES: Regional Data Report 92-12 
PAGES: 40 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
Environment Canada (Environmental Protection) sampled locations near the Victoria, B.C. 
Capitol Regional District sewage outfalls at Macauley and Clover Points on three occasions: 
April 1989, October 1989, and April 1990. Sampling included dissolved oxygen profiles, 
sediment grabs (for metals, organic carbon and bacteria), and outer trawls (for trace metals in 
fish and invertebrates). Sediment samples were also obtained near the Belmont septic tank 
outfall off Esquimalt lagoon, and from a reference area on Constance Bank. No effect of 
Macauley and Clover Point outfalls was evident on dissolved oxygen levels, which were 75 to 
80% air saturation. Fecal coliform and Clostridium perfringens sewage indicator bacteria were 
detected at all Macauley and Clover Point sediment stations. Sediment trace metals at all three 
sites were all below levels of concern (less than Apparent Effects Levels (AET) and Effect 
Range-Low (ER-L), except for mercury in one sample from Macauley Point (1989) which 
exceeded ER-L levels and approached the oyster AET. Mercury was bioaccumulated in 
invertebrates and fish sampled at both outfalls, but was below Canadian guidelines for 
consumption (0.5 μg/g wet wt.). Sewage related debris was evident in a 1989 trawl sample and 
in two 1990 sediment samples at Macauley Point outfall. 
 
 
TITLE: The National Sewage Report Card: Rating the Treatment Methods and Discharges of 20 
Canadian Cities  
AUTHOR: Sierra Legal Defense Fund  
DATE: 1994 
PUBLISHER: Sierra Legal Defense Fund, Vancouver, B.C. 
PAGES: 51 
FOUND: Vancouver Public Library 
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NOTES: Abbreviated form of Chapter 1 (What You Will Find In This Report): 
 
The idea of a national report card on sewage sprang from an investigation initiated by the Sierra 
Legal Defense Fund (SLDF) in response to concerns voiced by environmental groups, including 
the Save Georgia Strait Alliance (SGSA), about the effects of sewage effluent on local 
Vancouver waters. The information obtained about Vancouver, in particular the volume of raw 
sewage discharge, was so surprising that SLDF, on behalf of SGSA, began to investigate large 
urban centres across the country. This report card is the result of that investigation.   
 The Evaluations section, beginning on page 6, forms the central body of this report. We 
have compared 20 major Canadian cities in terms of the quality of their sewage treatment and 
assigned each a letter grade between A and F. The cities are generally arranged by province 
from west to east, followed by the territories. The main criteria for these evaluations include: the 
level of sewage treatment provided, the volume of raw sewage discharged, and compliance with 
permits and regulations. The grade also reflects factors that are difficult to quantify, such as the 
sensitivity and health of the receiving environment, and a city’s commitment to improvement. 
This type of evaluation necessarily involves a degree of subjectivity, for which the authors take 
full responsibility. 
 In the evaluations of each of the 20 cities, a member of the local government and an 
environmental group are listed. As the heading suggests, the address and phone number of the 
government representative are provided to help readers voice their concerns or learn more 
about the issue of sewage treatment. The environmental groups listed are involved in local 
sewage issues, or at a national level or both. Some groups see their role in relation to the report 
as distributors of this information while others will actively promote this report and demand 
better sewage treatment in their particular area. 
 Following the evaluations of the cities are five short chapters which discuss a number of 
topics relating to sewage treatment. Why Sewage is a Problem begins on pages 32 and outlines 
the environmental impacts of sewage effluent and its effects on the food chain, up to and 
including humans. Types of Treatment, on page 36, provides a general description of the 
processes involved in conventional methods of preliminary, primary, secondary and tertiary 
treatment, and disinfection. Four sewage Success Stories on page 41, profiles four communities 
that are using innovative, environmentally sound sewage treatment technologies. Source 
Control, on page 44. describes ways in which communities attempt to regulate the substances 
entering municipal sewerage systems and argues for the necessity of true elimination of 
pollutants at source. Environmental Laws and their Enforcement is the final section of the 
report, on page 47. The unacceptable state of sewage treatment in the 20 cities surveyed is 
shown to be primarily a result of an unwillingness on the part of governments to enforce relevant 
laws. A list of information sources organized by city and by topic starts on page 52. 
 
 

 1.2.2 Wastewater Disinfection 
 
TITLE: Effects of Wastewater and Cooling Water Chlorination on Aquatic Life 
AUTHOR: Brungs, W.A.  
DATE: 1976 
PUBLISHER: Environmental Research Laboratory, Office of Research and Development, U.S. 
Environmental Protection Agency, Duluth, Minnesota  
SERIES: Report # EPA-600/3-76-098 
PAGES: 45 
FOUND: Woodward Library, UBC 
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NOTES: Abstract: 
 
The literature since 1972 pertaining to wastewater and cooling water chlorination is discussed 
under the following headings: review papers, chlorinated municipal wastewaters, continuously 
chlorinated water, intermittently chlorinated water, dechlorination, avoidance, formation of 
chlorinated organic compounds, aquatic life criteria and application factors, and regulations. 
Field and laboratory research results support a single criterion of 0.003 mg/l for continuous 
exposure of freshwater organisms. The former distinction between warmwater and coldwater 
systems is no longer appropriate; recent data indicate that several freshwater fish species are 
as sensitive as trout and salmon. The present concern for the formation of chlorinated organics 
in water and wastewaters is justifiable and the greatest present need is to determine the 
ecological significance, if any, of these results. The future course of wastewater chlorination will 
be greatly influenced by the recent proposed changes in the Environmental Protection Agency’s 
regulations on secondary treatment. The changes intend that disinfection only be considered 
when public health hazards need to be controlled, and that the exclusive use of chlorine should 
not be considered where protection of aquatic life is of primary consideration. Where these uses 
co-exist, alternate means of disinfection must be considered. 
 
 
TITLE: Toxicity of Residual Chlorine Compounds to Aquatic Organisms 
AUTHOR: Larson, G.L., Warren, C.E., Hutchins, F.E, Lamperti, L.P., Schlesinger, D.A.,  
Seim, W.K.  
DATE: 1978 
PUBLISHER: U.S. Environmental Protection Agency, Duluth, Minnesota 
SERIES: Report # EPA-600/3-78-023 
PAGES: 104 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Laboratory studies on the acute and chronic toxicity of chlorine and inorganic chloramines to 
trout, salmon, minnows, bullhead, largemouth bass, and blue gill were conducted. Acute toxicity 
under continuous and intermittent patterns of exposure as well as behavioral, reproduction, 
development, and growth responses to low levels exposures to residual chlorine compounds 
were determined. But not all patterns of toxicant exposure or all responses of all fish species 
were studied. Acute and chronic toxicities of chloramines to crayfish were investigated. Algae, 
invertebrates, including insects, and juvenile salmon were exposed continuously to relatively low 
levels of residual chloramine compounds in laboratory stream communities. The acute toxicities 
of inorganic chloramines, as measured by 96-hour LC50 values were less than 100 μg/l for 
salmonids and were a function of life history stage, body size, and some water quality 
conditions. Whereas adult trout may live indefinitely at concentrations near 50 μg/l, the LC50 
values for late developmental stages - fry and very small juveniles - were not much above this 
concentration. Effects on growth of alevins and juveniles had threshold concentration values 
between about 10 and 22 μg/l, effects being quite marked at 22 μg/l. In intermittent exposure to 
relatively high concentrations of free residual chlorine, mortality was found to be a rather 
consistent function of the area under the time-concentration curves of exposure, for different 
forms, durations, and frequencies of such patterns of exposure. Behavior responses of fish such 
as avoidance of chlorinated water which could be advantageous in nature and lethargic 
swimming, surfacing and sinking to the bottom which would probably be harmful were studied. 
Such behaviors occur not only at acutely toxic concentrations but also at lower ones. It was 
necessary to introduce concentrations ranging from 100 to 800 μg/l of chloramine into 
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laboratory stream communities to maintain mean residual concentrations near 20 μg/l. No 
marked effects on algal or insect abundances or on survival and production of juvenile salmon 
were observed at this and lower concentrations in the laboratory streams. It is doubtful that the 
amperometrically determined residual concentrations of chloramines in the streams consisted 
predominately of inorganic chloramines, organic chloramines perhaps being an important 
constituent under the stream conditions. Little is known of the toxicity of organic chloramines. 
The amount of inorganic chloramines introduced to maintain desired residual concentrations 
appears to have been a function of the amount of organic material in the stream communities. 
 
TITLE: Acute Lethality of Wastewater Disinfection Alternatives to Juvenile Rainbow Trout 
(Salmo gairdneri) 
AUTHOR: Cairns, V.W., Conn, K.  
DATE: 1979 
PUBLISHER: Ontario Ministry of the Environment, Pollution Control Branch; Environment 
Canada, Environmental Protection Services 
SERIES: Water Quality Project # 74-3-18 
PAGES: 30 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Increased concern over the environmental hazards arising from chlorination of municipal 
wastewaters prompted an investigation into the acute lethality of secondary treated municipal 
wastewater before and after disinfection with chlorine, chlorine dioxide, ozone and ultraviolet 
light. Dechlorination was accomplished by the addition of sodium sulphite or 24 hours storage. 
During the eight-month study, non-disinfected, municipal wastewater was non-acutely lethal in 
15 of 17 trials. Similarly, wastewater disinfected with ozone was non-acutely lethal in five of six 
trials. The mortality in both the non-disinfected and ozonated wastewaters could be directly 
related to mechanical upsets in the treatment systems. Wastewater disinfected with ultraviolet 
light was also non-acutely lethal. Ninety-six-hour LC50’s for chlorinated wastewater ranged from 
0.01 mg/L to 0.09 mg/L and averaged 0.04 mg/L as total residual chlorine. The 96-hour LC50 of 
chlorine dioxide disinfected wastewater could not be related to the chlorine dioxide residual. 
However, chlorine dioxide doses greater than 1 mg/L produced effluents which were acutely 
lethal in 96 hours. Indirect comparisons between the two disinfection processes indicated that 
chlorinated wastewater was more toxic than wastewater disinfected with chlorine dioxide. Both 
chlorine and chlorine dioxide disinfected effluents were non-acutely lethal following chemical 
dechlorination with sodium sulphite or 24 hours storage. This report presents data on the acute 
lethality. Information relating to the cost and effectiveness of the various disinfectants is 
presented in a separate report. 
 
 

 1.2.3 Stormwater Discharges 
 
TITLE: Stormwater Discharges  
AUTHOR: Ferguson, K.D., Hall, K.J.  
DATE: 1979 
SERIES: Fraser River Estuary Study: Water Quality 
PAGES: 197 
FOUND: Woodward Library, UBC 
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NOTES: Abstract:  
 
An Assessment was made of the pollutant load from stormwater discharges in the Greater 
Vancouver Regional District (GVRD) to the lower Fraser River estuary, aspects of the 
stormwater collection, treatment, and disposal practices in the region which require further 
research and stormwater management policy questions which must be addressed by local 
municipal, regional district and pollution control regulatory agencies. Stormwater pollutant 
loadings were based on literature-reported average pollutant concentrations since very few 
monitoring programs have been conducted in the region. A stormwater monitoring program 
should be implemented to obtain data that may be used to calculate representative stormwater 
pollutant loadings. These measurements would provide information in support of developing the 
most appropriate overall strategy for stormwater management and the level of protection from 
pollution from this source that can be effectively provided to the Fraser River estuary. 
 
 

 1.2.4 Secondary Disinfection of Drinking Water 
 
TITLE: Greater Vancouver Water District Environmental Impact Assessment of Proposed 
Secondary Disinfection of Drinking Water. Stage I, II and III  
AUTHOR: Norecol Environmental Consultants Ltd. and Dayton and Knight Ltd. 
DATE: 1992  
PUBLISHER: Greater Vancouver Regional District, Vancouver, B.C. 
PAGES: 3 Volumes 
FOUND: Vancouver Public Library 
NOTES: Abbreviated form of the Executive Summary  
 
The Greater Vancouver Water District (GVWD) is a division of the Greater Vancouver Regional 
District (GVRD) which supplies water to approximately 1.6 million people in 17 Lower Mainland 
municipalities. The GVWD currently is undertaking an environmental impact assessment of 
proposed secondary drinking water disinfection methods. The requirement for this assessment 
arose from pilot tests of two potential secondary disinfectants, chlorine and chloramine. Within a 
nine month period in 1989 and 1990, two water main breaks occurred in the pilot test area using 
chloramine as a secondary disinfectant. The water that was released drained to Fergus Creek, 
resulting in fish kills. As a result of the fish kills, the Department of Fisheries and Oceans (DFO) 
laid charges under the Fisheries Act (Section 36). Subsequently, DFO initiated the 
Environmental Assessment Review Process (EARP) requiring an environmental impact 
assessment of the proposed use of chloramination of municipal drinking water. Although the 
requirement for this project to be reviewed under EARP was later rescinded by a supreme Court 
ruling, DFO requested plans and specifications for the project under Section 37 of the Fisheries 
Act. In absence of the environmental review process as set out under EARP, the GVWD elected 
to undertake their own environmental review of the impact of secondary disinfection 
alternatives. This review is designed to provide the necessary information for the Section 37 
review being conducted by DFO. The assessment of impacts of secondary disinfection 
alternatives and associated reporting is being undertaken in three stages to allow input from the 
public and government agencies throughout the environmental impact assessment (EIA) 
process. The three stages include: 1) the production of a baseline report (Stage 1) which 
incorporates the information that will form the basis for the impact assessment; 2) the 
environmental impact assessment (Stage II) of secondary disinfection alternatives and the 
determination of mitigation requirements and methods; and 3) the development of conclusions 
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and recommendations (Stage III) regarding the secondary disinfectant alternative to be 
employed by the GVWD, based on the results of the EIA, input from the public consultation 
process, and costs associated with the secondary disinfection alternatives. 
 

1.3 Forestry Industry 
 

 1.3.1 Pulp and Paper Effluent 
 
TITLE: Toxicity of Pulp and Paper Mill Effluents, A Review of Regulations and Research 
AUTHOR: Walden, C.C., Howard, T.E. 
DATE: January 1977 
JOURNAL: Technical Association of Pulp and Paper Industry (TAPPI; TAPPA) 
VOLUME: 60(1) 
PAGES: 122-125 
FOUND: MacMillan Library, UBC 
NOTES: Abstract:  
 
Acute toxicity of most pulp and paper discharge to fish (salmon) has been extensively 
documented, with invertebrates and phytoplankton (algae) under study. Nearly all nonvolatile 
toxicants have been identified including resin and unsaturated fatty acids and various 
derivatives thereof; juvabione (paper factor) and related compounds; and chlorinated lignin 
derivatives. Substantial sublethal studies have assessed the effluent concentration below which 
no stress is exerted on aquatic organisms to be about 0.05 to 0.10 of the 96-hr LC50 value. The 
efficacy of biotreatment studies in detoxifying effluents has been examined.  
 
 
TITLE: Identifying Extractives Toxic to Aquatic Life 
AUTHOR: Rogers, I., Mahood, H., Servizi, J., Gordon, R. 
DATE: September 1979 
JOURNAL: Pulp and Paper Magazine of Canada 
VOLUME: 80(9) 
PAGES: 94-98 
FOUND: MacMillan Library, UBC 
NOTES: Abstract:  
 
Four 24 hr composite samples of hardboard wastewater were acutely toxic to sockeye salmon 
fingerlings. The measured 96 hr LC50s ranged from 3.6 to 12.2% v/v. After fractionation of the 
toxic extracts, the neutral and the resin acid subfractions together were found responsible for 
the acute toxicity. Using gas chromatographic-mass spectrometric (GC-MS) analytical 
techniques 16 neutral compounds, 10 resin acids and 9 other acids were identified. Chemicals 
derived from phenolformaldehyde glue played an insignificant role in the toxicity of wastewater, 
which was primarily due to wood extractives. Some of the compounds identified are unique to 
douglas fir, allowing their use as chemical markers in environmental monitoring.  
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TITLE: Environmental Monitoring of the Fraser River at Prince George. Chemical Analysis of 
Fish, Sediment, Municipal Sewage and Bleached Kraft Wastewater Samples 
AUTHOR: Rogers, I.H., Mahood, H.W. 
DATE: 1982 
PUBLISHER: Department of Fisheries and Oceans 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1135 
PAGES: 15  
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
In October 1980 a field study was conducted at Prince George, B.C. by the Environmental 
Protection Service, Environment Canada. Six species of fish and sediment samples were taken 
from the Fraser River at four sites upstream of and just below two pulp mill discharges and the 
main municipal sewage. Wastewater samples from these sources were also collected. All 
samples were analyzed for chlorinated organic compounds. The results indicate the absence of 
detectable levels of chlorinated organic compounds or resin acids in fish that utilize the river in 
the area of the wastewater discharges. There appears to be some contamination of river 
sediments from unknown sources. The quantitation of chloroform levels in the Fraser River is a 
matter deserving more detailed study because of its carcinogenic properties and a lack of 
information regarding its persistence and long-term release from chlorolignin in a fast flowing 
river. 
 
 
TITLE: Aquatic Toxicity of Pulp and Paper Mill Effluent: A Review 
AUTHOR: McLeay, D. and Associates 
DATE: April 1987 
PUBLISHER: Environment Canada, Fisheries and Oceans Canada; Canadian Pulp and Paper 
Association and Ontario Ministry of the Environment 
SERIES: Report EPS 4/PF/1 
PAGES: 191 
FOUND: Main Library, UBC 
NOTES: Abbreviated form of Preface: 
 
This report was prepared for Environment Canada, Fisheries and Oceans Canada, the 
Canadian Pulp and Paper Association, and the Ontario Ministry of the Environment, as part of 
their shared effort to gain an understanding of current knowledge, concerns and monitoring 
techniques associated with the aquatic toxicity of pulp and paper mill effluents. The report 
constitutes an objective review and evaluation of publicly available documents and published 
reports that deal worth this subject. The intent of the review was to undertake a critical review of 
the literature specific to the following topics: toxic constituents in mill effluents, receiving waters 
and sediments; laboratory monitoring for toxicity; toxic effects of mill effluents within receiving 
water; bioaccumulation and elimination of organic constituents in mill effluents; and bioassay 
tests for predicting the impact of whole mill effluents in the aquatic environment. Each topic is 
considered separately in discrete chapters of the report, although concepts and information 
relevant to more than one chapter are included where and as appropriate. 
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TITLE: In Situ and Laboratory Studies on the Behaviour and Survival of Pacific Salmon (Genus 
Oncorhynchus) 
AUTHOR: Birtwell, I.K., Kruzynski, G.M. 
DATE: December 1989 
JOURNAL: Hydrobiologia 
VOLUME: 188,189 
PAGES: 543-560 
FOUND: Woodward Library, UBC 
NOTES: Abstract (an abbreviated version of the original): 
 
Juvenile Pacific salmon display a marked surface water orientation during downstream 
migration, estuarine and nearshore coastal rearing phases. Many estuaries in British Columbia 
are vertically stratified with a shallow, well-defined halocline which can restrict the dispersion of 
wastes discharged into less saline surface waters and impose constraints upon aquatic 
organisms. In situ experiments in an estuary receiving a surface discharge of treated pulp mill 
wastes, revealed conditions which were lethal to underyearling salmon at and below the 
halocline (4.0-6.5 m depth). Behavioral bioassays determined that juvenile chinook salmon 
biased towards the water surface and avoided waters at depth; this distribution was most 
significantly affected by dissolved oxygen (DO). Surface waters receiving effluent from another 
pulp mill were lethal to juvenile salmon within 350 m, and a significant vertical avoidance 
response occurred within 350-950 m of the outfalls. The behavioral response was significantly 
correlated with temperature, pH and colour. A 4,500 l water column simulator was developed to 
examine juvenile salmon behaviour in the laboratory. Surface water orientation behaviour in 
relation to salinity and DO was investigated. Under simulated vertically stratified estuarine 
conditions, the fish moved freely between overlying fresh water and salt water. Induction of 
hypoxic conditions in fresh water elicited a downward distribution shift towards the halocline and 
oxygenated, but more saline, waters. Avoidance reactions (50% level) occurred consistently up 
to 7-8 mg/l DO. Salmon continued to examine the hypoxic freshwater zone despite sub-optimal 
conditions. 
 
 
TITLE: The Receiving Environment of the Upper Fraser River: A Pilot Environmental Effects 
Monitoring Program Examining Physical/Chemical/Biological Elements of the System Related to 
Pulp Mill Effluents, 1989 
AUTHOR: Dwernychuk, L.W. 
DATE: 1990 
PUBLISHER: Hatfield Consultants Ltd., Vancouver, B.C. 
PAGES: 2 Volumes 
FOUND: Vancouver Public Library 
NOTES: Abstract:  
 
The upper Fraser River was selected as the study area to implement a pilot Environmental 
Effects Monitoring (EEM) program, related to pulp and paper mill discharges in order to: 
characterize the receiving environment of the upper Fraser River in a variety of study 
compartments (receiving waters, river bottom sediments, fish tissues, and benthic 
macroinvertebrate communities); and assess the applicability of the upper Fraser River EEM 
model as a framework for a standardized national approach to monitoring the effects of effluent 
discharges 
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TITLE: Dioxins and Furans in Sediment and Fish from the Vicinity of Ten Inland Pulp Mills in 
British Columbia  
AUTHOR: Mah, F.T.S., MacDonald, D.D, Sheehan, S.W., Tuominen, T.M. Valiela, D  
DATE: 1989  
PUBLISHER: Water Quality Branch, Inland Waters, Conservation and Protection, Pacific and 
Yukon Region, Environment Canada, Vancouver, B.C.  
PAGES: 77 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Bed sediments and fish were collected upstream and downstream of ten pulp mills in the interior 
of British Columbia and analyzed for dioxins and furans. The results showed that dioxin and 
furan concentrations in bed sediments collected downstream of pulp mills varied from less than 
detection limit (LD) to 4521 pg/g of dry weight for total tetrachlorodibenzofuran (T4CDF). Bed 
sediments collected upstream of mills had undetectable levels of dioxins and furans, with the 
exception of one site. Fish samples (generally composed of composites of muscle tissue from 
seven fish) exhibited higher levels of dioxins and furans in fish collected downstream than 
upstream of the mills. The downstream samples showed dioxin concentrations from LD to 137 
pg/g wet weight for tetrachlorodibenso-para-dioxin (T4CDD) and furans from LD to 1185 pg/g 
wet weight of total T4CDF. The levels of dioxins found in upstream samples varied from LD to 
25.3 pg/g wet weight for total T4CDD while furans ranged LD to 399 pg/g wet weight for total 
T4CDF. Highest levels of dioxins and furans were found in whitefish (Prosopiu williamsoni and 
Coregonus clupeaformis) and squawfish (Ptychocheilus oregnensis). There was a significant 
positive correlation between furan concentration and lipid content of fish muscle tissue. 
 
 
TITLE: Observations on Overwintering Juvenile Chinook Salmon (Oncorhynchus tshawytscha) 
Exposed to Bleached Kraft Mill Effluent in the Upper Fraser River, British Columbia  
AUTHOR: Rogers, I. H., Levings, C.D., Lockhart, W.L., Norstrom, R.J.  
DATE: 1989 
JOURNAL: Chemosphere  
VOLUME: 19(12) 
PAGES: 1853-1868 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Chlorophenols and chloroguaiacols were quantified in juvenile chinook salmon near bleached 
kraft mills in the upper Fraser River in December 1987. Fish captured in April 1988 showed up 
to 55-fold induction of hepatic mixed function oxidase activity (EROD), and were contaminated 
with up to 370 ng/kg of 2,3,7,8-TCDD. The implications for the survival of these salmon are 
uncertain. 
 
 
 
 
 
 
 
 
TITLE: Toxicity to Aquatic Organisms of Organochlorine Substances in Kraft Mill Effluents 
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AUTHOR: Sprague, J.B., Colodey, A.G. 
DATE: June 1989 
PUBLISHER: Renewable Resources, Extraction and Processing Division, Industrial Programs 
Branch, Conservation and Protection, Environment Canada 
PAGES: 53 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Introduction: 
 
This report provides background material to Environment Canada on the release and effects of 
chlorinated organic substances from pulp mills which employ bleaching. On the basis of this 
information and other sources, it may be decided that there is justification for regulations under 
the Canadian Environmental Protection Act to limit discharge of these chlorinated organic 
substances. The presence of organochlorines in effluent from pulp mill bleach plants has been 
documented over many years. A large bleached kraft mill can discharge in the order of 5 tonnes 
of organically bound chlorine every day and some of those substances have appreciable 
toxicity. This document reviews the toxic effects of pulp mill wastes on aquatic organisms, and 
the role of chlorinated organics in those effects. The report concentrates on organisms from 
aquatic ecosystems since those are the systems most immediately affected by discharges of 
liquid effluent. Another potentially important ecological effect is bioaccumulation of certain 
persistent organochlorines in predators such as fish eating-birds. Hundreds of organochlorines, 
including chlorinated dioxins and furans, have been found in mill effluents, but many more 
remain undocumented. Because of the general tendency of these substances to be toxic, the 
uncertainty about exactly which ones are present, and the impracticality of regulating hundreds 
of substances, it would appear that any control of chlorinated organics in pulp mill effluents 
should treat them as a class of substances. 
 
 
TITLE: Effects of Pulp and Paper Mill Effluents and their Constituents on Estuarine and Marine 
Environments in Canada: A Brief Review 
AUTHOR: Colodey, A.G., Harding, L.E., Wells, P.G., Parker, W.R. 
DATE: July 1990 
PUBLISHER: Environment Canada, Conservation and Protection, Environmental Protection, 
Pacific, Yukon and Atlantic Region 
SERIES: Regional Progress Report 90-08 
PAGES: 44 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
It is clear from this report and extensive reviews by McLeay (1987), and Sprague and Colodey 
(1989), that untreated pulp and paper mill effluents from Canadian mills are often acutely toxic 
at source. They have had, and in most cases continue to have, marked deleterious effects on 
receiving water due to toxicity, and high biological oxygen demand (BOD) and total suspended 
solids (TSS) loadings. Impacts on benthic and intertidal organisms, contamination of biota by a 
wide range of organochlorine compounds, and changes in water colour, primary productivity 
and dissolved oxygen in the receiving waters, all have been demonstrated. Where effluents 
have been treated successfully, water quality for dissolved oxygen levels has improved. 
However, even in these cases, long term impacts of large accumulations of bark and effluent 
derived solids on inshore benthic habitats are expected. While sublethal effects of lowered 
dissolved oxygen levels and suspended solids on the water column and bottom communities 
are well known, the potential effects of major organochlorine contamination of water, sediments 
and biota are not fully understood, especially under natural conditions. Site-specific 
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assessments need to be updated in light of current biomonitoring techniques and changes in 
mill process and effluent treatment. The long-term effects of pulp mill generated organochlorine 
discharges on the receiving environment are largely unknown, but based on their properties, 
known persistence, results of laboratory toxicity studies, known bioaccumulation under natural 
conditions, and the findings of recent North American and Scandinavian studies which linked 
liver enzyme activation to reproductive changes in fish, such effects are a major concern. There 
is no question to the magnitude and seriousness of the biological impacts of pulp and paper mill 
effluents; they have been documented in Canadian waters for over three decades. Major new 
regulatory initiatives are completely justified to reduce the impacts of pulp and paper mill 
effluents and to allow for environmental recovery. 
 
 
TITLE: Effluents from Pulp Mills Using Bleaching 
AUTHOR: Environment Canada  
DATE: 1991 
PUBLISHER: Environment Canada; Health and Welfare, Ottawa 
SERIES: Canadian Environmental Protection Act Priority Substances List Assessment Report  
# 2 
PAGES: 60 
FOUND: Woodward Library, UBC 
NOTES: Abbreviated form of Summary: 
 
There were 47 pulp mills employing chlorine bleaching in operation in Canada at the time of 
writing this risk assessment report. The molecular chlorine or chlorine-containing compounds 
currently used as bleaching agents by the pulp and paper sector react with materials released 
from wood during the pulping process, resulting in the formation of chlorinated organic 
compounds which are in part discharged into the aquatic environment via effluents. Canadian 
mills are estimated to use over 610 000 tonnes of chorine annually to produce over 10 million 
tonnes of bleached pulp and to release over a million tonnes of chlorinated organic compounds 
to the aquatic environment. The assessment report concentrates upon these materials, in 
accordance with the recommendation of the Report of the Ministers’ Priority Substances 
Advisory Panel (1988) to consider the “full range of compounds found those effluents, 
particularly organochlorine compounds.” other materials commonly found in bleached pulp mill 
effluents include resin and fatty acids and these were examined briefly. 
 This assessment report does not include polychlorinated dibenzodioxins and polychlorinated 
dibenzofurans, total suspended solids (TSS) or biochemical oxygen demand (BOD) in the 
evaluation of bleached pulp mill effluents. The dioxins and furans were not considered as they 
were concluded to be “toxic” under Sections 11(a) and 11(c) of the Canadian Environmental 
Protection Act (Reported in Priority Substances List Assessment Report # 1 and published in 
the Canada Gazette, Part 1, March 17, 1990, p.949). A preliminary review of other 
organochlorine components of bleached pulp mil effluents found insufficient data to be able to 
judge their impact on the quality of fish for human consumption or on drinking water. TSS and 
BOD are regulated under Sections 34 and 36 of the Fisheries Act. The chemical composition of 
bleached pulp mill effluents is variable and not well characterized. Approximately 250 
compounds have been identified in bleachery effluents but many more remain unidentified. 
Thus, substantial quantities of chlorinated organic compounds, both of known and unknown 
composition, enter the Canadian aquatic environment from bleached pulp mill discharges. 
 Many of these chlorinated organic compounds are persistent and have been detected in 
water, sediments and biota up to 1400 km from bleached pulp mills outfalls. Compounds with 
low chlorine substitution degrade within hours to days, whereas highly chlorinated organic 
compounds may persist from days to weeks or longer. Persistence may be longer in winter, 
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especially under ice. Some chlorinated organic compounds can be biologically degraded or 
transformed and transformation may lead to more persistent and bioaccumulative compounds. 
Chloroveratroles, for example, transformation products of chloroguaiacols which are unique to 
bleached pulp mill effluents, are capable of accumulating in fish up to 25 000 times the 
concentration in water. Some other chlorinated organic compounds detected in biological 
tissues downstream of bleached pulp mills reflect repeated or long-term exposure rather than 
high bioaccumulative potentials 
 Seventy-five percent of Canadian bleached pulp mills discharge effluents are acutely lethal to 
fish, sometimes at concentrations as low as 3.2% effluent. A few individual chlorinated organic 
compounds in these effluents approach or surpass concentrations that cause mortalities in 
aquatic organisms ranging from algae to fish. Seventy percent of Canadian freshwater bleached 
pulp mills discharge whole effluent that, even upon dilution by the receiving waters, are at levels 
which cause chronic effects. Chronic effects, such as reproductive anomalies biochemical 
changes, and behavioral alterations in aquatic organisms, have been observed in Canadian 
field studies at 0.5 to 5% whole effluent. Laboratory studies using individual chlorinated organic 
compounds that are commonly discharged from bleached pulp mills have demonstrated such 
chronic effects as deformities, and embryo and larval mortalities in fish. These chronic effects 
include significant irreversible factors which jeopardize the continuance of the species and the 
integrity of the ecosystem. Thus, the levels of whole effluents discharged from Canadian 
bleached pulp mills to the aquatic environment and the resulting acute and chronic effects 
observed both in the field and in the laboratory combine to represent a significant risk to the 
aquatic ecosystem. 
 Based on these considerations, the Minister of Environment and the Minister of Health and 
Welfare have accepted the conclusion that the substance “Effluents from Pulp Mills using 
Bleaching” is entering the environment in a quantity or concentration or under conditions having 
an immediate and long-term harmful effects on the environment. The is substance is therefore 
considered to be “toxic” as defined under paragraph 11(a) of the Canadian Environmental 
Protection Act. 
 
 
TITLE: Chronic Fish Bioassays at Crestbrook Forest Industries Pulp Mill in 1987 and 1988  
AUTHOR: McDonald, L.  
DATE: 1991 
PUBLISHER: B.C. Environment, Environmental Protection Division, Cranbrook, B.C.  
PAGES: 26 
FOUND: Main Library, UBC 
NOTES: Summary: 
 
The Crestbrook Forest Industries bleached kraft pulp mill at Skookumchuck normally discharges 
its secondarily treated effluent to ground via a series of rapid infiltration basins. During spring 
freshet, when a river colour increase requirement can be met, the discharge is direct to the 
Kootenay River. There was no direct discharge to the Kootenay River in 1989 and 1990. In 
1986 coloured seepage was tested in situ using caged rainbow trout fry. The 1987 study was a 
simple lethal toxicity test, in 1988 sub-lethal toxicity was tested by examining exposed fish for 
gill tissue damage and analyses were performed to test for bioaccumulation of chlorophenols. 
 The seepage was not lethal to any of the rainbow trout in either a static 96 h laboratory 
bioassay on the seepage itself or in a 14 day (1987) or a 40 day (1988) in situ test immediately 
downstream in the river. There were no significant histopathological effects in the gill tissue of 
caged fish in 1988 after 40 days. Blind coded samples from each of four sites, one upstream 
control and three downstream sites, and from four croppings over the 40 days showed no 
detectable differences or trends related to exposure to the rapid infiltration seepage. 
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 There were no detectable quantities of any of the five chlorophenol compounds analyzed in 
the whole body of fish exposed for 40 days. These fish were viscerated to prevent 
contamination from stomach contents and removal of the liver may explain why no 
chlorophenols were detected since this is the organ which accumulated and metabolizes toxins. 
Concentrations of chlorophenols, however, were very low in the seepage and undetectable in 
the river just downstream. Two pairs of samples from the effluent entering the rapid infiltration 
basins and the seepage showed a 97% drop in total chlorophenols. 
 None of the chlorophenol compounds were detected in the river sediments. Several resin 
acids were, however, detected in the sediments, including at the upstream site. This site was 
above any rapid infiltration seepage but below the diffuser which had discharged effluent four 
months before sampling. The fish in the in situ bioassays were separated from the river 
sediment by the floor of the aluminum cages. 
 It is recommended that effluent to be discharged directly to the Kootenay River, which is 
required by permit to be non-lethally toxic, and the seepage from the Rapid Infiltration Basins be 
periodically checked for sub-lethal toxicity. Hepatic Mixed Function Oxidase (MFO) induction in 
test fish is one of the new methods that could be used. In situ bioassays or native fish capture 
techniques are not possible for direct discharge monitoring because of high river flows. For this 
assessment fish could be exposed to serial dilutions of effluent in a laboratory to determine a 
“no effect” concentration which could be compared to estimated effluent river dilutions. The 
seepage could be tested during low flows using in situ bioassays or native fish capture. MFO 
monitoring of fish is being considered for inclusion in the Environmental Effects Monitoring 
Program (EEMP) of the Pulp and Paper Regulations under the Federal Fisheries Act. EEMP 
protocols should be followed for MFO monitoring at Crestbrook Forest Industries. 
 It is further recommended that the use of the Rapid Infiltration Basins continue until process 
and/or treatment system changes can be introduced that produce a less toxic effluent. Area 
soils appear to function well in removing toxic components of the effluent, namely chlorinated 
phenols and resin acids. There is some indication in the scientific literature that these 
compounds are dechlorinated and detoxified by anaerobic microbial activity in soils. Further 
study is required to determine the actual fate of these compounds beneath the Rapid Infiltration 
Basins. 
 
 
 
 
 
 
 
 
 
TITLE: Dioxins and Furans in Bottom Sediments Near the Canadian Pulp and Paper Mills Using 
Chlorine Bleaching 
AUTHOR: Trudel, L. 
DATE: 1991 
PUBLISHER: Environment Canada, Inland Waters Directorate, Water Quality Branch, Ottawa  
PAGES: 286 
FOUND: Main Library, UBC  
NOTES: Abstract:  
 
Environment Canada, with assistance from provincial agencies, has conducted a sediment 
sampling program to determine dioxin and furan levels in the vicinity of the 47 Canadian pulp 
and paper mills using chlorine bleaching. The results of the program are described in this report. 
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Sediment samples collected over the study period were analyzed for dioxins and furans, organic 
carbon content and particle size distribution. Sediment samples were found to be contaminated 
by at least one form of dioxin or furan at most of the mill sites sampled. At several sites the level 
of contamination was high. In general, sediment samples from British Columbia coastal mill 
sites show higher levels and a more complex mixture of dioxins and furans than inland mill 
samples. The report recommends changes to the survey design and additional sampling to 
complete the study's data and permit a definitive evaluation of the level of contamination for 
each site. 
 
 
TITLE: A History of Octachlorodibenzo-p-dioxin, 2,3,7,8-Tetrachlorodibenzofuran, and 3,3',4,4'-
Tetrachlorobiphenyl Contamination in Howe Sound, British Columbia 
AUTHOR: Macdonald, R.W., Cretney, W.J., Crewe, N., Paton, D. 
DATE: 1992 
JOURNAL: Environmental Science and Technology  
VOLUME: 26(8) 
PAGES: 1544-1550 
FOUND: Main Library, UBC  
NOTES: Abstract:  
 
Six pulp mills using chlorine bleach discharge effluent into the Strait of Georgia, British 
Columbia (Canada). Fisheries were closed around the mills when dioxins and furans were 
measured in sediments and edible seafood. We report here the first measurements made for a 
dioxin (OCDD), a furan (2,3,7,8-TCDF), and a PCB (77) on three dated box cores collected from 
the region. OCDD is widely distributed, first appears in sediments in approximately 1940, 
reaches a maximum in 1970, and probably has an atmospheric source. In contrast, 2,3,7,8-
TCDF is concentrated near pulp mills and has been accumulating in the sediments since 
approximately 1965. PCB 77 correlates well with OCDD and is probably supplied from the 
atmosphere. 
 
 
 
 
 
 
 
 
TITLE: Dioxins and Furans in Sediment and Fish from the Vicinity of Four Inland Pulp and/or 
Paper Mills and One Petroleum Refinery in British Columbia 
AUTHOR: Tuominen, T.M., Sekela, M.A. 
DATE: 1992 
PUBLISHER: Environmental Surveys Branch, Environmental Conservation, Conservation and 
Protection, Pacific and Yukon Region, Environment Canada, North Vancouver, B.C.  
PAGES: 56 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Dioxins and furans were analyzed in bed sediments and fish collected upstream and 
downstream of four non-chlorine bleaching pulp and/or paper mills and one petroleum refinery 
in inland British Columbia. The results showed that all bed sediment samples collected 
upstream of the mills and refinery were below the analytical detection limit. 
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TITLE: Seafood and Pulp Mills: Striking a Balance in Georgia Strait - Organochlorine Emissions 
from British Columbia and the Effect on Fish, Shellfish, Humans and the Seafood Industry. 3rd 
Edition 
AUTHOR: Weyler, R.  
DATE: 1993 
PUBLISHER: Cortes Island Seafood Association, Cortes Island, B.C. 
PAGES: 29 
FOUND: Vancouver Public Library 
NOTES: Abbreviated form of Introduction: 
 
On November 30, 1988 the first seafood harvesting areas in British Columbia were closed due 
to dioxin and furan contamination from pulp mills. Portions of Howe Sound were closed to crab, 
shrimp and prawn harvesting, and Wainwright Basin and Porpoise Harbour near Prince Rupert 
were closed to crab harvesting. A year later both closures were extended, and further closures 
or consumption advisories were necessary near pulp mills along the Fraser, Thompson, and 
Columbia rivers, and at Kitimat, Powell River, Campbell River, Harmac, Crofton, Cowichan Bay, 
and Gold River. During those same two years, 1988 and 1989, a single pulp and paper 
company, MacMillan Bloedel, whose mills at Harmac and Powell river contributed to the 
fisheries closures, made net profits of over $575 million, generated over $1 billion in cash, paid 
shareholders over $200 million, and expanded their businesses with capital investments of over 
$800 million. Priorities were out of balance. Heron colonies near the Crofton mill, contaminated 
with dioxins, failed to fledge any young from 179 eggs. Young chinook salmon near pulp mills in 
the Fraser River were contaminated with dioxins. The events of 1988 were a wake-up call to the 
seafood industry in B.C.. To protect our industry we had to confront some of the largest 
corporations in the world - Noranda, Fletcher Challenge, Oil - companies whose offices were in 
distant lands, and whose priorities and perceptions were also distinct from our own. 
 The Cortes Island Seafood Association published the first edition of this report in 1991. We 
are pleased to report that many of the recommendations we made concerning regulations of mill 
effluent have been adopted by the federal and provincial governments, and new regulations with 
some positive changes. As a result, we are already witnessing a reduction in some toxic 
compounds in the marine environment. The job, however, is far from done. Fishing areas are 
still closed; toxins are still released by mills, and still accumulating in sediments, 
microorganisms, fish, birds, marine mammals and humans. New toxins from new pulp bleaching 
processes remain untested. In the following pages we address these and other issues, including 
the search for the best parameters for regulation, the costs of making changes, and the toxicity 
of untested compounds. 
 Our first concern is with the health of our families, our communities, and our customers. We 
eat this seafood ourselves, and feed it to our children. When we harvest and sell seafood from 
B.C., we want to known beyond a shadow of a doubt that the consumers of that food are being 
protected. Our second concern is for the general health of the marine ecosystem. Finally, we 
are concerned about the reputation of our industry. The current conventional view is that 
science can tell us everything we need to know about the natural world. This convention has 
told us that there is no health problem until science can prove it, and that we cannot change 
until the market conditions are right. We now know these conventions to be flawed. We wish to 
make a case for common sense. Biological science and market analysis must be balanced by 
precaution and compassion.  
 
 
TITLE: B.C.’s Pulp Mills: Effluent Status Report 
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AUTHOR: Ministry of Environment, Lands and Parks 
DATE: 1994 
PUBLISHER: Province of B.C., Ministry of Environment, Lands and Parks, Victoria, B.C. 
PAGES: 18 
FOUND: Vancouver Public Library 
NOTES: Highlights: 
 
B.C. pulp mills are leaders in Canada at reducing contaminants in liquid effluent discharges. 
Since the late 1980’s there has been a marked reduction in discharges of environmental 
contaminants from the pulp and paper industry. This has come about through a combination of 
government regulation and research, industrial research, planning and investment, and shifting 
consumer demand. As a result, some B.C. rivers and coastal areas that were once polluted by 
pulp mills are now clearly in the process of recovery. The use of chlorine for pulp bleaching 
produces hazardous chemical by-products, such as dioxins and furans (which are members of 
the organic chlorine family - AOX, or absorbable organic halogen). Demand by international 
consumers for totally chlorine free (TCF) paper products is helping to push the mills to make 
process changes which will eliminate the dioxin, furan and AOX problem. This document 
provides a review of the current status and projected effects of pulp mill liquid waste discharges 
on the environment in British Columbia. Emphasis is placed on recent trends in liquid effluent 
contamination discharges, and resulting environmental responses.  
 
 
 
 
 
 
 
 
 
 
 

 1.3.2 Chlorophenols and Other Wood Preservatives  
 
TITLE: Assessment of Storm Water Related Chlorophenol Releases from Wood Protection 
Facilities in British Columbia  
AUTHOR: Krahn, P. K., Shrimpton, J.A., Glue, R.D.  
DATE: 1987 
PUBLISHER: Environment Canada, Environmental Protection, Pacific and Yukon Region 
SERIES: Regional Progress Report 87-14  
PAGES: 104 
FOUND: Main Library, UBC 
NOTES: Abbreviated form of Abstract: 
 
This report documents the contamination of storm water runoff which leaches from surface 
treated lumber in British Columbia. Stormwater runoff from sawmills and lumber export 
terminals was suspected as a significant source of chlorophenols to adjacent water courses 
based on a 1978 Environment Canada study. During 1986 and 1987, a four month field study 
was conducted at five sawmills and tow lumber export terminals. The sites represented typical 
lumber handling and treatment methods including dip tanks, low pressure and high pressure 
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spray systems. Leachate dripping directly from the wood and yard runoff was analyzed for 
2,3,4,6-tetrachlorophenol and pentachlorophenol using a gas chromatography methods. Most 
lumber storage yards have their own drainage systems which discharge directly to fresh and 
marine waters. Acute lethal static bioassay tests (LC50s) using rainbow trout underyearling were 
performed on two pure stormwater samples discharging into such yards. 
 
 
TITLE: Identity and Distribution of Chlorophenols in the North Arm of the Fraser River Estuary 
AUTHOR: Carey, J.H., Fox, M.E., Hart, J.H. 
DATE: 1988 
JOURNAL: Water Pollution Research Journal of Canada 
VOLUME:23(1) 
PAGES: 31-44 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Chlorophenol concentrations in fish and water from the North Arm of the Fraser River were 
determined. Geographical distributions and regression analysis indicated that 2,4-
dichlorophenol, 2,3,5- and 2,4,6-trichlorophenol were correlated and likely entered the estuary 
from upstream sources whereas the source of 2,3,4,6-tetrachlorophenol and pentachlorophenol 
was likely lumber mills within the estuary. Concentrations of the latter two chlorophenols in fish 
were from 100 to 1400 times greater than in the water indicating that these compounds were 
bioconcentrating. Sculpins accumulated proportionately higher levels than other species and 
may be a good candidate biomonitor organism.  
 
 
 
 
 
 
 
TITLE: Sources of Chlorophenolic Compounds to the Fraser River Estuary 
AUTHOR: Carey, J.H., Hart, J.H.  
DATE: 1988 
JOURNAL: Water Pollution Research Journal of Canada 
VOLUME: 23(1) 
PAGES: 55-68 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The identity and concentrations of chlorophenolic compounds in the Fraser River estuary were 
determined under conditions of high and low river flow at three sites: a site upstream from the 
trifurcating and at downstream sites for each main river arm. Major chlorophenolics present 
under both flow regimes were 2,4,6-trichlorophenol (2,4,6-TCP), 2,3,4,6-tetrachlorophenol 
(2,3,4,6-TeCP), pentachlorophenol (PCP), tetrachloroguaiacol (TeCG) and a compound 
tentatively identified as 3,4,5-trichloroguaiacol (3,4,5-TCG). Under high flow conditions, 
concentrations of the guaiacols were higher than any of the chlorophenols and concentrations 
of all five chlorophenolics appeared to correlate. Under low flow conditions, concentrations of 
chloroguaiacols were higher than chlorophenols at the upstream site and at the downstream 
site on the Main Arm, whereas at the downstream site on the North Arm, concentrations of 
2,3,4,6-TeCP and PCP were higher than the chloroguaiacols in some samples. Overall, the 
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results indicate that pulp mills upstream from the estuary are important sources of 
chlorophenols to the estuary under all flow conditions. Additional episodic inputs of 2,3,4,6-
TeCP and PCP from lumber mills occur along the North Arm, when these inputs occur, they can 
cause the concentrations of chlorophenols in the North Arm to exceed provisional objectives. If 
chloroguaiacols are included as part of the objective, concentrations of total chlorophenolics in 
water entering the estuary can approach and exceed these objectives, especially under low flow 
conditions. 
 
 
TITLE: Chemicals in the Environment  
AUTHOR: Garrett, C.L., Shrimpton, J.A.  
DATE: 1988 
PUBLISHER: Department of the Environment, Environmental Protection Service, Pacific and 
Yukon Region 
SERIES: V. Chlorophenols 
PAGES: various pagings 
FOUND: Vancouver Public Library 
NOTES: Introduction: 
 
This report is one series entitled “Chemicals in the Environment - Pacific and Yukon Region” 
prepared by the Environmental Protection Service. The objective of these reports is to provide 
the technical guidance necessary for: a) the interpretation of environmental quality data on 
specific chemicals, and b) the assessment of potential impacts resulting from the release of 
these chemicals into the environment. The series will focus on both naturally occurring and 
man-made compounds whose releases to the environment is of concern due to their 
persistence, toxicity and/or bioaccumulative abilities. These reports discuss highlights of 
existing environmental quality data for B.C. and Yukon and provide information on 
environmental dynamics, potential impacts on the environment, and pertinent legislation and 
guidelines controlling both releases to the receiving environment and environmental quality. 
 
  
TITLE: Acute, Sublethal Effects of 2-(Thiocyanomethylthio)-benzothiazole on the Physiology of 
Juvenile Salmonids  
AUTHOR: MacKinnon, D.L.  
DATE: 1988 
PUBLISHER: MSc Thesis, Simon Fraser University, Burnaby, B.C.  
PAGES: 84 
FOUND: Bennett Library, SFU 
NOTES: Abstract:  
 
2-(Thiocyanomethylthio)-benzothiazole (TCMTB), is an antisapstain agent used in British 
Columbia’s lumber industry. Whilst it is known to be acutely lethal to fish a low concentrations, 
little is known of its sublethal effects. This study investigated the sublethal toxicity of TCMTB to 
juvenile salmonids (Oncorhynchus kisutch, O. tshawytscha and O. mykiss) with respect to the 
parameters of swimming performance, oxygen consumption, plasma glucose, plasma lactate, 
hematocrit, leucocrit and gill histopathology. Assessment of swimming performance consisted of 
subjecting TCMTB pre-exposed fish to a series of increasing velocity increments within an 
annular swim chamber. Significant reductions in critical swimming speed occurred in a 
concentration-dependent manner, with thresholds of 5-10 μg/L, depending on the species 
examined. The inhibitory effect of TCMTB on swimming performance was found to also be 
related to the duration of the exposure. Exposures of 12-24 h were the most critical with 
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maximal reductions in performance occurring after 24 h exposure, regardless of concentration, 
over the range of 10.0-40.0 μg/L. 
 Routine oxygen consumption rates were measured using an automated, intermittent-flow 
respirometer. Although oxygen consumption was influenced, its relationship to TCMTB 
concentration was not straightforward. Plasma lactate, plasma glucose, hematocrit and leucocrit 
were assayed upon termination of the respirometer trials. Neither plasma glucose nor 
hematocrit were affected by a 48 h exposure to sublethal TCMTB concentrations. Significant 
reductions in leucocrit and elevations in plasma lactate occurred in a concentration-dependent 
manner with thresholds of 15 and 7.5 μg/L, respectively. 
 The respiratory exchange unit in fish gills is the secondary lamella. Lamellae from fish 
exposed to lethal and sublethal concentrations of TCMTB were examined histologically for 
structural aberrations. Quantitative observations of interlamellar distance and blood-water 
diffusion distance demonstrated significant alterations in lamellar morphology at concentrations 
as low as 6 μg/L TCMTB. Swelling of the sub-epithelial space significantly increased the blood-
water diffusion distance and significantly decreased interlamellar distance. 
 Swimming speed, plasma lactate, leucocrit and gill histopathology, while varying in their 
convenience and applicability as sublethal indicators, were generally in good agreement with 
respect to the threshold concentrations (6-15 μg/L) for sublethal TCMTB effects. The observed 
alterations in critical swimming speed, plasma lactate and leucocrit indicate a physiological 
stress response to acute, sublethal TCMTB exposure. Reduced swimming performance is 
suggestive of impaired respiratory function. The presence of lamellar injury in response to 
TCMTB is consistent with the premise that disruption of gas-exchange capability by TCMTB 
may be a significant factor in this stress response. 
 
 
 
TITLE: Bioconcentration of Chlorophenols by Juvenile Chinook Salmon (Oncorhynchus 
tshawytscha) Overwintering in the Upper Fraser River: Field and Laboratory Tests 
AUTHOR: Rogers, I.H., Servizi, J.A., Levings, C.D. 
DATE: 1988 
JOURNAL: Water Pollution Research Journal of Canada 
VOLUME: 23(1) 
PAGES: 100-113 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Juvenile chinook salmon were sampled from August 1986 to March 1987 at stations near Prince 
George and Quesnel, influenced by sewage and pulp mill discharges. Maximum densities of 0.2 
fish/m2 were recorded. Salmon were collected at reference sites in November 1986 and at 
Agassiz in April 1987. Fingerling chinook were exposed at 0.7°C to a commercial wood 
preservative containing 2,3,4,6-tetrachlorophenol (TeCP) and pentachlorophenol (PCP) in the 
laboratory to simulate winter conditions in the upper Fraser River. Fish exposed for 62 days to 2 
μg/L contained a mean of 224 ng/g TeCP an 431 ng/g PCP. Chlorophenol uptake in feral fish 
was low. However, 3,4,5-trichloroguaiacol levels to 304 ng/g and tetrachloroguaiaol values to 
136 ng/g were measured in March. Fish from Agassiz, 518 km downstream of Quesnel, also 
contained these two substances. Thus chinook salmon can bioconcentrate persistent 
chlorophenols and chloroguaiacols directly from cold water (<1°C). The biological 
consequences are uncertain. 
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TITLE: Bioconcentration of Chlorophenols by Early Life Stages of Fraser River Pink and 
Chinook Salmon (Oncorhynchus gorbuscha, O. tshawytscha)  
AUTHOR: Servizi, J.A., Gordon, R.W. 
DATE: 1988 
JOURNAL: Water Pollution Research Journal of Canada 
VOLUME: 23(1) 
PAGES: 88-99 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Chlorophenol content of emergent pink salmon fry from five natal spawning grounds and 
fingerling chinook from the Fraser River was determined. Major chlorophenols identified were 
pentachlorophenol, 2,3,4,6-tetrachlorophenol, 2,4,6-trichlorophenol and 2,4-dichlorophenol. 
Sources of these compounds appear to be lumber mills using chlorophenol based fungicides 
and pulp and paper mill effluents. Chlorophenol content was greatest in pink salmon fry from the 
Thompson River (58.4 ng/g total chlorophenols). Fingerling chinook from the Fraser River 
contained 37.7 ng/g total chlorophenols. The 96-hr LC50 of Woodbrite 24, a chlorophenol based 
fungicide to pink salmon during the egg-to fry stage was determined to be in the 100 to 150 μg/L 
range. This range is about 100 times higher than average levels reported for Fraser River water. 
 
 
 
 
 
TITLE: Geographical Distribution of Chlorophenols and Habitat Types in the Fraser River 
Estuary 
AUTHOR: Drinnan, R.W., White, E., Wainwright, P.  
DATE: 1991 
PUBLISHER: Environment Canada, Inland Waters Directorate, Conservation and Protection, 
Pacific and Yukon Regions, Vancouver, B.C. 
PAGES: 142 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
Chlorophenol data in sediments, water and biological tissues, collected from the lower Fraser 
River estuary, were compiled into a single data database for a review of their geographical 
distribution within the study area. The data were obtained from both published and unpublished 
sources and cover the time period between 1973 and 1987. The data were described in terms 
of chemical species (a total of 20 were identified), by analytical laboratory, and by sample 
medium, including sediments, water, fish muscle and fish liver (collectively and by species), and 
invertebrate organism. For each sample medium, the geographical distribution of total 
chlorophenol concentration (described as the sum of all isomers of di-, tri-, tetra- and penta- 
chlorophenol reported for that sample) was displayed on maps showing the relationship 
between concentration and known or potential sources of chlorophenol (both existing and 
historical). Comparisons were also made with B.C. provisional water quality objectives, where 
appropriate. 
 
 
TITLE: A Review of the Environmental Impact and Toxic Effects of TCMTB 
AUTHOR: Hanssen, H.W., Henderson, N.D., Ward, J.E.H.  
DATE: 1991 
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PUBLISHER: Environmental Protection, Victoria, B.C. 
PAGES: 47 
FOUND: Main Library, UBC 
NOTES: Summary:  
 
The purpose of this paper is to review the toxicological, environmental, and physical properties 
of TCMTB an effective agent in preventing sapstain and fungus growth in freshly cut timber. 
Two products containing TCMTB, Busan 1030, and Busan 30WB, are also evaluated in terms of 
their environmental and toxicological impacts. Several environmental fate studies have been 
done on TCMTB, but effects of its environmental degradation products have not been fully 
documented. A partial aquatic degradation pathway has been proposed, and includes 
hydrolysis and photolysis of TCMTB to various benzothiazoles. Hydrolysis of TCMTB  is 
accelerated at high pH, and is affected by salinity and ion strength. Photolysis also occurs. 
TCMTB is rapidly degraded under aerobic conditions, and moderately so under anaerobic 
conditions. Bacterial metabolism has also been shown to occur. TCMTB has a high affinity for 
organic material in soil, and its mobility in soils varies according to organic content. It is not 
mobile in concrete, but is extremely so in asphalt. TCMTB leaches from wood; increasing 
storage time after treatment decreases the amount leached. In rats, TCMTB is rapidly absorbed 
from the intestinal tract after oral dosing, and is distributed in low levels to fat and other tissues. 
It is excreted mainly via the urine, and is apparently completely metabolized to conjugated 
products. According to the toxicity scales used in this paper, TCMTB  is moderately toxic to 
mammals orally and dermally, and extremely toxic to several species of fish. Toxic effects in fish 
appear to be increased in saltwater. Long term animal testing indicates that TCMTB is unlikely 
carcinogenic. Mutagenicity test have also generally given negative results. TCMTB has not 
been shown to be teratogenic or fetotoxic. Dermal contact is the main route of occupational 
exposure; possible effects include skin rashes, inflammation, or burns. Eye, nose, and throat 
irritation, chest tightness, and nosebleeds have also been reported. 
 
 
TITLE: The Effect of 2-(Thiocyanomethylthio)benzothiazole on Juvenile Coho Salmon 
(Oncorhynchus kisutch): Sublethal Toxicity Testing. 
AUTHOR: Mackinnon, D.L., Farrell, A.P. 
DATE: 1992 
JOURNAL: Environmental Toxicology and Chemistry  
VOLUME: 11(11) 
PAGES: 1541-1548 
FOUND: Capilano College Library 
NOTES: Abstract:  
 
This study examined the sublethal toxicity of 2-(thiocyanomethylthio)benzothiazole (TCMTB), a 
wood preservative used in British Columbia's (Canada) lumber industry, to coho salmon, 
Oncorhynchus kisutch. Swimming performance, oxygen consumption, and blood lactate levels 
were used as indicators of sublethal TCMTB toxicity. Assessment of swimming performance 
consisted of subjecting preexposed (48 h) fish to a series of increasing velocity increments 
within an annular swim chamber. An automated respirometer apparatus was used to measure 
oxygen consumption rates. Blood lactate levels were assayed upon termination of the 
respirometer trials. Reductions in critical swimming speed and elevations in blood lactate 
occurred in a concentration-dependent manner with thresholds of 10 and 7.5 mu-g/L, 
respectively. A similar concentration-dependent response was not observed with respect to 
oxygen consumption rates. 
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TITLE: Ambient Water Quality Criteria for Chlorophenols 
AUTHOR: Ministry of the Environment, Lands and Parks 
DATE: 1993 
PUBLISHER: Water Quality Branch, Water Management Division, B.C. Environment, 
Environment Canada, Victoria, B.C. 
PAGES: 361 
FOUND: Woodward Library, UBC 
NOTES: Summary: 
 
This document is one in a series that establishes ambient water quality criteria for British 
Columbia. It includes an overview which is followed by the main body of the report. This 
document sets criteria for the chlorophenols, chlorinated hydroxylated monocyclic aromatic 
hydrocarbons, to protect drinking water, freshwater and marine aquatic life, recreational waters, 
food-processing industries, and wildlife and livestock drinking water. Criteria were not set for 
crop irrigation or other industries. Suitable data documented the effects of chlorophenols for 
these uses are lacking. The CCME (Canadian Council of Ministers of the Environment) has not 
set guidelines for all water uses and all chlorophenols for which we have criteria. Toxicity to 
aquatic life and the generation of an unpleasant taste in fish and shellfish that live in 
chlorophenol-contaminated waters are effects that occur at the lowest chlorophenol 
concentrations. The criteria for chlorophenols are summarized in three table at the end of this 
overview. A more detailed discussion of the criteria is presented in the main body of the report. 
 
 

1.4 Mining Industry 
 
TITLE: Marine Environmental Assessment of Mine Waste Disposal into Rupert Inlet, British 
Columbia  
AUTHOR: Goyette, D., Nelson, H.  
DATE: December 1977  
PUBLISHER: Environmental Protection Branch, Environmental Protection Service, Pacific 
Region 
SERIES: Surveillance Report EPS PR-77-11 
PAGES: 93 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
In 1968 plans were announced to construct a 33,000 T.P.D. open pit copper-molybdenum 
mining complex on the north shore of Rupert Inlet, British Columbia. Coincident with this 
proposal was the necessity to develop a mill tailings and waste rock disposal system which was 
environmentally acceptable to existing regulatory agencies. Land disposal of the mine wastes 
was one of the alternatives considered during pre-operational studies but was rejected in 
preference to a marine tailings disposal systems. Characteristics of the ore indicated that the 
tailings if stored on land, could be subject to bacteriological leaching. The mining company 
predicted that tailings solids discharged directly into Rupert Inlet would generally remain below 
100 metres and would flow as a density current down the sloping bed of the inlet to settle in the 
deeper portions. It was also predicted that high current velocities in the area would remain 
above 60 m and would not influence tailings deposits on the floe of the inlet. These predictions 
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were presented by the proponent in a brief to the British Columbia Pollution Control Branch 
1971. A permit was subsequently issued for marine disposal, including a provision for an 
environmental monitoring program to be carried out under the direction of an independent 
agency. During the initial years of mine production, the Environmental Protection Service 
conducted a surveillance and monitoring program to assess the behaviour of the wastes in 
relation to the mining company’s pre-operational predictions. Present studies have shown that 
the waste discharge from the copper mine has resulted in the anticipated obliterative effects on 
deep benthos and an unpredicted widespread deposition of tailings which has affected the 
shallower, highly productive regions of the system. Strong tidal currents along the floor of 
Rupert Inlet are believed to be the major cause of the unpredicted spread of tailings. In a 
number of areas this deposition has resulted in a permanent alteration of the native habitat and 
the smothering of resident benthic biota. Both surface and subsurface turbidity levels have also 
greatly increased. 
 
 
 
 
 
 
TITLE: Environmental Impact of Mining in Canada 
AUTHOR: Ripley, E.A., Redmann, R.E., Maxwell, J. 
DATE: 1978 
PUBLISHER: Centre for Resource Studies, Queens University, Kingston, Ontario 
SERIES: National Impact of Mining Series 
PAGES: 274  
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
The present report provides a comprehensive review of published data. It also describes the 
processes by which unwanted materials (residuals) are released by man's activities, have 
effects on the physical and chemical environment, and ultimately impact on ecosystems. Impact 
assessment is carried out within a geographical context, by means of environmental effect and 
environmental impact matrices. The assessment of environmental impacts consists of an 
evaluation or weighing of factors relating to the mining and processing of specific mineral types. 
Several factors must be considered, including the location of the activity, the nature and volume 
of residuals released, the processes which disperse the residuals through the air, water and 
soil, the location and sensitivity of nearby ecosystems, and the consequences of the residuals 
or effects for terrestrial and aquatic organisms. This assessment is performed for all mineral 
types and phases of mineral processing in Canada, and particularly serious environmental 
impacts are pointed out. This report has three major sections, representing increasing levels of 
detail. The first introduces the study and presents an overview of the findings. The second 
section deals with the principles involved in the creation and control of residuals, their dispersal 
through the biosphere and their interaction with ecosystems. The third segment provides 
additional detail on specific types of mining and techniques of reclamation, together with 
background information contained in the appendixes.  
 
 
TITLE: Benthic Studies in Alice Arm, B.C., Following Cessation of Mine Tailings Disposal 
AUTHOR: Kathman, R.D., Brinkhurst, R.O., Woods, R.E., Cross, S.F. 
DATE: 1984 
PUBLISHER: Department of Fisheries and Oceans, Institute of Ocean Sciences, Sidney, B.C. 
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SERIES: Canadian Technical Report of Hydrography and Ocean Sciences # 37 
PAGES: 57 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Benthic invertebrates were collected and identified from Alice Arm and Hastings Arm, British 
Columbia, in October 1983 to determine the effect of mine tailings on the benthic community 
approximately one year after discharge from the Amax/Kitsault mine ceased. Current benthic 
invertebrate data were compared with data from a study conducted prior to mine closure. 
Taxonomic analyses indicated that the total number of benthic invertebrates from a group of 
three stations showing maximum impact of mine tailings in 1982 increased fourfold, while 
invertebrates obtained from transects further down inlet in Alice Arm and Hastings Arm 
decreased two to threefold compared to 1982. 
 
 
 
 
TITLE: Preliminary Laboratory Study of the Effects of Burial by Amax/Kitsault Mine Tailings on 
Marine Invertebrates 
AUTHOR: Reid, B.J., Baumann, J. 
DATE: 1984 
PUBLISHER: Department of Fisheries and Oceans, Field Services Branch, Habitat 
Management Division, Water Quality Unit, Vancouver, B.C. 
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 1781 
PAGES: 45  
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Continuous and static sediment deposition studies were conducted with selected marine 
invertebrates using tailings from the Amax of Canada Ltd., molybdenum mine at Kitsault, B.C.. 
Four subtidal bivalve species (Yoldia thraciaeformis, Y. limatula, Macoma calcarea and Acila 
castrenensis) and one polychaete species (Sternaspis scutata) survived 28 day continuous 
deposition of mine tailings. Test results indicate that the critical burial depth of Amax tailings or 
native sediment preventing vertical migration of Y. thraciaeformis and M. calcarea is >30 cm, 
while the critical burial depth range of Amax tailings for S. scutata is between 20 and 30 cm. 
Results of laboratory studies are discussed in relation to the scientific laboratory studies are 
discussed in relation to the scientific literature and field data collected in the vicinity of Alice 
Arm. 
 
 
TITLE: Current Trophic State and Potential Impacts of Coal Mine Development on Productivity 
of Middle Quinsam and Long Lakes  
AUTHOR: MacIsaac, E.A., Stockner, J.G.  
DATE: 1985 
SERIES: Canada Technical Report of Fisheries and Aquatic Sciences # 1381 
PAGES: 63  
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Middle Quinsam and Long lakes are typical examples of the small oligotrophic lakes common to 
the coast of British Columbia. They share the common features of high rates of winter flushing, 
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high water transparencies, very low concentrations of nitrogen and phosphorus, and low levels 
of pelagic productivity. Long Lake supports a 20 to 40% higher level of pelagic productivity than 
Middle Quinsam Lake, but a shallower morphometry and deeper light penetration suggest a 
higher level of benthic productivity in Middle Quinsam Lake. Long Lake experiences significant 
hypolimnetic oxygen depletion (0.8 mg O2/L/mo) during its growing season, but the current light 
climate of Middle Quinsam Lake permits hypolimnetic photosynthesis to maintain high oxygen 
levels in the hypolimnion. Inorganic nitrogen is depleted to detection limits for the most of the 
growing season in both lakes. Based on nutrient bioassay and a comparison of summer 
chlorophyll:phosphorus yields, Middle Quinsam and Long Lakes are slightly and moderately 
nitrogen-limited, respectively, during their growing seasons. Middle Quinsam Lake is expected 
to respond to high-nitrogen loadings from future coal mine development with a 20 to 50% 
increase in algal production. This small increase in productivity may be beneficial to its salmonid 
production if current levels of phosphorus and water clarity are maintained. A doubling of algal 
productivity in Long Lake is predicted in response to nitrogen-rich discharges from mine 
operation. This level of productivity is sufficient to put Long Lake at significant risk of serious 
hypolimnetic oxygen depletion with attendant impacts on salmonids and their supporting food 
webs. 
 
 
TITLE: Some Effects on Wastewater from Brenda Mines on Water Quality, Aquatic Organisms 
and Forage Crops  
AUTHOR: Bryan, J.E.  
DATE: 1991 
PUBLISHER: Environment Protection Service, Penticton, B.C. 
PAGES: 40 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Brenda Mines slightly alters water quality both in Trepanier and Peachland creeks and some 
tributaries. The tailings pond has a slight effect on MacDonald Creek which in turn has a slight 
effect on Trepanier Creek. Most of the seepage through the tailings dam is captured and 
returned to the tailing pond by the pumping system operated by Brenda Mines. Very little water 
from the tailings pond entered the Peachland Creek watershed from waste rock. This water 
contained high levels of metals and nitrate. After 1980, a better diversion system was installed 
and seepage from waste rock was piped to the tailing pond. Molybdenum and nitrate have 
affected the Peachland watershed and molybdenum exceeds the water quality criterion for 
irrigation use. Molybdenum concentrations in Peachland Lake decreased after Brenda Mines 
piped run-off from the waste rock into the tailing pond in 1980. Tailings wastewater at Brenda 
Mines was sometimes toxic to aquatic organisms. Other times the wastewater was not toxic, 
particularly after a mill shut-down had occurred. The tailings wastewater detoxified rapidly, so 
that after five months the water had no chronic toxicity to Daphnia. Trout downstream of the 
tailings pond in MacDonald Creek had no increased metal in their muscle or livers. Moreover, 
their livers were not induced to produce metallothionein, an enzyme which detoxifies metal, 
indicating that they are not being stressed by high metal levels. In Peachland Lake, however, 
molybdenum, metallothionein was not elevated. Suckers in Peachland Lake seem more subject 
to metal accumulation than trout, although only three suckers were sampled. The high 
molybdenum concentration in Peachland Creek resulted in an unusually high level of 
molybdenum in grass and alfalfa irrigated with Peachland Creek water. During the only 
discharge of tailings wastewater, in the spring of 1984, water quality of Peachland Creek and 
Okanagan Lake were altered. However, there was no evidence of toxicity to stream 
invertebrates or fish eggs in Peachland Creek. 
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TITLE: Survival and Water Quality Results of Bioassays on Five Species of Aquatic Organisms 
Exposed to Slag from Comico’s Trail Operations  
AUTHOR: Nener, J.C. 
DATE: 1992 
PUBLISHER: Department of Fisheries and Oceans, Fisheries Branch 
PAGES: various pagings 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
Fumed tail slag was collected from Cominco’s lead/zinc smelter located at Trail, B.C. and tested 
for toxicity using 5 species of aquatic organisms representative of different levels of the food 
chain: Selenastrum capricornutum, a unicellular alga; Daphnia magna, a zooplankton species; 
Hyalella azeteca, an epibenthic invertebrate; and rainbow trout (Salmo gairdneri) fingerlings. 
Slag was found to be detrimental to all species studied. Results of ICP scans on bioassay water 
collected at the completion of each bioassay indicated that elevated levels of copper and zinc 
may have been at least partly responsible for the acute toxicity observed. Results of histological 
analysis performed on exposed to slag indicated that slag also caused mortality by abrading 
delicate exposed surfaces such as gills. 
 
 
TITLE: Stream Periphyton and Benthic Insect Responses to Additions of Treated Acid Mine 
Drainage in a Continuous-Flow On-Site Mesocosm 
AUTHOR: Perrin, C.J., Wilkes, B., Richardson, J.S, 
DATE: 1992 
JOURNAL: Environmental Toxicology and Chemistry  
VOLUME: 11(11) 
PAGES: 1513-1525 
FOUND: Capilano College Library 
NOTES: Abstract:  
 
An on-site continuous-flow trough mesocosm was used to examine changes in the composition 
and abundance of periphytic algae and benthic invertebrates from additions of a solution of 
treated acid mine drainage (AMD). Five control and five treatment troughs supported an 
assemblage of periphyton and invertebrates that colonized from water withdrawn from Foxy 
Creek, a stream that receives limed AMD from the Equity Silver Mine, central British Columbia, 
Canada. A water intake for the mesocosm was located upstream of the AMD discharge. The 
treated AMD was delivered to the apparatus through a pipeline laid in a canal that carried the 
AMD to Foxy Creek. After three weeks of colonization in the troughs, additions of one part AMD 
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to 10 parts Foxy Creek water was delivered to the treatment troughs and continued for three 
weeks. Analyses of variance of measurements of abundance and biomass indexes contained 
high power values and indicated that the AMD addition did not significantly change the algal and 
insect composition and abundance. Advantages and disadvantages of the mesocosm with 
regard to the relative sensitivity of the measured parameters for use in examining effects of the 
AMD additions are discussed. The conclusion was that quantitative on-site experimentation 
using the mesocosm apparatus is a powerful approach in setting guidelines for AMD discharge 
mainly due to its capability of integrating ecosystem processes in experiments where hypothesis 
testing is possible. 
 
 
TITLE: Preliminary Report on the Effects of Abandoned Mine Tailings at Wells, B.C. on the 
Aquatic Ecosystem of Jack of Club Lake, Part I: Reconnaissance Study 
AUTHOR: Murdoch, A., Hall, G.E.M., Azcue, J., Jackson, T.A., Reynoldson, T., Rosa, F. 
DATE: 1993 
PUBLISHER: Environment Canada, Lakes Research Branch, National Water Research 
Institute, Burlington, Ontario 
SERIES: DOE FRAP 1993-07 
PAGES: 174 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
This report presents preliminary information on the effects of abandoned mine tailings on the 
Jack of Clubs lake ecosystem. Past gold mines at Wells, B.C. generated waste products that 
contain potentially toxic substances - some naturally occurring in the metal ore, others, such as 
mercury and cyanide, introduced during the various stages of extraction. Data are provided on 
the distribution of major and trace elements in water, suspended and bottom sediments, 
interstitial water and biota of Jack of Clubs Lake. As well, information is provided on the 
dispersion of the elements from the tailings deposit into the Willow River, a tributary of the 
Fraser. Bottom sediments appear to act as sink rather than a source for many of the elements 
with bio-availability increasing towards the tailing source. The general conclusion form this work 
is that the effects of tailings deposits are localized. Comparative data from other non-
contaminated lakes is needed to confirm the health of the Jack of Clubs Lake and Willow River 
ecosystem, or to determine the abatement required. 
 
 

1.5 Petroleum Industry 
 

 1.5.1 General  
 
TITLE: Respiratory Response of Juvenile Chinook Salmon and Striped Bass Exposed to 
Benzene, a Water Soluble Component of Crude Oil 
AUTHOR: Brocksen, R.W. Bailey, H.T. 
DATE: 1973 
CONFERENCE: Proceedings of a Joint Conference on Prevention and Control of Oil Spills 
PAGES: 783-91 
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FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Interest surrounding the potential effects of crude oil on aquatic organisms has increased in 
recent years due to the incidence of accidental oil spills. There are few experimental results 
reported, however, dealing with the effect on aquatic species of water-soluble aromatic 
hydrocarbons contained in crude oil. Such compounds are highly toxic to mammals. 
Experiments were conducted using juvenile chinook salmon, Oncorhynchus tshawytscha, and 
striped bass, Morone saxatilis. The fish were exposed to sub-lethal concentrations of the 
aromatic hydrocarbon benzene, for periods ranging from 1-96 hours. Prior to exposure, and 
after exposure to the benzene, respiration rates of individual fish were measured. Results show 
increases in respiratory rate up to 115 % above that of control fish after exposure periods of 24 
hours for striped bass and 48 hours for chinook salmon. Fish exposed to benzene 
concentrations of 10 ppm for periods longer than those listed exhibited a narcosis that caused a 
decrease in respiratory rate. The narcotic state induced by exposure to benzene was shown to 
be reversible when the fish were placed in fresh water and kept for periods longer than 6 days. 
Possible biochemical mechanisms leading to this response are hypothesized 
 
 
TITLE: The Effects of Petroleum Refinery Liquid Wastes on Aquatic Life, With Special Emphasis 
on the Canadian Environment  
AUTHOR: Côté, R.P.  
DATE: 1976 
PUBLISHER: Environmental Protection Service, Atlantic Region, Halifax, N.S. 
PAGES: 77 
FOUND: Woodward Library, UBC 
NOTES: Summary: 
 
This report attempts to assess the impact of petroleum refinery waterborne wastes on aquatic 
ecosystems. In Canada, there are specific petroleum refineries whose effluents are highly toxic 
to fish; however, the majority of refinery effluents tend to be moderately or not acutely lethal. In 
many cases, petroleum refineries do not contribute large volumes of waste-waters to the 
environment, and there is a continuing trend towards a reduction in effluent volume. Some of 
the major effluent components are known to be highly toxic under certain circumstances. One of 
the difficulties in assessment is that the toxic components are discharged in complex mixtures 
which can contain phenols, sulfides, heavy metals, ect., and which vary accordingly to specific 
refinery operations. Refinery operations may create and discharge carcinogenic compounds, 
cumulative toxicants, and compounds which can affect the sensory perception of aquatic 
organisms, in addition to affecting the taste and odor of the fish flesh. Since refinery effluents 
are generally discharged into areas already receiving one or more wastes, it is not always 
possible to determine and assess the specific effects of refinery effluents on the environment 
under actual field conditions. It then becomes important to conduct toxico-pharmacological 
studies, in order to diagnose effects in the environment that are relatable to specific causes. 
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TITLE: Sublethal Effects of Treated Liquid Effluent from a Petroleum Refinery on Freshwater 
Organisms.  
AUTHOR: Sprague, J. B., Roew, D.W., Westlake, G.F., Heming, T.A., Brown, I.T.  
DATE: 1978 
PUBLISHER: Water Pollution Control Directorate, Environmental Protection Service, Fisheries 
and Environment Canada 
PAGES: 297 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Sublethal tests used twice-weekly samples of treated liquid effluent from a petroleum refinery. 
The tests were conducted using rainbow trout, small tropical flagfish and Daphnia pulex as the 
organisms. Over two years, 71 of 94 effluent samples met federal guidelines for non-lethality to 
trout. Six specified physico-chemical characteristics had average values within or near federal 
guidelines. Sublethal experiments were based on non-lethal samples of effluent. Growth of 
rainbow trout was severely affected at 30% concentration of effluent, and threshold for effect 
was judged to be close to 10%. For growth, survival and reproduction of the small tropical 
flagfish, the threshold was similar, at about 9%. Trout did not show any obvious avoidance 
reactions up to 30% effluent. However, their general locomotor activity increased at 10% and 
decreased sharply at 30%. Respiratory rate of trout was not significantly changed at 50% 
effluent, but increased at 100%. Coughing increased linearly with concentration with a threshold 
of significant change between 25 and 50% effluent. Daphnia pulex were killed in two days by 
76% effluent and were 2.5 times as sensitive as trout. The ‘safe’ concentration, which would not 
significantly affect reproduction of Daphnia was estimated to be 0.52%. Two-day lethal tests 
with Daphnia would seem to be useful as rapid assays for monitoring or screening refinery 
effluents. Coughing of fish could be useful for automated continuous monitoring. 
 
 
TITLE: Benzene, Xylene and Toluene in Aquatic Systems: A Review  
AUTHOR: Buikema, A.L., Hendricks, A.C.  
DATE: 1980 
PUBLISHER: American Petroleum Institute, Washington, D.C.  
PAGES: 69 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This review surveys pertinent literature on benzene, xylene, and toluene in aquatic ecosystems. 
The primary sources of these three compounds are from petroleum and coal coke. Most of the 
toxicological research has been conducted on benzene. Benzene, xylene and toluene act as 
neurotoxins. All three compounds affect cell permeability with possible concomitant shifts in 
blood ions. Benzene toxicity is affected by salinity, temperature, presence of other toxic 
material, life stage, organism size, and test species. Toxicity of xylene of toluene is affected by 
most of the same factors. Depending on the concentration, benzene affects yolk utilization by 
fish fry, growth, hatching, oxygen consumption, and feeding behavior. The limited data available 
for xylene and toluene suggest that similar effects may be observed if concentrations are high. 



PART 1 -WATER QUALITY 

 48

Possible carcinogenic, teratogenic, and mutagenic effects have been observed. Uptake and 
degradation studies on benzene indicate that degradation and depuration are usually quite 
rapid. Virtually no data exist for xylene and toluene. Fish which have been collected near 
refineries have an offensive odor, and the cause was toluene, and possibly benzene. Because 
of the volubility of benzene, the concentrations expected to enter and persist in aquatic 
environments, and its ability to be degraded, benzene is not expected to be a real problem in 
aquatic systems except for a brief period of time during episodic spills. Even though some data 
are lacking, the same may be true for xylene and toluene, except that toluene is taken up and it 
does cause a taste and odor problem in fish. 
 
 
TITLE: A Selected Bibliography on the Fate and Effects of Oil Pollution Relevant to the 
Canadian Marine Environment  
AUTHOR: Samson, A.L., Vandermeulen, J.H., Wells, P.G., Moyse, C.  
DATE: December 1980 
PUBLISHER: Environment Canada 
SERIES: 2nd Ed. Report # EPS 3-EC-80-5 
PAGES: 191 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
A selected and indexed bibliography has been compiled, consisting of oil pollution research 
literature relevant to the Canadian marine environment. The bibliography is up to date to 
October 1, 1980, and replaces the 1977 bibliography of the same name. References were 
selected from the international scientific literature on the basis of their relevance to Canadian 
marine temperate and northern/arctic waters. The bibliography consists of two sections - 1. a 
printed listing of all references arranged alphabetically by author; 2. a KWIC (keyword in 
context) index on microfiche which allows complete and rapid access to the listed references by 
author and title keyword. 
 
 
TITLE: The Sublethal Effects of Dispersed Oil on an Estuarine Isopod 
AUTHOR: Duval, W.S., Harwood, L.A., Fink, R.P.  
DATE: 1982 
PUBLISHER: Research and Development Division, Environmental Emergency Branch, 
Environmental Impact Control Directorate, Environmental Protection Service, Environment 
Canada 
SERIES: Technology Development Report Series EPS 4-EC-82-1  
PAGES: 72 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The sublethal effects of physically and chemically (Corexit 9527) dispersed Prudhoe Bay crude 
oil on the physiology and behaviour of the estuarine isopod, Gnorimosphaeroma oregonensis 
were examined in a minicomputer controlled flow-through systems. Test organisms received oil 
concentrations approximating 0, 3 and 20% of the calculated 48-h LC50 for periods of 24 and 48 
hours for each dispersion type. The effects of exposure concentration, exposure duration and 
dispersed oil type on both critical and subcritical sublethal parameters (Percy, 1980) were 
investigated, as well as the rate and extent of recovery responses. In general, exposure to both 
physically and chemically dispersed oil caused a significant increase in oxygen consumption of 
treated isopods and a concomitant decrease in carbon assimilation rates and efficiencies. In 
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addition, isopods exposed to oil dispersions accumulated naphthalenes in their tissues, and in 
some cases showed altered molting patterns and mating responses. The magnitude and 
persistence of sublethal effects were usually dependent upon oil concentration and exposure 
duration. In most cases, exposures to chemically dispersed oil resulted in more pronounced 
sublethal effects, however, usually persisted for less than 48 hours beyond the end of the oil 
exposure. The significance of the sublethal effects and subsequent recovery responses 
observed in the test populations are discussed. 
 
 

 1.5.2 Drilling Fluids 
 
TITLE: The Toxicity of Drilling Fluid Components to Aquatic Biological Systems: A Literature 
Review  
AUTHOR: Land, B.  
DATE: 1974 
SERIES: Technical Report. Fisheries and Marine Service Research and Development 
Directorate #487  
PAGES: 33 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
This report is a literature review on the toxicity to aquatic biological systems of drilling fluid 
components used in northern Canada. This review included aquatic toxicity literature that was 
available prior to January 31, 1974. The components of drilling fluids include suspended solids, 
chlorides, alkaline sources, chromium compounds, bactericides, organic polymers, dispersants, 
defoamers, lubricants and detergents. On the basis of quantities used and of the harmful long 
term effects produced, the alkaline sources, bactericides, barium sulphate, bentonite, chromium 
slats and potassium chloride compromise the major sources of aquatic toxicity. 
 
 
TITLE: Heavy Metals from Drilling Fluid Components Released into the Canadian Marine 
Environment 
AUTHOR: Barchard, W., Mahon, S.D.  
DATE: 1986 
PUBLISHER: Environmental Protection Service, Atlantic Region 
SERIES: Surveillance Report EPS-5-AR-88-4 
PAGES: 55 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Based on concern that discharges into the marine environment incidental to petroleum 
exploration resulted in long-term contamination from heavy metals, studies were conducted to 
evaluate the presence and distribution of heavy metals residual from exploratory drilling up to 
four years after drilling has ceased. As well, chemical assay procedures were compared for their 
ability to measure bioavailability of metals in drilling fluids to benthos. Based on the present 
evidence, it is concluded that up to four years after drilling operations have ceased: (1) the 
environmental concentration of heavy metals may be higher than background in “patches” within 
500 m of drill sites, and will depend largely on the dynamics of the receiving environment; (2) 
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the proportion of the metals in the environment that is bioavailable depends on numerous 
factors, but the form and partitioning of the metal and the method of intake by an exposed 
organism are most important: (3) the metals that are most likely to be bioavailable are Ba, Cr, 
Zn, Pb and Cu; (4) Ba and Cr seem to bioaccumulate most readily although Cr is the only one 
physiologically active; (5) further research would be necessary to determine the degree of 
bioaccumulation during, and within a year of the cessation of drilling; but (6) studies so far 
suggest that the long-term effects of heavy metals from drilling fluids would be limited, 
especially if formulations that contained relatively pure barite are used. For regulatory purposes, 
use of a weak hydrochloric acid leach seems to be the best present procedure for screening drill 
fluid components for potentially bioavailable heavy metal contamination. 
 
 

 1.5.3 Tainting of Fish 
 
TITLE: Tainting of Fishery Resources 
AUTHOR: Tidmarsh, W.G., Ernst, R., Ackman, R., Farquharson, T. 
DATE: 1986 
PUBLISHER: Ottawa 
SERIES: Environmental Studies Revolving Funds Report #021 
PAGES: various pagings 
FOUND: Woodward Library, UBC 
NOTES: Summary: 
 
Tainting is the development of an atypical flavour in fish caused by natural spoilage or by the 
assimilation of contaminants into fish tissue. Exposure of fish to sublethal levels of lipid-soluble 
anthropogenic hydrocarbons in the C6 - C26 range either in the environment or present in the 
diet can cause a taint, but the severity depends on the types, concentrations, and behavior of 
the hydrocarbons present, and the species affected. Tainting is a complex problem because a 
taint is a subjective assessment which cannot be properly verified using chemical analytical 
techniques, and it is often impossible to establish a direct relationship between the presence of 
hydrocarbon contaminants and the presence of a taint. Yet the potential economic costs 
associated with possible tainting can be significant. 
 Tainting is a potentially important issue in Canada where offshore oil and gas activity 
coexists with rich offshore and coastal fisheries on both the east and west coasts. Because 
tainting or fear of tainting is a concern to both the oil and fishing industries, and the economic 
risks are potentially high, the present review was initiated to place the concerns associated with 
tainting in perspective, and benefit from the experiences in other countries. Although tainting, or 
fear of tainting, arising from oil pollution has caused severe economic losses to fishermen in 
various parts of the world in the past, it has not received coordinated scientific and regulatory 
attention until recently. Tainting incidents have for the most part been poorly documented. 
Generally, it has been found that tainting has been more prevalent in confined, shallow coastal 
embayments where sessile organisms or lipid-rich mobile species have been exposed to 
anthropogenic hydrocarbons from either chronic discharges or high concentrations from an 
acute spill persisting in the water column or sediments. Experience in laboratory tests has 
yielded conflicting evidence on the risk and degree of possible tainting of fish, and the actual 
taint-producing hydrocarbons present. 
 Available case histories of major oil spills or well blowouts reveal few instances where 
fisheries have been officially closed due to tainting or fear of tainting. Fishermen avoid areas if 
tainting, or threat of tainting is present because their catch may not be salable or may be 
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condemned by inspectors. Fear of tainting can have as serious an economic effect on a fishery 
as a confirmed incident. Regulatory procedures for managing potential tainting of fish resources 
are not well established in most countries. With the exception of the United Kingdom, legislation 
for closing fisheries because of confirmed contaminated or tainting is lacking. In general, control 
is exercised by health authorities who act only after contamination is reported and who can 
condemn tainted fish as inedible and therefore unmarketable. Because a taint is a subjective 
sensory perception, it can only be evaluated by using sensory tools such as odour and taste. 
Standard methods for determining taint have not been adopted internationally. Chemical 
analysis can only assist in determining the possible types of hydrocarbons responsible for a 
taint but cannot be used to determine whether a product is tainted or not. Based on experience 
in the food science industry, four types of sensory methods were assessed as tools for 
evaluating hydrocarbon taint. 
 The triangle test has been determined to be the best method. In this test, the panelist is 
presented with three samples, two of which are the same, and is asked to identify the odd 
sample. The triangle test has also been recommended for taste testing by the Working Group 
on the Evaluation of Hazardous Substances Carried by Ships (GESAMP 1983). Tissue analysis 
of a tainted product is recommended to support the findings of sensory evaluations by 
“fingerprinting” and quantifying the hydrocarbon present compared to control samples. Many 
methods to determine the hydrocarbon content in fish tissues are available. The three basic 
steps common to all methods are: extraction of hydrocarbons and lipids, isolation of the 
hydrocarbons fraction and analysis of appropriate fractions. The analytical method that has 
been recommended for use is based on stream distillation which rapidly recovers the most likely 
taint-causing hydrocarbons from the tissue matrix. These are then concentrated for analysis by 
gas-liquid chromatography, with or without additional analytical technology such as mass 
spectrometry, and UV and IR absorption. 
 The study revealed the lack of standard internationally accepted sensory evaluation and 
analytical tools for assessing possible fish tainting. Recommendations were made on the 
development of a series of standard methods that could be applied in the event of an oil spill or 
well blowout where fish tainting may be a concern. In addition, scientific understanding of 
several specific questions related to tainting is lacking. These include: threshold levels of 
hydrocarbons causing tainting; depuration rates in organisms after exposure; potential tainting 
associated with the discharge of oil-based drilling muds and production water, the application of 
dispersants, and the presence of sunken oil; and baseline levels of taint-producing 
anthropogenic hydrocarbons in selected species of commercial importance. Recommendations 
for studies to fill these deficiencies have been made. 
 
 
 
 
 
 
 
 
 
 
 
 
TITLE: Tainting of Finfish by Petroleum Hydrocarbons 
AUTHOR: Ernst, R.J., Ratnayake, W.M.N., Farquharson, T.E., Ackman, R.G., Tidmarsh, W.G.  
DATE: 1987 
PUBLISHER: Ottawa 
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SERIES: Environmental Studies Research Funds Report # 80 
PAGES: 150 
FOUND: Main Library, UBC 
NOTES: Summary: 
 
Tainting in fish is the development of an atypical flavour caused by natural spoilage or by the 
assimilation of contaminants into edible fish tissue. The main goal of this study was to establish 
a scientific basis for assessing taint in a representative commercial finfish, in relation to the 
occurrence and persistence of soluble petroleum hydrocarbons. a series of short-(24 h) and 
long-term (3 and 7 d) exposure studies was conducted on a laboratory scale (a) to evaluate the 
threshold concentrations of petroleum hydrocarbons in sea-water which can lead to tainting 
problems in Atlantic cod Gadus morhua and (b) to obtain an appreciation of the time to recover 
(depuration period) once the tainting has occurred.  
 Four different oils were used in this study, namely Amauligak, Brent, Hibernia, and Conoco. 
The first three were crude oils and Conoco was a base oil, a middle distillate. The hydrocarbon 
profiles of the three crude oils were more or less similar to each other. The main components 
were normal-, cyclic-, and branched-alkanes with minor levels of low boiling aromatic 
hydrocarbons. The n-alkanes generally ranged from C11 to C31. The Conoco base oil was 
completely different from the three crude oils; the main probably cyclic and branched alkanes. 
The content of n-alkanes was very low and the low-boiling aromatic hydrocarbons were 
completely absent. 
 Initially a stock of water saturated with hydrocarbons (generally referred to as the water-
soluble fraction (WSF)) was prepared with each of the four oils, as follows. The sea-water and 
oil were mixed, in a ratio of 99:1 (v/v), for 24 h with mechanical stirring in a 1,100-L stainless 
steel vessel, and were allowed to settle for 48 h for separation of the aqueous phase, i.e., the 
WSF, of the three crude oils ranged from 15-21 ppm, whereas the WSF from the Conoco base 
oil was relatively less concentrated (∼4 ppm). The main components of the WSF from the three 
crude oils were low-boiling aromatic, although these were minor components in the starting oils. 
Alkanes were almost absent. These low-boiling aromatics were completely absent in Conoco 
WSF; its main components were hydrocarbons of moderate boiling point, probably cyclic and 
branched alkanes. 
 Sea-water was spiked with various volumes of WSF concentrate to obtain a series of 
contaminated sea-waters. The hydrocarbon concentrations of the contaminated sea-waters 
ranged from 0.03 to 3.00 ppm. The exposure studies were conducted by exposing the fish to 
contaminated waters for a specified period and then subjected the fish to sensory evaluation in 
a triangle test in which the flavour and taste of the fillets were compared to fillets from a control 
group of fish held in uncontaminated water. In the depuration trials, the fish were placed in fresh 
sea-water immediately after the exposure period and were tested by taste panels for tainting 
after 1,4,7, and 14 d. 
 From the sensory evaluation it was concluded that the threshold hydrocarbon levels in sea-
water which will impart a taint in cod fillets within a 24-h exposure period are in the range of 0.4 
to 3.0 ppm for Hibernia, 0.3 to 0.8 ppm for Amauligak, below 0.5 ppm for Brent, and 0.7 to 1.2 
ppm for Conoco. For the crude oils, a hydrocarbon concentration above 3 ppm adversely 
stressed the cod and levels near 8 ppm had an immediate lethal effect. 
 Depuration trials were carried out with WSF from only two oils; Amauligak and Hibernia. 
The fish were exposed for 8 and 24 h to concentrations of 3.0 and 2.6 ppm hydrocarbon, 
respectively, for Amauligak WSF and to corresponding values of 1.8 and 2.4 ppm for Hibernia. 
After the 8-h and 24-h exposure periods the fish were allowed to depurate in fresh, 
uncontaminated sea-water. In all four exposures, the fish were tainted within the 8-h or 24-h 
exposure period and the taint depurated within 24 h, except in the fish exposed to Amauligak 
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WSF for 24 h. The taint of these fish, exposed at a concentration of 2.6 ppm hydrocarbon, 
depurated within 1 to 4 d. 
 Bioaccumulation of the hydrocarbons in the fillets was studied only in fish exposed in 
Hibernia WSF in the depuration trials. The fish exposed for 8 h and 24 h had 0.70 and 0.50 ppm 
hydrocarbon and these levels dropped to 0 and 0.08 ppm, respectively, after 24 h. These values 
correlated extremely well with the corresponding sensory evaluations. The taste panelists were 
able to detect the contaminated fillets (after 8-h or 24-h exposure with no depuration) easily 
whereas the depurated fish could not be distinguished from the control. 
 Long-term exposure studies were carried out with WSF of the same two oils used for 
depuration, namely Amauligak and Hiberniz. The fish were exposed for 3 or 7 d at much lower 
hydrocarbon levels than the threshold values already discussed with the short-term (24-h) 
exposure period. The sensory evaluations indicated that some of the fish tainted mildly and it 
was concluded that a concentration in the range of 0.1 to 0.2 ppm hydrocarbon will impart a 
taint to cod when exposed for 3 or more days. 
 The lipid content of the fish exposed to Amauligak WSF during the long-term trial was found 
to be around 0.6 to 0.8% (wet weight) which was not different from those of the control fish held 
in uncontaminated sea-water. This result indicates that the hydrocarbons in the water had no 
influence on the lipid metabolism of cod. Fish with lean muscle, such as cod, have limited lipid 
reserves in the muscle to absorb or accumulate extraneous organic matter. 
 Generally, it was determined that a 24-h exposure to a crude oil WSF of approximately 0.5 
ppm hydrocarbon will impart a taint to cod and that exposures to lower levels (<0.2 ppm) will 
taint cod after 3 d of exposure. To place this study in perspective it is recommended that the 
probability of these levels of contamination existing under environmental conditions should be 
assessed. 
 
 

1.6 Agricultural Pollution 
 
TITLE: Waste Management Activity Program Discussion Paper: Agricultural Runoff 
Contamination in the Fraser River Estuary 
AUTHOR: Hagen, M. E.  
DATE: 1990  
PUBLISHER: Fraser River Estuary Management Program, New Westminster, B.C. 
PAGES: 40 
FOUND: Main Library, UBC 
NOTES: Introduction: 
 
Lands surrounding the Fraser River estuary are among the most agriculturally productive in 
Canada. In 1985, 2,897 farms containing 37,096 ha and representing a capital investment of 
$1,174 million produced a gross income of $268 million, or 25% of the British Columbia total 
(Statistics Canada, 1987). The average production values of $7,200 per hectare was more than 
15 times the national average. Total expenses were $237 million. Runoff from these agricultural 
lands can be a source of pollutants tot he Fraser River estuary which may impart economic 
costs on third parties. Fisheries habitat, recreational opportunities, industrial use, and 
agricultural use may be impaired by contaminants in agricultural runoff. Less is known about the 
nature and magnitude of agricultural pollution than for other areas of concern such as municipal 
effluents, industrial discharges, and urban runoff. Few programs have monitored agricultural 
discharges. Instead, contaminant loading figures are a product of estimated runoff flows and 



PART 1 -WATER QUALITY 

 54

theoretical contaminant concentrations. Analysis of agricultural pollution is complicated by the 
variety of agricultural activities which include commercial or noncommercial farms, crop or 
animal production, and irrigated or dry land-cropping. Institutional arrangements to deal with 
agricultural waste management have lagged behind those for other areas. In this discussion 
paper, the agricultural runoff contaminant problem is subdivided into sections that discuss the 
volume of agricultural runoff, contaminants in general, waste legislation, and a number of waste 
sources. These include chemical fertilizer applications, animal manure disposal, pesticide 
applications, wood waste discharges, animal mortalities, soil erosion, and irrigation salinity. The 
nature and magnitude of the waste management problem is defined for each of these 
agricultural waste sources, along with legislation, programs, and current and recommended 
best management practices. Action needs, which may include research, public awareness, or 
development and implementation of control measures, are then summarized.  
 
 

1.7 Pesticides and Herbicides 
 
TITLE: Chlorinated Hydrocarbon Residues in Fishes from the Lower Fraser River 
AUTHOR: Johnston, N.T., Albright, L.J., Northcote, T.G. 
DATE: 1975 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
SERIES: Technical Report # 9 
PAGES: 31 
FOUND: Vancouver Public Library 
NOTES: Summary: 
 
Concentrations (ppb, wet weight) of aldrin, α- and γ-chlordane, heptachlor, lindane, dieldrin, 
heptachlor epoxide, p,p’-DDT, p,p’-DDD, p,p’DDE, and PCB’s (resembling Aroclor 1254) in the 
epaxial white muscle tissue of 183 specimens of 12 species of fish taken from the Fraser River 
downstream of Hope, British Columbia were determined. Aldrin, α- and γ-chlordane, heptachlor 
and lindane were not detected in any fish. Dieldrin was found in trace amounts (< 4 ppb) in two 
cutthroat trout and a white sturgeon from the lower reaches of the river and in a large-scale 
sucker from the upper reaches. Heptachlor epoxide, p,p’DDD were found in the low 
concentrations (up to 86.6 ppb) in about 12 % of the samples while p,p’DDE and PCB’s were 
found at higher levels in most of the fish. 
 Heptachlor epoxide concentrations in the fish samples averaged 2.0 ppb while p,p’-DDD 
and p,p’-ddt averaged< ppb respectively. No significant differences in mean concentrations of 
these compounds among major regions of the river could be shown, in contrast to the results for 
p,p’-DDE and PCB’s where regional or interspecific differences were noted. Muscle tissue 
concentrations of p,p’-DDE averaged below 20 ppb for most species, including all the salmonids 
(salmon, trout, and char). The highest level found in any sample was 1.74 ppm in a large carp 
from the North Arm. No regional differences in mean concentrations were noted. Significant 
interspecific differences existed but were not interpretable in terms of trophic position or 
residency in the river. An all cases, the measured concentrations of DDT and its analogues 
were well below Canadian Food and Drug Directorate standards for human consumption (5 
ppm). PCB’s were the organochlorine residues found in greatest concentrations in the muscle 
tissue of fishes from the lower Fraser River. The mean PCB concentration of all samples was 
140.7 ppb (3 1/2 times the mean concentrations of DDT and its metabolites) while the maximum 
was 3.69 ppm. Interspecific differences in PCB levels were not significant but for several 



PART 1 - WATER QUALITY 

 55

species both mean values and incidence of occurrence of detectable residues were higher in 
the portion of the river adjoining urban Greater Vancouver than further upriver. 
 Concentrations of p,p’-DDE (or of total DDT) increased with increasing size for largescale 
sucker, northern squawfish, and rainbow trout. Tissue levels of PCB’s did not vary with fish size. 
PCB and total DDT levels were significantly correlated in rainbow trout and northern squawfish 
(correlation coefficients of 0.35 and 0.48 respectively). Chlorinated hydrocarbon residue 
concentrations in Fraser River fishes are generally very low in comparison to values noted for 
other regions of North America. The high levels of total DDT and of PCB’s found in a few 
individuals and the higher incidence and mean concentrations of PCB’s in fish from the lower 
reaches of the river suggest that localized loadings of organochlorine compounds may be 
significant. Certainly further studies on sources and pathways of accumulation of these 
compounds in the lower Fraser are needed. 
 
 
TITLE: Sublethal Effects of Structurally Related Tetrachloro-, Pentachloro- and 
Hexachlorobiphenyl on Juvenile Coho Salmon 
AUTHOR: Gruger, E.H., Hruby, T., Karrick, N.L.  
DATE: 1976 
JOURNAL: Environmental Science and Technology  
VOLUME: 10(10)  
PAGES: 1033-1037 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Four groups of cohorts of juvenile coho salmon (Oncorhynchus kisutch) were fed 2,5,2’,5’ 
tetrachlorobiphenyl, 2,4,5,2’,5’-pentachlorobiphenyl, and 2,4,5,2’,4’,5’-hexachlorobiphenyl 
together at combined total concentrations of 1,2, and 12 parts per million in food pellets. Salmon 
fed 12 ppm chlorobiphenyls gained weight significantly (P<0.05) faster during a one-month 
treatment than salmon in a control group. Whole body concentrations of the three 
chlorobiphenyls in the fish during a 72-day period indicated a possible steady-state condition for 
the chlorobiphenyls when administered at the concentration of 1 ppm, but not at 2 ppm or 
greater in the food. Biphenyls chlorinated in the 2,5- and 2,4,5 positions on the aromatic rings 
were accumulated to a similar extent in the fish. Rearrangement of chlorine atoms from the 2,5-
positions to the 3,4-positions in isomeric tetrachlorobiphenyls resulted in an apparent decrease 
in the accumulation of the compound in young salmon. For the first time a pentachlorobiphenyl 
was found to cause enhancement activity of the hepatic aryl hydrocarbon hydroxylase system in 
treated fish. 
 
 
 
 
TITLE: The Impact of Mosquito Control Chemicals on Selected Non-Target Organisms in British 
Columbia  
AUTHOR: Wan, M.T.K., Wilson, D.M. 
DATE: 1976 
PUBLISHER: Environmental Protection Service 
SERIES: Report # EPS 5-PR-76-3 
PAGES: 59 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
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The impact of the insecticides Abate and Malathion on non-target organisms was determined 
during aerial and ground applications for mosquito control in British Columbia. Air and water 
contamination, effects on aquatic and terrestrial organisms, and persistence of Malathion in the 
environment were monitored in the municipalities of Delta, Matsqui, and Westsyde, near 
Kamloops, B.C. The effects of Abate on aquatic invertebrates were also studied at Tsawwassen 
and in Port Coquitlam, B.C. Aerial applications of Malathion contaminated water bodies in the 
treatment areas and persisted in the air for several hours after application. The contamination of 
pond water resulted in a fish kill. Malathion reduced the bee population temporarily, but had little 
or no impact on other non-target terrestrial arthropods. Direct application of Abate to the aquatic 
environment reduced the numbers of several non-target invertebrates and altered the 
composition of the aquatic fauna during the period of study. The implications of these findings 
are discussed and the effectiveness and environmental consequences of mosquito control 
practices in British Columbia are reviewed. 
 
 
TITLE: Effects of Selected Herbicides on Smolting of Coho Salmon 
AUTHOR: Lorz, H.W., Glenn, S.W., Williams, R.H., Kunkel., C.M., Norris, L.A., Loper, B.R.  
DATE: 1979 
PUBLISHER: Western Fish Toxicology Station, Corvallis Environmental Research Laboratory, 
Corvallis, Oregon  
SERIES: EPA-600/3-79-071 
PAGES: 79 
FOUND: Woodward Library, UBC, Vancouver Public Library 
NOTES: Abstract: 
 
The 96-h LC50 values of several herbicides to yearling coho salmon, Oncorhynchus kisutch, 
were determined. All 96-h tests were conducted under static conditions at 10 °C in freshwater of 
alkalinity and hardness ranging from 70-83 mg/L and 85-93 mg/L (as CaCO3), respectively. The 
herbicides acrolein and dinoseb were the most toxic of the 12 water soluble herbicides tested, 
having 96-h LC50 values of 68 and 100 μg/L, respectively. Atrazine, diquat and picloram were 
moderately toxic in freshwater with 96-h LC50 values ranging from 10-30 mg/L. 
 
 
 
 
 
 
 
 
TITLE: Impact of Insect Growth Regulators on Aquatic Organisms Co-existing with Mosquito 
Larvae 
AUTHOR: Wan, M.T.K.  
DATE: 1979 
PUBLISHER: Aquatic Programs and Contaminants Control, Environmental Protection Service, 
Pacific Region 
SERIES: Regional Program Report 79-27 
PAGES: 59 
FOUND: Main Library, UBC 
NOTES: Abstract: 
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The Impact of insect growth regulators Altosid and Dimilin on selected non-target organisms 
was determined during experimental applications for mosquito control in British Columbia. 
Residues in water, persistence in the environment, and effects on aquatic crustaceans and 
insects of the two growth inhibitors were monitored. Altosid was effective against mosquitoes 
and appeared harmless to marsh crabs, crustaceans and fish at the Tsawwassen salt marshes. 
Dimilin treatments at Fort Langley, B.C., suppressed mosquito populations and reduced the 
population of zooplankton and certain non-target insects. Residues of these growth regulators 
were relatively persistent in the environment. The implications of these findings, and the 
effectiveness of insect growth regulators as mosquito control agents and their environmental 
consequences are discussed. 
 
 
TITLE: Toxicity Studies with the Brush-Control Herbicide “Krenite” and Salmonid Fish. 
AUTHOR: B.C. Research  
DATE: 1980 
PUBLISHER: B.C. Ministry of Forests, Vancouver, B.C. 
SERIES: Project # 1-01-305 
PAGES: 42 
FOUND: Vancouver Public Library 
NOTES: Summary: 
 
1.) Laboratory bioassays were conducted with the herbicide “Krenite” to enable an assessment 
of the extent to which this agent poses a threat to salmonid fish if applied to forests for conifer-
release brush control (i.e. without the addition of a surfactant) to be made. Partial life-cycle 
studies were conducted with coho salmon (egg through smolt life stages) and rainbow trout 
(egg through fingerling life stages) in order to determine the effects of acute (4-day) or sub-
acute (12-day) exposure to this herbicide on their well being.  
2.) For both fish species, the alevin (yolk-sac) stage was the most sensitive to Krenite, with 4-
day median lethal concentrations (LC50 values), including post-exposure mortalities, of 618 
(coho) or 367 (rainbow) mg/L.  
3.) Egg stages (newly-fertilized eggs, eggs at blastopore closure and eyed eggs) were highly 
tolerant of Krenite. The LC50 values due to 4-day exposures (including post-exposure 
mortalities) ranging from 25,377 to 64,450 mg/L, with the exception of the more sensitive (eyed) 
egg stage of rainbow (1,456 mg/L).  
4.) Swim-up fry and young fingerling stages of each species were somewhat (1.5 - 2 times) 
more tolerant to Krenite than the alevin stage. Yearling coho pre-smolts were slightly more 
tolerant to Krenite than the alevin stage. Yearling coho pre-smolts were slightly more tolerant to 
Krenite than coho fingerlings (4-day LC50 values 7,014 and 5,361 mg/L, resp.) Coho smolts 
showed a minor (but significant) increase in sensitivity to this herbicide compared with the pre-
smolt stage. Some post-exposure mortalities were evident for the coho pre-smolts and smolts 
during a 1-week recovery in freshwater (LC50 values including post-exposure mortalities were 
3,295 and 2,669 mg/L resp.); no further mortalities occurred during a subsequent 1-week 
immersion in seawater (23% salinity). 
5.) Coho salmon were more resistant to Krenite than rainbow, with 4-day LC50 values 2.4, 3.1 
and 4.9 times rainbow values for the fingerling, swim-up fry and alevin stages, resp. 
6.) Post-exposure mortalities occurred following a 4-day exposure of all life stages of each 
salmonid species to Krenite. These delayed deaths were completed within 1 week for post-
hatched (alevin to yearling) stages and by 2 weeks after hatching for the exposed egg stages. 
These mortalities caused a 1.4- to 4.2-fold decrease in LC50 values (increase in toxicity) from 
those calculated immediately upon termination of the exposure (4-day LC50), depending on fish 
species and life stage tested. 
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7.) Continuous exposure of life stages to Krenite for 12 (coho) or 14 (rainbow fingerlings only) 
days increased the toxicity from that due to acute (4-day) exposures by 2.2 to 8.9 times, 
depending on species and life stage tested. 
8.) Coho alevins held in Krenite for 12 days showed a delay in time to yolk absorption at 
concentrations ≥ 10 mg/L; whereas those exposed for 4 days were unaffected by strengths ≤ 
500 mg/L. 
9.) Groups of 25 (coho) or 50 (rainbow) fish surviving Krenite exposures equivalent to ∼0.9, 0.1, 
0.01 and 0 (control) of the respective LC50 values for each life stage exposed (green egg 
through alevin or swim-up fry stages) were reared in separated freshwater stream troughs until 
they reached the fingerling stage (45 or 100 days of active feeding for coho or rainbow resp.). 
For each species, the growth (length, weight) and acute lethal tolerance to Krenite or the 
reference toxicant pentachlorophenol of these groups for fingerlings were unaffected (ANOVA, 
p>0.05) by their prior history of Krenite exposure. No groups (including alevins) surviving 
previous exposure to Krenite showed any latent effects throughout these observation periods in 
freshwater. 
10.) Based on these partial life-cycle studies, the threshold-effect concentrations for Krenite and 
salmonid fish were 618 (coho) and 367 mg/L (rainbow) where fish were held in Krenite solutions 
for 12 days. 
11.) Sub-populations of rainbow trout fingerlings acclimated to water temperatures of 7.5, 12 
and 17.5°C and tested for their acute lethal tolerance to Krenite (4-day LC50 values) at 
temperatures of 8,12 and 18 °C) showed 5-fold differences in LC50 values due to these 
variations in acclimation and test temperatures. Regardless of acclimation temperature, Krenite 
was generally most toxic at the highest temperature tested (18 °C). 
12.) Controlled variations in fish-loading density from 0.6 to 2.2 g fish/L Krenite solution did not 
alter the toxicity of this herbicide to fingerling rainbow trout in 4-day static LC50 tests (solutions 
not renewed during bioassay). 
13.) The acute lethal toxicity of Krenite to rainbow swim-up fry was not affected by the controlled 
aging of aerated Krenite solutions prior to the bioassays, for periods of up to 20 days. 
14.) Rainbow fingerling exposed continuously to aging solutions of Krenite (static bioassay) or 
to solutions replaced at 24-h intervals (replacement bioassay) showed a cessation of all 
mortalities by day 10 or 11, resp. A 1-week observation of surviving fish following transfer to 
freshwater at day 14 indicated that incipient values had been obtained for each species since 
no additional deaths were observed. These incipient LC50 values indicated that Krenite was only 
marginally more toxic to fish when solutions were renewed throughout the bioassay. 
15.) The influence of 11 natural freshwater samples collected from throughout B.C. and from 
across Canada on the acute lethal toxicity of Krenite to rainbow trout was determined. Four-day 
LC50 values for swim-up fry held in Krenite diluted with each of these freshwater samples varied 
12-fold (158 - 1874 mg/L). Differences were attributed to the pH (6.7-8.2), hardness (7-470 mg 
CaCO3/L) and alkalinity (8 - 401 mg CaCO3/L) characteristics of these diluent waters. Increases 
in toxicity were related to increases in the pH, alkalinity and hardness values for the diluents 
water employed. 
16.) In a separate series of 4-day LC50 bioassays with rainbow swim-up fry, the toxicity of 
Krenite diluted with only B.C. Research hatchery water varied 9-fold (2523-272 mg/L) due to 
controlled variations in test pH from 5.5 to 7.5. Toxicity increased progressively ( LC50 values 
declined) with increasing pH values. 
17.) A comparison of available information concerning the acute toxicity of Krenite versus other 
brush-control herbicides (2,4-D, 2,4,5-T, silvex, picloram, amitrole and Roundup) to salmonid 
fish indicated that Krenite was 2-4 orders of magnitude less toxic than these alternative 
chemicals. The limited chronic-effect toxicity data gathered for some of these herbicides 
indicated that the threshold concentrations of Krenite which affected the long-term well-being of 
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salmonid fish adversely were again many times higher (less toxic) than those for other brush-
control agents. 
18.) A theoretical estimate of the maximum strength of Krenite that would be found in shallow 
surface waters, due to direct overhead spray application, indicated that Krenite strengths ≥ 75 
times this maximum theoretical strength would be required to cause detrimental effects. This 
estimate was based on the threshold-effect concentrations of this herbicide found for salmonid 
fish in partial lifecycle studies, assuming moderate (12°C) test temperatures and diluent waters 
with low pH, alkalinity and hardness characteristics.  
19.) It is recommended that the receiving-water characteristics (ie pH, hardness, temperature, 
dissolved oxygen), resident fish species, life stages and their relative sensitivities be considered 
in the site selection and timing of spray operations. Site specific field assessments of the 
possible impact on the aquatic environment of spray applications of Krenite should include 
measurements of actual strengths of this herbicide in appropriate receiving-waters, sampled 
during and subsequent to application, as well as a consideration of biological effects during the 
treatment period. 
 
 
TITLE: Studies on the Toxicity of MatacilR 180F Concentrate, its Formulations, and their 
Components to Aquatic Fauna  
AUTHOR: Doe, K.G., Parker, W.R., Ernst, W.R., Horne, W.H.  
DATE: 1983 
PUBLISHER: Environment Canada, Environmental Protection Service, Atlantic Region. 
SERIES: EPS-5-AR-83-1 
PAGES: 45 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Fingerling rainbow trout (Salmo gairdneri) were used to determine the acute lethal toxicity of 
Matacil 180 F, of its proposed operation formulations, and of the components of the 
formulations. It was concluded that toxicity of the 180 F concentrate and the water formulation 
was mainly due to aminocarb and not the various adjuvants. For the oil formulation, 63% of the 
toxicity could be attributed to aminocarb and 37% to diluent oil 585. The acute toxicity of the oil 
and of the water formulations was also investigated using a variety of aquatic invertebrates. The 
fresh water Cladoceran Daphnia pulex was the most sensitive of the three invertebrates tested, 
with 48-hour EC50s for immobilization of 0.38 mg/L for the oil formulation and 1.1 mg/L for the 
water formulation. the fresh water clam Anodonta sp. was intermediate in sensitivity with 96-
hour LC50s of 260 mg/L for both the oil and the water formulations. The least sensitive species 
tested was the seawater mussel Mytilus edulis, which had 96-hour LC50s greater than 1000 
mg/L for the two formulations. The attachment of mussels to substrates by their byssal threads 
was inhibited by concentrations of 114 mg/L of the oil formulation and by 550 mg/L of the water 
formulation. A 30-day experiment to determine the uptake and elimination of aminocarb by the 
mussel, Mytilus edulis, was conducted with the water formulation of Matacil 180 F. 
Bioconcentration factors ranged from 1.5 to 2.6 for various exposure times up to 30 days and 
the mussels eliminated, or metabolized, the aminocarb, in less than 24 hours when transferred 
to clean-flowing seawater. Bioconcentration factors equilibrated at 1.5, regardless of exposure 
concentration. Bioconcentration of the particulate aminocarb in the Matacil 180 F formulations is 
not likely to present a hazard to aquatic filter feeding organisms. It was concluded that the 
toxicity of Matacil 180 F and its formulations to the non-target organisms tested were less 
severe than the toxicity of Matacil 180 D and its formulations. If operational usage rates were 
similar, the Matacil 180 F would have a greater margin of safety, and so would be the preferable 
operational insecticide. 



PART 1 -WATER QUALITY 

 60

 
 
TITLE: Environmental Monitoring Studies of Selected Pesticide Spray Operations in British 
Columbia 
AUTHOR: Wan, M.T.K. 
DATE: January 1983 
SERIES: Regional Program Report # 83-01 
PAGES: 151 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This report summarizes the results of chemical residue and biological measurements in a 
selected number of operational and experimental pesticide spray applications in British 
Columbia. The chemical measurement data obtained during herbicide applications were used 
for the development of buffer zone guidelines to protect salmon and trout fishery habitat areas. 
Spray drift patterns, air, sediment and water contamination, and persistence of herbicides in the 
aquatic and terrestrial environments were studied. The impact of certain insecticides on aquatic 
and terrestrial invertebrates was investigated to evaluate the effects of spray operations on 
these organisms. Twenty-eight different studies are summarized in seven appendices covering 
the following pesticide programs: forestry conifer release, rights-of-way vegetation control, 
forestry insect pest control, mosquito control, agricultural-urban pest control, aquatic pest 
control and industrial/commercial vegetation and pest control. The body of the report 
summarizes the results of these investigations, and provides a general assessment of the 
findings of the monitoring studies.  
 
 
 
 
 
 
 
 
TITLE: Toxicity to Rainbow Trout of Selected Formulations of 2,4-D and 2,4-D/Diesel Oil 
Mixtures 
AUTHOR: Wan, M.T., Watts, R., Moul, D.  
DATE: 1986 
PUBLISHER: Environment Canada, Environmental Protection Service, Pacific Region 
SERIES: Regional Program Report 85-02 
PAGES: 12 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
In 1983/1984 static fish bioassays were conducted by the Environmental Protection Service, 
Pacific Region, to compare the acute toxicity to rainbow trout of various formulations of 2,4-D 
and their mixture with different concentrations of diesel oil. 2,4-D dimethylamine (DMA) was the 
most toxic formulation to rainbow trout (96 hr LC50 = 58.6 mg/L); followed by 2,4-D iso-octyl 
ester (IOE), (96 hr LC50 = 70.3 mg/L); and 2,4-D diethanolamine (DEA), (96 hr LC50 = 314.9 
mg/L). The addition of 5% diesel oil to the 2,4-D formulations increased the toxicity to rainbow 
trout by 3.2 times for 2,4-D DEA, 1.7 times for 2,4-D DMA, and 2.6 times for 2,4-D IOE. The 
implications of these results and their impact on fish are discussed. 
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TITLE: Pesticides Research and Monitoring Annual Report 1986-1987 
AUTHOR: Environment Canada 
DATE: 1988 
PUBLISHER: Minister of Supplies and Services, Environment Canada 
PAGES: 63 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Executive Summary: 
 
This is the first Annual Report on the Pesticides Program of Environment Canada. It 
summarizes the research and monitoring activities being conducted in all areas of the country 
by various sectors of the department. The projects carried out under the program are listed in 
this report according to the region in which the field work was done. Studies in the Pacific and 
Yukon region addressed two major areas of concern: the impact of herbicides on fisheries, and 
the presence of chlorophenols in the environment. Herbicides such as 2,4-D and Roundup are 
used in forestry and chlorophenols are used as wood preservatives at saw and lumber export 
terminals. In Western and Northern region, the studies addressed the impact of pesticides (in 
general); the effects of grasshopper insecticides on bird populations and the effects of the run-
off of pesticides from agricultural land to surrounding water bodies. Major watersheds studied 
included the North Saskatchewan, the South Saskatchewan, and the La Salle. In the Ontario 
region, most of the studies were done to identify more sensitive techniques which could be used 
for monitoring pesticides in the environment. Some of these techniques included the use of 
sensitive animal species and plankton to detect the presence of low pesticide levels. The other 
major area studies in this region was off-target drift of pesticides from aerial spraying. In 
Quebec, most of the studies were on the development of more sensitive biological methods to 
monitor the effects of pesticides on birds. Also, a study was done to determine the pesticide use 
pattern around residences in the Lakeshore area of Quebec. In Atlantic Canada, the Pesticides 
Program concentrated on the presence and impact of budworm insecticides on fish and of 
forestry herbicides on vegetation, the presence of aldicarb in groundwater in Prince Edward 
Island, and the distribution of antifouling chemicals in the region. Readers are encouraged to 
peruse the articles pertaining to their areas of interest and to contact the individual listed at the 
end of each article for more information. An index containing an alphabetical listing of the 
pesticide active ingredients is provided at the end of the report to assist readers in identifying all 
studies done on a particular chemical. 
 
 
TITLE: Evaluation of the Acute Toxicity to Juvenile Pacific Salmonids of Hexazinone and its 
Formulated Products: Pronone 10G, Velpar L, and their Carriers 
AUTHOR: Wan, M.T., Watts, R.G., Moul, D.J. 
DATE: October 1988 
JOURNAL: Bulletin of Environmental Contamination and Toxicology  
VOLUME: 41(4) 
PAGES: 609-616 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Hexazinone and its formulated products, Pronone 10G and Velpar L, are used for brush control 
in coastal British Columbia forests where they may be accidentally introduced into waterbodies 
inhabited by salmonid fish. This study assessed the acute toxicity of hexazinone and its 
formulated products and their carriers to juvenile Pacific salmon. The order of increasing toxicity 
and the 96-hr LC50 values (mg/L) are as follows: Pronone 10G carrier (20,000), Velpar L carrier 
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(4,330), Pronone 10g (1,686 ± 393), Velpar L (904  ± 61), and hexazinone (276  ± 16). Toxicity 
varied with species; for hexazinone, toxicity increased as follows: chinook, sockeye, chum, 
rainbow, coho and pink. Pronone 10G and Velpar L are significantly less toxic than hexazinone 
suggesting that the carriers decrease the fish toxicity of hexazinone in the formulated products. 
The effects of hexazinone transformation products are unknown. The highest registered rate of 
application for forestry in Canada is 4.3 kg/ha; this would result in environmental levels well 
below the 96-hr LC50s determined in the bioassays. However, this herbicide has the potential to 
destroy stream side vegetation and possibly destroy salmon habitat.  
 
 
TITLE: Proceedings of the Carnation Creek Herbicide Workshop December 7-10, 1987 
AUTHOR: Reynolds, P.E.(Ed.) 
DATE: 1989 
PUBLISHER: Forest Resource Development Agreement (Canada); Canada-British Columbia 
Forest Resource Development Agreement 
SERIES: FRDA Report # 63 
PAGES: 349 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Papers presented: 1) An overview of Carnation Creek herbicide study: historical perspective, 
experimental protocols and spray operations; 2) Carnation Creek flood hydrology September 
1984 to September 1985; 3) Fate of glyphosate in a Canadian forest stream ecosystem; 4) 
Persistence and dissipation of glyphosate in foliage and soils of a Canadian coastal forest 
watershed; 5) Off-target deposit measurements and buffer zones required around water for 
various aerial applications of glyphosate; 6) Development of non-commercial vegetation 
following clearcutting and clearcutting-plus-slash burning, and some biogeochemical effects of 
herbicidal control of this vegetation; 7) Effect of glyphosate (ROUNDUP) on biological activity of 
two forest soils; 7) Three-year herbicide efficacy, crop tolerance and crop growth response 
results for a 1984 glyphosate conifer release trial at Carnation Creek, British Columbia; 8) 
Comparison of the effects of chemical (glyphosate) and manual conifer release on conifer 
seedling physiology and growth on Vedder Mountain, British Columbia; 9) Crop tolerance of 
three west coast conifer species to glyphosate; 10) Comparative changes in concentration of 
dissolved ions in the stream following logging, slash burning, and herbicide application at 
Carnation Creek, British Columbia; 11) Changes in the temperature regime of a valley-bottom 
tributary of Carnation Creek, British Columbia, oversprayed with the herbicide ROUNDUP 
(glyphosate); 12) Effects of the herbicide ROUNDUP on periphyton in Carnation Creek, British 
Columbia; 13) Litter-fall and detrital decomposition rates in a tributary of Carnation Creek, 
British Columbia, oversprayed with the herbicide ROUNDUP; 14) Drift of aquatic invertebrates 
in a glyphosate contaminated watershed; 15) Salmonid toxicity studies with ROUNDUP; 16) 
Changes in the invertebrate population of the main stream and back channels of Carnation 
Creek, British Columbia following spraying with the herbicide ROUNDUP; 17) Effects of the 
herbicide ROUNDUP on coho salmon fingerlings in an oversprayed tributary of Carnation 
Creek, British Columbia; 18) Perspective: Risk management and the public; 19) Perspective: 
the effects of forestry use of glyphosate on human health.  
 
 
TITLE: Environmental Effects of Fenitrothion Use in Forestry: Impacts on Insect Pollinators, 
Songbirds and Aquatic Organisms 
AUTHOR: Ernst, W.R., Pearce, P.A., Pollock, T.L. (Eds) 
DATE: March 1989 
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PUBLISHER: Pesticides Issues Team, Conservation and Protection, Environment Canada, 
Atlantic Region 
PAGES: 166 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
The purposes of this report are: to identify more precisely the magnitude of fenitrothion spray 
effects on insect pollinators, songbirds, and aquatic organisms; to judge whether the identified 
impacts are ecologically disruptive; to define knowledge gaps; and to determine whether natural 
resources are at risk. The report is divided into four chapters. The first chapter gives an 
overview of the work, a synopsis of observations, and some recommendations. In the second 
chapter, the effects of fenitrothion on insect pollinators are detailed. Effects of fenitrothion at 
population level, and on plant fecundity are studied, as well as economic impacts and legal 
issues. The third chapter gives a critical new look on fenitrothion effects on forest songbirds. 
The study includes toxicology, environmental residues, population effects, and routes of 
exposure. Finally, the fourth chapter deals with fenitrothion effects on aquatic organisms. The 
effects on fish, invertebrate and benthic populations are studied, and the fate of fenitrothion in 
aquatic systems is explained. 
 
 
 
 
 
 
 
TITLE: Assessment of the Environmental Hazards of Pesticides to Aquatic Biota  
AUTHOR: Day, K.  
DATE: 1991  
BOOK TITLE: Agriculture and Water Quality: Proceedings of an Interdisciplinary Symposium, 
April 23, 24, 1991  
EDITORS: Miller, M.H., FitzGibbon, J.E., Fox, G.C., Gillham, R.W., Whiteley, H.R. 
PUBLISHER: Centre for Soil and Water Conservation, University of Guelph, Guelph, Ontario 
PAGES: 213 
FOUND: Woodward Library, UBC 
NOTES: Introduction: 
 
In 1986, over 32,000 metric tonnes of 224 pesticide active ingredients were sold in Canada as 
2,350 different pest control products (Environment Canada/Agriculture Canada, 1987). 
Herbicides made up the majority of sales (83.4%) while insecticides and fungicides constituted 
approximately 8.8% and 7.8% respectively of the total volume (Piece and Wong 1988). The 
extensive use of pesticides may result in such chemicals entering aquatic ecosystems in a 
number of different ways, i.e., pesticides may enter water directly through overspray, aerial drift, 
careless handling, accidental spills, improper disposal and/or actual treatment of basins for 
chemical control of pests. In addition, pesticides applied to foliage and soil may enter water via 
surface runoff resulting from rainfall or snowmelt as well as via leaching through the soil to the 
water table. The transport of any particular pesticide from the site of application to aquatic 
ecosystems is a complex function of the physiochemical properties of the chemical itself and its 
formulations as well as the time interval between pesticide application and rainfall, duration of 
precipitation, rates of application, soil texture, condition and topography and the type and 
amount of ground cover (Wauchope, 1978; Willis and McDowell, 1982; other papers in this 
symposium). The ecological risk assessment of the environmental hazards presented by 
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pesticides to natural aquatic ecosystems in Canada is presently determined by experts who 
analyze the available scientific information on toxicity to non-target aquatic organisms and 
compare this toxicity with the expected environmental concentration (EEC) of a pesticide to 
determine the extent of exposure of aquatic organisms. In the case of new pesticide products or 
pesticides on the re-evaluation list (Trade Memorandum R-1-226), a judgment is made 
regarding the acceptability of this exposure by officials of the Departments of the Environment 
and Fisheries and Oceans and the information is relayed to Agriculture Canada where a 
decision is made (along with other considerations of mammalian toxicology, ect.) under the Pest 
Control Products Act as to whether the chemical will be registered (in the case of new 
chemicals), restricted in its use or removal from the market. In addition, water quality guidelines 
under the auspices of the federal Department of the Environment in cooperation with the 
provinces may be set for the protection of all forms of aquatic life for priority in-use pesticides 
(CCME,1990). This paper will review the current methods for estimating the toxicological 
hazards of pesticides to non-target aquatic biota and for determining environmental exposure. A 
brief discussion of the data gaps which need to be filled for more accurate assessment of 
hazard is also included. 
 
 
 
 
 

1.8 Atmospheric Pollutants 
 
TITLE: Acid Rain, A Cloud on Our Horizon 
AUTHOR: Pope, L. 
DATE: August 1981 
JOURNAL: Western Fisheries 
VOLUME: 102(5)  
PAGES: 36-37 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
The threat of acid rain to British Columbia's salmon fisheries is examined to show that 
immediate planning is needed to prevent acid rain pollution of the province's rivers similar to 
Ontario's experience with lakes killed by acid rain, with the resulting fish kill. The sources and 
effects of acid rain, with particular reference to Ontario, are discussed. Concern about B.C. 
Hydro’s proposed Hat Creek development scheduled to fire up in 1988, and the possible 
environmental effects of the resulting emissions, are expressed. Joint Canada - United States 
action on cleaning up emissions, is described. 
 
 
TITLE: Acidic Precipitation and its Consequences for Aquatic Ecosystems: A Review 
AUTHOR: Haines, T.A. 
DATE: November 1981 
JOURNAL: Transactions of the American Fisheries Society 
VOLUME: 1190(6) 
PAGES: 669-707 
FOUND: Woodward Library, UBC 



PART 1 - WATER QUALITY 

 65

NOTES: Abstract:  
 
Precipitation in Europe and eastern North America has become acidic, a result of increases in 
sulfuric and nitric acid aerosols produced by fossil-fuel combustion, metal smelting, and 
industrial processes. The increased use of tall smoke stacks and particle removers has 
increased long-range transport of acidic gases. Some metals and organic compounds also are 
transported atmospherically and deposited in acidic precipitation. In regions where acid-
neutralizing capacity of soils and water is low, the pH of lakes and streams has decreased and 
concentrations of metals have increased. Aquatic organisms have been affected in all trophic 
levels (decomposers, primary producers, primary and secondary consumers); abundance, 
production, and growth have been reduced and sensitive species have been lost. Fish have 
suffered acute mortality, reduced growth, skeletal deformities, and especially reproductive 
failure. Valuable commercial and recreational fisheries have been lost in certain areas and such 
losses will become more widespread if acidic precipitation continues. Remedial or mitigative 
actions directed toward the problem include hatchery production of acid-tolerant fish and 
chemical neutralization of selected lakes and streams. The ultimate solution is reduction of the 
sources of atmospheric acid. 
 
 
 
 
 
TITLE: Potential Sensitivity of the British Columbia Aquatic Environment to Acid Rain  
AUTHOR: Clarke, M.J.R., Bonham, N.  
DATE: March 1982  
PUBLISHER: British Columbia Ministry of the Environment 
PAGES: 11 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Acid precipitation is rain or snow having pH levels below the natural levels of between 4.6 to 6, 
depending on local conditions. The phenomenon of acid precipitation is becoming increasingly 
common in Europe and North America. This report includes a brief review of the acid rain 
problem, its ecological effects and remedial measures. Total alkalinity data for streams and 
lakes throughout British Columbia have been examined to determine which areas of the 
province might be most sensitive to acid precipitation. It was found that although a majority of 
streams and lakes sampled appear to be adequately buffered, that every region of British 
Columbia has some waters with buffering capacity inadequate to offer much protection against 
acid precipitation. Lower Mainland and Vancouver Island areas have many sites with low 
buffering capacity. No data are available for large areas of the province.  
 
 
TITLE: An Assessment of the Relationships Among Acidifying Depositions, Surface Water 
Acidification, and Fish Populations in North America, Volume 1  
AUTHOR: Bub, K., Marcus, M.D., Meyer, J.S., Rothwell, M.K.  
DATE: June 1983 
PUBLISHER: Electric Power Research Institute, California Ecological Studies Program, Energy 
Analysis and Environmental Division, California, USA 
SERIES: EA-3127, Volume 2, Research Project 1910-2, Final Report 
PAGES: various pagings 
FOUND: Woodward Library, UBC 
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NOTES: Abstract: 
 
This report assesses the scientific understanding about relationships between acidic 
depositions and freshwater aquatic resources. Selected surface waters in eastern North 
American are becoming acidified and fish populations are being eliminated. The actual extent of 
these resources threatened by acidification is not known. Mostly circumstantial evidence has 
been compiled to suggest that long-range atmospheric transport of acidifying compounds is 
causing surface-water acidification in North American. Certainly, atmospheric emissions from 
point sources can impact localized areas. However, some data indicate that atmospheric inputs 
of acids from long-range transport may add little to the natural flux of acids within ecosystems. 
The degree of influence that atmospheric depositions can have in accelerating natural 
acidification rates is unknown for most potentially sensitive surface waters. Fish losses appear 
to result from 1) long-term accumulations of acids and metals reaching chronically toxic 
concentrations; and 2) short-term, episodic events causing acutely toxic acid and metal 
concentrations. Some impacts may be successfully mitigated through several methods. 
Additional research is needed to 1) identify causes of surface-water acidification; 2) develop 
innovative mitigation measure; 3) define mechanims of fish loss; and 4) establish the extent of 
aquatic resources at risk. 
 
 
TITLE: An Assessment of the Relationships Among Acidifying Depositions, Surface Water 
Acidification, and Fish Populations in North America, Volume 2: Bibliography  
AUTHOR: Bub, K., Marcus, M.D., Meyer, J.S., Rothwell, M.K.  
DATE: June 1983 
PUBLISHER: Electric Power Research Institute, California Ecological Studies Program, Energy 
Analysis and Environmental Division, California, USA 
SERIES: EA-3127, Volume 2, Research Project 1910-2, Final Report 
PAGES: various pagings 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This bibliography compiles 1494 citations indexed by authors, keywords, geographical areas, 
and taxonomic groups. Literature included in the bibliography are 1) field studies on the effects 
of acidifying atmospheric depositions on fish and aquatic ecosystems; 2) laboratory studies on 
the responses of fish and other aquatic organisms to acidify; 3) field studies on other sources of 
aquatic acidification that can have direct application in understanding the environmental impacts 
of acidifying depositions; 4) documented fish kills that have resulted from aquatic acidification 
events; 5) research on influences of acidity and selected water quality parameters on toxicity’s 
of metals and other substances to aquatic organisms; and 6) literature that provides historical 
and/or trend information for water quality in many areas considered to be sensitive to acidifying 
depositions. 
 
 
TITLE: Effects of Acid Exposure on the Ion Regulation and Seawater Adaptation of Juvenile 
Coho Salmon Oncorhynchus kisutch  
AUTHOR: Powell, J.F.F.  
DATE: 1984 
PUBLISHER: MSc Thesis, Simon Fraser University, Burnaby, B.C. 
PAGES: 80 
FOUND: Bennett Library, SFU 
NOTES: Abstract: 
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The effects of acid precipitation on anadromous salmonids has led to concern over lifestage 
related effects and subsequent seawater adaptation after acid exposure in soft water. Coho 
salmon smolts (Oncorhynchus kisutch) were exposed to a) a regime of acidified water (pH 4.5, 
5.1, 5.5) and control water (pH 6.2) for one week b) two pH regimens (pH 4.4 and 6.2) for one, 
two or three weeks, and subsequently subjected to a seawater challenge test after each week. 
Parrs were subjected to a one week of acid exposure (pH 4.4 and 6.2) followed by a seawater 
challenge test. Plasma [Na+], gill Na+-K+-ATPase activity, hematocrit and plasma growth 
hormone concentrations were performed to determine the effects of acid exposure. Mortalities 
of acid-exposed and control fish were recorded. Smolts exhibited decrease in plasma [Na+] 7 
days and Na+-K+-ATPase activity 14 days after onset of acid exposure. Parrs exhibited 
decreased plasma [Na+] 24 h after onset of acid exposure and decreased Na+-K+-ATPase 
activity 3 days after onset of acid exposure. Plasma [Na+] increased and Na+-K+-ATPase activity 
decreased in smolts after transfer to seawater. Parrs exhibited increased plasma [Na+] and Na+-
K+-ATPase activity immediately after transfer to seawater. Plasma growth hormone was 
elevated in acid-exposed smolts but decreased shortly after exposure to seawater. Plasma 
growth hormone levels increased, however, above freshwater levels by 48 h of seawater 
exposure. There were no observed increments of acid induced effects among fish exposed to 
pH 4.5 to 5.5. Exposure to water of a low pH was found to have a greater effect on parrs 
compared with smolts in that plasma [Na+] and Na+-K+-ATPase activity both decreased. After 21 
days of acid exposure, a size selective mortality developed which favoured the survival of larger 
smolts exposed to acid and salt water. Mortality was observed to be related to length of acid 
exposure. Transfer to 30 parts per thousand seawater after acid exposure was found to 
increase mortality. It was concluded that acid exposure prior to entry into seawater was 
detrimental to coho salmon with regard to length of acid exposure, size and lifestage. The 
possible mechanism by which fish may be removed from populations is inhibitions of gill Na+-K+-
ATPase concomitant with decreases in plasma [Na+].  
 
 
TITLE: The Effects of Low pH on Salmonid Embryogenesis and Vitellogenesis  
AUTHOR: Parker, D.B.  
DATE: 1985 
PUBLISHER: MSc Thesis, Simon Fraser University, Burnaby, B.C. 
PAGES: 118 
FOUND: Bennett Library, SFU 
NOTES: Abstract:  
 
The effects of low pH water on embryogenesis and vitellogenesis in kokanee and sockeye 
salmon (Oncorhynchus nerka) were investigated. Eggs were exposed to low pH from 
fertilization to 45 days post-median hatch or to an episodic exposure at pH 4.0. Adult kokanee 
were also exposed to low pH just prior to ovulation and spawning. Alkali-labile vitellogenin (Vg)-
bound phosphates and calcium levels were measured in the plasma of acid exposed rainbow 
trout (Salmo gairdneri). The effect of low pH on calcium metabolism was also investigated by 
uptake from rainbow trout exposed in vivo. The most sensitive stages of development during 
chronic or episodic exposure to low pH were early embryonic development and newly-hatched 
alevins. Incubation of eggs at low pH caused a lower median survival, delayed hatching, higher 
alevin mortality and reduced the efficiency of yolk conversion to tissue of yolk-sac alevins. 
Those effects were more pronounced when the eggs were fertilized at low pH. Exposure of 
sexually mature kokanee salmon to acidified water reduced egg and alevin survival, delayed 
embryo hatching and decreased the percent hatch. Those effects were more pronounced when 
their eggs were incubated at low pH. Rainbow trout exposed to pH 5.0 had significantly lower 
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gonadosomatic and heptosomatic indices compared to control fish, and did not exhibit an 
increase in plasma Vg-bound phosphates indicating that egg production was affected. An 
increase in environmental calcium concentration significantly affected the plasma vitellogenin 
levels in fish. No evidence of bone demineralization was found in females exposed to low pH. 
After 14 days exposure to different levels of pH and environmental calcium, trout exposed to an 
increased calcium concentration had a lower plasma osmolarity independent of the 
environmental pH. Gill Ca2+-ATPase activity was not affected by low pH, but was reduced in fish 
exposed to Ca2+ enriched water. The increase in gill osmotic water permeability in fish exposed 
to Ca2+ enriched water may have been associated with the increase in osmolarity of the ambient 
media. The effect of low environmental pH on freshwater survival of salmonids is discussed with 
particular reference to embryogenesis and vitellogenesis, and the ameliorating effects of water 
hardness.  
 
 
 

1.9 Algal Blooms 
 
TITLE: Land Drainage as a Factor in 'Red Tide' Development 
AUTHOR: Prakash, A. 
DATE: 1975 
JOURNAL: Environmental Letters 
VOLUME: 9(2) 
PAGES: 121-128 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Although the exact mechanisms and factors of red tides are not fully understood, red tides are 
essentially a coastal phenomenon. The role of land drainage in the modification of coastal 
waters is discussed. The role of other factors (salinity, biologically active substances, etc.) That 
are altered by the process of land drainage is analyzed and correlated to experimental evidence 
derived from laboratory grown dinoflagellate cultures. 
 
 
TITLE: Paralytic Toxins in the Dinoflagellate Gonyaulax excavata and in Shellfish 
AUTHOR: White, A.W., Maranda, L. 
DATE: April 1978 
JOURNAL: Journal of The Fisheries Research Board of Canada 
VOLUME: 35(4)  
PAGES: 397-402 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Paralytic toxins were examined quantitatively in a culture of Gonyaulax excavata and in shellfish 
by the standard mouse bioassay and by an alkaline peroxide oxidation-fluorometric assay for 
saxitoxin (STX). The dinoflagellate probably contains at least three toxins, including STX, which 
represents 3 to 20 % of the total toxin load. During growth in culture the toxin content per cell 
decreased progressively; however, relative amounts of the three toxins remained roughly 
similar. In toxic shellfish from nature (Mya arenaria, Mytilus edulis, Modiolus modiolus) and in 
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shellfish fed G. excavata under controlled conditions the relative amounts of toxins differed from 
those in G. excavata, suggesting toxin interconversions and interference with the chemical 
assay by toxins other than STX. The consistency in the relationships between bioassay and 
chemical assay results for clam samples was fair, although the chemical assay measured from 
16 to 48 % of the bioassay. The chemical assay is questionable as an indicator of total toxin 
content, and until further data are accumulated the mouse bioassay method is considered more 
reliable for measuring paralytic, G. excavata toxins in shellfish.  
 
 
 
 
 
 
 
 
TITLE: Paralytic Shellfish Poisoning in British Columbia 
AUTHOR: Waldichuk, M. 
DATE: August 1980 
JOURNAL: Marine Pollution Bulletin 
VOLUME: 11(8) 
PAGES: 209-210 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Paralytic shellfish poisoning is not a frequent occurrence along the British Columbia coast. Most 
of the shellfish toxicity that causes paralytic shellfish poisoning is attributed to an alkaloid, 
saxitoxin. It is one of the most potent poisons known. It is a nerve poison that adversely affects 
the central nervous system in humans and other mammals. Sampling and testing are conducted 
quite regularly, and closures on the harvesting of shellfish are imposed whenever toxicity of the 
shellfish approaches dangerous levels. Generally the increase is slow enough so that periodic 
testing can provide and early warning system. 
 
 
TITLE: Red Tides and a Deadly Harvest 
DATE: 1981 
JOURNAL: Outdoor Canada 
VOLUME: 9(7) 
PAGES: 56-57 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
Causes and effects of paralytic shellfish poisoning from eating shellfish infected with a deadly 
neuro-toxin produced by microscopic algae of the genus Gonyaulax, are described. Testing 
programs at the Bay of Fundy, the Gulf of St. Lawrence and the British Columbia shoreline, by 
the Department of Fisheries and Oceans, are discussed as well as actions taken to control 
shellfish harvesting at these locations. The related menace of red tides on Canada's east coast 
and its effect on shellfish there, are reported. Precautions to take to guard against paralytic 
shellfish poisoning, including being well informed on affected areas, proper cooking of shellfish 
and knowledge of treatment of suspected poisoning, are described. 
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TITLE: Sensitivity of Marine Fishes to Toxins from the Red-Tide Dinoflagellate Gonyaulax 
excavata and Implications for Fish Kills 
AUTHOR: White, A.W. 
DATE: 1981 
JOURNAL: Marine Biology 
VOLUME: 65(3) 
PAGES: 255-260 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Marine fishes (Atlantic herring, American pollack, winter flounder, Atlantic salmon, and cod) 
were dosed orally and intraperitoneally (i.p.) with "paralytic shellfish toxins " extracted from Bay 
of Fundy Gonyaulax excavata (tamarensis) cells. The toxins are lethal to these fishes in low oral 
doses, and in extremely low i.p. doses. Symptoms are the same among these fishes, both for 
oral and i.p. administrations, including loss of equilibrium within 5 to 15 min. followed by 
immobilization and shallow, arhythmic breathing. Death generally occurs within 20 to 60 min. of 
toxin administration. Dose responses are also similar among these fishes. Oral LD50 values are 
400 to 750 μg saxitoxin (STX) equivalent per kg body weight. Intraperitoneal LD50 values are 4 
to 12 μg STX equivalent per kg. Toxins are undetectable in fish muscle tissue following lethal 
oral doses. The similarity of symptoms and dose responses suggest that fish as a group are 
sensitive to G. excavata toxins. Results, in combination with reports implicating these toxins in 
herring, sand lance, and menhaden kills, show the plausibility that the nearly worldwide blooms 
and red tides of G. excavata and its relatives may cause kills of a variety of fishes. 
 
 
TITLE: The Scope of Impact of Toxic Dinoflagellate Blooms on Finfish in Canada 
AUTHOR: White, A.W. 
DATE: January 1982 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1063 
PAGES: 8 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
During the past few years toxic dinoflagellate blooms have caused fish kills in the Bay of Fundy. 
Historically these annual blooms have had substantial impact on fisheries resources and public 
health in Canada because of toxin accumulation in shellfish. We are now learning that the 
blooms cause problems for finfish as well. Recognition of this comes during a period of 
intensification of the toxic blooms in the Bay of Fundy. Implications of toxic blooms for finfish 
extend to the St. Lawrence River estuary, to the coastal waters of British Columbia, and to many 
other parts of the world. This report attempts to assess the scope of the impact of toxic blooms 
on Canadian finfish resources. The available information is summarized, and additional 
concerns and gaps in our knowledge are discussed. It is concluded that it is still too early to be 
able to assess the total impact of the toxic blooms on finfish resources with any degree of 
accuracy; but the earmarks are present to indicate that toxin-caused fish kills are recurrent 
events, that a variety of fishes may be affected including adult and larval stages, and 
consequently that these toxic blooms may well have substantial impact on finfish. The effect of 
toxic blooms of fish larvae is considered to be the most potentially significant aspect for finfish 
populations. A knowledge of these effects on larvae is sorely needed, along with a better 
understanding of the dynamics of toxic blooms and red tides, and of mechanisms of toxin 
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TITLE: A Recurrent Red Tide in a British Columbia Coastal Lagoon  
AUTHOR: Robinson, M.G., Brown, L.N. 
DATE: December 1983 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 40(12) 
PAGES: 2135-2143 
FOUND: Woodward Library, UBC and Bennett Library, SFU 
NOTES: Abstract:  
 
The development of a recurrent fall red tide in Esquimalt Lagoon, British Columbia, has been 
monitored over an 8-yr period, including an intensive 1-yr field study. We suggest that growth of 
the organism, Gymnodinium sanguineum (Hirasaka), which causes the tides, is regulated by the 
availability of nitrate supplied in runoff. Its decline is attributed to the seasonal decrease in the 
availability of light. The source of the seed population for these recurring blooms is unclear, 
although we propose that transport from California by the California Undercurrent is involved. 
 
 
TITLE: Mortality and Pathology of Juvenile Chinook Salmon (Oncorhynchus tshawytscha) and 
Chum Salmon (O. keta) Exposed to Cultures of the Marine Diatom Chaetoceros convolutas  
AUTHOR: Farrington, C.W.  
DATE: 1988 
PUBLISHER: MSc Thesis, University of Alberta, Juneau, Alaska. 
PAGES: 80 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Juvenile chum (Oncorhynchus keta) and chinook (Oncorhynchus tshawytscha) salmon, 
exposed 24 hours in static water containing a unialgal, laboratory culture of the marine diatoms 
Chaetoceros convolutas at concentrations typical of natural blooms, sustained morbidity and 
mortality. All 0.5 g and 0.85 g chum fry exposed to C. convolutas survived 2.9 and 6.1 x 104 
chains/L and lesser concentrations, respectively, but some or all died at 4.6 and 9.7 x 104 
chains/L and greater, respectively. All 280 g chinook survived 7.3 x 10

4
 chains/L and lesser 

concentrations but some or all died at 1.12 x 10
5
 chains/L or greater. Estimated mean 24-hour 

LC50s were 0.90, 1.88, and 1.48 x 10
5
 C. convolutus chains/L for 0.5 g and 0.85 g chum and 

280 g chinook salmon, respectively. Histopathological examination of exposed, moribund fish 
revealed gill passages occluded by C. convolutus and focal destruction of gill lamellar 
epithelium impacted by chains of C. convolutus or penetrated by their setae. 
 
 
 



PART 1 -WATER QUALITY 

 72

 
 
 
 
 

1.10 Heavy Metals  
 
TITLE: Mercury Contamination of Fish from Pinchi Lake, British Columbia 
AUTHOR: Reid, D.S., Morley, R.L.  
DATE: 1975 
PUBLISHER: Habitat Protection Section, Fish and Wildlife Branch, Department of Recreation 
and Conservation, Victoria, B.C. 
PAGES: 18 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Mercury determinations were made on 40 fish tissue samples from Pinchi Lake, B.C. in August, 
1974 in order to assess the potential health hazard associated with the consumption of 
mercury-contaminated fish by fishermen. High levels of mercury, in excess of the Canadian 
Food and Drug Directorate of 0.5 ppm, occurred in several species of fish from Pinchi Lake. 
Lake trout was found to have the highest level of mercury content in axial muscle tissue (x=5.23 
ppm). Mercury levels of up to 29 ppm was also found in liver samples from lake trout. A linear 
relationship between axial muscle mercury content and total fish weight was observed for 
rainbow trout. Combining the mercury concentration in all fish species also produced a linear 
relationship between mercury concentration and fish weight. Due to the insufficient sample size 
it could not be determined if the above linear relationship also applied to lake trout. However, a 
positive correlation between muscle mercury and lake trout weight was observed. 
 
 
TITLE: Heavy Metal Contamination in Shellfish with Emphasis on Zinc Contamination of the 
Pacific Oyster, Crassostrea gigas  
AUTHOR: Nelson, H., Goyette, D.  
DATE: January 1976 
PUBLISHER: Pollution Abatement Branch, Environmental Protection Service, Environment 
Canada  
SERIES: Pacific Region Report # EPS 5-PR-76-2 
PAGES: 57 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
A shellfish heavy-metal monitoring program was conducted in 1973 in those coastal areas of 
British Columbia where the pulp and paper industry is involved in groundwood bleaching. A 
brightening agent in the bleaching process resulted in a considerable amount of zinc entering 
receiving waters and the biosphere. The bioaccumulation of zinc by the Pacific oyster prompted 
the industry to convert to a new bleaching compound which would largely eliminate zinc from 
the effluent discharges. The monitoring program showed the degree of heavy-metal 
contamination in shellfish and sediments, and obtained background information for future use in 
determining heavy-metal depletion rates and recovery time of the marine system. 
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TITLE: Effects of Several Metals on Smolting of Coho Salmon  
AUTHOR: Lorz, H. W., Williams, R.H., Fustish, C.A.  
DATE: 1978  
PUBLISHER: United States Environmental Protection Agency, Corvallis Oregon 
SERIES: EPA-600/3-78-090 
PAGES: 48 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The 96 h LC50 value for cadmium (CdCl2) for yearling coho salmon (Oncorhynchus kisutch) was 
10.4 μg/L in January but appeared to have increased in smolting fish in May. The 96-h LC50 of 
mercury (HgCl2) for yearling coho salmon was 240 μg/L. All static bioassay tests were 
conducted at 10°C in water with alkalinity and hardness ranging from 70-83 mg/L and 85-93 
mg/L as CaC03, respectively. Exposure of yearling coho salmon for ≤144 h to sublethal levels of 
Cd, Ni (NiCl2), Cr (K2Cr2O7) or Zn (ZnCl2) in freshwater had no apparent affect on the (Na,K)-
stimulated ATPase activity of the gill. Fish exposed to concentrations >4μg/L Cd died in a dose 
dependent manner following transfer to seawater. Coho salmon given a 5-day rest (non-toxicant 
exposure in freshwater) between Cd exposure and transfer to seawater exhibited seawater 
survival comparable to control fish. Few deaths occurred following transfer of the Ni, Cr or Zn 
exposed fish into seawater. Yearling coho salmon exposed to ≤4.5 μg/L Cd for 144 h did not 
migrate as well as the control fish following release into a natural stream. However, fish 
chronically exposed to ≤4.5 μg/L Cd (47 and 70 days) migrated as well or occasionally better 
than control fish following their release. The (Na,K)-stimulated ATPase activity of the gills of 
coho salmon chronically exposed to CD or Zn was suppressed and the downstream migration 
was reduced when 10 μg/L Cu was added with Cd or Zn. Deaths also occurred when Cd-Cu or 
Zn-Cu exposed fish were challenged with seawater. Neither Cd or Zn appeared to affect feeding 
activity, growth or survival during exposures of 70 and 27 days respectively; however, the 
addition of 10 μg/L Cu for only 6 days to Zn exposed fish significantly reduced condition factor. 
Histological examination of liver, kidney and gill tissue of coho salmon exposed to Cd or Zn 
(singly or in combination with Cu) showed no aberrations in these organs. Cadmium was found 
to accumulate in the gills, liver and kidney, but only minor amounts occurred in muscle tissue. 
This report was submitted as partial fulfillment of Grant R-804283 by the Oregon Department of 
Fish and Wildlife under the partial sponsorship of the U.S. Environmental Protection Agency. 
This report covers the period January 5, 1976 to December 20, 1976. 
 
 
TITLE: Aquatic Biota and Sediments 
AUTHOR: Stancil, D.E. 
DATE: 1980 
PUBLISHER: Fraser River Estuary Study, Government of Canada; Province of British Columbia, 
Victoria, B.C. 
SERIES: Fraser River Estuary Study: Water Quality 
PAGES: 187 
FOUND: Bennett Library, SFU 
NOTES: Abstract:  
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This report deals with distributional data for algae and aquatic invertebrates and levels of metal 
contamination in a number of aquatic organisms and sediments. It is concluded that the water 
quality of the main river channels was generally good, although the quality of the river arms was 
poorer than that of the mainstream. Occasional depressed levels of oxygen in backwaters 
indicated that at times water quality conditions in these receiving waters may be poor. Nuisance 
growths of algae were not observed in any part of the riverine portion of the study area, likely 
because of limiting factors in the river such as high turbidity, fluctuating water levels, intrusions 
of saline water and limited suitable substrates. The benthic invertebrate populations of Sturgeon 
Bank and Roberts Bank are more productive and diverse by comparison to those of the lower 
river. In general, levels of metals in sediments increased with increasing amounts of component 
fines and organic carbon. These factors and the marine influence were responsible for a 
number of differences in metal concentrations in sediments throughout the study area. There is 
some evidence of metal accumulation in biota of the riverine portion of the study area, with 
levels in organisms falling between those detected in pristine and polluted watersheds. Certain 
invertebrates bioconcentrated mercury and at times zinc and copper, above levels in sediments. 
 
 
TITLE: References on Cadmium, Copper, Lead and Zinc in the Freshwater Environment: 
Supplementary Report to Effects of Dissolved Metals on Aquatic Biota of the Lakes of the 
Campbell River Watershed 
AUTHOR: McKean, C.J.P. 
DATE: 1982 
PUBLISHER: British Columbia, Ministry of Environment, Assessment and Planning Division 
SERIES: APD Resource Data. 1 
PAGES: 83 
FOUND: Main Library, UBC 
NOTES: Introduction: 
 
In support of the studies carried out by the Aquatic Studies Branch at Buttle Lake, a Great 
number of references, pertaining to the occurrence, effects, and toxicity of various metals in 
freshwater, were gathered using a variety of computer reference files. The key words used in 
the computer searches were cadmium, copper, lead and zinc in freshwater. This report 
summarizes the wide range of references produced by the searchers. No interpretation of the 
references is made because of their wide scope. Rather, this report simply lists the references 
on heavy metals, cadmium, copper, lead and zinc in freshwater. The information was compiled 
so that is would be accessible to other workers interested in this subject. The listing is not 
intended to be complete, but it does represent a substantial portion of the recent literature 
published between 1969 and 1981. It is hoped this will serve as a starting point for more 
exhaustive searches. 
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TITLE: Metals in Eulachons from the Nass River and Crabs from Alice Arm, B.C. 
AUTHOR: Futer, P., Nassichuk, J. 
DATE: 1983 
PUBLISHER: Department of Fisheries and Oceans 
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 1699 
PAGES: 70  
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The Department of Fisheries and Oceans carried out a sampling program in 1981 and 1982 to 
determine the metal content of Nass River eulachons and small numbers of king crab and 
tanner crab from Alice Arm. Levels of arsenic, cadmium, chromium, copper, manganese, 
mercury, molybdenum, nickel, lead and zinc were measured in organisms sampled. 
 
 
TITLE: Trace Metal Content Data for Crustaceans and Fishes from Howe Sound, British 
Columbia 
AUTHOR: Harbo, R.M., Birtwell, I.K.  
DATE: 1983 
PUBLISHER: Department of Fisheries and Oceans 
SERIES: Canadian Data Report of Fisheries and Aquatic Sciences # 379 
PAGES: 44  
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Trace metal concentrations were determined in crustaceans and fishes from Howe Sound, 
British Columbia, during the periods March to November, 1971 and May 1977 to April 1978. The 
surveys were undertaken to determine concentrations of metals in tissues of marine organisms 
in an inlet where there are many industrial waste discharges. Howe Sound is the site of two pulp 
and paper mills, a chlor-alkali chemical plant, mining and gravel operations 
 
 
TITLE: Trace Metals and Selected Organic Contaminants in Fraser River Fish 
AUTHOR: Singleton, H.J.  
DATE: 1983 
PUBLISHER: B.C. Ministry of the Environment, Victoria, B.C. 
SERIES: MOE Technical Report #2 
PAGES: 114 
FOUND: Woodward Library, UBC and Vancouver Public Library 
NOTES: Summary: 
 
Several species of fish taken from various sighted along the total length of the Fraser River, in 
the summer of 1980, were sampled for trace metals (arsenic, cadmium, chromium, copper, iron, 
lead, magnesium, manganese, mercury, molybdenum, nickel and zinc) in 273 muscle and 43 
liver tissue samples and for polychlorinated biphenyls (PCBs) in 253 muscle tissue samples. In 
addition, 25 large-scale sucker muscle tissue samples were analyzed for chlorophenols, 
chlorobenzenes and phthalate esters. Comparisons of fish from upstream, industry-free areas 
with fish from the heavily industrialized lower reaches indicated similar concentrations of 
arsenic, cadmium, iron, manganese and zinc. Generally, chromium, copper, molybdenum and 
nickel were higher in the muscle tissue from upstream fish. This indicated that downstream fish, 



PART 1 -WATER QUALITY 

 76

subject to contamination from industrial activity and municipal discharges, did not accumulate 
these metals above levels which could occur naturally. Generally, lead, magnesium and 
mercury were higher in the muscle tissues from lower Fraser fish. The higher lead levels 
however, were due in part to the conversion of the data from dry weight to wet weight. 
Magnesium, although higher in upper North Arm fish taken near New Westminster, was not 
considered a priority toxicant to aquatic biota. Mercury was significantly higher in squawfish 
from the upper North Arm and from a site near Chilliwack and levels frequently exceeded the 
0.5 μg/g tolerance level for human consumption. Two unknown sources of mercury near 
Chilliwack and the North Arm were indicated. Higher mercury levels in the muscle tissue than in 
the liver tissue indicated that elimination of mercury exceeded uptake in fish. Mercury was less 
than 0.5 μg/g tolerance level for human consumption in all salmonid species taken from the 
Fraser River.  
 Comparisons with lower Fraser River fish collected during a 1972-73 study indicated that 
several metals (copper, lead, manganese, mercury and zinc) were generally higher in 1972-73 
but not always significantly different from levels in fish collected for this study. Different 
analytical techniques employed for the two studies, and the diversion of municipal and industrial 
wastes to primary sewage treatment plants in the mid 1970’s may be responsible for the 
reductions noted. Arsenic, cadmium, iron and nickel levels in fish muscle tissue were similar for 
both studies. Molybdenum was the only metal which was detected at higher levels in some 1980 
lower Fraser River fish but levels were within those which occur naturally.  
 Correlations between fish size and trace metal concentrations indicated that copper, iron, 
and manganese in fish muscle tissues were probably independent of size. However, mercury 
appeared to be positively correlated and zinc negatively correlated with size. Correlations 
between pairs of metals revealed that a high muscle tissue concentration of one metal did not 
imply a high or low concentration of any other metal. PCBs detected in the muscle tissues of 
some fish taken from the North Arm indicated a source of contamination in that area. A paper 
recycling plant known to have discharged PCBs to the North Arm, was the suspected source. 
Recent improvements have been made at the plant to reduce the amount of PCBs entering the 
river, therefore the levels measured in fish may be a result of a past discharge practices. PCB 
levels measured in some 1972-73 fish were higher than levels measured in 1980 fish. The lower 
levels in 1980 fish may be due to the restricted use of these compounds since the early 1970s.  
 Chlorophenols (tri-, tetra- and penta-) were higher in the muscle tissues of largescale 
suckers taken from the lower, heavily industrialized reaches of the Fraser River than in suckers 
taken from the upper, industry-free reaches of the river. The results provide evidence that 
chlorophenols are present in the lower Fraser River in sufficient quantities to be accumulated by 
fish. Whether the chlorophenol levels measured in lower Fraser River fish contribute to chronic 
or sublethal toxicity is not known at this time.  
 Chlorobenzenes were not detected in any of the largescale suckers taken during the 1980 
study, whereas hexachlorobenzene was detected in all samples taken during 1972-73. The 
restricted use of hexachlorobenzene for agricultural purposes in the early 1970s may be 
responsible for the reduction. Phthalate esters (di-n-octyl-, butyl-, and butyl isodecyl-) were 
detected in 25, 24 and 17 samples, respectively, of the 25 largescale sucker muscle tissue 
samples. Levels were similar for both upstream and downstream fish which suggests that these 
compounds may be very widespread. However, there is some speculation that the samples 
(especially those analyzed for di-n-octyl phthalate) may have been contaminated in the 
laboratory. 
 
TITLE: Chemicals in the Environment 
AUTHOR: Garrett, C.L.  
DATE: 1985 
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PUBLISHER: Department of the Environment, Environmental Protection Service. Pacific and 
Yukon Region 
PAGES: various pagings 
FOUND: Vancouver Public Library  
SERIES: I. Mercury 
               II. Cadmium 
               IV. Lead 
NOTES: Introduction: 
 
This report is one in a series entitled “Chemicals in the Environment - Pacific and Yukon 
Region” prepared by the Environmental Protection Service. The objective of these reports is to 
provide the technical guidance necessary for: a) the interpretation of environmental quality data 
on specific chemicals, and b) the assessment of potential impacts resulting from the release of 
these chemicals into the environment. The series will focus on both naturally occurring and 
man-made compounds whose releases to the environment is of concern due to their 
persistence, toxicity and/or bioaccumulative abilities. These reports discuss highlights of 
existing environmental quality data for B.C. and Yukon and provide information on 
environmental dynamics, potential impacts on the environment, and pertinent legislations and 
guidelines controlling both releases to the receiving environment and environmental quality.  
 
 
TITLE: Mercury and Other Inorganic Constituents of Coho and Pink Salmon Eggs from Yakoun 
River 
AUTHOR: Derksen, G. 
DATE: 1986 
PUBLISHER: Environment Canada, Conservation and Protection, Environmental Protection 
Service, Pacific and Yukon Region  
SERIES: Regional Program Report 86-12 
PAGES: 23 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The metal levels of coho and pink salmon eggs incubated in their natural environment were 
monitored as a part of a data collection program prior to the development of a proposed gold 
mine. Preliminary 1981 coho data indicated the possible accumulation of mercury during 
incubation. However, additional samples of coho salmon eggs and pink salmon eggs did not 
indicate any accumulation. Copper and sodium showed the greatest differences between 
unfertilized and late-eyed eggs for both species. 
 
 
 
 
 
 
 
 
TITLE: Thompson River Fish Survey: Mercury, Cadmium, Copper, and Zinc Content of Rainbow 
Trout and Mountain Whitefish 
AUTHOR: Derksen, G.  
DATE: March 1986  
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PUBLISHER: Environment Canada, Conservation and Protection, Environmental Protection 
Service, Pacific and Yukon Region  
SERIES: Regional Progress Report 86-09 
PAGES: 18 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
Mercury, cadmium, copper and zinc content of muscle and liver tissue was measured from 
rainbow trout and mountain whitefish collected from the Thompson River system. Higher main 
concentrations of mercury and copper were found in the muscle tissue of South and Lower 
Thompson River rainbow trout compared to North Thompson River rainbow trout. Albeit the liver 
tissue sample was small, these differences were not reflected by liver tissue. Liver tissue 
samples are considered to better reflect environmental contamination of water with heavy 
metals. The lower level of mercury in the North Thompson River rainbow trout may reflect the 
smaller size of fish sampled. Muscle tissue copper content was also higher in Lower Thompson 
River mountain whitefish than north Thompson River mountain whitefish. There were no 
apparent differences between rivers for either muscle or liver tissue zinc levels. Liver tissue 
cadmium levels were higher in North Thompson River rainbow trout and mountain whitefish 
compared to either the south or Lower Thompson River fish. Muscle tissue cadmium levels 
were below detectable levels in all cases. The metal content of muscle tissue was well below 
any reference levels reported for fish for human consumption. The observed differences could 
reflect mineralogical differences of the drainages. 
 
 
TITLE: Levels of Metals and Metallothionein in Fish of the Columbia River Near the International 
Boundary 
AUTHOR: Smith, A.L.  
DATE: 1987 
PUBLISHER: Water Quality Branch, Environment Canada, Vancouver, B.C.  
PAGES: 133 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Concentrations of Hg, Cd, Cu, Pb, Zn and several other metals were measured in muscles and 
livers of fish from the Columbia River between the Hugh Keenleyside Dam and the International 
Boundary. Metal concentrations were evaluated in relation to guidelines for edible fish flesh and 
by comparison with levels in fish from other areas. Attempts were made to detect temporal 
trends in metal levels in fish tissues and to compare levels above and below the major known 
metal input, the effluent from Cominco Ltd. at Trail, British Columbia. Concentrations of most 
metals in fish muscle did not exceed guidelines for edible fish flesh, but the mean Hg 
concentration in northern squawfish (Ptychocheilus oregonensis) exceeded the 0.5 μg/g (wet 
weight) Food and Drug Directorate guideline, and the mean mercury concentrations in walleye 
(Stizostedion vitreum vitreum) approached that level. Concentrations of Pb in several largescale 
suckers (Catostomus macrocheilus) and in the single sturgeon (Acipenser transmontanus) 
collected exceeded 1μg/g. Concentrations of most metals were elevated by comparison with 
levels in fish from areas where no metal inputs have been identified, but were often lower than 
levels in fish from waters receiving major municipal and industrial discharges. Concentrations of 
Hg, Cd, Cu, Pb and Zn were generally lower in fish caught upstream from Cominco than in fish 
caught downstream, but because of limited knowledge of the movement patterns of most fish 
species, it was impossible to draw firm conclusions from this observation. Not enough data were 
available to show temporal trends in the concentrations of any metal in any fish species. 
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Concentrations of hepatic metallothionein in rainbow trout (Salmo gairdneri) were measured to 
provide an index of the effect of environmental metal levels on the fish. The average 
metallothionein concentration in trout livers exceeded the 100 nmol/g which Roch and McCarter 
(1984) have identified as indicating a “minimal biological effect”. Thus, the fish apparently were 
stressed by metals, but the ecological effect of this stress on Columbia River fish has not been 
demonstrated. Recommendations for a program of monitoring metals in the Columbia River fish 
are made. 
 
 

1.11 Chlorinated Organics 
 
TITLE: Toxic Organic Contaminants 
AUTHOR: Garrett, C.L.  
DATE: 1980 
PUBLISHER: Fraser River Estuary Study, Government of Canada; Province of British Columbia, 
Victoria, B.C. 
SERIES: Fraser River Estuary Study:Water Quality 
PAGES: 125 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
This report is a compilation of available data pertaining to the contamination of the Fraser River 
and its estuary by toxic organic contaminants. The main objectives were to: document localized 
areas of high contamination; identify known and potential sources of release to the environment; 
and make recommendations with regard to the need for further investigation. Existing data 
relating to use patterns, sources of release and environmental levels of these compounds in the 
Fraser River system are confined primarily to PCBs and the organochlorine pesticides. Much of 
this information was collected in the early 1970's and information on current contamination is 
limited. Levels of organochlorine pesticides are generally low and are thought to reflect 
background concentrations. It is apparent, however, that industrial and sewage treatment plant 
discharges into the Fraser River system have contributed to localized elevated PCB levels in 
sediments and biota. Despite recent restrictions on industrial uses of these compounds, certain 
facilities continue to discharge significant quantities. Limited monitoring within the past two 
years has also indicated the presence of such compounds as chlorinated phenols, phthalate 
esters, hexachlorobenzene and polycyclic aromatic hydrocarbons in the effluents and/or 
receiving environments of certain industrial and sewage treatment facilities. 
 
 
 
 
TITLE: An Overview of PCBs and their Current Status in British Columbia  
AUTHOR: Garrett, C.L. 
DATE: 1983 
PUBLISHER: Department of the Environment, Environmental Protection Service, Pacific and 
Yukon Region 
SERIES: Regional Progress Report 83-16 
PAGES: various pagings  
FOUND: Vancouver Public Library 
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NOTES: Abstract: 
 
This report has been prepared to provide a summary of the current status of PCBs in British 
Columbia. A general overview of PCBs is provided in order to allow the reader to put the British 
Columbia data into the proper perspective. The main objectives of this report were to: identify 
current uses of PCBs in British Columbia and potential sources of release to the environment; 
assess the potential for environmental impacts as a result of these releases; document 
available information on PCB levels in the British Columbia environment and compare these 
levels to those reported for other areas of the world; and, identify localized areas of particularly 
high concentrations. Much of the data included were obtained through Environmental Protection 
Service monitoring and industrial surveys. Published and unpublished data were also obtained 
from other federal and provincial government agencies, environmental consultants and research 
organizations. 
 
 
TITLE: Chemicals in the Environment 
AUTHOR: Garrett, C.L.  
DATE: 1985 
PUBLISHER: Department of the Environment, Environmental Protection Service, Pacific and 
Yukon Region 
SERIES: III. Polychlorinated Biphenyls  
PAGES: various 
FOUND: Vancouver Public Library  
NOTES: Introduction: 
 
This report is one in a series entitled “Chemicals in the Environment - Pacific and Yukon 
Region” prepared by the Environmental Protection Service. The objective of these reports is to 
provide the technical guidance necessary for: a) the interpretation of environmental quality data 
on specific chemicals, and b) the assessment of potential impacts resulting from the release of 
these chemicals into the environment. The series will focus on both naturally occurring and 
man-made compounds whose releases to the environment is of concern due to their 
persistence, toxicity and/or bioaccumulative abilities. These reports discuss highlights of 
existing environmental quality data for B.C. and Yukon and provide information on 
environmental dynamics, potential impacts on the environment, and pertinent legislations and 
guidelines controlling both releases to the receiving environment and environmental quality.  
 
 
 
 
 
 
TITLE: Zooplankton and Fish Accumulate Chlorinated Hydrocarbons from Contaminated 
Sediments 
AUTHOR: Larsson, P.  
DATE: 1986 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 43(1) 
PAGES: 463-1466 
FOUND: Woodward Library, UBC and Bennett Library, SFU 
NOTES: Abstract: 
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Polychlorinated biphenyls (PCBs) originating from sediment were taken up by zooplankton and 
fish in artificial ponds in the field. PCB uptake in zooplankton was concentration dependent as 
levels of the residues in water varied seasonally. Planktivorous fish accumulated the 
compounds to high levels at high summer concentrations of PCBs in the water, after which 
elimination was slow. Levels of PCBs in benthic fishes continuously increased during the 1.5 
year study. The results show that chlorinated hydrocarbons deposited in sediments are 
available to aquatic organisms. 
 
 
TITLE: Organochlorine Compounds in Marine Mammals from the Strait of Georgia 
AUTHOR: Burlinson, N.E.  
DATE: 1991 
PUBLISHER: B.C. Ministry of the Environment, Lands and Parks, Victoria, B.C. 
PAGES: 9 
FOUND: Woodward Library, UBC and Vancouver Public Library 
NOTES: Introduction: 
 
B.C. Environment has been conducting a broad survey to monitor concentrations of 
organochlorine (OC) pollutants in the B.C. environment. Organochlorine is a general term for 
pollutants such as chlorinated pesticides (ie. DDT, Dieldrin), polychlorinated biphenyls (PCBs), 
polychlorinated dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). This 
paper reports on the findings of a small portion of the B.C. Environment's "Phase 2 Dioxin Plan." 
It contains concentration data of these organochlorines (OC) in the fat or blubber taken from 
stranded carcasses of mammals found in various locations in the Strait of Georgia. They include 
one killer whale and seven Harbour Porpoises. These and other marine mammals are known to 
accumulate various OCs mainly in their fat layers. Since these mammals are or near the top of 
the food chain in the marine environment, they are recognized by environmental Scientists as 
important geographic and temporal indicators of OC contamination in our environment. For 
example, over the period of 1974 to 1982, scientists have measured a significant decrease in 
the presence of DDT in east coast grey seals - a pesticide not commonly used since the late 
1960s (Addison et al 1984). Likewise Polar bears, which feed almost exclusively on seals, 
showed the lowest levels of OCs in the high arctic region but the highest OCs in the most 
southern Hudson Bay region. This finding reflects the relative isolation of the high Arctic 
mammals from North American sources of contamination (Norstrom et al 1988). 
 
 
 
 
TITLE: Uptake of Selected Organochlorine Contaminants in Fishes Resident in the Fraser River 
Estuary, Vancouver, British Columbia 
AUTHOR: Rogers, I.H., MacDonald, J.S., Sadar, M. 
DATE: 1992 
JOURNAL: Water Pollution Research Journal of Canada  
VOLUME: 27(4) 
PAGES: 733-749 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Starry flounders, prickly sculpins and other resident fishes were captured in the Lower Fraser 
River in the summers of 1987, 1988 and 1989. Control fish were taken from the estuary of the 
uncontaminated Homathko River on the B.C. coast in 1987 and 1988. The fish were analyzed 
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for chlorophenols, chloroguaiacols and PCBs. The residues most commonly detected were 
PCBs, tetra- and pentachlorophenol. Fish from the Main Arm contained PCBs that resembled 
Arochlor 1248 whereas those from the North Arm contained PCBs that resembled a mixture of 
Arochlors 1254 and 1260. Chloroguaiacol uptake was greater in flounders than in other species. 
Although PCBs appear to have declined markedly in the Lower Fraser from values published in 
the early 1970s, there is a need to measure the coplanar fraction to understand their toxic 
significance to the food chain. Tetra- and pentachlorophenol have declined following a change 
by industry to the use of alternative sapstain prevention treatments. 
 
 

1.12 Ocean Dumping and Spills 
 
TITLE: Investigations in Boundary Bay and Georgia Strait Following a Chlorophenate Spill 
AUTHOR: Colodey, A.G.  
DATE: 1986 
PUBLISHER: Environmental Protection, Pacific and Yukon Region 
SERIES: Regional Progress Report 86-18 
PAGES: 36 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
A series of environmental investigations were conducted following a large freshwater fish kill 
caused by the 4 March 1984 spill of 45,000 liters of a 2% sodium tetra/pentachlorophenate 
solution (4CP/5CP) into Hyland Creek and Boundary Bay This report reviews those studies and 
presents data collected by the Environmental Protection Service (EPS), conservation and 
Protection, Environment Canada. To assess the residual effects of the spill, EPS sampled 
sediments, and tissues from fish, crab and shrimp for chlorophenols and chlorinated dibenzo-
dioxins and -furans. PCBs were also sampled as an indicator of the general condition of 
Boundary Bay and because they are a potential source of furans. The Institute of Ocean 
Sciences (IOS), Department of Fisheries and Oceans, sampled benthic infaunal invertebrates to 
determine if there was any disruption of community structure in upper Boundary Bay. No 
chlorophenols or PCBs were detected in sediments or tissues collected. Dioxins and furans 
were also not detected in the sediments of Boundary Bay and Georgia Strait, although they 
were detected at the spill site. When detected at trace levels (parts per trillion) the 
concentrations of dioxins and furans in tissues are below the levels at a reference site. Only 
octochloro-p-dioxin was detected in fish, shrimp and crab muscle tissue. A wide range of dioxins 
and furans were detected in crab heptopancreas, therefore this organ may be a useful indicator 
tissue for these contaminants in the marine environment. No widespread deterioration in the 
benthic invertebrate community in terms of abundance and diversity of amphipods, isopods, 
molluscs, nematodes, oligochaetes and polychaetes, was observed. In summary, the 
chlorophenol spill into Hyland Creek had no measurable residual impact on the benthic 
invertebrate populations of Boundary Bay, and left no unusually elevated levels of contaminants 
in sediments or animal tissues collected form Boundary Bay and Georgia Strait. A Review of the 
scientific findings showed no conclusive link between the 1984 gray whale strandings and the 
chlorophenol spill. 
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TITLE: Compilation and Assessment of Research, Monitoring and Dumping Information for 
Active Dump Sites on the British Columbia and Yukon Coasts from 1979 to 1987 
AUTHOR: Sullivan, D.L. 
DATE: 1987 
PUBLISHER: Environmental Protection Service, Pacific and Yukon Region, West Vancouver  
SERIES: Manuscript report 87-02 
PAGES: 263  
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Conservation and Protection has administered the requirements of the Ocean Dumping Control 
Act in the Pacific and Yukon Region since 13 December 1975. Current authority to enforce the 
requirements that relate to the protection of fish, fish habitat and man's use of fish is exercised 
under subsection 33.1(1) of the Fisheries Act. Activities related to ocean dumping in the Pacific 
Region were compiled in a report by Ward and Sullivan (1980). This report is a continuation of 
that review and includes information on research and monitoring studies from 01 January 1980 
to 01 January 1987. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PART 2 - LOSS OF FISH HABITAT 

2.1 Forestry 
 

 2.1.1 General 
 
TITLE: An Annotated Bibliography of the Effects of Logging on Fish of the Western United 
States and Canada 
AUTHOR: Gibbons, D. R., Salo, E. O. 
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DATE: 1973 
PUBLISHER: United States Department of Agriculture 
SERIES: USDA Forest Service General Technical Report PNW-10 
PAGES: 145 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
This bibliography is an annotation of the scientific and non-scientific literature published on the 
effects of logging on fish and aquatic habitat of the United States and Canada. It includes 278 
annotations and 317 total references. Subject areas include erosion and sedimentation, water 
quality, related influences upon salmonids, multiple logging effects, alteration of streamflow, 
stream protection, multiple-use management, streamside vegetation, stream improvement, and 
descriptions of studies on the effects of logging. A review of the literature, a narrative on the 
state of the art, and a list of research needs determined by questionnaires are included. 
 
 
TITLE: Fisheries Act Compromises Logging 
AUTHOR: Wheeler, G. 
DATE: February 1978 
JOURNAL: Journal of Logging Management 
VOLUME: 9 (2) 
PAGES: 1350-1353 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This article discusses the 'bear-pit' session of the B.C. Liberal Caucus and delegates to the 
Truck Loggers Association's annual convention. The subject at hand was Bill C-38, a major 
amendment to the Federal Fisheries Act, which in the eyes of the forestry industry could 
seriously threaten the industry's viability. The article outlines the serious ramifications of Bill C -
38 stating that industry and labor condemn the bill. The wording is vague and worrisome, and 
grants too much power to inspectors and increases punitive measures against the forest 
industry. 
 
 
 
 
TITLE: Situation in Queen Charlottes Described as Outrageous 
DATE: December 1979 
JOURNAL: Western Fisheries; WFSHA 
VOLUME: 99 (3)  
PAGES: 19, 56 
FOUND: Vancouver Public Library and Woodward Library, UBC 
NOTES: Abstract: 
 
The United Fishermen and Allied Workers Union has expressed "outrage" at the devastation 
caused to salmon habitat by massive and repeated landslides in the Riley Creek area in the 
Queen Charlotte Islands. They are requesting that the federal Fisheries Act be invoked and the 
offending logging company be prosecuted. According to the Union, not only is the salmon 
resource being threatened but also reforestation is an impossibility due to landslides and clear 
cut logging of the steep slopes.  
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CHAPTER TITLE: Reproductive Ecology and Behavior of Dolly Varden Char in British Columbia 
AUTHOR: Leggett, J.W., Balon, E.K. 
DATE: 1980 
BOOK TITLE: Charrs, Salmonid Fishes of the Genus Salvelinus 
SERIES: Perspect in Vertebrate Science, Volume 1, Chapter 23 
PAGES: 721-737 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The purpose of this study is to describe and analyze the spawning behavior of the large dolly 
varden char. The study was carried out in John Creek, a tributary to Kootenay Lake. In total, 
spawning of dolly varden consists of several different activities: migration to a spawning area, 
selection and defense of a territory, courtship behavior, redd construction, egg laying, 
fertilization, and finally, covering of the fertilized eggs. Work on spawning behavior and 
reproduction ecology has been carried out because there is growing evidence that logging 
activities are contributing to the destruction of certain dolly varden stocks. There is substantial 
need for information that can be used to manage and protect the habitat and runs of the large 
Kootenay Lake dolly varden.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER TITLE: Estimating the Impacts on Salmon of Timber Harvesting and Log 
Transportation 
AUTHOR: Dorcey, A.H.J., McPhee, M.W., Sydneysmith, S. 
DATE: 1980 
BOOK TITLE: Salmon Protection and the B.C. Coastal Forestry Industry, Chapter VI 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
PAGES: 149-202 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This chapter assesses the adequacy of presently available scientific information pertinent to 
British Columbia for determining (a) the impacts that forest harvesting and coastal log 
transportation have on salmonids and (b) the effectiveness of regulatory mitigation measures in 
protecting salmonids. The scientific basis for the prediction of forest industry activities on 
salmonids varies greatly depending on the specific impact of interest. The impacts discussed 
include channel modification, peak and minimum stream discharge, water temperature, 
dissolved oxygen, inorganic sediment, organic debris, nutrients, leachates, biocides and 
streamside vegetation. In addition, evidence for effects on fish populations is examined. 
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Evidence for effects on salmonid habitat is reviewed including harvesting impacts in the 
watershed as well as log transport impacts on the coast. Field evidence for effects of logging on 
salmonids is discussed and the mitigation of impacts by protection measures is analyzed and a 
matrix for evaluating uncertainties in predicting and mitigating individual impacts is presented.  
 
 
TITLE: Proceedings of the Carnation Creek Workshop: A Ten-Year Review, Malaspina College, 
Nanaimo, B.C., February 24 To 26,1982 
AUTHOR: Hartman, G.F. 
DATE: 1982 
PUBLISHER: Pacific Biological Station, Nanaimo, B.C. 
PAGES: 404  
FOUND: Woodward Library, UBC 
NOTES: Contents:  
 
1) Preharvest vegetation and soils of Carnation Creek watershed; 2) Carnation Creek logging 
and silvicultural treatment program; 3) A first look at logging effects on the hydrologic regime of 
Carnation Creek experimental watershed; 4) Logging impacts on the concentration patterns of 
dissolved ions in Carnation Creek, British Columbia; 5) A preliminary analysis of logging-related 
temperature changes in Carnation Creek; 6) Changes in ground-surface characteristics and 
vegetative cover associated with logging and prescribed broadcast burning; 7) Revegetation of 
Carnation Creek watershed; 8) The effects of three streamside logging treatments on organic 
debris and channel morphology in Carnation Creek; 9) An analysis of Carnation Creek gravel-
quality data, 1973 to 1981; 10) The effect of exposure to short-term pulses of suspended 
sediment on the behaviour of juvenile salmonids; 11) The impact of logging on periphyton 
biomass and species composition in Carnation Creek: a coastal rain forest stream on 
Vancouver Island, British Columbia; 12) Effect of substrate and detritus manipulation on 
macroinvertebrate density and biomass: implications for forest clearcutting; 13) Carnation Creek 
watershed project; freshwater sculpins genus Cottus: a review; 14) The effects of logging on 
benthic invertebrate stream drift and trout growth rates in two small west coast Vancouver 
Island streams; 15) Logging impacts and some mechanisms which determine the size of spring 
and summer populations of coho salmon fry in Carnation Creek; 16) Winter distribution of 
juvenile coho salmon in Carnation Creek and some implications to overwinter survival; 17) 
Aspects of the population biology of estuary-reared and stream-reared juvenile coho salmon in 
Carnation Creek: a summary of current research; 18) The population dynamics of coho salmon 
in a west coast rain forest stream subjected to logging; 19) An overview of some biophysical 
determinants of fish production and fish population responses to logging in Carnation Creek, 
British Columbia.  
 
 
TITLE: The Population Dynamics of Coho Salmon in a West Coast Rain Forest Stream 
Subjected to Logging 
AUTHORS: Holtby, L. B., Hartman, G. F. 
DATE: February 1982 
CONFERENCE: Proceedings of the Carnation Creek Workshop: A 10 Year Review, Malaspina 
College, Nanaimo, B.C., February 24 To 26, 1982  
PAGES: 308-347 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Discussion and Summary) 
 



PART 2 - LOSS OF FISH HABITAT 

 87

A useful understanding of how logging activities in the Carnation Creek watershed have 
affected the salmonid populations can only result from our elucidation of the processes which 
regulate the dynamics of the fish populations. Although the difficulties inherent in attempting a 
concise summary of the findings presented in this report are obvious, two important 
generalizations can be made about the nature of population regulation and the impacts of 
logging on coho population in Carnation Creek. First, Carnation Creek is not a productive 
system and the growth and survival of juvenile coho are food-limited. Second, the creek is not a 
hospitable environment during the winter. Winter mortality accounts for approximately 51% of 
the total mortality observed over the 1 or two years of stream residence. The removal of the 
forest canopy through clear-cut logging has resulted in increased stream surface light levels, 
higher stream temperatures, and probably higher nutrient availability, all of which have led to 
increased stream productivity. The juvenile coho have shown a marked response to this 
presumed increase in stream productivity and stream temperatures. However, these positive 
effects of logging are, in all probability, transitory. Stream productivity can be expected to return 
to near pre-logging levels within 12 to 15 years. Very significantly, streamside logging has led to 
gradual but accelerating changes in stream morphometry. Sedimentation and bedload 
movement associated with bank erosion and channelization have resulted from streambank 
logging practices and debris transport caused by logging activity. Such habitat degradation is 
implicated in already declining egg-to-fry survival. Continued degradation of habitat quality will 
eventually compromise the capacity of the stream to support over-winter survival. Further long-
term damage to the productive capacity of Carnation Creek could result from the reduction or 
elimination of the supply of large organic debris. 
 
 
 
 
 
 
 
TITLE: Logging Impacts and Some Mechanisms that Determine the Size of Spring and Summer 
Populations of Coho Salmon Fry (Oncorhynchus kisutch) in Carnation Creek, British Columbia 
AUTHORS: Scrivener, J.C., Anderson, B.C. 
DATE: 1984 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 41 
PAGES: 1097-1105 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Natural patterns in emergence times, seaward movements instream distributions densities, and 
growth of coho salmon fry (Oncorhynchus kisutch) between March and September are 
contrasted with patterns observed during and after logging in the Carnation Creek watershed. 
After streamside logging in 1976-77, fry emerged up to 6 weeks earlier and moved seaward 
more quickly than during the years before logging. These observations are attributed to higher 
water temperatures during the winter and to emergence during a period of more frequent 
freshets. Increased fry movement from the stream could result in habitat being underutilized. In 
sections affected by intense streamside logging, the deposition of “fine” logging debris led to 
increased fry densities during the summers of 1977 and 1978. After major freshets in November 
1978, which removed the fine debris and affected channel morphology in these sections, fry 
densities declined below those observed prior to logging. Growth rate of fry was inversely 
correlated with density in all stream sections. Growth rates, after correction for density, tended 
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to be greater in all sections after the adjacent streamside was logged. Larger fry and more 
variable numbers of fry remained in the stream in September after logging than before logging. 
Their increased size is attributed to the longer growing season afforded by earlier emergence. 
This complex of interacting factors determines the number and size of fry in autumn and it can 
influence the production of smolts the following spring. 
 
 
TITLE: Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results: Workshop 
Held January 13-15, 1987, Nanaimo, British Columbia, Canada  
AUTHOR: Chamberlin, T.W. (Ed.)  
DATE: 1987  
PUBLISHER: Carnation Creek Steering Committee, c/o Pacific Biological Station, Nanaimo, 
B.C.  
PAGES: 239  
FOUND: Woodward Library, UBC  
NOTES: Abstract:   
 
Seventeen technical papers are presented dealing with the physical and biological processes of 
the Carnation Creek ecosystem. The papers summarize a broad range of new knowledge, 
ranging from upstream water and sediment transport processes to consequences in the estuary 
environment. The papers also point out current gaps in knowledge such as the necessary 
recovery time for disturbed alluvial channel stabilization and valley bottom groundwater levels. 
The papers and panel discussions are grouped according to the following five session 
headings: runoff and channel environment; sediment and gravel; the food chain; rearing habitat 
utilization; and fish population response. Commentaries from six panels of fish and forest 
agency staff and forest industry representatives are also included as well as the verbatim 
questions and answers relating to both the technical papers and the panel presentations. 
 
 
TITLE: The Effects of Logging on the Coho Salmon of Carnation Creek, British Columbia 
AUTHOR: Holtby, L. B. 
DATE: 1987 
CONFERENCE: Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results: 
Workshop Held January 13-15, 1987, Nanaimo, British Columbia, Canada  
PAGES: 159-173 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from the Introduction and Conclusion) 
 
The coho salmon in Carnation Creek responded to two different kinds of habitat perturbations 
produced by logging. Thermal effects were immediate and operated through changes in the 
timing of critical life-history events. The thermal perturbation has had a modest beneficial effect 
on coho production and is interesting in several respects. First, the effects were indirect, 
affecting the timing of fry emergence and smolt migration rather than survival and growth rates. 
Second, these perturbations were separated in time from their effects. For instance, in the case 
of early fry emergence, the effects on survival of elevated temperatures during February and 
March were not realized until the following winter. Third, the effects of temperature came at an 
unexpected time of the year - late winter and early spring - as opposed to summer. The coho 
have also been affected by physical changes to the stream caused by logging. In contrast to 
thermal effects, the physical effects were much slower to appear, are accelerating, and are 
entirely negative. The loss of stream habitat that has occurred affects juvenile coho throughout 
the time that they are in the stream. Loss of winter habitat has affected the fish sooner but de-
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watering of summer habitat seems to be occurring as well. Loss of winter habitat has already 
significantly reduced the benefits of warmer stream temperatures on coho smolt production. 
However, the full extent of the effects of stream degradation will only be seen when the 
streamside re-vegetates and temperature effects moderate. The future effects of summer 
habitat loss are uncertain. The time-scale of any impact study must be based on the time scale 
of the processes involved. Five years for the study of post-logging impacts was an enormous 
span for research, yet it was barely adequate to give even an indication of the physical changes 
that are yet to come in the stream. 
 
 
TITLE: Some Preliminary Comments on Results of Studies of Trout Biology and Logging 
Impacts in Carnation Creek 
AUTHOR: Hartman, G. F. 
DATE: 1987 
CONFERENCE: Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results: 
Workshop Held January 13-15, 1987, Nanaimo, British Columbia, Canada  
PAGES: 175-180 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Introduction and Observations) 
 
There are two species of trout, steelhead and cutthroat (Salmo gairdneri and S. clarki), in 
Carnation Creek. While the analysis of the data is incomplete, the following conclusions have 
emerged: 1) Both species of trout used the small tributaries (<500 m long) that drain the 50 ha 
flood plain in lower Carnation Creek. 2) Cutthroat trout spawned in the small flood-plain 
tributaries, used them at all life stages and depended on them more than steelhead did. 3) The 
size of trout was controlled more by temperature than by density of trout or coho salmon. 4) The 
estimated numbers of trout in the autumn population surveys were lower after logging began. 5) 
Concurrent with the beginning of logging, the steelhead smolts fell from the pre-logging range of 
100 to 500 fish to less than 100. The average number of cutthroat smolts was not, on average, 
lower after logging began. 6) The lengths of 0+ and 1+ trout, on September 30, were greater 
after logging than before. The sizes of the smolts were not greater. 
 
 
TITLE: Effects of Forest Harvesting on Spawning Gravel and Incubation Survival of Chum 
(Oncorhynchus Keta) and Coho Salmon (Oncorhynchus kisutch) in Carnation Creek, British 
Columbia (Canada) 
AUTHOR: Scrivener, J.C., Brownlee, M.J. 
DATE: 1989 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 46(4) 
PAGES: 681-696 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Following logging, pea gravel and sand (i.e. fines) in the stream bed of Carnation Creek, British 
Columbia increased 4.6 and 5.7%, respectively. The quantity of fines was greater in the bottom 
layer, while the frequency and magnitude of changes in composition were greater in the top 
layer of streambed cores. Changes in streambed fines depended on the timing and type of 
streamside logging and on the timing of large freshets. Accumulating fines appeared to originate 
from erosion of streambanks or from upstream storage areas and they were transported as 
bedload. Suspended sediment did not increase after road construction or logging. Deposition 
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and scour rates of pea gravel and sand in the streambed were inversely related to particle size, 
and to their depth in the bed. Following logging, survival to emergence declined from 29.1 to 
16.4% for coho salmon (Oncorhynchus kisutch) and from 22.2 to 11.5% for chum salmon (O. 
keta). Annual mean survival to emergence and size of fry of both species were positively related 
to two indices of substrate composition. Annual changes in substrate composition and peak 
flows explained 60 and 73% of the variability in survival to emergence for chum and coho 
salmon, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TITLE: Effects of Logging on Size and Age Composition of Juvenile Coho Salmon 
(Oncorhynchus Kisutch) and Density of Presmolts in Southeast Alaska Streams 
AUTHOR: Thedinga, J.F., Murphy, M.L., Heifetz, J., Koski, K.V., Johnson, S.W. 
DATE: 1989 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 46(8) 
PAGES: 1383-1391 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Short-term effects of logging on age, composition and size of juvenile coho salmon 
(Oncorhynchus kisutch) were studied in 18 streams in Southeast Alaska in 1982 and 1983; 
studies were in old-growth and clear-cut reaches with or without buffer strips. The number of fry 
(age 0) in summer and winter was proportionately higher in buffered and clear-cut reaches than 
in old-growth reaches, and all treatments averaged a 20% decrease in fry from summer to 
winter. Fry length and condition factor were greater for buffered and clear-cut reaches than for 
old-growth reaches, whereas parr (age 1 and older) did not differ among treatments. Fry and 
parr were larger in the southern than in the northern regions and their length and weight were 
directly related to periphyton biomass and benthos density. A higher percentage of large (>75 
mm) fry remained in buffered reaches than in clear-cut and old-growth reaches; therefore, the 
density of fry that were potentially large enough to become smolts the next spring (pre-smolts) 
was greater in buffered reaches. The larger fry in buffered and clear-cut reaches compared with 
old-growth reaches was probably due to earlier fry emergence that resulted from increased 
water temperature. 
 
 
TITLE: Impacts of Forestry Practices on a Coastal Stream Ecosystem, Carnation Creek, British 
Columbia. 
AUTHOR: Hartman, G.F., Scrivener, J.C.  
DATE: 1990 
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PUBLISHER: Department of Fisheries and Oceans, Ottawa  
SERIES: Canadian Bulletin of Fisheries and Aquatic Sciences # 223 
PAGES: 148 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
Results from the first 17 years of a multi-disciplinary study about the effects of logging activities 
on a small stream ecosystem in the coastal rain forest of British Columbia have been reviewed. 
The main hydrological, fluvial-geomorphological, thermal, and production relationships are 
integrated in four schematic illustrations. The study has revealed that each activity conducted 
within an overall forest management plan may affect the physical components of an ecosystem 
differently. Whether these effects had positive or negative impacts on fish and other stream 
biota depends upon the specific activity conducted, the species present, and the life stage of 
each species of fish. In Carnation Creek, forest practices that increased stream isolation, water 
temperature and nutrient levels increased the numbers, growth period and size of coho salmon 
fry (Oncorhyynchus kisutch), but reduced the marine survival of chum fry (O. keta). They also 
increased the growth period and growth rate of trout fry (O. mykiss and O. clarki), but growth 
decreased among the old age groups of both coho salmon and trout. The positive effects of 
these changes were simultaneous with the commencement of logging and burning of slash. 
Stream-side logging activities also decreased the stability of the stream channel and it’s large 
organic debris. These changes and changes in the composition of spawning gravel reduced fish 
survival and numbers. The negative effects required more time to manifest themselves than the 
positive effects. Influences of the negative and positive freshwater impacts continued into the 
marine life history stages of both chum and coho salmon. Applications of results of land use 
planning are also discussed. Logging-related changes in drainage can occur over decades of 
time. Although coastal streams in British Columbia are diverse, the common features that must 
be considered in fisheries-forestry planning are high rain fall, high hydrological energy, physical 
instability, low nutrient levels and cool temperatures. Long term case history studies such as the 
one reported here reveal ecosystem processes permitting researchers to partition climatic 
variability from man induced impacts. Resource managers must be able to understand and 
apply such process information to other stream systems in the light of their own experience and 
site specific information.  
 
 
TITLE: The Application and Effectiveness of the Coastal Fisheries Forestry Guidelines in 
Selected Cut Blocks on Vancouver Island  
AUTHOR: Tripp, D. Nixon, A., Dunlop, R. 
DATE: April 1992 
PUBLISHER: D Tripp Biological Consultants Ltd. and the Ministry of the Environment, Lands 
and Parks, Fish and Wildlife Division, Nanaimo, B.C.  
PAGES: 25 
FOUND: Vancouver Public Library 
NOTES: Abstract:  
 
The Coastal Fisheries Guidelines, alone or in combination with site specific prescriptions, can 
effectively reduce the number and severity of the impacts experienced on streams in recent 
logged areas. Compliance with the guidelines and many prescriptions, however, were generally 
poor, regardless of location or the type of forest license involved. These were the findings of a 
recent survey of 21 logged cut blocks on Vancouver Island. There was, on average, one major 
or moderate impact on one stream for every cut block inspected. Half of these impacts involved 
a Class I or II stream. The other half involved Class III or IV streams that were likely to have a 
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negative effect in the near future on more valuable habitat downstream. Since most of the 
impacts were the result of debris torrents, large build-ups of sediment and debris were the main 
types of major impacts recorded in all stream classes. Overall stream impacts did not differ 
significantly between blocks in west or east coast drainages. Approximately 60% of the major 
problems observed were attributed to excess debris loads in steep gully systems, and a failure 
to appreciate the transport capabilities of such streams during heavy rains. Other contributing 
factors were failures to fall and yard away from the streams, and failures to clean out the excess 
debris where cross stream yarding was permitted. Poor drainage controls on roads, and spur 
roads in particular, were responsible for approximately another 25% of the most significant 
problems, while a combination of land slides and poorly located gravel pits accounted for the 
rest of the problems. Some questionable harvest practices in Streamside Management zones 
accounted for six minor or moderate problems, but the long term implication of these problems 
was beyond the scope of the present survey. 
 
 
 
TITLE: The Stuart-Takla Fisheries/Forestry Interaction Project: Study Description and Design 
AUTHOR: Macdonald, J.S., Scrivener, J.C., Smith, G. 
DATE: 1992 
PUBLISHER: Department of Fisheries and Oceans, West Vancouver Laboratory, West 
Vancouver, B.C. 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1899 
PAGES: 39 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
This report describes a project that is focusing on the effects of forest practices on interior fish 
stocks and the carrying capacity of the habitat they occupy. The authors are collecting biological 
and physical measurements from four watersheds and adjacent portions of the Middle River in 
the Takla Lake area. Our research, which began in 1990, investigates: streambed gravel 
composition and movement; the physical environment of salmon eggs; distribution of large 
organic debris predator-prey interactions; aquatic insect drift and distribution; and the 
movement, growth, and habitat use by salmonids. Data loggers continuously monitor 
suspended sediments, incident radiation, stream discharges and stream and air temperatures. 
Adult and fry enumerations that have been made for a number of years of the creeks are 
continuing.  
 
 
TITLE: Proceedings of the Takla Fishery/Forestry Workshop: A Two Year Review, April 1, 1993, 
Prince George, B.C. 
AUTHOR: Mcdonald, J.S. (Ed.) 
DATE: 1994 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 2007 
PAGES: 104 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract:  
 
The Takla fishery/forestry interaction workshop was held on April 1, 1993 in Prince George, B.C. 
Researchers, habitat managers, native representatives and forestry workers gathered to 
consider the preliminary findings from two years of research activities from four Stuart/Takla 
tributaries. The results from this workshop will assist researchers in further defining 
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experimental objectives and lead to improvements in study design. The proceedings include 15 
papers (1 paper presented at the workshop does not appear in these proceedings) dealing with 
forestry issues, water quality data, channel morphology, incubation habitats, insect populations, 
and spawner and fry enumeration. The workshop proceedings reflect the multi-disciplinary 
nature of the Takla research program. Most of the research components described in these 
proceedings are in preliminary stage of development. Despite this, these proceedings provide 
insight into many of the physical and biological processes that occur in central interior 
watersheds. 
 
 
 
 
 
 
TITLE: The Use and Effectiveness of the Coastal Fisheries Forestry Guidelines in Selected 
Forest Districts of Coastal British Columbia 
AUTHOR: Tripp, D. 
DATE: January 1994 
PUBLISHER: Ministry of Forests, Integrated Resources Branch 
PAGES: 86 
FOUND: Vancouver Public Library 
NOTES: Abstract: (adapted from Summary) 
 
A recently completed audit of 79 cut blocks in five coastal Forest Districts of British Columbia 
indicates considerable variation in compliance between Districts and logging companies with 
either site specific instructions or the more general Coastal Fisheries Forestry Guidelines 
(CFFG). Differences in slope accounted for about half the variation in performance - the steeper 
the slopes, the poorer the compliance and the more frequent the impacts of logging on streams. 
Slope, however, was not the only factor affecting compliance. Fundamental differences in how 
various companies log a block are also significant. When comparisons were made among 
Districts or companies, adjusting for slope reduced the magnitude of the differences, but only 
occasionally was the order or significance of the differences affected. The results confirm the 
findings of a previous environmental audit on Vancouver Island (Tripp et al. 1992). One half to 
two thirds of the stream reaches with fisheries concerns inspected in each of the North Coast, 
Kalum and Sunshine Coast districts showed a major or moderate impact of some type. This is 
similar to, or higher than, the proportion of fish sensitive stream reaches showing impacts on 
Vancouver Island (55%). Elsewhere, the percentage of stream reaches affected was 
substantially lower; in Squamish District (33.3%) and in the Queen Charlotte Islands (26.4%). 
The best performance on streams considered of greatest value to fisheries (i.e., Class I -II 
streams) was on the Queen Charlotte Islands, where only 8.3% of the reaches inspected were 
affected. The poorest record for avoiding impacts on Class I - II streams was in the North Coast 
District (50%), followed by Vancouver Island (44%) and Kalum District (42%). 
 
 

 2.1.2 Erosion and Sedimentation 
 
TITLE: Long-Term Patterns of Sediment Production Following Road Construction and Logging 
in the Oregon Coast Range 
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AUTHOR: Beschta, R. L. 
DATE: 1978 
JOURNAL: Water Resources Research 
VOLUME: 14(6) 
PAGES: 1011-1016 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
Suspended sediment production after road construction, logging, and slash disposal was 
significantly increased (P=0.95) on two watersheds in Oregon’s Coast range. A 25% patch cut 
watershed showed increases during 3 of 8 post-treatment years. These increases were caused 
primarily from mass soil erosion from roads. Monthly sediment concentrations before the 
occurrence of annual peak flow were increased from more than those following the annual 
peak. Surface erosion from a severe slash burn was the primary cause of increased sediment 
yields for 5 post-treatment years on a watershed that was 82% clear-cut. Monthly sediment 
concentrations were generally increased throughout the winter runoff period on this watershed. 
The flushing of suspended sediment in Oregon Coast Range watersheds is apparent from 
seasonal changes of suspended sediment rating curves. 
 
 
TITLE: An Analysis of Carnation Creek Gravel Quality Data - 1973 to 1981 
AUTHOR: Scrivener, J. C., Brownlee, M. J. 
DATE: February 1992 
CONFERENCE: Proceedings of the Carnation Creek Workshop, A 10 Year Review: Malaspina 
College, Nanaimo, B.C., February 24 To 26, 1982  
PAGES: 154-173 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
A project to study the effects of logging on a small salmonid nursery stream commenced in 
1970 at Carnation Creek on the west coast of Vancouver Island, British Columbia. The project is 
designed for five years of pre-logging calibration (1970 to 1975), six years of logging (1975 to 
1981), and five years of post-logging assessment (1981 to 1986). A component study of this 
multi-disciplinary project is the assessment of spawning gravel quality. More than 1200 gravel 
cores, intergravel dissolved oxygen, and intergravel permeabilities have been obtained since 
1973 to assess changes in the quality of the gravel and the corresponding changes to the 
survival and condition of salmon embryos. Cores were split and analyzed as three layers. Fines 
less than 9.55 mm were found to increase with depth. A seasonal trend was exhibited in the top 
and middle layers, as particles less than 0.297 mm decrease between early autumn and the 
following spring. After logging commenced, fines less than 9.55 mm increased in the top layer 
over pre-logging levels. Major accumulations of particles between 9.55 mm and 0.297 mm 
occurred in the top layer of the lower 2 km of the stream after the first major post-logging 
freshet. Concurrently, fines decreased in the bottom layer and intergravel permeability and 
dissolved oxygen declined. The addition of data from August 1980 to September 1981 indicated 
that all classes of fines were still accumulating in the streambed. Marked reductions in chum 
and coho salmon egg to fry survival were noted. All studies are continuing until project 
completion. 
 
 
TITLE: The Effect of Exposure to Short-Term Pulses of Suspended Sediment on the Behavior of 
Juvenile Salmonids 
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AUTHOR: Berg, L. 
DATE: February 1992 
CONFERENCE: Proceedings of the Carnation Creek Workshop, A 10 Year Review: Malaspina 
College, Nanaimo, B.C., February 24 To 26, 1982  
PAGES: 177-196 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The behavior of juvenile coho salmon (Oncorrhynchus kisutch), in response to exposure to 
short-term pulses of suspended sediment, was monitored in a laboratory donut channel. Results 
indicate a breakdown of social organization, a change in the form of aggression elicited, an 
increase in activity, and a decrease in feeding ability in response to suspended sediment. The 
data suggest the potential for decreased fish production in streams affected by short-term 
pulses of suspended sediment.  
 
 
TITLE: Some Effects of Suspended Fraser River Sediments on Sockeye Salmon 
(Oncorhynchus nerka) 
AUTHOR: Servizi, J. A., Martens, D. W. 
DATE: 1987 
SERIES: Canadian Special Publication of Fisheries and Aquatic Sciences # 96 
PAGES: 254-264 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
The lethality of natural Fraser River sediments to under-yearling sockeye salmon 
(Oncorhynchus nerka) increased with particle size. Fine sediments typical of those in 
suspension in the river were found to lodge in the gills of under-yearlings and cause gill trauma 
at 3148 mg / L or 0.2 of the 96 h LC50 value. Sockeye smolts suffered a slight impairment in 
hypoosmoregulatory capacity when exposed 96 h to 14407 mg/ L of fine sediment. Plasma 
glucose levels of adult sockeye increased 150 and 39% as a result of exposures to 1500 and 
500 mg/L respectively of fine sediment. Suspended solids levels equal to those causing a stress 
response among adults have been recorded in the Fraser River during spawning migrations. 
 
 
TITLE: The Effects of Streambank Clearcutting on the Benthic Invertebrates of Carnation Creek, 
British Columbia 
AUTHOR: Culp, J, M. 
DATE: 1987 
CONFERENCE: Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results: 
Workshop Held January 13-15, 1987, Nanaimo, British Columbia, Canada  
PAGES: 87-91 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Introduction and Discussion) 
 
Clear-cut logging operations around 1st - 3rd order coastal streams can produce significant 
changes in abiotic and biotic environmental components of stream ecosystems. Although fish 
populations of these streams have been studied intensively, little attention has been given to 
determining the effect post-logging environmental changes have on their benthic 
macroinvertebrate food source. Numerous abiotic changes to the stream environment occur as 
the result of logging operations in the watersheds around coastal streams, but post-logging 
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shifts in stream discharge, bank stability, sedimentation, isolation, water temperature and the 
terrestrial release of inorganic nutrients are often cited as having the most potential for 
detrimentally affecting macroinvertebrate communities. On the other hand, the dominant biotic 
impacts of logging on macroinvertebrates are related to shifts in the allochthonous (e.g. leaf 
litter) and autochthonous (e.g. algal production) energy input. These shifts in the trophic 
structure of the stream may directly or indirectly change the amount and quality of food 
resources available for the macroinvertebrates. The macroinvertebrate study in Carnation Creek 
investigated the effects of two different logging treatments on macroinvertebrate communities 
during the initial three year period following logging. The results of this study establishes that 
clearcutting without adherence to the P1 clause decreases benthic densities primarily because 
of the increased input of fine sediments from eroded streambanks without buffer zones. 
Detrimental effects of these sediments varied between scouring the substrate in the winter to 
intrusion into the substrate in the summer. Short-term (24hr) sediment saltation is a significant 
mechanism by which macroinvertebrates are scoured from the substrate, and that sediment 
saltation reduces macroinvertebrate densities. Post logging decreases in macroinvertebrate 
densities were not completely prevented by the presence of a <10m wide buffer strips and 
natural dams, but the detrimental effects were less pronounced. 
 
 
TITLE: Changes in Composition of the Streambed between 1973 and 1985 and the Impacts on 
Salmonids in Carnation Creek 
AUTHOR: Scrivener, J. C 
DATE: 1987 
CONFERENCE: Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results: 
Workshop Held January 13-15, 1987, Nanaimo, British Columbia, Canada  
PAGES: 59-63 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Introduction and Discussion) 
 
The immediate objectives of the gravel quality programs at Carnation Creek are to assess the 
effects of current forest harvesting practices on the composition and quality of spawning gravel 
and their influence on the condition or survival of emerging fry. Since 1976, pea gravel (9.55-
2.38 mm) and sand (2.38-0.074 mm) have increased 4.6% and 5.8% respectively, in total 
composition of the streambed within or below the area of intense streamside logging. Fines 
have also increased in the deeper layers of the streambed. Rates of change and turnover were 
much greater in the top layer (1-15 cm) than the bottom layers (15-30 cm). Two conditions 
contributed to decreased egg to fry survival in the post logging period. Egg to fry survival 
decreased as accumulating pea gravel and sand reduced the mean particle size of materials in 
the stream bed. The pre-emergence mortality of coho was correlated with the magnitude of 
severe freshets. The size of emerging chum and coho were positively correlated with the gravel 
quality suggesting also that reduced pore size in the gravel contributed to a greater mortality 
among large alevins. Fry size on emergence of coho and migration of chum salmon has an 
important influence on survival. In Carnation Creek, much of the sediment affecting the quality 
of the spawning gravel probably came from eroding stream banks or from channel storage 
upstream. In areas of intensive and careful streamside treatment, bank erosion increased 2.7 
times since logging was begun. A slight increase occurred in the leave strip treatment. 
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TITLE: Summer and Winter Habitat Selection by Juvenile Chinook Salmon in a Highly 
Sedimented Idaho Stream (USA). 
AUTHOR: Hillman, T.W., Griffith, J.S, Platts, W.S. 
DATE: 1987 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 116(2) 
PAGES: 185-195 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Summer and winter habitat utilized by age-O spring chinook salmon (Oncorhynchus 
tshawytscha) was assessed in the Red River, an Idaho stream heavily embedded with fine 
sediment. During summer 1985, chinook salmon used habitats with water velocities less than 20 
cm/s, depths of 20-80 cm, and close associations with cover (undercut banks). Densities were 
greater than 60 fish/100 m2. As the fish became larger they selected faster, deeper water. 
Eighty percent of the chinook salmon emigrated from the study sites in October when stream 
temperatures were 4-8° C, apparently because suitable winter habitat was not available. Those 
fish that remained in the study sites selected areas where submerged sedges and grasses 
overhanging undercut banks provided cover and where water velocities were less than 12 cm/s. 
After cobble substrate was added to the streambed (September 1985) beneath undercut banks 
and in mid-channel in a glide and a riffle habitat, eight times more chinook salmon used the 
cobble substrate in November 1985 as compared with November 1984. Significantly more 
chinook salmon utilized cobble placed under banks than any other area. By March 1986, cobble 
piles were embedded with silt and sand, and chinook salmon densities were not significantly 
different from those found in March 1985.  
 
 
TITLE: Honna River - Mainline Sediment Yield Study, I & II  
AUTHOR: Bruce, P.G., Chatwin, S.C.  
DATE: July 1987-February 1988  
PUBLISHER: Land Use Planning Advisory Team, MacMillan Bloedel Limited, Woodlands 
Services Division  
PAGES: 2 volumes  
FOUND: Land Use Planning Advisory Team, MacMillan Bloedel, Nanaimo (Call 755 - 3500)  
NOTES: Abstract: (abbreviated version of the Introduction) 
 
This study is published in two parts, each under separate cover, entitled Honna River - Mainline 
Sediment Yield Study and Honna River - Mainline Sediment Yield Study II. High suspended 
sediment loads have been observed in recent years in the Honna River. The river is used by 
coho, chum and pink salmon and steelhead. Sedimentation of spawning substrate and high 
suspended sediment loads can have serious adverse implications for these species. MacMillan 
Bloedel, Queen Charlotte Division, maintains a major haulroad in the Honna watershed. 
Drainage from the mainline has been suspected as the major cause of elevated sediment levels 
in the river. A short study was initiated in April 1987 to examine the contribution of sediments 
into the Honna drainage from the mainline. The study found that a 3.5 km section of mainline, 
which included road related drainage from both sides of the Whiskey Creek bridge, was 



PART 2 -LOSS OF FISH HABITAT 

 98

responsible for about 40% of total sediment yield of the Honna drainage. The sediment 
contributed from this section was approximately three times the average background yield for 
the rest of the drainage. The majority of the sediment appeared to be produced from about a 
third of the study area. A second assessment was made in November 1987 to validate the 
preliminary findings. As a result of sediment production from the mainline, fish habitat and 
production could be impacted in about 2 km of the drainage. Due to dilution, this impact is likely 
to be much less in downstream waters. Based on the literature, the concentrations of 
suspended sediments do not appear high enough to cause direct mortality but are high enough 
to cause reduction in habitat quality, changes in behaviour, stress, and reduced feeding 
efficiency.     
 
 
TITLE: Vertical Distribution of Sediment and Organic Debris in Coho Salmon (Oncorhynchus 
kisutch) Redds in Three Small Oregon (USA) Streams 
AUTHOR: Ringler, N. H., Hall, J. D. 
DATE: 1988 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 45(4) 
PAGES: 742-747 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Vertical distribution of sediment (particle diameter < 3.33 mm) and organic debris was studied in 
coho salmon (Oncorhynchus kisutch) redds in three Oregon coastal streams subjected to 
different degrees of logging. Gravel composition in frozen cores varied significantly among 
redds in both logged streams. Sediment content in redds appeared to decrease with depth in 
the logged streams, but differences in gravel composition among streams obscured differences 
among depths. Sediment layers of variable thickness were visible in several core samples. In 
one logged stream, redds contained an average of 25% less sediment than redds used 1 yr. 
earlier. Organic content of the gravel represented < 2.8% of the core samples by weight and 
was directly related to the quantity of sediment in the streambed. The pattern of vertical 
distribution of organic debris in the clear-cut stream (most abundant near the surface) differed 
significantly from that in the other two streams. Patterns of distribution and variability in gravel 
composition were consistent with post-logging changes in gravel permeability and survival to 
emergence of coho salmon.  
 
 
TITLE: Some Effects of Forest Harvesting on Water Quality in the Slim Creek Watershed in the 
Central Interior of British Columbia (Canada). 
AUTHOR: Brownlee, M. J., Shepherd, B. G., Bustard, D. R. 
DATE: 1988 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1613 
PAGES: 41 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The effects of forest harvesting practices on water quality were examined within a watershed 80 
km east of Prince George in the central interior of British Columbia between 1971 and 1975. 
Suspended sediment loading in the study stream, Centennial Creek, increased 4 to 12 times 
over corresponding levels in an adjacent control stream. Mainline road development was the 
main source of increased levels of sediment which persisted for the duration of the three years 
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of study. At associated tributaries, erosion from skid trails, landings, road crossings and 
streambank damage occurred during and after logging, but in contrast, it did not persist beyond 
the first summer after logging. Mean water temperatures increased 1 to 3 °C following logging to 
the edge of small tributary streams. Diurnal fluctuations more than doubled. Although maximum 
water temperatures in these small streams increased up to 9 °C they remained within tolerance 
levels for salmonids. When instream nutrients were at high levels, logged areas had 1-2 times 
the orthophosphate concentrations, 2-3 times the total phosphate concentrations, and up to 5 
times the nitrate concentrations present in the unlogged watershed. The implications of this 
study's results to forest harvesting operations in the interior of British Columbia are discussed.  
 
 
TITLE: Changes in Salmon Spawning and Rearing Habitat from Increased Delivery of Fine 
Sediment to the South Fork Salmon River, Idaho (USA). 
AUTHOR: Platts, W. S., Torquemada, R. J., Mchenry, M. L., Graham, C. K. 
DATE: 1989 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 118(3) 
PAGES: 274-283 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Levels of surface and subsurface fine sediment (< 4.75 mm in diameter) were measured 
annually from 1965 to 1985 in spawning and rearing areas for chinook salmon Oncorhynchus 
tschawytscha and steelhead O. mykiss (formerly Salmo gairdneri) in the South Fork Salmon 
River, Idaho. Between 1950 and 1965, logging and road construction in combination with large 
storm events of 1964 and 1965, resulted in the delivery of increased amounts of fine sediments 
to the South Fork Salmon River. Surface and subsurface fine sediment levels peaked at 46% of 
the surface area in 1966 and 48% of the volume in 1969, respectively. A logging moratorium 
initiated in 1965, coupled with natural recovery and watershed rehabilitation, led to significant 
decreases in the amounts of fine sediments delivered to and stored in the South Fork Salmon 
River, this reduction led to a limited resumption of logging operations within the watershed in 
1978. By 1985, surface and subsurface sediment levels in chinook salmon spawning areas 
averaged 19.7% of the surface area and 25.4% of the volume, respectively. However, additional 
recovery to prelogging fine sediment levels is probably contingent on both further watershed 
recovery and the occurrence of floods flows capable of transporting material downstream. An 
equilibrium between incoming sediment from the watershed and outgoing sediment from the 
river appears to have been reached under flow regimes that have occurred since 1975.  
 
 
 
 
 
 
 
 
 
 
 
TITLE: Fluvial Sediments in Forested and Disturbed Coastal Watersheds 
AUTHOR: Hogan, D.L., Yuzyk, T.R., Tassone, B.L. 
DATE: May 1991 
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PUBLISHER: Pacific and Yukon Region, Water Resources Branch, Inland Waters Directorate, 
Conservation and Protection, Environment Canada 
CONFERENCE: Proceedings of the B.C. / Yukon Sediment Issues Workshop, April 24 - 26, 
1990, Vancouver, B.C. 
PAGES: 72-76 
FOUND: Environment Canada Library, (phone 666-5900)   
NOTES: Abstract: 
 
This paper describes in-stream sediment issues that frequently become a focus for forest 
management in coastal British Columbia. Sediment transport, sedimentation, and in-channel 
sediment storage are discussed. Examples from the Carnation Creek watershed and the Queen 
Charlotte Islands are presented. Coarse sediment has been studied in more detail than fine 
sediment. Accordingly, in this presentation more emphasis is placed on coarse sediment 
characteristics and associated channel structure as they relate to fish-forestry interactions. 
Suspended sediment data are rare for small coastal British Columbia watersheds and the 
impact of sedimentation is poorly documented. Fine sediments are often flushed completely 
through the stream system and not deposited in significant quantities until they enter tidal 
waters. Fine sediment has generally less importance to fish habitat degradation in coastal 
watersheds than in other environments. Sediment storage characteristics have direct 
implications to fish habitats and many other stream users. In-channel sediment storage 
characteristics can be strongly influenced by natural and logging related hillslope processes (i.e. 
debris torrents, landslides). Studies are described which examine the effects of debris jams 
from landslides, either natural or logging related, on stream channel changes as a result of 
altered sediment supply characteristics. Sedimentological, morphological and hydraulic changes 
are described. Further research is required for the design of long-term channel stabilization and 
habitat rehabilitation projects.  
 
 
TITLE: Effects of Logging and Roads on Substrate and Trout in Streams of the Medicine Bow 
National Forest, Wyoming 
AUTHOR: Eaglin, G. S., Hubert, W. A. 
DATE: 1993 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 13(4) 
PAGES: 844-846 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
We examined the influence of logging and road construction on substrate and standing stocks 
of trout (Salvelinus and Salmo) in 28 stream reaches in the Medicine Bow National Forest, 
Wyoming. The extent to which roads crossed watercourses (culvert density) within a drainage 
and the proportion of the drainage that was logged were positively correlated to both the amount 
of fine substrate and embeddedness. Trout standing stocks had a negative relation with the 
density of culverts. Erosion of soil from road surfaces, ditches, and disturbed areas adjacent to 
roads that subsequently is deposited in stream channels seems to be an important mechanism 
by which logging has affected stream habitat. 
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 2.1.3 Mass Movement 
 
TITLE: The Effects of Logging and Mass Wasting on Salmonid Spawning Habitat in Streams on 
The Queen Charlotte Islands 
AUTHOR: Tripp, D.B., Poulin, V.A. 
DATE: May 1986 
PUBLISHER: Province of British Columbia, Ministry of Forests and Lands, Research Branch, 
Prepared as part of the Fish/Forestry Interaction Program 
SERIES: Land Management Report # 50 
PAGES: 29 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: (abbreviated version of the original) 
 
A combination of synoptic surveys and detailed studies was used to assess the effects of 
logging and mass wasting on salmonid spawning habitats in steepland streams on the Queen 
Charlotte Islands. Gravel composition was determined at 69 sites in 22 streams using a McNeil 
gravel sampler while gravel stability was measured at 96 sites in 12 streams using vertical 
erosion monitors. To estimate potential egg losses due to scouring, gravel scour depths were 
further compared to the vertical distribution of chum and coho salmon eggs in recently 
completed redds. Declines in coho egg to fry survival due to logging and/or mass wasting 
related increases in fine sediment levels are estimated at 15 to 20%. Logging alone accounted 
for as much of the decline in gravel quality as mass wasting upstream. This indicates that the 
cumulative impacts of other sediment sources associated with timber harvesting may be at least 
as great as those caused by a single conspicuous event like a debris torrent upstream. In 
logged stream reaches directly affected by mass wasting, or in streams where bedloads 
appeared to be excessive because of mass wasting events upstream, estimated egg losses due 
to scouring ranged from 66-86% for chum salmon and 45-70% for coho salmon. In other logged 
but otherwise stable stream reaches with no recent mass wasting, scour related egg losses 
ranged from 2-14% for chum salmon and 0-4% for coho salmon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TITLE: The Effects of Mass Wasting on Juvenile Fish Habitats in Streams on the Queen 
Charlotte Islands 
AUTHOR: Tripp, D.B., Poulin, V.A. 
DATE: August 1986  
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PUBLISHER: Province of British Columbia, Ministry of Forests and Lands, Research Branch, 
Prepared as part of the Fish/Forestry Interaction Program 
SERIES: Land Management Report # 45 
PAGES: 48 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: (abbreviated version of the original)  
 
Effects of mass wasting, primarily debris torrents, on salmonid juvenile rearing habitat in 
streams on the Queen Charlotte Islands were assessed with a synoptic survey (1981-82) of 44 
logged and unlogged streams, followed by a detailed survey of seven logged streams (1983-
1984). Where appropriate, changes attributed to logging alone are described. Substantial 
reductions in habitat quality and quantity were found in first and second order perennial streams 
affected by debris torrents. The greatest impacts occurred in streams below 7% gradient, the 
general upper limit of habitat utilized by salmonids. In these zones, debris torrents reduced 
average net pool depth (20-40%), pool area (38-45%), undercut bank cover (76%), large 
organic debris cover (57%), and over-wintering habitat (79%); altered summer cover 
characteristics; increased rooted stream width; and caused infilling and lateral channel 
movements in the deposition zone. Dewatering reduced wetted stream width. Torrented 
streams exhibited a more restricted range of habitats with simple lateral scour and cascading 
pocket-type pools rather than the complex assemblage of non-torrented streams. When they 
first occur, debris torrents generally affect the upper two-thirds of the habitat available to 
anadromous fish in first and second order logged streams. Significantly less habitat is affected 
in unlogged streams. No obvious changes in fish rearing habitat, except those caused by 
logging, occur downstream of directly affected reaches. Effects attributed strictly to logging 
included a 27% reduction in wood debris cover, about half that removed by mass wasting, and a 
74% reduction in undercut bank area, about the same as mass wasting. 
 
 
TITLE: Logging and Mass Wasting in the Pacific Northwest with Application to the Queen 
Charlotte Islands, B.C.: A Literature Review 
AUTHOR: Sauder, E. A., Krag, R. K., Wellburn, G. V. 
DATE: December 1987 
PUBLISHER: Forest Engineering Research Institute of Canada 
SERIES: FERIC Special Report Number SR-45 
PAGES: 20 
FOUND: Macmillan Library, UBC 
NOTES: Abstract: 
 
This report is a review of available information on the influence of yarding systems on errosioal 
processes in the Pacific Northwest and the Queen Charlotte Islands. Literature was reviewed 
and the relevance of these studies to forest harvesting on the Queen Charlotte Islands is 
discussed, and discussions with local Queen Charlotte Islands’ forest company and agency 
staff are incorporated. Yarding systems that were considered potentially effective in reducing 
mass wasting are most noted. 
 
TITLE: Hillslope Sediments in Forested and Logged Coastal Watersheds 
AUTHOR: Chatwin, S., Yuzyk, T.R., Tassone, B.L. 
DATE: May 1991 
PUBLISHER: Pacific and Yukon Region, Water Resources Branch, Inland Waters Directorate, 
Conservation and Protection, Environment Canada 
PAGES: 67-71 
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FOUND: Woodward Library, UBC 
NOTES: Introduction: 
  
The forest industry in much of coastal British Columbia is operating in one of the more naturally 
unstable areas in North America. As the accessible valley bottom areas are harvested, an 
increasing percentage of the harvest takes place on steep, marginally stable, mountain slopes. 
As a consequence, landslides, are common and an increasing management constraint to forest 
operations. The main concern with landslides is not forest land loss, but rather it is the impact 
on river sedimentation and channel morphology and the consequent damage to fish habitat, 
domestic water supplies, recreation and other resource users. The Queen Charlotte Islands are 
presented as a case study to outline how forest land use practices alter hillslope sediment 
delivery to stream channels. The paper concludes with the implications this has on forestry 
policy management practices and future sediment monitoring requirements. 
 
 

 2.1.4 Channel Morphology and Large Organic Debris 
 
TITLE: Importance of Organic Debris Dams in the Structure and Function of Stream 
Ecosystems 
AUTHOR: Bilby, R. E., Likens, G. E. 
DATE: 1980 
JOURNAL: Ecology 
VOLUME: 61(5) 
PAGES: 1107-1113 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Removal of all organic debris dams from a 175 m stretch of a second-order stream at the 
Hubbard Brook Experimental Forest in New Hampshire led to a dramatic increase in the export 
of organic carbon from the ecosystem. Output of dissolved organic carbon (<0.50 μm) increased 
18%. Fine particulate organic carbon (0.50μm - 1mm) export increased 632% and course 
particulate organic matter (>1mm) export increased 138%. Measurement of the standing stock 
of course particulate organic matter on streambeds of the Hubbard Valley revealed that organic 
debris dams were very important in accumulating this material. In first-order streams, debris 
dams contain nearly 75% of the standing stock of organic matter. The proportion of organic 
matter held by dams drops to 58% in second-order streams and to 20% in third-order streams. 
Organic debris dams, therefore, are extremely important components of the small stream 
ecosystem. They retain organic matter within the stream, thereby allowing it to be processed 
into finer size fractions in headwater tributaries rather than transported downstream in coarse 
particulate form. 
 
 
TITLE: Evolution of Large, Organic Debris after Timber Harvest: Maybeso Creek, 1949-1978 
AUTHOR: Bryant, M. D. 
DATE: 1980 
PUBLISHER: USDA Forest Service, Pacific Northwest Forest and Range Experimental Station 
SERIES: General Technical Report PNW-101 
FOUND: MacMillan Library, UBC 
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NOTES: Abstract: 
 
The Mayeso Creek valley was logged from 1953 to 1960. Stream maps showing large 
accumulations of debris and stream channel features were made in 1949 and updated to 1960. 
The objectives of this paper are to document the effects of natural and logging debris during 
and after logging. Map sections from 1949 through 1963 are examined and compared with a 
ground survey in 1978 of debris accumulations. Natural conditions before logging revealed 
sparse accumulations of large debris scattered throughout the stream; these accumulations 
increased in number and in density during logging. Natural material appeared to be well 
controlled and stable; whereas, logging debris was floatable. Year to year changes in 
accumulations were noted throughout the period of logging from 1953 to 1969. Fewer 
accumulations were observed in 1978 than in 1949, before the start of logging. Further studies 
are needed to quantify physical changes and to relate these changes to salmon habitat.  
 
 
TITLE: The Effects of Three Streamside Logging Treatments on Organic Debris and Channel 
Morphology in Carnation Creek 
AUTHORS: Toews, D. A. A., Moore, M. K. 
DATE: February 1982 
JOURNAL: Proceedings of the Carnation Creek Workshop, A 10 Year Review: Malaspina 
College, Nanaimo, B.C., February 24 To 26, 1982  
PAGES: 129-153 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Introduction and Discussion) 
 
One of the original objectives of the Carnation Creek project was to incorporate a range of 
streamside logging treatments in order to compare the impact of different logging methods on 
various stream parameters. In this paper, changes in the morphology of the stream channel are 
related to changes in the stability and volume of large and small organic debris that took place 
following logging. The results indicate that the careful logging treatment and the intense logging 
treatment had similar results. Both resulted in reduced stability of large organic debris and 
introduction of small organic debris, and these contributed to some changes in the stream 
channel and increased streambank erosion. Several years of continued observation of the 
channel indicate that the channel is changing considerably on an annual basis. A new high 
water channel, formed in the intense treatment area as the result of a diversion by a pile of 
small organic debris, is gradually being enlarged during successive storm events. Because this 
diversion is greater than 100 m in length, it will likely result in the most significant channel 
change in Carnation Creek since the study began. The leave strips in study areas II, III, and IV 
did prevent the changes in large organic debris and channel morphology that were observed in 
the reaches subject to the intense and careful treatments. However, these leave strips have 
been at a cost of the timber values forgone. In two of the three study reaches and in both the 
narrow and wider leave strips, there has been considerable blowdown. 
 
 
TITLE: Channel Morphology of Unlogged, Logged, and Debris Torrented Streams in the Queen 
Charlotte Islands 
AUTHOR: Hogan, D.L. 
DATE: June 1986  
PUBLISHER: Province of British Columbia, Ministry of Forests and Lands, Research Branch, 
Prepared as part of the Fish/Forestry Interaction Program 
SERIES: Land Management Report # 49 
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PAGES: 94 
FOUND: Main Library, UBC 
NOTES: Abstract: (abbreviated version of the original) 
 
This study compares the morphology of coastal, gravel-bed streams in two logged, one logged 
and debris torrented, and two unlogged watersheds in the Queen Charlotte Islands. The 
influence of both logging and direct mass wasting events on channel morphology and, 
consequently, on the in-stream physical habitat of salmonids is quantified. The comparison also 
provides a basis for determining habitat rehabilitation criteria for damaged channels. Pools and 
riffles are discussed in detail. Longitudinal profiles of long channel segments indicated that 
channels in logged watersheds result in reduced pool-to-pool spacings, increased riffle heights, 
and altered pool depths. Large organic debris (LOD) appeared to be a major influence on 
stream morphology. A comparison of reaches indicated that LOD characteristics were altered in 
older, logged and torrented channels. Orientation of material was also altered and this was 
responsible for a reduction in channel width and depth variability, reduced sediment texture 
variability, fewer cut banks, smaller pool areas, and decreased channel stability. These changes 
resulted in reduced habitat diversity and quality. Results of this study suggest that the 
architecture of unlogged channels can be duplicated to help rehabilitate streams damaged by 
mass wasting. LOD should play a major role in rehabilitation, and several recommendations for 
channel restoration are made. 
 
 
TITLE: Stream Channel Morphology Changes Since Logging 
AUTHOR: Powell, L. H. 
DATE: 1987 
CONFERENCE: Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results, 
Workshop Held January 13-15, 1987, Nanaimo, British Columbia, Canada  
PAGES: 16-25 
FOUND: Woodward Library, UBC  
NOTES: Abstract: (adapted from the Introduction and Discussion) 
 
Toews and Moore (1982) documented the initial changes in stream morphology and organic 
debris which had occurred at Carnation Creek. Their results covered the pre-logging and 
logging phases of the watershed study together with some of the early effects of post logging. 
For this workshop, preliminary results will be discussed which show that the changes to the 
stream channel form and increased streambank erosion have continued since logging. 
Differences between the three treatment areas and within the three treatment areas are 
discussed. The least changes have been observed in leave-strip areas, which indicate the 
importance of maintaining the large organic debris (LOD), preserving the streamside vegetation, 
leaving the streambanks undisturbed and providing a future source of LOD. In the intense 
logging treatment, area IV has shown widening of the stream channel and increased depth of 
the thalweg. Associated with this has been a straightening of the thalweg and a change in the 
pool configurations through the study area. In the pre-logging phase channel width increased, 
but at a much slower rate. In study area V, the same trends are seen. In area VII however, the 
channel has widened at a much increased rate since logging. The careful treatment results 
show that events occurred which were not anticipated. Small debris from logging was cleaned 
out from the stream channel, but quantities of this material subsequently re-entered the channel 
and created a log jam in study area VIII. It is assumed that during the debris clean-up, material 
was not placed far enough back from the bank to prevent its re-entry during subsequent peak 
flows. The falling of girdled alder trees along the bank has added to the demise of the living root 
network protecting the banks. The occurrence of a debris torrent in the canyon with its 
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downstream effects through the careful treatment has compounded the impacts with the 
addition of more unstable debris stranded on the banks. Undoubtedly this stranded debris will 
continue to re-enter the stream channel during future peak flows.  
 
 
TITLE: A Summary of the Effects of Streamside Logging Treatments on Organic Debris in 
Carnation Creek 
AUTHOR: Harris, C. D. 
DATE: 1987 
PUBLISHER: Department of Fisheries and Oceans  
CONFERENCE: Proceedings of the Workshop: Applying 15 Years of Carnation Creek Results, 
Workshop Held January 13-15, 1987, Nanaimo, British Columbia, Canada  
PAGES: 26-29 
FOUND: Woodward Library, UBC 
NOTES: Abstract (adapted from Introduction and Discussion) 
 
Debris dynamics have been studied for sixteen years in the Carnation Creek watershed. Four 
reports (Schultz 1981, Toews & Moore 1982a, 1982b & Harris 1986) have documented the 
changes in debris piece size, stability, and volumes throughout the study period. The results of 
these studies clearly identify the importance of large organic debris in coastal streams. Large 
woody debris (LWD) is important in providing valuable rearing and over-wintering fish habitat in 
the form of cover, food for aquatic insects, habitat diversity by pool and riffle formation, and 
sediment and energy dissipation. In all reaches studied, loss or movement of debris resulted in 
changes in bank stability, gravel bars, and pool complexes. These were magnified in the intense 
logging treatment, whereas the buffer strip and leave strip treatments showed changes on a 
smaller scale. Removal of large woody debris from the stream can result in reduction of 
important debris structures for channel stability. The careful treatment was designed to identify 
the effects of stream cleaning, however the treatment results were masked by impacts of record 
storm events. The intense treatment resulted in reduced mean debris volumes and large 
increases in piece number in the study reaches. Bilby (1984) indicates immediate effects of 
debris alteration or removal on channel stability could be reduced by minimizing changes to 
pieces that determine channel morphology. 
 
 
 
 
TITLE: Woody Debris and its Contribution to Pool Formation in a Coastal Stream 50 Years after 
Logging 
AUTHOR: Andrus, C.W. 
DATE: 1988 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 45 
PAGES: 2080-2086 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Large quantities of woody debris persisted 50 years after logging and fire in stream channels of 
a small coastal Oregon watershed. Debris from the current stand represented only 14% of the 
total debris volume and 8% of the debris volume responsible for creating pools. The greatest 
number of pools were located in downstream sections of the watershed where gradient was 
reduced, discharge was increased and streambed material was finer. Seventy percent of pools 
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with a volume greater than 1.0 m3 were associated with woody debris in the channel. 
Composition of the current riparian forest varied with topography. Alder stands dominated moist 
terrace site adjacent to channels, whereas slopes contained a mixture of alder and conifer. 
Study results indicate that riparian trees must be left to grow 50 years to ensure that an 
adequate, long-term supply of woody debris is available to stream channels. Debris from 
previous stands plays a crucial role in the interim and should not be removed from the steam 
channels. 
 
 
TITLE: Woody Debris, Channel Features, and Macroinvertebrates of Streams with Logged and 
Undisturbed Riparian Timber in Northeastern Oregon, USA 
AUTHOR: Carlson, J.Y., Andrus, C.W., Froehlich, H.A. 
DATE: 1990 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 47(6) 
PAGES: 1103-1111 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Macroinvertebrate communities and several aspects of fish habitat were examined for 16 
northeastern Oregon stream segments, 11 with undisturbed riparian forests and five where 26-
54% of the riparian forest had been harvested 6 to 17 years previously. Amounts of woody 
debris in streams and pools formed by the debris were similar between undisturbed and logged 
sites. Pool volume was inversely related to stream gradient and directly related to the amount of 
woody debris in the stream. Stream surface substrate composition was not significantly different 
between streams in logged and undisturbed areas. Macroinvertebrate density was 20 to 113 % 
greater at the logged sites and diversity was similar at logged and undisturbed sites. 
Macroinvertebrates were most abundant at lower elevation streams and at streams that were 
shaded less by the surrounding vegetation. Timber harvesting activities do not appear to have 
damaged aquatic insect habitat and pool abundance was not altered, suggesting the habitat's 
carrying capacity for fish was not affected. 
 

 2.1.5 Riparian Ecosystems and Management 
 
TITLE: Effects of Logging on Macroinvertebrates in Streams With and Without Buffer Strips 
AUTHOR: Newbold, J. D., Erman, D. C., Roby, K. B. 
DATE: 1980 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 37 
PAGES: 1076-1085 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
The impact of logging with and without buffer strip protection on stream macroinvertebrates was 
examined through comparisons of community structure in commercially logged and control 
watersheds throughout northern California. A nonparametric test of community dis-similarities 
within matched blocks of two control and one or two treated stations showed significant (P < 
0.05) logging effects on unprotected streams when Euclidean distance and mutual information 
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were used as dissimilarity indices, but not when chord distance was used. Shannon diversity in 
unprotected streams was lower (P < 0.01) than in control (unlogged) streams; densities of total 
macroinvertibrate and of Chironomidea, Baestis, and Nemoura were higher in unprotected 
streams than in controls (P < 0.05). Streams with narrow buffer strips (<30 m) showed 
significant effects by Euclidean distance test, but diversity varied widely and was not 
significantly different from that in either unprotected or control streams. Macroinvertibrate 
communities in streams with wide buffers (> 30 m) could not be distinguished from those 
controls by either Euclidean distance or diversity; however, diversity in wide-buffered streams 
was significantly greater than in streams without buffer strips, indicating effective protection from 
logging effects. 
 
 
TITLE: A Handbook for Fish Habitat Protection on Forest Lands in British Columbia 
AUTHOR: Toews, D.A., Brownlee, M.J. 
DATE: 1981 
PUBLISHER: Department of Fisheries and Oceans, Habitat Protection Division, Land Use Unit, 
Pacific Region 
PAGES: 173  
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The purpose of the document is to ensure that judgments made for protection of aquatic 
habitats have a sound technical basis. While specific guidelines are offered, an emphasis is 
placed on the background ecological information and principles involved. It is intended rather to 
provide a synthesis of useful information including guidelines which could form the basis of 
recommendations by field staff of DFO. A heavy emphasis has been placed on achieving 
aquatic protection by inclusion of appropriate guidelines in the early planning stages of a 
forestry operation. This is the process by which the best long-term solutions to conflicting 
resource uses will be found. Since planning is only as effective as its executive in the field, day 
to day field inspection and monitoring are also emphasized  
 
 
 
TITLE: Fish Habitat and Streamside Management: Past and Present 
AUTHOR: Sedell, J. R., Everest, F. H., Swanson, F. J. 
DATE: 1981 
CONFERENCE: Proceedings of the 1981 Convention of the Society of American Foresters 
PAGES: 244-255 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
A stream ecosystem context for considering the definition of biological integrity is presented and 
provides suggestions for maintaining integrity which are consistent with natural ecosystem 
structure and function. To do this, we provide examples of how “nature managed” streamsides 
and fish habitats. This historical understanding of ecosystems serves as a basis for suggesting 
some guidelines for future practices that will best preserve and restore both the physical and 
biological integrity in stream ecosystems and allow us to evaluate past and future impacts on 
streamsides and fish habitats. Case studies of the S. Fork Hoh River in Washington and the 
Satilla River in Georgia are discussed in terms of the dependence of the fisheries on snags and 
large organic debris (boles and branches >20cm diameter) in the channel. Our central premise 
is that resource managers wishing to maintain or restore biological integrity within forested 
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stream ecosystems can relate management schemes to four key structural components of 
streamside forests: (1) large live trees in riparian zones, (2) large snags, (3) large logs on the 
floodplain, and (4) large snags and organic debris in the stream. The benefits of these structural 
components for biological and fisheries resources can be incorporated into managed stands for 
small costs. 
 
 
TITLE: Fish Habitat Protection and Planning for Forest Harvesting in Coastal Streams of British 
Columbia:Some Research and Management Implications 
AUTHOR: Hartman, G.F., Scrivener, J.C., Brownlee, M.J., Morrison, D.C. 
DATE: 1983 
PUBLISHER: Department of Fisheries and Oceans 
SERIES: Canadian Industry Report of Fisheries and Aquatic Sciences # 143 
PAGES: 73 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
The first of the two parts of this report reviews some of the major results emerging from the 
Carnation Creek Watershed Study. The paper considers the implication of research results of 
the British Columbia Coast Forest Planning Guidelines and Protection Clauses. The second 
part of this report reviews those salient elements of the stream protection clauses, outlines the 
purpose of these elements and suggests areas for revision. 
 
 
 
 
 
 
 
 
 
TITLE: Changes 30 Years after Logging in Large Woody Debris, and its Use by Salmonids 
AUTHOR: Bryant, M. D. 
DATE: 1985 
CONFERENCE: Riparian Ecosystems and their Management: Reconciling Conflicting Uses, 
First North American Conference 
SERIES: USDA Forest Service General Technical Report RM-120 
PAGES: 329-334 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
Changes in large wood debris in fourth and fifth-order salmon streams with logged, unlogged 
and partially logged riparian zones are documented from maps for 1949 to 1960 and from field 
surveys done in 1983 and 1984. Over the 30-year period, most changes in the amount of large 
woody debris occurred in the logged systems. During and immediately after logging, large 
increases were noted, but in 1984, the amount of large woody debris in the logged systems was 
less than that observed before logging in most categories. Amounts of large woody debris in the 
other streams remained relatively stable. Thirty years after logging, habitat formed as a result of 
large debris provides important rearing areas for juvenile salmonids. Results from this study 
emphasize the importance of managing riparian zones as a source of large organic debris. 
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 2.1.6 Habitat Preference 
 
TITLE: Preferences of Juvenile Coho Salmon (Oncorhynchus kisutch) and Cutthroat Trout 
(Salmo clarki) Relative to Simulated Alteration of Winter Habitat 
AUTHOR: Bustard, D.R., Narver, D.W. 
DATE: May 1975 
JOURNAL: Journal of the Fisheries Research Board of Canada 
VOLUME: 32(5) 
PAGES: 681-687 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Winter habitat preferences of juvenile coho salmon (Oncorhynchus kisutch) and cutthroat trout 
(Salmo clarki) were tested by simulating conditions before and after stream disturbance such as 
might result from logging: (1) sidepools with or without an overhanging bank and roots, and (2) 
sidepools with clean or silted rubble substrate. Both coho and cutthroat demonstrated a strong 
preference for sidepools offering overhanging bank cover as opposed to those without bank 
cover. Similarly they preferred sidepools with clean rubble substrate as opposed to silted rubble. 
In both the bank and rubble tests, when given the option of either remaining in the sidepools or 
of moving into the stream, a greater percentage of the total number of coho and cutthroat 
originally in the sidepools remained in the pools with cover as opposed to those without cover. 
Coho utilized bank cover more readily than rubble cover whereas cutthroat used both bank and 
rubble cover. 
 
 
TITLE: Comparison of Allopatic Cutthroat Trout Stocks with those Sympatric with Coho Salmon 
and Sculpins in Small Streams 
AUTHOR: Glova, G.J.  
DATE: 1987  
JOURNAL: Environmental Biology of Fishes   
VOLUME: 20(4)  
PAGES: 275-284  
FOUND: Woodward Library, UBC  
NOTES: Abstract:   
 
Juvenile stocks of allopatric (upstream of barrier falls) cutthroat trout Salmo clarki and those 
sympatric (downstream of barrier falls) with coho salmon Oncorhynhcus kisutch and sculpins 
Cottus spp., were sampled during the late summer period of low flows in six small coastal 
streams in British Columbia (Canada). The objective was to obtain and compare information on 
pattern of habitat use and fish size distribution of these two trout types. In most instances, 
density (n /m2; g /m2) of cutthroat trout was considerably greater in pools and glides in the 
allopatric than in the sympatric stocks. The sympatric salmonids were dominated by juvenile 
coho salmon in pools and cutthroat trout in riffles. Sympatric cutthroat trout constituted from 7 to 
45% of the salmonids present in pools and from 50 to 90% in riffles. Glides were areas of 
intermediate densities for both salmonids, although coho salmon was the more abundant 
species in most instances. The density of sculpins was high in all three habitat types, and 
frequently it exceeded that of coho salmon and cutthroat trout combined. Sympatric cutthroat 
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trout consisted primarily of under-yearling fish, whereas allopatric cutthroat trout consisted 
primarily of two or more age classes with a large proportion of them living in pools. When tested 
in a laboratory stream both types of cutthroat trout had similar habitat preferences and agonistic 
behaviors, with the exception that allopatric trout made greater use of cover and defended pools 
more intensely than sympatric trout when the flow was increased. The results of this study 
provide insight of potential impact of coho salmon juvenile transplants into stream segments 
supporting allopatric cutthroat trout. 
    
 
TITLE: Seasonal Population Characteristics and Habitat Use by Juvenile Coho Salmon in a 
Small Southeast Alaska Stream (USA) 
AUTHOR: Dolloff, C.A. 
DATE: 1987 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 116(6) 
PAGES: 829-838 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The density, growth, production, and movements of juvenile coho salmon Oncorhynchus kisutch 
from a wild population were evaluated after the fish were transplanted into five types of habitat 
(clear-cut, forest, meadow, slough tributary, forest tributary) in small southeastern Alaska 
stream. Instantaneous growth ranged from 0.0066 in the clear-cut habitat to 0.0055 in the 
slough tributary. Daily increase in fork length was about 0.10 mm/d system-wide. Annual 
production of coho salmon in each habitat type was: meadow, 3.32 g/m2; slough tributary, 2.47 
g/m2; clear-cut, 1.75 g/m2; forest, 1.59 g/m2; and forest tributary, 1.34 g/m2;. During all sampling 
periods, most fish were recaptured at the site where they were released; those fish that moved 
neither selected nor avoided specific habitat types. These findings suggest that all habitats 
should be managed to meet both the summer and winter needs of juvenile coho salmon 
because most fish do not move among habitats after the initial population adjustment in the 
spring. The ability of a stream to produce fish depends not only on the amount and accessibility 
of habitat, but also on the distribution of habitat types.  
 
 
TITLE: Use of Small, Temporary, Floodplain Tributaries by Juvenile Salmonids in a West Coast 
Rain-Forest Drainage Basin, Carnation Creek, British Columbia 
AUTHORS: Hartman, G.F., Brown, T.G. 
DATE: 1987 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 44 
PAGES: 262-270 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Seasonal movement of trout (Salmo clarki and S. gairdneri) into and out of three tributaries 
which drain areas ranging from 15 to 100 ha within the lower Carnation Creek catchment basin 
were monitored periodically from 1972 to 1985. The number of trout entering the three 
tributaries relative to the total trout was as high as the number of coho salmon (Orcorhynchus 
kisutch) entering these tributaries relative to the total coho. The percentage of the salmonid 
population represented by trout was highest in the two largest tributaries and lowest in the 
smallest. Trout were most clearly associated with non-vegetated sand and gravel bottom 
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portions of the three tributaries. Coho were associated with this habitat too, but they also 
frequented portions of the tributaries that were vegetated and had a mud substrate. In the two 
largest tributaries, trout were represented by more age classes than were the coho salmon. The 
paper considers some of the implications of use of small drainages by trout to habitat 
managers. 
 
 
TITLE: Emigration and Production of Hatchery Coho Salmon (Oncorhynchus kisutch) Stocked in 
Streams Draining an Old-Growth and a Clear-Cut Watershed 
AUTHOR: Bilby, R.E., Bisson, P.A. 
DATE: 1987 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 44(8) 
PAGES: 1397-1407 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Downstream movement of coho salmon fry (Oncorhynchus kisutch) stocked in old-growth and 
clear-cut watersheds occurred in three phases: (1) a brief period of heavy emigration 
immediately after stocking, (2) relatively little movement throughout most of the summer, and (3) 
intermittent heavy emigration during early autumn freshets. Coho emigrated whenever a 
streamflow change occurred, but movement nearly ceased at flows above a certain level. 
Temperature changes were less important than discharge in triggering movement. When high 
densities were stocked, emigrant fry were smaller than residents. When low densities were 
stocked, emigration after the initial pulse of downstream movement was generally lower and 
there were no size differences between emigrants and residents. Production in the clear-cut 
was greater than in the old-growth watershed. Proportionately fewer fish emigrated from the old-
growth stream, but when population densities were high, mortality in the old-growth exceeded 
the clear-cut. Greater emigration from the clear-cut site was possibly related to a scarcity of 
pools. Although the old-growth stream possessed better rearing habitat, less food may have 
been available, as suggested by gross photosynthesis rates 50% lower than in the clear-cut 
stream. Coho production therefore appeared to be most strongly influenced by trophic 
conditions, while volitional residency was most strongly influenced by habitat quality.  
 
 
TITLE: Response of Young-of-the-Year Cutthroat Trout to Manipulation of Habitat Structure in a 
Small Stream 
AUTHOR: Moore, K.M.S., Gregory, S.V. 
DATE: 1988 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 117(2) 
PAGES: 162-170 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
In Mack Creek (USA) a third-order stream flowing through a 450-year-old coniferous forest in 
Oregon's Cascade Mountains, population size of young-of-the-year cutthroat trout Salmo clarki 
was positively correlated with length of stream edge and area of lateral habitat. Lateral habitats 
included backwaters and eddies at the margin of the channel that made up 10-15% of total 
stream area. Lateral habitat area was reduced at higher or lower streamflow, but the length of 
channel perimeter formed by lateral habitats was never less than twice the length of the reach. 
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In an experimental manipulation of lateral habitat before the emergence of young fish from the 
redd, an increase in lateral habitat area of 2.4 times the area observed in control reaches 
resulted in a 2.2-times greater density of age-0 cutthroat trout. Young-of-the-year fish were 
virtually eliminated from stream sections with reduced area of lateral habitat. Growth was not 
affected by the greater density of fish in reaches with enhanced lateral habitat.  
 
 
TITLE: Influence of Cover Complexity and Current Velocity on Winter Habitat Use by  
Juvenile Coho Salmon (Oncorhynchus kisutch) 
AUTHOR: McMahon, T.E., Hartman, G.F. 
DATE: 1989 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 46(9) 
PAGES: 1551-1557 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Winter habitat use by juvenile coho salmon (Oncorhynchus kisutch) varied with cover type and 
flow level in outdoor stream channels. Cover utilization and the number of fish remaining in 
stream channels increased significantly as cover complexity increased. Most fish emigrated 
during a simulated freshet unless the most complex cover (low velocity, shade, and wood debris 
combined) was available. At both high and low flows, emigration occurred primarily during the 
rapid decline in light levels at twilight. Most coho formed aggregations beneath cover, exhibiting 
feeding and aggression at temperatures as low as 2.5 °C. We conclude that (1) social 
interactions, in concert with habitat features, influence the abundance of coho salmon within 
specific stream habitats in winter, and (2) structural complexity of wood debris is an important 
consideration for management practices designed to protect or enhance winter habitat for this 
species 
 
 
TITLE: Role of Instream Rootwads as Juvenile Coho Salmon (Oncorhynchus kisutch) and 
Steelhead Trout (Oncorhynchus mykiss) Cover Habitat Under Varying Streamflows 
AUTHOR: Shirvell, C.S. 
DATE: 1990 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 47(5) 
PAGES: 852-861 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Coho salmon fry (Oncorhynchus kisutch) and steelhead parr (O. mykiss) occupied previously in 
infrequently-used mid-channel areas of Kloiya Creek, British Columbia, Canada, once artificial 
rootwads were placed there. Ninety-nine percent of all coho salmon fry and 83% of steelhead 
parr occupied positions downstream of natural or artificial rootwads during artificially created 
drought, normal, and flood streamflows. Fish associated with rootwads regardless of distance 
from shore, but steelhead parr preferred rootwads away from shore while coho salmon fry 
preferred rootwads next to shore. Coho salmon fry increased their use of natural rootwads 
where currents were slow during floods, while steelhead parr increased their use of artificial and 
natural rootwads where light remained low during droughts. Young fish apparently selected 
areas having slower water 80% of the time because they provided shelter from adverse current, 
and areas having reduced light intensities 20% of the time because they provided protection 
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from predators. Juvenile coho salmon and steelhead in Kloiya Creek selected locations with 
slower water velocities and reduced light intensities irrespective of the physical structure that 
caused them. 
 
 
TITLE: Riverine Spawning by Sockeye Salmon in the Taku River, Alaska and British Columbia 
AUTHOR: Eiler, J.H., Nelson, B.D., Bradshaw, R.F. 
DATE: 1992 
JOURNAL: Transactions of the American Fisheries Society 
VOLUME: 121(6) 
PAGES: 701-708 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Radio telemetry was used to determine the distribution of sockeye salmon Oncorhynchus nerka 
returning to spawn in the glacial Taku River in 1984 and 1986, and to locate and characterize 
spawning areas used by this species. During the study, 253 sockeye salmon were tracked as 
they moved upriver; 204 of these were followed to spawning areas. Only 37% of the 204 fish 
traveled to areas associated with lakes; the remaining 63% returned to "riverine" areas-river 
areas without lakes (42% to the Taku River main stem, 17% to the Nakina River, and 4% to 
other rivers). Sockeye salmon spawning in riverine areas used a variety of habitat types, 
including main-river channels, side channels, tributary streams, and upland sloughs. Most 
(55%) of the radiotagged fish that returned to the Taku River main stem were tracked to side-
channel spawning areas. Half of the 471 adult sockeye salmon sampled in main-stem spawning 
areas had migrated to sea as juveniles before their first winter. This study showed that many 
sockeye salmon returning to the Taku River do not depend on lakes, and that riverine sockeye 
salmon make up a major portion of the run in some river systems. 
 
 
TITLE: Experimental Analysis of Microhabitat Selection by Juvenile Steelhead (Oncorhynchus 
mykiss) and Coho Salmon (O. kisutch) in a British Columbia Stream. 
AUTHOR: Fausch, K.D. 
DATE: 1993 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 50(6) 
PAGES: 1198-1207 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Replicate experiments were conducted in the Salmon River, British Columbia, during early 
summer 1990 to test the relative importance of velocity refuge, visual isolation, and overhead 
cover to microhabitat selection by steelhead (Oncorhynchus mykiss) parr and age-0 coho 
salmon (O. kisutch). Four types of artificial Plexiglas structures, the first three of identical 
construction, had different portions painted to provide increasing habitat complexity: velocity 
refuge alone, velocity refuge with visual isolation, all three features combined, and overhead 
cover alone. Steelhead parr selected structures with overhead cover alone or all three features 
significantly more often than those without overhead cover. Steelhead also selected structures 
adjacent to the swiftest velocities available and closest to other natural overhead cover, which 
accounted for most differences in use of the same structure in different locations. In contrast, 
few age-0 coho salmon used any structures. Those that did selected the three types of 
structures with velocity refuge about equally, but significantly more often than those with 
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overhead cover alone, regardless of their location. Field experiments such as this hold promise 
for elucidating mechanisms of habitat selection by stream salmonids.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 2.1.7 Log Storage and Transportation 
 
TITLE: Effects of Log Dumping and Rafting on the Marine Environment of Southeast Alaska: 
Final Report for Period July 1, 1972 - August 30, 1973 
AUTHOR: Pease, B.C. 
DATE: 1974 
PUBLISHER: Pacific Northwest Forest and Range Experiment Station, Portland, Oregon 
SERIES: USDA Forest Service General Technical Report PNW # 22 
PAGES: 58  
NOTES: Abstract: 
 
The extent of water-dependent log handling and storage facilities in southeast Alaska is 
summarized, along with the available literature on the environmental impact of these facilities. 
Field studies were conducted at 16 sites and correlated with laboratory studies of leaching rates 
and toxicity of the four major wood species harvested in southeast Alaska. Significant effects on 
water quality are believed to occur only under unique conditions and were observed at only 2 of 
the 16 study sites. Bark deposits with a high demand for oxygen were observed at all active and 
abandoned log dumping sites. The abundance of benthic infauna was noticeably reduced in 
bark covered areas and intertidal raft storage areas. The laboratory studies demonstrated that 
oxygen demanding organic compounds rapidly leach from logs in water, but precipitate in salt 
water. The wood leachates are toxic to pink salmon fry in the laboratory but probably have little 
effect on fish in the natural environment. 
 
 
TITLE: Controlling Sawlog Debris in the Lower Fraser River 
AUTHOR: Fairbairn, B. and Peterson, K.  
DATE: 1975 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
PAGES: 35 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Preface) 
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This technical report deals with a special kind of pollution in the lower Fraser, namely, sawlogs 
that get loose in the river and cause damage to boats and litter the beaches of the region. Like 
other types of pollution problems, these so-called “uncontrolled” sawlogs raise two categories of 
questions. First, to what extent is it in the best interest of society as a whole to put up with 
uncontrolled sawlogs, and second, if some individuals and groups must suffer damages from 
sawlogs that have become loose, how can society recompense them for their losses in an 
equitable manner? This technical report concentrates upon the first of these questions and 
suggests a course of action that will provide a basis for dealing with the second.  
 
 
 
 
 
 
 
 
 
 
TITLE: Summary Report 
AUTHOR: Nanaimo Estuary Fish Habitat and Log Management Task Force 
DATE: June 1980 
PUBLISHER: Nanaimo Estuary Fish Habitat and Log Management Task Force, Province of 
B.C., Government of Canada 
PAGES: 44 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This report summarizes the findings and recommendations of the Fisheries Habitat Sub-
Committee and the Log Management Sub-Committee. The Fish Habitat Sub-Committee 
identified the location of highly productive fish habitat, and evaluated the impact of log storage 
activities. The log storage activities of most concern to the fisheries resource, in the estuary, are 
the result of propwash from tugs and scouring from log rafts and tugs, and from grounding of the 
log booms resulting from daily changes in the tide levels. Of lesser concern are the effects of 
shading and the reduction of wave action. The Log Management Sub-Committee provided 
information necessary to identify alternative methods of storing logs for the maximum annual 
mill capacity for the Nanaimo area and the associated costs. Ten potential storage options and 
their costs were evaluated. The constraints associated with the implementation of the potential 
log storage alternatives were outlined and discussed. The option of redistribution of log storage 
leases in the estuary was recommended as the most viable option due to the valuation of 
incremental log storage costs and the anticipated increases in the fisheries benefits. In addition, 
fish habitat would be monitored to measure the biological response to the removal of the log 
storage activities. Other recommendations include: (1) the industrial monitoring of teredos 
(Bankia sectacea) in the estuary, (2) an evaluation of the hydrological regime of the Nanaimo 
River, and (3) the development of innovative approaches to the management of Crown owned 
foreshore to ensure the maximization of overall net benefits of this resource. 
 
 
TITLE: Effects of Estuarine Log Storage on Juvenile Salmon 
AUTHOR: Levy, D.A., Northcote, T.G., Barr, R.M. 
DATE: 1982 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
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SERIES: Technical Report # 26 
PAGES: 101 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Fish populations within marsh tidal channels of the North Arm, the Middle Arm, and the Main 
Arm of the Fraser River estuary were monitored between March and June of 1980. Highest 
catches of juvenile salmon were obtained from the Main Arm site on most dates. Catch results 
suggested similar fish population densities in the three North Arm sites, one of which was 
located in the Point Grey log storage areas. Current velocities measured adjacent to the fish 
traps during May of 1981, and calculations of water flow discharge volumes, confirmed that the 
number of juvenile salmon per m2 was similar in tidal channels of the storage area and the 
neighboring Musqueam Marsh. Comparison of the size characteristics of chinook fry captured in 
the two areas indicated relatively good growth conditions for this species in the Point Grey log 
storage area. The relative abundance of epibenthic invertebrates in the Point Grey log storage 
area and the Musqueam Marsh was compared in basket traps and stream samplers. The mysid, 
Neomysis mercedis was more abundant in the log storage area, the isopod Gnorimosphaeroma 
oregonensis was more abundant in the marsh, and the amphipods Eogammarus confervivolus 
and Corophium sp. were similar in abundance in the two areas. During 2 out of 3 large-scale 
distribution studies E. confervicolus was uniformly distributed throughout the 2 study areas. 
Corophium sp. were most numerous along the marsh-log storage boundary, and relatively high 
numbers of G. oregonensis were found throughout the Musqueam Marsh. The hard sediment 
consistency in the log storage area, due to repeated log groundings, may have reduced the 
abundance of Corophium sp. there due to the animal’s habit of constructing U-shaped burrows 
in the bottom sediment. The low salinity of the Musqueam Marsh and the intermediate salinity of 
the Point Grey log storage are may have caused mortality of Corophium sp. and E. 
confervicolus, respectively. Analysis of the stomach contents of juvenile salmon and 
sticklebacks captured in 2 marsh area (Woodward Island and Musqueam Marsh) and the Point 
Grey log storage indicated that fish diets were altered in the log storage area. At Point Grey, the 
proportion of adult and juvenile insects in the diet was reduced, while the proportion of 
epibenthic invertebrates was increased. In a mark-recapture feeding experiment with chinook 
fry, during which time fish foraging locations were controlled, these differences were confirmed. 
The production of insects in the Fraser estuary, and their potential availability as a food source 
for fish was associated with the presence of marsh plants. 
 
 
TITLE: Juvenile Salmonid Responses to Log Storage in Littoral Habitats of the Fraser River 
Estuary and Babine Lake 
AUTHOR: Levy, D.A., Northcote, T.G., Hall, K.J., Yesaki, I 
DATE: 1989 
SERIES: Canadian Special Publication of Fisheries and Aquatic Sciences # 105 
PAGES: 82-91 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Juvenile salmon often pass through and reside in littoral habitats of estuaries and lakes on their 
downstream migration to the Pacific Ocean. These migrants can be exposed to stored log 
booms and log-related habitat modifications. Effects of log storage on juvenile salmon were 
evaluated in two contrasting littoral storage areas. In the Fraser River estuary, juvenile chinook 
and chum salmon densities were similar in an area intensively utilized for log storage and in an 
adjacent marsh. Epibenthic invertebrates were abundant throughout the storage area. In Babine 
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Lake, juvenile sockeye salmon were not observed in a recently developed log transportation 
facility that became severely hypoxic during the vernal warming period. Deoxygenation was a 
result of an elevated biochemical oxygen demand produced by a microbial gelatinous slime 
layer which coated the underside of the floating logs. Benthic insect larvae in the storage area 
were drastically reduced by the decomposition of gelatinous slime material and woody debris. 
The contrasting results from the two studies probably reflected differences in water exchange 
processes in the log storage sites. Where water circulation is restricted, severe degradation of 
water quality may influence the littoral distribution of juvenile salmon.  
 
 
 
TITLE: Impacts of Log Storage Upon Epilimnetic Dissolved Oxygen and Juvenile Sockeye 
Salmon in Babine Lake, British Columbia (Canada) 
AUTHOR: Levy, D.A., Yesaki, I., Christensen, B. 
DATE: 1990 
JOURNAL: Water Research  
VOLUME: 24(3) 
PAGES: 337-344 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Limnological conditions and habitat use by juvenile sockeye salmon were monitored both prior 
and subsequent to the development of a log transportation system in Babine lake. Hypoxic 
conditions developed in the epilimnion as water temperatures increased following the spring 
thaw in 1985. Deoxygenation was attributed to respiration by bacteria which formed a gelatinous 
slime layer on the underside of submerged logs. The observed decrease in juvenile sockeye 
salmon numbers in affected areas of the log dump site appeared to be a response to epilimnetic 
hypoxia.  
 
 

 2.1.8 Stream Temperature and Over-Wintering Habitat 
 
TITLE: A Preliminary Analysis of Logging Related Temperature Changes in Carnation Creek, 
British Columbia 
AUTHOR: Holtby, B., Newcombe, C.P. 
DATE: February 1982 
CONFERENCE: Proceedings of the Carnation Creek Workshop, A 10 Year Review: Malaspina 
College, Nanaimo, B.C., February 24 to 26, 1982 
PAGES: 81-99 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Introduction and Discussion) 
 
The harvest of trees often alters temperature regimes of creeks under the forest canopy. This 
study examines the changes in water temperature that occur in a forested coastal basin when 
timber is harvested. As expected, logging has led to increased summer temperatures in 
Carnation Creek. During the summer, there have been logging related increases in mean and 
maximum stream temperatures and increased diel ranges, due almost entirely to increased 
maximum temperatures. The effects of logging have been unexpectedly large considering that 



PART 2 - LOSS OF FISH HABITAT 

 119

only 39% of the basin has been clear-cut. This possibly resulted from the concentration of 
logging on slopes with southern exposures. Summer temperature increases due to logging were 
proportional to the basin area logged. If this relationship is extrapolated to 100% clear-cut, then 
an increase in the mean temperature of 7oC in the May to October period is predicted. While the 
effects of 100% clear-cut cannot be predicted with certainty, the magnitude of the potential 
temperature increases indicated by the responses observed thus far are alarmingly high. 
 
 
 
TITLE: Winter Distribution of Juvenile Coho Salmon (Oncorhynchus kisutch) Before and after 
Logging in Carnation Creek, British Columbia, and Some Implications for Over-Wintering 
Survival 
AUTHOR: Tschaplinski, P.J., Hartman, G.F. 
DATE: April 1983 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 40(4) 
PAGES: 452-461 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Numbers of juvenile coho salmon (Oncorhynchus kisutch) in streams are reduced substantially 
in winter compared to those that occur in summer. Most of this reduction occurs early in autumn 
with the onset of the first seasonal freshets. Stream sections containing adequate winter habitat 
in the form of deep pools, log jams, and undercut banks with tree roots and debris lost fewer 
fish during freshets and maintained higher numbers of coho in winter than sections without 
these habitat characteristics. These features provide shelter and reduce stream velocities. 
Microhabitats occupied by coho juveniles in winter after logging were unchanged from those 
described before logging.  
 
 
TITLE: Effects of Logging on Stream Temperatures in Carnation Creek, British Columbia 
(Canada), and Associated Impacts on the Coho Salmon (Oncorhynchus kisutch). 
AUTHOR: Holtby, L.B. 
DATE: 1988 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 45(3) 
PAGES: 502-515 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Clear-cut logging of 41% of the basin of Carnation Creek, British Columbia, resulted in 
increased stream temperatures in all months of the year. Increases above prelogging 
temperatures ranged from 0.7 °C in December to 3.2 °C in August. Earlier emergence of coho 
salmon (Oncorhynchus kisutch) fry associated with the temperature increases lengthened their 
summer growing season by up to 6 weeks. Fingerlings were significantly larger by the fall in the 
years after logging compared with the years before logging. The increased size of fingerlings 
was associated with improved overwinter survival. Following logging, yearling smolt numbers 
double, although 2-year-old smolt numbers decreased. Warmer spring temperatures were also 
associated with earlier seaward migration of smolts, probably resulting in decreased smolt-to 
adult survivals. A linked series of models that first predict logging effects on stream 
temperatures and then the effects of those temperatures on critical coho life history events are 
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developed. The life history model is used to quantify the effects of stream temperature changes 
related to logging on the population size of adult coho salmon. The predicted effect of those 
temperature changes was a 9% increase in adult coho numbers prior to the fishery, an increase 
considerably less than the observed 47% increase in smolt numbers. 
 
 

2.2 Urbanization 
 

 2.2.1 General 
 
TITLE: An Ecological Study of Surrey Bend  
AUTHOR: Kistritz, R.U., Porter, G.L., Radcliffe, G., Ward, P.R.B. 
DATE: January 1992 
PUBLISHER: Fraser River Estuary Management Program and the District of Surrey 
PAGES: 120 
FOUND: Woodward Library, UBC 
NOTES: Preface: 
 
This report contains information on the ecological and heritage values of the Surrey Bend. Our 
investigations, which included several field reconnaissances of the study area, were conducted 
in 1991 with a focus on the spring and summer period. This study was undertaken in response 
to the needs of member agencies of FREMP (Fraser River Estuary Management Program), and 
the District of Surrey, to guide future planning and policy development related to Surrey Bend. 
The conservation and protection of Surrey Bend has been recurring since a recurring issue ever 
since a proposal was made in the early 1970’s to use the site for a sanitary land fill. Since that 
time, each new development has renewed concerns about the sensitivity and ecological values 
of the extensive wetlands of Surrey Bend. Previous studies have focused on impacts associated 
with particular developments within specific areas of Surrey Bend. However, information on the 
remaining natural, undeveloped areas of the Bend has not been collected; nor had there ever 
been a comprehensive assessment made of the total wetland ecosystem. This report provides 
basic information on the ecology and natural history of Surrey Bend, as well as offering 
recommendations on the protection and conservation of its wetlands. The report is intended to 
help make informed decisions about the future use of the remaining natural area in Surrey 
Bend. The information contained in this report is presented on three levels. Part I provides an 
Executive Summary which gives the report’s major findings and recommendations. Part II 
provides five detailed Results and Discussions chapters on the ecology and heritage values of 
the Surrey Bend, plus a chapter on recommendations concerning the protection and 
conservation of the wetland ecosystem. Details on study methods, and specific ecological data, 
are contained in the Technical Appendix of Part-III. 
 
 
TITLE: Land Development Guidelines for the Protection of Aquatic Habitat 
AUTHOR: Chilibeck, B., Norris, G. 
DATE: 1992 
PUBLISHER: Ministry of Environment and Ministry of Lands and Parks 
PAGES: 128 
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FOUND: Woodward Library, UBC 
NOTES: Abstract: (adapted from Introduction and Table of Contents) 
 
The purpose of these guidelines is to protect fish populations and their habitat from the 
damaging effects of land development activities. The information contained in these guidelines 
pertains to the preservation of Pacific salmon populations but is applicable to all fish species. 
Topics covered include: leave strips; erosion and sediment control and site development 
practices; stormwater management; in-stream work; fish passage culverts; implementing land 
development guidelines; land development examples; and regulations. 
 
 
TITLE: Stream Stewardship - A Guide for Planners and Developers 
AUTHORS: Reid, D., Blackhouse, D. 
DATE: 1994 
PUBLISHER: Department of Fisheries and Oceans 
PAGES: 48 
FOUND: Fine Arts Library, UBC 
NOTES: Abstract: (adapted from Introduction) 

This document is designed for use of local governments, planners, developers, consultants, and 
anyone interested in the relationship of urban development to the fisheries resource. The 
objectives of this document are to: 1) Describe the fishery resource and habitat requirements 
which are essential to maintain healthy streams. 2) Provide an outline of the land development 
process in British Columbia identifying key stages and approvals required. 3) Highlight existing 
planning tools and encourage their use for the protection of fish habitat, and other 
environmental sensitive areas. 4) Suggest economic issues which should be addressed which 
influence appropriate development proposals. 5) Introduce the Land Development Guidelines 
which describe techniques for the protection of productive conditions during land development, 
and, 6) Describe the environmental approval process which oversees the protection of fish 
habitat during land development. 
 
 
TITLE: Urbanization of a Watershed and Historical Changes in a Stream Fish  
Assemblage 
AUTHOR: Weaver, L.A., Garman, G.C. 
DATE: 1994 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 123(2) 
PAGES: 162-172 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
During recent decades, the Tuckahoe Creek (Virginia) watershed has been altered by human 
activities, including road and bridge construction, commercial and residential development, and 
riparian losses. We used historical (1958) and recent (1990) data to evaluate the hypothesis 
that long-term, low-intensity urbanization affects a warmwater stream fish assemblage in ways 
usually attributed to acute, high-intensity perturbations. In 1990, fish species diversity of 
Tuckahoe Creek was significantly lower (P < 0.05) than it had been in 1958, and abundance 
was substantially lower for all species and trophic guilds. Four cyprinids, one ictalurid, and one 
percid present in 1958 were not collected in 1990. Jaccard's community similarity coefficient 
(species composition by site between 1958 and 1990) was negatively correlated with near-
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stream development of the watershed at six study sites (r = -0.84; P < 0.05). Some 
characteristics of the feeding ecology of selected fish species, including consumption of 
terrestrial prey and diet overlap, exhibited slight differences between 1958 and 1990. Observed 
changes in the fish assemblage were consistent with our hypothesis. Our findings also suggest 
that the lack of invasions by exotic fishes may not always indicate undisturbed steam 
conditions. 
 
 

 2.2.2 Wetlands 
 
TITLE: Are the Fraser Marshes Essential to Salmon?  
AUTHOR: Dorcey, A.H.J., Northcote, T.G., Ward, D.V.  
DATE: 1978 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
SERIES: Westwater Lectures 
PAGES: 29 
FOUND: Woodward Library, UBC 
NOTES: Preface: 
 
The lecture begins by summarizing the present status of knowledge about the importance of the 
Fraser Marshes to salmon. The summary is based on information available to the date of the 
lecture, 9th of March, 1978 Since relatively little is known about the Fraser ecosystem and a 
variety of investigations are underway currently, it must be expected that the status of 
knowledge could change significantly in the years ahead. This is well illustrated by results from 
Westwater's research in the side-channels of Woodward Island at the mouth of the lower 
Fraser. At the time this manuscript goes to press initial results of sampling being carried out in 
this year's research program indicate the presence of pink salmon fry in these side-channels 
habitats. As indicated in the lecture (page 6) there has been previously little evidence of this. 
The review of knowledge of Fraser marsh importance to salmon is thus presented as a critical 
assessment of the scientific basis of managing the estuary at this point in time. Only if 
recognition is given to both what is known and the margins of uncertainty can well informed 
judgments be made about the wise use of the Fraser estuary. 
 
 
TITLE; Dependence of Salmon on Fraser Estuarine Marsh Ecosystems: A Simulation Analysis 
AUTHOR: Valiela, D. and Kistritz, R.U.  
DATE: 1980 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
SERIES: Technical Report # 18 
PAGES: 51 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Two similar models were constructed to identify major knowledge gaps about the dependence 
of salmon juveniles on Fraser estuary habitats. One model treated direct utilization of Fraser 
another model described detritus to the juvenile salmon food web. It was concluded that the 
information available at the time of this analysis it is not adequate to either reject or confirm the 
importance of Fraser marshes to salmon. The study pinpointed a number of specific data gaps 
and identified three key questions for investigation: 1) do juvenile salmon reside and utilize 
marsh habits for any length of time or do they only pass through them? 2)are juvenile marsh 
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residents an important component of successfully returning adult salmon populations? 3) do 
marshes produce and export materials, or affect their distribution in time and space, in ways that 
promote survival of juvenile salmon?  
 
 
TITLE: The Distribution and Abundance of Juvenile Salmon in Marsh Habitats of the Fraser 
River Estuary.  
AUTHOR: Levy, D.A. and Northcote, T.G.  
DATE: 1981 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, 
SERIES: Technical Report # 25 
PAGES: 117 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Juvenile salmon populations were monitored in three marsh tidal channels on Woodward Island, 
Ladner Marsh and Roberts Bank of the Fraser River estuary between March and July of 1979. 
Calculated population densities, the mean size of the individuals captured, recapture rates of 
marked fry, and juvenile salmon feeding habits were compared at these three sites to provide 
information on spatial differences in tidal channels utilization. Size characteristics of chinook fry 
and mark-recapture results indicated a relatively longer period of residency by juvenile Chinooks 
in the vicinity of Woodward Island than at Roberts Bank or the Ladner Marsh. Samples of the 
Woodward Island site were compared with previously collected data to characterize annual 
differences in tidal channel utilization. Catches of juvenile salmon were higher and the change 
in mean size of the juvenile chinook population was slower in 1979 than in 1978. 
 
 
TITLE: Can We Restore Our Salt Marshes? Lessons from the Salmon River, Oregon. 
AUTHOR: Frenkel, R. E. Morlan, J. C. 
DATE: 1991  
JOURNAL: The Northwest Environmental Journal  
VOLUME: Spring/Summer  
PAGES: 119-135 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The Pacific Northwest has few wetlands, many of which have been lost since European 
settlement. As a result, state and national policy has the goal of "...no overall net loss of the 
nation’s remaining wetland base, as defined by acreage and function." However, techniques 
and results of restoration and creation methods used to achieve "no net loss" often are 
unsuccessful. Nevertheless, salt marsh restoration was attempted in the Salmon River estuary 
by breaching dikes that enclosed a pasture, resulting in changes in wetland characteristics that 
are described. Some guidelines are developed and explanations given to aid wetland managers 
in carrying out successful coastal salt marsh restoration actions 
 
 
 
 
 
 
 



PART 2 -LOSS OF FISH HABITAT 

 124

 
 
 
TITLE: Wetlands of the Fraser Lowland, 1989: Summary Report 
AUTHOR: Ward, P. 
DATE: 1992 
PUBLISHER: Environment Canada, Canadian Wildlife Service, Pacific and Yukon Region 
SERIES: Technical Report Series # 156 
PAGES: 36 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
This report summarizes the complete wetlands inventory report (published in June 1992 as 
Technical Series # 146) which answers the following questions: Where are the remaining 
wetlands? What size are they? What wetland classes do they represent? What state are they 
in? The wetland units were classified according to the Canadian Wetland Classification System. 
The results of the inventory show that there are 41,906 hectares of wetland left in the study 
area, representing 13.6% of the total area. Nearly two-thirds (64.4%) of the total wetland area is 
accounted for by the ‘shallow water’ wetland class, most of which is comprised of large tidal 
flats at the mouth of the Fraser River and Boundary Bay. The other third includes 14.6% marsh, 
7.5% gravel bar, 5.7% fen, 4.5% bog and 3.4% swamp. About 72% of the wetland area in the 
Fraser Lowland was given the highest of a three-level rating system, i.e. ‘undisturbed’. 
Excluding the tidal flat category (‘shallow water’ wetland class), 60% of the remaining wetland 
area has the highest rating. The maps and wetland measurements were generated by SPANS 
Geographic Information System (GIS) as a pilot application of this technology; the use of this 
methodology is discussed. The complete report includes an index map at 1:127,500 showing all 
of the wetland units (but not identifying them individually), 29 maps at approximately 1:50,000 
identifying each of the 398 wetland units, inventory data for each of these units and a dBase III 
file containing the raw data. 
 
 
TITLE: Habitat Changes in Georgia Basin: Implications for Resource Management 
AUTHOR: Levings, C. D., Thom, R. M. 
DATE: 1994 
CONFERENCE: Review of the Marine Environment and Biota of Strait of Georgia, Puget Sound 
and Juan De Fuca Strait; Proceedings of the B.C./Washington Symposium on Marine 
Environment, January 13 & 14, 1994 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1948 
PAGES: 330-351 
FOUND: T Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: 
 
Filling, diking, water quality changes, and watershed modifications are some of the major 
causes for decreases in fish and wildlife habitat in the Strait of Georgia and Puget Sound. 
Global environmental change poses a relatively newly recognized threat to these habitats for 
which research is almost totally lacking in the region. Quantifying the area of habitat loss is 
difficult because studies have used a variety of classification methods and several time intervals 
to measure change. There have been large net losses of vegetated habitat (swamps, flood plain 
forests) in the Fraser estuary (1890’s baseline), but some net gain in marsh habitat. Eleven 
major deltas in Puget Sound have suffered wetland losses in the order of 76,000 ha (47%) since 
the mid -1800’s. In Puget Sound, between 1912 and 1978 there appears to have been a net 
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increase in kelp habitat, in the order of 53%, probably partially due to increased hard substrata 
in the shallow sub-tidal zone. Changes in eelgrass habitat is difficult to assess due to lack of 
comprehensive historical records. However, losses of ‘wetland’ habitat have probably included 
the losses of eelgrass.  
 
 

 2.2.3 Coastal Development 
 
TITLE: Environmental Effects of Harbour Construction Activities at Steveston, British Columbia 
AUTHOR: Anderson, E. P; Birtwell, I, K; Byers, S. C., Hincks, A. V., O’Connel, G. W. 
DATE: December 1981 
PUBLISHER: Department of Fisheries and Oceans 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1070 
PAGES: 153 
FOUND: Vancouver Public Library  
NOTES: Abstract: 
 
From January to December 1979, we sampled the estuarine biota and environment at 
Steveston Harbour, near the mouth of the Fraser River, in order to assess the effects of harbour 
development. We found no unacceptable levels of heavy metal or organic pollutants. During 
periods of intensive fish processing, harbour waters showed elevated concentrations of 
ammonia and phosphate. Dissolved oxygen was somewhat depressed in the near-bottom water 
at the landward end of the harbour. The subtidal benthos was divisible into three community 
types, corresponding to deep silt, shallow silt and sand habitats. The deep silt community 
repopulated a small dredged area within on month after dredging stopped. Juvenile chum 
salmon (Oncorhynchus keta) and/or chinook salmon (O. tshawtscha) were captured by beach 
seine from February through October, with largest numbers in March, April and May. Juvenile 
chum salmon were clearly more abundant near the marsh habitat than near the sand. The most 
common items in the salmon stomachs were harpacticoid copepods, chironomid insects and 
oligochaete worms. The species composition of the stomach contents did not closely 
correspond to that of benthic samples, but there was some evidence that juvenile salmon fed 
more successfully near marsh than near sand shores. One common effect of harbour dredging 
is to replace the marsh with sand. 
 
 
TITLE: Schelt Inlet (Canada) Fish Habitat Inventory 
AUTHOR: Russell, L.R., Morrison, J.A.  
DATE: 1985  
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 1810  
PAGES: 33  
FOUND: Main Library, UBC  
NOTES: Abstract: 
 
An inventory describing fish habitat characteristics of intertidal foreshore in Sechelt Inlet was 
conducted to provide a basis for review of marine development proposals in the area. Intertidal 
zones were surveyed visually from boats and by divers familiar with local marine vegetation. 
The inventory describes reaches within the Inlet based on composition of the substrate and the 
presence of marine vegetation. Importance of fish habitat provided by Sechelt Inlet is further 
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defined by analysis of epibenthic invertebrate samples collected over representative substrates 
(mud, sand, gravel/cobble and rock), and presentation of salmon escapement, herring spawn 
and shellfish production and harvest data. Human use of the Inlet is described by 
foreshore/upland use formation collected during the survey and on record with the Provincial 
Ministry of Lands, Parks and Housing. Recommendations for management of the highly 
productive fish habitat provided by the Inlet are considered in the light of increasing 
development pressure along the Sunshine Coast.     
 
 
TITLE: Juvenile Salmonid Use of Habitats Altered By a Coal Port in The Fraser River Estuary, 
British Columbia (Canada)  
AUTHOR: Levings, C.D.  
DATE: 1985  
JOURNAL: Marine Pollution Bulletin   
VOLUME: 16(6)  
PAGES: 248-254  
FOUND: Woodward Library, UBC  
NOTES: Abstract:   
 
Juvenile chinook, chum and pink used habitats modified by a coal port at the Fraser estuary in 
southeastern British Columbia, Canada. Recent construction for expansion of the port has 
obliterated feeding areas, invertebrate communities and possibly herring habitat from the local 
production system. Further studies are required to document recolonization of disrupted 
habitats and to investigate if present food webs are similar to those before construction. 
Juvenile salmon may be diverted by causeways and terminals and this also requires study.      
 
 
TITLE: Sooke Harbour and Basin Fish Habitat Inventory 
AUTHOR: Feakins, T.L. 
DATE: 1991 
PUBLISHER: Department of Fisheries and Oceans, Habitat Management Division, Nanaimo, 
B.C. 
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 2131 
PAGES: 87 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
An inventory of the marine foreshore fish habitat characteristics of Sooke Harbour and basin 
was conducted to aid in the evaluation and planning of future foreshore development. 
Biophysical traits of the back-shore, inter-tidal, and sub-tidal zones were assessed visually by 
walking, snorkeling, boating and/or diving. Sixty-two reaches within the Inlet are described in 
detail, based on substrate and/or vegetation composition. The location of major eelgrass and 
kelp beds is also reported. 
 
 

2.3 Restoration and Enhancement of Fish Habitat 
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TITLE: A Preliminary Report on the Salmon Resource and Potential Enhancement 
Opportunities of the Northern West Coast of Vancouver Island (Areas 26 and 27) 
AUTHOR: Sprout, P.E., Fraser, F.J. 
DATE: April 1981 
SERIES: Manuscript Report of Fisheries and Marine Service # 1539 
PAGES: 74 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The 1977 surveys of salmonid (Salmonidae) streams in the northern west coast of Vancouver 
Island have provided baseline physical data and an assessment of salmonid enhancement 
opportunities. Historic salmon escapements, spawning timing and fish distribution are also given 
for major river systems. Inaccessibility, lack of hydro power and low brood stock limit 
enhancement opportunities in the study area. Except for a few larger systems, most streams do 
not appear capable of supplying sufficient surface water for a major enhancement facility. 
Industrial activities, such as logging, pulp production and mining may degrade the watershed 
environment and reduce enhancement opportunities. The similarity in the timing of stocks, 
particularly among chum, indicates that if over-exploitation of unenhanced stocks is to be 
avoided, then enhancement will have to include most or all the stocks in the geographic area. 
Colonization and stream improvement opportunities are suggested for some systems. 
 
 
TITLE: The Campbell River (British Columbia, Canada) Estuary: A Report on the Design, 
Construction and Preliminary Follow-Up Study Findings of Intertidal Marsh Islands Created for 
Purposes of Estuarine Rehabilitation 
AUTHOR: Brownlee, M.J., Mattitlece, E.R., Levings, C.D.  
DATE: 1984  
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 1789   
PAGES: 54  
FOUND: Main Library, UBC  
NOTES: Abstract:   
 
This report focuses on the cooperative efforts of agency staff, members of industry and the 
public in developing and constructing a new log-handling facility and rehabilitating and 
industrialized estuarine area of approximately 32 ha that had been intensively utilized for log 
handling activities for over 75 years. Reported are the planning and construction of the new 
dryland log sorting activity and the rehabilitative measures, the design details and preliminary 
results of the 1st year's studies of a longer term program being undertaken to assess the 
stability and biological implications of the rehabilitative measures, and future studies. 
Preliminary follow-up study results indicate that the intertidal islands are stable, 93% of the 
23,302 marsh cores transplanted are growing, invertebrate colonization is still incomplete, 
juvenile wild chinook and chum salmon utilize the islands, and catches are proportional to the 
abundance of salmon fry in the estuary. Hatchery reared juvenile salmon do not make extensive 
use of the islands. Migratory bird use of the islands has been recorded.    
 
 
 
TITLE: Evaluation of Instream Enhancement Structures for Salmonid Spawning and  Rearing in 
a Coastal Oregon (USA) Stream 
AUTHOR: House, R.A., Boehne, P.L.  
DATE: 1985  
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JOURNAL: North American Journal of Fisheries Management   
VOLUME: 5(2B)  
PAGES: 283-295  
FOUND: Woodward Library, UBC  
NOTES: Abstract:   
 
East Fork Lobster Creek, Oregon is an example of a stream that lost much of its productivity as 
an anadromous salmonid stream following logging activities, intensive stream cleaning, and 
flooding. The stream in the study area was almost devoid of instream structures, resulting in a 
nearly total lack of spawning gravel and rearing habitat. Stream enhancement structures 
installed in East Fork Lobster Creek were successful and functional after 2 winters with usual 
freshets. The structures dramatically increased the diversity of the stream bed, trapped gravel, 
and created shallow gravel bars and deep, covered pools. The number, size, and quality of the 
pools increased in areas with structures. Coho salmon (Oncorhynchus kisutch) and steelhead 
(Salmo gairdneri) spawning increased substantially, as well as the numbers of rearing coho, 
steelhead fry, and steelhead and cutthroat trout (Salmo clarki) parr. This study shows that 
similar degraded streams can be rehabilitated by properly designed enhancement programs. 
Such programs are effective and are needed to help ensure the protection of naturally spawning 
and rearing wild salmonid stocks and the survival of their young.     
 
 
TITLE: Stream Bed Configuration and Stability Following Gabion Weir Placement to Enhance 
Salmonid Production in a Logged Watershed Subject to Debris Torrents 
AUTHOR: Klassen, H.D., Northcote, T.G. 
DATE: April 1986 
JOURNAL: Canadian Journal of Forest Research 
VOLUME: 16(2) 
PAGES: 197-203 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
Tandem V-shaped gabion weirs for improving spawning habitat for salmon (Oncorhynchus spp) 
were installed to replace large organic debris at three sites below the terminus of a debris 
torrent in Sachs Creek, Queen Charlotte Islands. Stream conditions were compared between 
gabion and nearby control sites. The stability of added and entrapped gravel at all gabion sites 
was poor over the first winter and excessive scour threatened the integrity of the upstream 
steeper (3%) slope gabion site. However, the two gabion sites at a lower (1%) slope 
successfully stabilized spawning gravel in the 2nd yr. after installation, probably through a 
reduction in the local slope gradient and self-armoring of the high flow channels. Higher summer 
densities of juvenile coho salmon (Oncorhynchus kisutch (Walbaum)) and steelhead trout 
(Salmo gairdneri (Richardson)) were recorded at the gabion sites (means, 1.2 and 0.33/ m2, 
respectively) compared with the control sites (means, 0.89 and 0.10/m2). Under-yearling coho 
fry were also significantly larger (p < 0.05) at gabion sites (mean, 50 mm) than at control sites 
(mean, 45 mm). Improved rearing habitat was created for coho juveniles by the gabions, a result 
of increased pool area and cover. 
 
 
TITLE: Using Large Organic Debris to Restore Fish Habitat in Debris-Torrented Streams 
AUTHOR: Tripp, D. 
DATE: September 1986 
PUBLISHER: B.C. Ministry of Forests and Lands 
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SERIES: Land Management Report # 47 
PAGES: 26 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
Large organic debris (LOD) was introduced into a small debris-torrented stream in 1982 in an 
attempt to increase the amount of pool habitat available for over-wintering coho. After one 
winter, the number of pools present in an experimental section of the stream increased from 
four to fourteen, pool types increased from three to six, pool area increased from 2.5 to 18.4%, 
and LOD cover increased from 2.2% of the wetted stream area to 11.2%. After a torrent-like 
summer flood and a second winter, the number of pools increased to 21, while the amount of 
LOD cover and pool area was 17.7 and 15.4% of the total stream area available, respectively. 
Pool number, diversity, area, and LOD cover all remained relatively constant in a control section 
over the same time period. The stream was torrented again in spring 1985 and the only 
structures still in place and functioning were those that had been cabled to trees and stumps 
alongside the stream. Compared to a control section, coho overwinter survival in the 
experimental section increased from 13 to 52% in the 1st year, while smolt production increased 
from 290 fish per km of stream to 1050 fish per kilometer. The second year, coho survival 
declined to 10% and smolt production to 140 fish per km of stream. Benefit/cost analysis based 
on the first year's results indicated that the benefits derived from increases in coho production 
could pay for the cost of new LOD emplacements after five or six years. Restoring LOD streams 
is considered to be a feasible way of offsetting the impact of mass wasting in productive fish 
habitats. Studies are needed to determine what LOD configuration can be used to manipulate 
stream flows more precisely and improve fish spawning and rearing habitats.  
 
 
TITLE: Effects of Riprap Bank Reinforcement on Juvenile Salmonids in Four Western 
Washington Streams 
AUTHOR: Knudsen, E.E., Dilley, S.J. 
DATE: 1987 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 7(3) 
PAGES: 351-356 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Summer and fall juvenile salmonid populations in five pairs of stream sections were estimated 
shortly before and after construction of flood and erosion control projections. All five projects 
included bank reinforcement with rock riprap and three included streambed alterations. Juvenile 
coho salmon Oncorhychus kisutch, juvenile steelhead Salmo gairdneri, and cutthroat Salmo 
clarki were apparently adversely affected by construction in the three smaller, and most 
severely altered, stream sections. Numbers of juvenile coho salmon and young-of-the-year trout 
were reduced somewhat, but those of yearling steelhead and cutthroat trout apparently 
increased, in the two newly riprapped sections of larger streams. Negative short-term effects of 
construction appeared to increase with severity of habitat alteration, to decrease with increase 
in stream size, and to decrease with increasing fish size.  
 
 
TITLE: Use of Gabion Weirs to Improve Spawning Habitat for Pink Salmon in a Small Logged 
Watershed 
AUTHOR: Klassen, H.D., Northcote, T.G. 



PART 2 -LOSS OF FISH HABITAT 

 130

DATE: 1988 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 8(1) 
PAGES: 36-44 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Tandem V-shaped gabion weirs for improving spawning habitat for Pacific salmon 
Oncorhynchus spp. were installed to replace large organic debris at three sites in Sachs Creek, 
Queen Charlotte Islands, British Columbia. Intragravel conditions were compared between three 
gabion weir pairs and six nearby reference sites. Survival of eggs of pink salmon O. gorbuscha 
was compared between one gabion pair and two reference sites. The improvement in 
intragravel dissolved oxygen depression (surface-intragravel concentrations) after gabion 
installation (a decrease from 5.4 mg/L before to 2.5 mg/L after installation) was significant (P < 
0.05) when compared to changes found at nearby reference sites. Intragravel permeability also 
improved significantly (P < 0.05) after gabion installation in the low-gradient (1%) reaches of 
Sachs Creek (from 870 cm/h before to 2,400 cm/h after installation). Pink salmon egg survival 
calculated by two indices at one gabion site in its first year of operation did not differ significantly 
(P > 0.05) from survival at two nearby reference sites. Gabions appear to be useful tools for the 
restoration of damaged streams.  
 
 
TITLE: Fish Habitat Enhancement - A Manual for Freshwater, Estuarine and Marine Habitats 
AUTHORS: Adams, M. A., Whyte, I. W. 
DATE: November 1990 
PUBLISHER: Department of Fisheries and Oceans 
SERIES: DFO Publication # 4474 
PAGES: 324 
FOUND: Main Library, UBC 
NOTES: Abstract: (adapted from Table of Contents) 
 
This is a detailed manual for remediation and enhancement of salmon and trout habitat. The 
following topics are dealt with: ecosystem function; project planning; streambank stabilization; 
riparian planting; streambank fencing; gravel catchment and placement; gravel cleaning; 
artificial spawning channels; artificial incubators; mainstream rearing habitat; off-channel 
development; food production; obstruction removal; culverts; fishways; fish screens; streamflow 
control; stream aeration; marsh creation, access improvement; woody debris and erosion 
protection; transplanting eelgrass; and artificial reef creation. Also included are appendices 
dealing with: wetland plants; wetland plants for marsh creation; riparian trees and shrubs; fish 
and crustaceans; and fish production biostandards. 
 
 
TITLE: Increased Juvenile Salmonid Growth by Whole-River Fertilization 
AUTHOR: Johnston, N.T., Perrin, C.J., Slaney, P.A., Ward, B.R. 
DATE: 1990 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 47(5) 
PAGES: 862-872 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
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Nutrient concentrations, periphyton standing crop and size of steelhead trout (Oncorhynchus 
mykiss) and coho salmon (O. kisutch) fry increased after the fertilization of a nutrient-deficient 
stream with inorganic phosphorus (P) and nitrogen (N). Whole-river fertilization of the Keogh 
River, British Columbia, during 1983-86 to increase summer average nutrient concentrations 
from < 1 μg P /L and 25 μg N /L to 10-15 μg P /L and 30-100 μg N /L resulted in five- to 10-fold 
increases in periphyton standing crops on artificial substrata and 1.4- to 2.0-fold increases in 
late-September salmonid fry weights. Diatoms and chlorophytes dominated the algal periphyton 
on artificial substrata at fertilized sites. Cyanophytes were unimportant despite low NPP ratios in 
some cases. Juvenile salmonids fed primarily on benthic insects. These results suggest that 
autochthonous primary production can be an important energy source in forested, middle-order 
streams, and indicate that the manipulation of autochthonous primary production can be a 
useful management tool to increase salmonid growth in nutrient-poor coastal streams. 
 
 
TITLE: Beaver Dam Locations and their Effects on Distribution and Abundance of Coho Salmon 
Fry in Two Coastal Oregon Streams. 
AUTHOR: Leidholt-Bruner, K., Hibbs, D.E., McComb, W.C. 
DATE: 1992 
SOURCE: Northwest Science 
VOLUME: 66(4) 
PAGES: 218-223 
FOUND: MacMillan Library, UBC 
NOTES: Abstract: 
 
Beaver (Castor canadensis) dams and coho salmon (Oncorhynchus kisutch) fry were examined 
for their relationship in two coastal Oregon streams in 1987. Our initial spring survey of 19 km of 
stream found only one dam still complete after winter. By autumn, the number of dams had 
increased to 1.1 and 1.2 per km on the two streams. Beaver dams increased summer pool 
habitat 7 to 14 % over unmodified conditions. Although density of coho (per m2 and m3) was 
similar among pool types, beaver ponds were larger and contained more coho fry than non-
beaver pools; thus, beaver increased rearing habitat for coho during the late summer low flow. 
Beaver represent a low-cost tool deserving more consideration for stream rehabilitation projects. 
 
 
 
TITLE: Chum Fry Residency at Restored Fish Habitat Sites in the Fraser River Estuary 
AUTHOR: Burger, L.F. 
DATE: November 1993 
PUBLISHER: Department of Fisheries and Oceans, West Vancouver, B.C. 
PAGES: 20 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Introduction: 
 
Significant numbers of chum salmon (Oncorhynchus keta) fry are known to utilize the Fraser 
River estuary as a nursery area after migrating downstream as fry from February through May 
each year (Healey 1982, in Salo 1991). Urban expansion and industrial development within the 
last century has altered the Fraser estuary extensively and diking, siltation and reclamation has 
destroyed much of the marsh habitat available to salmonids. Birtwell et al. (1988) estimate that 
diking and filling of the Fraser wetlands, including marsh areas, has reduced their historical area 
threefold. One of the major objectives of the Fraser River Action Plan (Environment Canada / 
Department of Fisheries and Oceans 1992) is the restoration of fish habitat, including disrupted 



PART 2 -LOSS OF FISH HABITAT 

 132

marsh habitat which can be replanted with marsh vegetation (Envirowest, 1990). In the past the 
Department of Fisheries and Oceans (DFO) has participated in projects to restore a variety of 
marsh habitats in the Fraser estuary and a number of these restored marshes have been 
grouped with neighbouring reference (natural) marsh areas and disturbed (disrupted) marsh 
habitat areas in order to monitor the effectiveness of the restoration activities. Archipelago 
Marine Research Ltd. was contracted by DFO to assess chum fry use and short-term residency 
at disturbed, reference and compensated (restored) sites in two areas of the Fraser Delta 
through a mark release and recapture study. 
 
 
TITLE: Learning to Enhance Salmon Production: Lessons from the Salmonid Enhancement 
Program 
AUTHOR: Hilborn, R., Winton, J. 
DATE: 1993 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 50 
PAGES: 2043-2056 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
We evaluate the Salmonid Enhancement Program (SEP) to determine its effectiveness at 
producing adult fish in the catch and its ability to learn from experience. The original goal of the 
SEP was to produce up to 86,000 metric tonnes (t) of salmon per year, and it has relied 
primarily on three major technologies to achieve this goal: hatcheries, spawning channels and 
lake enhancement. We estimate that SEP’s annual production is about 12,400 t of salmon per 
year. Thus, the program has fallen short of its objective. We show that SEP has devoted 
considerable effort in evaluating individual facilities and sites: however, SEP has been unable or 
unwilling to evaluate overall program success and direction. Due to natural variation in survival 
rates, it is difficult to determine, even after 15 yr., which technologies are likely to be successful. 
Furthermore there is a paucity of information on wild stocks and the extent to which these 
enhancement programs have an effect on their numbers. We conclude that no technology has 
been proven, that 15 years is insufficient to determine which technologies to explore, and that 
programs like SEP must rely on outside evaluation of overall program success and outside 
direction for program guidance. 
 
 
TITLE: The Streamkeeper’s Handbook - A Practical guide to Stream Care 
AUTHOR: Munro, K., Taccogna, G. 
DATE: April 1994 
PUBLISHER: Fisheries and Oceans Canada, Community Involvement Program 
PAGES: 30 
FOUND: T Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: (adapted from Forward and Introduction) 
 
British Columbia’s streams and wetlands are valuable natural resources. Of particular 
importance are stream corridors, which support more species of plants and animals than do any 
other habitats. These areas provide important refuges and migration routes for birds and 
wildlife. Streams are essential for maintenance of our renowned salmon and trout runs. 
Pressures from development will continue to increase as our population expands in many areas 
of the province. Habitat will continue to be lost as long as the values of our aquatic resources 
are not appreciated. Plants and animals which depend on undisturbed land and water will 
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decline to dangerously low population levels in some locations. The growing number of 
committed volunteers working to protect and restore aquatic habitats in the province will find 
support and information in the streamkeepers program. This material provides guidelines for 
people who want to protect and restore local waterways in British Columbia. The Handbook 
includes modules on: stream mapping; water quality/quantity surveys; stream invertebrate 
surveys; storm drain marking; stream clean-up; streamside planting; observation and reporting 
of environmental violations; and community awareness. 
 
 
TITLE: Evaluation of the No Net Loss Compensation Strategy Used to Conserve Fraser River 
Estuary Fish Habitats 
AUTHOR: Langer, O. E., Kistritz, R. U., Levings, C. D. 
DATE: 1994 
CONFERENCE: 1994 Submerged Lands Management Conference, October 2-6, 1994 
PAGES: 18 
FOUND: T Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: (adapted from Abstract and Conclusions) 
 
The Fraser River is the largest and most biologically productive stream on Canada’s West 
Coast. Its estuary is equally prominent and is of global significance. During the last 100 years 
the estuary has come under great development pressure to suit navigation, flood control and 
land use needs of man. To address the great losses of submerged and riparian habitats, the 
Department of Fisheries in 1983 began piloting an operating principle of no net loss to conserve 
remaining wetlands in the estuary. Key to this policy was the protection of productive habitats 
and required compensation for habitat loss in approved development areas. In 1986 this 
strategy was nationally advanced to a policy of net gain through conservation, restoration and 
creation of new habitats. This paper reviews the success of the first 10 years of the application 
of these strategies in the Fraser Estuary and concludes that the simple application of NNL 
through compensation option has alone not assured a no net loss of habitat. In the mud/sandflat 
and riparian habitat types, significant losses have occurred. In the marsh habitat type, NNL was 
achieved when a 2:1 replacement formula was applied. Significant other marsh was gained by 
trade-offs of other habitat types. Once net gain creation projects are considered, an overall loss 
in subtidal and mud/sandflat habitats and a net gain in marsh habitat is apparent. The length of 
riparian habitat remained the same once all gains and losses were compared. 
 
 
TITLE: Restoring Salmon ‘Highways’ in our Cities 
AUTHOR: Burrows, M. 
DATE: 1995 
PUBLICATION: Salmon Watch 
VOLUME: 1(1) 
PAGE: 4 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: (adapted from text) 
 
The Burnaby Lake System project, sponsored by the B.C. Institute of Technology, is restoring 
links between Deer Lake, Burnaby Lake and the Brunette river so that fish can travel and spawn 
the entire Central Valley watershed within the city of Burnaby. The project will build gravel 
spawning beds, modify culverts and dams that are barriers to fish, and build fish ladders. Coho 
smolts will be released into the creeks where they will stay for two to three years. They will then 
swim down the creeks into Burnaby Lake, through culverts under major highways and densely 



PART 2 -LOSS OF FISH HABITAT 

 134

populated and highly industrialized areas and then into the Brunette River where they can start 
their adult life in the Fraser Estuary. This project was made possible because of a municipal by-
law passed in 1972 which protected creeks and streams which were still open and free flowing. 
Many of the urban streams in the greater Vancouver area have been filled or diverted. For more 
information on this project, contact Mark Angelo of the B.C. Institute of Technology @ (604) 
432-8270 or write: B.C.IT Burnaby Lake System Project, B.C.IT Development Office, 3700 
Willingdon Avenue, Burnaby, B.C. V5G 3H2.  
 
 

2.4 Fish Habitat Indexing 
 
TITLE: Development of a Fish Habitat Sensitivity Indexing Scheme for Application in the Fraser 
River Basin 
AUTHOR: Webb, T.W., Daniel, C.J., Korman, J., Meisner, J.D. 
DATE: 1994 
PUBLISHER: Department of Fisheries and Oceans, Vancouver, B.C. 
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 2234 
PAGES: 122 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract:  
 
A fish habitat sensitivity indexing scheme was developed to address strategic planning needs 
and act as a communications tool for classifying watersheds, where "index" is defined as a 
numerical value that indicates a relative level of concern for a particular issue. Three steps for 
its application included: 1) collection of biophysical and resource-use information; 2) production 
of sub-indices from this data including levels of human activity, levels of important 
environmental variables, the ability of a watershed to resist change, characteristics of particular 
habitat types, and characteristics of fish stocks; 3) aggregation of the sub-indices into a smaller 
number of indices. Various mathematical formulae were discussed for the indices aggregation 
process. Implications of the uncertainty of the precision, accuracy, subjectivity and amount of 
missing data are discussed. The habitat sensitivity methodology was applied to nine sub-
watersheds in the Bessette Creek and Horsefly and Coldwater River watersheds to determine 
the most useful set of sub-indices and aggregated indices as applicable to the data available for 
streams in the Fraser River basin and the degree to which the method truly represents the 
current conditions in the test areas. 
 
 
TITLE: Geographic Distribution of Salmon Spawning Streams of British Columbia with an Index 
of Spawner Abundance 
AUTHOR: Williams, I.V., Brown, T.J. 
DATE: March 1994 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1967 
PAGES: 200 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: 
 
This report is a quick reference of salmon spawning streams based on the SEDS database from 
DFO, BSB, Pacific Biological Station, Nanaimo, B.C. Maps of salmon spawning streams of B.C. 
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were digitized at a scale of 1:250,000. Streams are colour keyed based on size of salmon 
spawning populations using them. No spawning areas within a stream are displayed. Included is 
a computer display program called CGQ. This program displays the maps in digital format and 
allows users to look up data attributes attached to a stream. 
 
 

2.5 Hydrology 
 
TITLE: Black Creek, Vancouver Island, B.C. Hydrology, Fisheries Resource, and Watershed 
Development 
AUTHOR: Hamilton, R.E. 
DATE: November 1978 
PUBLISHER: Habitat Protection Division, Department of Fisheries and Oceans 
SERIES: Manuscript Report # 1484 
PAGES: 92  
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The fisheries resource of Black Creek, a major coho salmon stream on Vancouver Island is 
described. information on spawning escapement, distribution, and timing is provided. Hydrology 
of the 28 square mile watershed was studied using data from 16 staff gages and 3 water level 
recorders. The productivity of the system is attributed to the multiplicity of swamps, swampy 
depressions, and associated small tributaries characterizing the watershed which provide ideal 
habitat for rearing coho. Loss of this habitat occurs through swamp land reclamation and other 
land development activities. The extent of land development (logging, clearing, reclamation, 
ditching, and urbanization) in the watershed, and the detrimental effects of fish life is discussed. 
Recommendations for preservation of the fisheries resource are given. They include: restrictions 
on future water licenses, reservation and development of storage, green strip reserves on all 
watercourses and swamps, suggestions on zoning and control of future land development. 
 
 
TITLE: A First Look at Logging Effects on the Hydrologic Regime of Carnation Creek 
Experimental Watershed 
AUTHOR: Hetherington, E.D. 
DATE: February 1982 
CONFERENCE: Proceedings of the Carnation Creek Workshop, A 10 Year Review: Malaspina 
College, Nanaimo, B.C., February 24 to 26, 1982 
PAGES: 41-63 
FOUND: Main Library, UBC 
NOTES: Abstract: (adapted from Introduction and Summary) 
 
This paper describes the results of some preliminary analyses of logging effects on the 
experimental watershed: specifically, annual water yield, slope and valley bottom groundwater 
levels, storm hydrogragh peak flow and time -to-peak characteristics, and summer low flows. 
Preliminary study of logging effects in the Carnation Creek watershed indicates several changes 
in the hydrologic regime of the 90% clear-cut H watershed, where annual water yield increased 
by an average of 14% of annual runoff, maximum daily summer flows increased by an average 
of 78% in the first two postlogging years, maximum slope groundwater levels decreased after 
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road construction but increased in some locations after yarding, rain storm peak flows increased 
by an average 20%, while time-to-peak storm hydrograph characteristic appears to have 
decreased. For the whole Carnation Creek watershed, up to 40% clear-cut, storm runoff showed 
little detectable change but there were some apparent decreases in annual water yield (8% of 
annual runoff) and minimum daily summer flows (47%), while valley-bottom ground water levels 
were higher. These findings are generally within the range of results of from other logging 
impact studies in rain dominated coastal Oregon and California watersheds. 
 
 
TITLE: Hydrology and Logging in the Carnation Creek Watershed - What Have We Learned? 
AUTHOR: Hetherington, E. D. 
DATE: 1987 
CONFERENCE: Proceedings of the Workshop: Applying 15 years of Carnation Creek Results 
PAGES: 11-15 
FOUND: Vancouver Public Library 
NOTES: Abstract: (adapted from Discussion) 
 
Streamflow in Carnation Creek is very responsive to variations in precipitation intensity, 
reflecting the responsiveness of slope groundwater tables and subsurface flow. Since 
harvesting of the valley bottom and adjacent slopes, summer groundwater levels in the alluvial 
flood plain in clear-cuts have remained higher through 1984 than before logging. Changes in 
streamflow after logging have occurred in a small 12-ha tributary in clear-cut 864-4, but have not 
been detected in the main stream. In H watershed, annual runoff and summer low flows 
increased in the in the first two to three years after harvesting. On the basis of data analysis to 
date, logging impacts on streamflow generated by rainfall alone have been minimal in the main 
Carnation Creek. 
 
 
CHAPTER TITLE: Carnation Creek, Canada - Review of a West Coast Fish/Forestry Watershed 
Impact Project  
AUTHOR: Hetherington, E.D.  
DATE: 1987  
BOOK TITLE: Forest Hydrology and Watershed Management  
PUBLISHER: International Association of Hydrological Sciences  
SERIES: IAHS Publication # 167  
PAGES: 531-538  
FOUND: Woodward Library, UBC  
NOTES: Abstract:    
 
Carnation Creek is a small, rain forest salmon stream located on the west coast of Vancouver 
Island, British Columbia. In 1970, a 16-year multi-agency and multi-disiplinary project was 
initiated to evaluate the effects of logging and silvicultural activities on the Carnation Creek 
watershed and communicate the results to managers of forests and fish. This paper reviews the 
nature and results of the project and discusses the transfer of research findings, their 
application by resource managers, and the significance of the project for fishery and forestry 
management in coastal British Columbia. Peak flows and water yield increased in a small 
tributary, groundwater levels were higher and there were minor changes in water quality. There 
were also major changes in stream channel and organic debris structure, deterioration of fish 
habitat and spawning gravel quality and a complex variety of effects on fish growth and survival. 
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TITLE: Hydrology and Water Use for Salmon Streams in the Fraser Delta Habitat Management 
Area, British Columbia 
AUTHOR: Rood, K.M., Hamilton, R.E. 
DATE: 1994 
PUBLISHER: Department of Fisheries and Oceans, Vancouver, B.C. 
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 2238 
PAGES: various pagings 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Indices of hydrologic sensitivities were developed for streams within the Fraser River Action 
Plan's Fraser Delta Habitat Management Area, where sensitivity refers to the state of those 
aspects of the hydrologic regime that affect habitat and are altered by human activities. The 
indices were used to rank 33 presently utilized salmon streams in the HMA according to water 
withdrawals, high flows, low flows and urbanization regarding impact from human activities and 
their ability to resist human impact. This study described those aspects of the climate, 
physiography, surficial geology and soils that affect the hydrology of the salmon streams. The 
local hydrologic regimes were described, and estimates of mean annual flows, mean annual 
floods, mean monthly flows, and seasonal 7-day flows were prepared for each of the salmon 
streams. Potential licensed demand on surface waters were calculated. The impact of 
urbanization on hydrology was reviewed, and areas of various land uses in the study stream 
watersheds were calculated. 
 
 

2.6 Policy Issues and Economics 
 
CHAPTER TITLE: Estimating the Costs of Regulation for the Protection of Salmon in the Forest, 
Chapter VII 
AUTHOR: Dorcey, A.H.J., McPhee, M.W., Sydneysmith, S. 
DATE: 1980 
PAGES: 203-227 
BOOK TITLE: Salmon Protection and the B.C. Coastal Forest Industry: Environmental 
Regulation as a Bargaining Process 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This chapter examines the nature and magnitude of incremental resource costs in the forest 
sector resulting from fisheries protection regulation applied in the forest. This includes costs 
associated with withdrawals of the forest land base, constraints on forest protection and 
enhancement, and modifications to harvesting practices. Statistics are presented on the 
alienation of the land base of the coastal forest. It is concluded that benefits from the protection 
of fisheries have probably been a part of the reasons for many of the alientaions of the coastal 
land base but that only some small proportion can be attributed directly to fishery protection 
regulation. In discussing the protection of the forest, the use of insecticides and pesticides and 
erosion control are considered, but it is not known to what extent these will be constrained by 
regulation to protect the fisheries. Forest harvesting, which poses the greatest threat from the 
forest sector to fish, is the focal point of fisheries protection concerns. Harvesting constraints 
are discussed including related road and logging costs. An estimate is presented of the total 
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extra cost of harvesting, which includes the extra costs for roads and the extra costs 
experienced in logging activities due to stream protection requirements imposed upon the forest 
sector. Assuming an average cost of logs at the dump of $25.00 per cu m, including these extra 
costs of harvesting, the extra costs amount to 2.6 to 4.5 % of baseline harvesting costs, that is 
total costs, net of any extra costs incurred to meet externally applied stream protection 
requirements. Increased concern with stream habitat protection has introduced a number of 
additional responsibilities and problems to the logging sector, which lead to additional costs. 
These added responsibilities include stream clean-up, blowdown, and leave strips. 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER TITLE: Strategies for Coastal Resource Management in Western Canada - While 
Battles are Being Won, is the War Being Lost?, Chapter 14 
AUTHOR: Dorcey, A.H.J., Sewell, W.R.D., Barker, M.L. 
DATE: 1980 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
BOOK TITLE: Water Problems and Policies 
PAGES: 157-163 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This paper reviews the present status of estuary management in British Columbia, the 
development of small scale mariculture industries and pollution control. A discussion of these 
three aspects of coastal resource management illustrates important characteristics of the 
problem areas of western Canada. Based on research that has been undertaken at the 
Westwater Research Centre, three conclusions about the present approaches to management 
on the West Coast are reached: (1) impact assessment procedures frequently cannot do what is 
expected of them; (2) research is being neglected, and (3) planning is greatly underutilized. Two 
changes are suggested that would make for better informed judgment on the use of British 
Columbia's coastal resources: (1) reallocate some of the effort from impact assessment into 
research, and (2) integrate planning, research, and impact assessment into coordinated 
management strategies. The integration of planning, research, and impact assessment 
procedures could be the basis for a new approach to coastal resources management.  
 
 
TITLE: Assessing the Performance of the Regulatory Process, Chapter V 
AUTHOR: Dorcey, A.H.J., Mcphee, M.W., Sydneysmith, S. 
DATE: 1980 
PUBLISHSER: Westwater Research Centre, University of British Columbia, Vancouver, B.C.  
BOOK TITLE: Salmon Protection and the B.C. Coastal Forest Industry: Environmental 
Regulation as a Bargaining Process 
DESCRIPTION: 129-148 
FOUND: Woodward Library, UBC 
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NOTES: Abstract: 
 
This chapter reviews characteristics of environmental regulation at the fish-forest interface and 
defines criteria to be used to assess its performance. The objectives of regulation are listed and 
inter- and intra-sector resource regulation are discussed. Site specific variation in fish resource 
protection requirements are acknowledged as an important characteristic of environmental 
regulation at the fish- forest interface. This derives from the heteorgeneity of fish and fish-
habitat environments in the coastal region, and from variation in the extent of biophysical 
damage resulting from different types of forestry activity under different environmental 
conditions. Regulatory objectives of fisheries protection are pursed by the use of non-statutory 
regulations (guidelines, directives, P-I clauses, exhortation, negotiation and suasion), 
supplemented by tax expenditures (stumpage allowances). The use of these various 
instruments appears to be only loosely coordinated. The bargaining and negotiations involved in 
the regulatory process at the fish-forest interface are discussed. Four criteria for assessing the 
bargaining and negotiating framework of regulatory decision-making are defined. They are 
informed decision-making, accountability, procedural fairness, and openness. 
 
TITLE: Environmental Regulation of Log Harvesting and Transportation in Selected Provinces In 
Canada: A Review of Legislation, Regulation and Issues, Chapter III 
AUTHOR: Dorcey, A.H.J., McPhee, M.W., Sydneysmith, S. 
DATE: 1980 
PUBLISHER:Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
BOOK TITLE: Salmon Protection and the B.C. Coastal Forest Industry: Environmental 
Regulation as a Bargaining Process  
DESCRIPTION: 39-68 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This chapter reviews the environmental regulation of log harvesting and transportation in the 
provinces of Canada and provides a comparison with the current regulatory process in coastal 
British Columbia. In the review of each province four major points are investigated: (1) the 
significance of the forest industry in the province, (2) the major environmental use conflicts 
associated with timber harvesting and log transportation, (3) the legal and administrative 
framework for regulating environmental conflicts and impacts, including relevant statutes, 
regulations, guidelines, and the federal and provincial agencies involved, and (4) a description 
and discussion of the approaches which have been developed to regulate environmental 
conflicts, including referrals, working plans, task forces, and the extent to which the process is 
decentralized. Environmental impacts associated with forestry activities are of increasing 
concern in all provinces. Generally, the concerns are the same, impacts on fish and wildlife 
habitat, loss of recreational opportunities, slow rates of reforestation, harvesting in parks and 
other recreational reserves and the aesthetic impacts of clearcutting. All provinces have 
resource or environmental legislation, however, none is aimed primarily at regulating the 
environmental impacts of forestry operations. Results of this preliminary study suggest that 
useful insights and opportunities for further understanding may be gained from detailed regional 
comparisons of regulatory approaches. 
 
 
TITLE: A Brief to the Inquiry on Federal Water Policy: Submitted by the Association of 
Professional Biologists of British Columbia 
AUTHOR: Association of Professional Biologists of British Columbia 
DATE: 1984 
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PUBLISHER: Association of Professional Biologists of British Columbia 
PAGES: various pagings 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The main focus of this submission is on the preservation and well-being of freshwater aquatic 
habitat for fish and wildlife in British Columbia. Legislation bearing upon water management and 
aquatic habitat is examined. A particular concern is the fragmented nature of water 
management in British Columbia and the lack of any unifying and consistent approach to 
dealing with its many facets. The need for an overall planning process with authority to resolve 
interagency conflicts and to develop integrated management programs is recommended. 
Important water resource issues to consider in such a plan include instream flow requirements, 
water export, hydroelectric development, non-point sources of pollutants, flood plain settlement, 
herbicide use and steep slope logging. A corresponding transcript of hearings in Victoria 
addressing this submission is attached.  
 
 
TITLE: Economic Considerations 
AUTHOR: Huppert, D.D., Fight, R.D., Everest, F.H. 
DATE: 1985 
PUBLISHER: Pacific Northwest Forest and Range Experiment Station (Portland, Or.); United 
States. Forest Service. Anadromous Fish Habitat Program 
SERIES: General Technical Report PNW. 181; Influence of Forest and Rangeland Management 
on Anadromous Fish Habitat in Western North America. 14 
PAGES: 27 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Although many effects of forest and rangeland management on anadromous fisheries are 
difficult to measure, economic methods for the evaluation of costs and benefits can be helpful. 
Such methods can be used to address questions of equity as well as efficiency. Evaluations of 
equity can show who bears the costs and who captures the benefits of management actions, 
but cannot judge the goodness of any particular allocation of cost and benefits. The efficiency of 
the management and commercial harvest of anadromous fish is determined to a large extent by 
the regulation of fish harvest. Although the gross market value of harvested fish is large, the net 
economic value of the fishery may be very small where the thrust of regulation is to limit harvest 
by forced inefficiencies in fishing. With the institution of limited entry in commercial salmon 
fisheries, opportunity increases for generating net economic value from increased fish runs. 
Also, potential economic benefits to consumers and anglers may accrue from maintaining or 
enhancing anadromous fish populations. Where these benefits exceed costs of habitat 
protection, a valid economic basis exists for incorporating fish-habitat protection in forest and 
rangeland management practices.  
 
 
CHAPTER TITLE: Perspectives on Sustainable Development in Water Management: Towards 
Agreement in the Fraser River Basin 
AUTHOR: Dorcey, A.H.J. (Ed) 
DATE: 1991 
PUBLISHER: Westwater Research Centre, Faculty of Graduate Studies, University of British 
Columbia,Vancouver, B.C. 
BOOK TITLE: Research Program on Water in Sustainable Development:Volume 1 
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PAGES: 592 
FOUND: Woodward Library, UBC 
NOTES: Abstract: (abbreviated version of the back cover Summary) 
 
This volume examines different perspectives on the evolving concept of sustainable 
development and implications for managing water resources in large river basins. Specifically, 
implications of the concept of sustainable development for the management of water resources 
in the Fraser River basin, a large basin subject to conflicting water uses, are discussed. The 
chapters provide specific information about selected resource systems and proposals for policy 
and institutional innovations. Water, fisheries, birds, forests and energy systems are considered, 
as well as past and future uses of water and associated resources by native Indians and other 
peoples. The resultant problems of water pollution, habitat degradation, flooding, erosion, 
sedimentation and the overharvesting of renewable resources are also discussed. In assessing 
new policies and institutional arrangements for sustainable development, consideration is given 
to the role of water rights, economic incentives, the courts, co-operative management, 
environmental non- government organizations and restyled regional governance. A range of 
strategies are outlined that encourage movement towards agreement in the many conflict-ridden 
debates about resource management and governance in large river basins. In the final chapter, 
a new, progressive model of water management is proposed that draws on the evolving 
principles of sustainable development. In a second companion volume, Water in Sustainable 
Development: Exploring our Common Future in the Fraser River Basin, this new model of water 
management is used to make an initial assessment of the current water management system in 
the Fraser River basin.  
 
 
TITLE: Strait of Georgia Coho Salmon Planning Process and Recommendations: South Coast 
Coho Initiative Final Report, March 1992 
AUTHOR: Department of Fisheries and Oceans 
DATE: 1992 
PUBLISHER: Department of Fisheries and Oceans, Vancouver, B.C. 
PAGES: 54  
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
As population, development and economic pressures increase into the next century, demands 
for all natural resources will increase. Coho salmon are particularly vulnerable to these 
pressures as they are sought after by native, sport and commercial fishermen, and are 
produced in the low gradient stream and lake habitats preferred for urban, agricultural and 
industrial development. The challenge is to stop the erosion of and begin to rebuild wild coho 
stocks and their habitat before it is too late. 
 
 
TITLE: New Life For Cutthroat Trout 
AUTHOR: Hume, M. 
DATE: December 1978 
JOURNAL: B.C. Outdoors 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Coastal cutthroat trout have long been a forgotten fish along B.C.’s coast where steelhead and 
salmon are the stars. The coastal cutthroat, popularly called 'searun cutthroat, ' is common from 
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northern California to southeastern Alaska, as well as in adjacent streams and lakes. 
Unfortunately, in populated regions of B.C. such as the lower mainland and southern Vancouver 
island it has been virtually wiped out. But because of funds from the salmonid enhancement 
program (SEP) and a growing awareness among fishery biologists of the sea trout's sporting 
capabilities, cutthroat are finally beginning to win the recognition they richly deserve. The 
willingness to come to lures cast by fishermen plus the tragic habitat decline brought about by 
logging and urban encroachment, had made them a rare fish in many regions where they once 
flourished. To stop this decline, the fish and wildlife branch has launched a major new sea-run 
cutthroat enhancement program.  
 
TITLE: Coastal Resources in the Future of British Columbia 
AUTHOR: Dorcey, A.H.J. (Ed) 
DATE: 1979  
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver B.C. 
PAGES: 126 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This book contains the edited texts of six lectures on aspects of coastal resource management 
that were presented in March and April of 1979 in Vancouver. The lectures consider salmon 
fisheries, oil ports, ecological reserves, smaller fishery-mariculture industries, the coastal forest 
industry, and native fishery claims. The lecture on salmon fisheries discusses the need for 
management to look at the resource and its needs in terms of environmental protection, 
regulation, rehabilitation, enhancement, and research. The lecture on oil ports examines the 
technical and value judgments that must be made before deciding upon an oil port location. The 
lecture on the ecological reserves system concludes that only seabird colonies are well 
represented and that other important characteristic ecosystems such as estuaries and coastal 
forests are only poorly represented. Presently the basic knowledge of coastal ecosystems is so 
poor that it is difficult to judge which areas should be protected, yet for this reason it is essential 
that unprotected ecosystems be included in the reserve system while the option is still available. 
The lecture on the smaller fishery-mariculture industry argues that the potential for development 
in this area is doomed to fall far short of the potential unless integrated management policies 
are enacted. These include economic policies to provide short term financial assistance and 
resource management policies to protect selected areas of the coast where the natural potential 
exists and the prospect for significant conflicts with other natural resource users is minimized. 
The lecture on coastal forest industries shows that the supply of timber is steadily shrinking and 
is not being replaced by reforestation. The lecture argues that the recent amendments to the 
Federal Fisheries Act are a retrograde step in coastal resource management because it sets the 
fisheries resource above all others, failing to recognize and provide for trade-offs in 
management. The final lecture discusses the US controversy over Indian fishing rights and 
suggests some management lessons that might be learned from it and be of relevance to 
Canada.  
 
 
TITLE: Fisheries in Greater Victoria, A Resource Guide for Local Lakes and Streams 
AUTHOR: K Van Western and Associates 
DATE: February 1979 
PUBLISHER: K Van Western and Associates, Consulting Plan, Victoria, B.C. 
PAGES: 40 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
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This booklet contains selected information on the fishery resource values of lakes and streams 
in the Greater Victoria area, and describes basic guidelines for the protection of these values. 
The booklet is divided into seven parts. Part one discusses the fishery resource in terms of its 
economic and social value to the Victoria region. The total net income to greater Victoria of the 
Sport fishery is 18 million dollars, and 21 million for the commercial fishery. Part two reviews the 
factors which are associated with healthy productive streams. These are: sufficient water flows, 
good water clarity, high dissolved oxygen content, suitable temperature range, good food supply 
of terrestrial insects, shelter, and areas of clean, loose gravel. Part three outlines the important 
fish supporting lakes and streams in the Greater Victoria area. A map is provided. Part four 
reviews stream impact evaluation and protection guidelines. Common detrimental modifications 
and enhancement suggestions are discusses, including stream channel modifications, 
construction of dam and stream diversion, water removal, gravel removal, logging and land 
clearing, construction of roads, parking lots, and roofs; livestock grazing on streambanks, 
landtilling for crop production, land fertilization, industrial waste infiltration, stormwater and 
domestic sewage infiltration, landfilling and draining marshes and swamps. Part five discusses 
the major planning aids available to assist government at the regional and municipal level in 
implementing enhancement suggestions. Aids consist of regulations and bylaws, and sources of 
financial assistance for environmental improvements. Part six lists the government agencies 
which can offer technical assistance for specific problems, and outlines the area of responsibility 
for each agency. The final section contains six maps on: the fisheries resource base in the area, 
the freshwater fish resource base, the natural limiting factors, important fish producing lakes 
and streams, human impacts, and a map on areas of enhancement suggestions. 
 
 
TITLE: Threatened Coastal Habitats 
AUTHOR: Hunter, R., Stace-Smith, R., Johns, L., Joslin, P. 
DATE: 1980 
CONFERENCE: Threatened and Endangered Species and Habitats in British Columbia and 
The Yukon, Proceedings of The Symposium Held in Richmond, B.C., March 8-9, 1980 
PAGES: 58-61 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Coastal streams provide spawning and rearing habitat for several salmon species, including in 
some locations the now "catch and release" steelhead. The threats to these streams are varied, 
but perhaps the major one has been poor logging practices. The coast of British Columbia also 
abounds with islands of various sizes. Due to their isolated nature and their relatively solid 
geomorphological structure, oil spills are probably the only major threat to these habitats. 
Another threat to many of the beaches is to water quality, the result of sewage, and the most 
overt economic impacts of this are shellfish closures. The extremely productive coastal river 
deltas are areas of considerable concern. The threats to estuaries are numerous. An 
environmental act would give agencies responsible for managing and protecting fish and wildlife 
species some authority over the land base upon which these animals depend. 
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TITLE: A Review of Fish Habitat Issues in the Fraser River System 
AUTHOR: Birtwell, I.K., Levings, C.D., Macdonald, J.S., Rogers, I.H. 
DATE: 1988 
JOURNAL: Water Pollution Research Journal of Canada 
VOLUME: 23(1)  
PAGES: 304 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The 1,253 km-long Fraser River drains a 230,400 km2 area of British Columbia and has a mean 
annual discharge of 2,700 m3/s. The river currently supports the most valuable salmon runs in 
western Canada. However, the system has the capacity to produce approximately 70% of the 
sockeye and chinook, 50% of the pink, 35% of the chum, and 10% of the coho salmon in British 
Columbia, if potentials were realized. The majority of British Columbia's population lives within 
the watershed, and this has led to widespread changes in aquatic, and terrestrial habitats. 
Physical impacts have occurred, for example, due to dyking intertidal areas, from water 
regulation and abstraction, land filling and dredging. Contaminants enter the river system from 
various sources, such as from industry (pulp mills) and urban developments (sewage), through 
the use of pesticides, from terrestrial activities (logging, silviculture, agriculture) and in 
"stormwater". Concerns associated with these activities and the discharge of contaminants are 
documented in relation to their effects upon aquatic habitats and fishery resources. 
 
 
TITLE: Habitat Alteration and Changes in Abundance of Coho (Oncorhynchus kisutch) and 
Chinook (O. tshawytscha) Salmon in Oregon’s Coastal Streams 
AUTHOR: Lichatowich, J.A. 
DATE: 1989 
SERIES: Canadian Special Publication on Fisheries and Aquatic Sciences # 105 
PAGES: 92-99 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
Settlement and resource exploitation began altering fishery habitat in Oregon coastal streams in 
the mid-1800’s, several decades before catch was recorded and nearly 100 years before the 
habitat or the fishery resource was inventoried. Timber harvest and agriculture were the 
principal activities leading to altered fishery habitats. Alteration of habitat increased after 1910 
as mechanized technology came into general use in resource exploitation. Annual production of 
coho (Oncorhynchus kisutch) and chinook (O. tshawytscha) salmon about 1900 was 1,385,000 
and 305,000, respectively, compared with the current production potential of 767,000 coho and 
482,000 chinook salmon. I speculate that the apparent reduced abundance of coho salmon 
reflects the difference between coho habitat that was largely in pristine condition around 1900 
and the existing, altered habitat. The apparent increase in abundance of Chinook salmon may 
reflect the early destruction of habitats favored by chinook salmon before fishery data were 
available prior to 1900 followed by the gradual recovery of their habitat and of the chinook 
salmon populations. Alternatively, the increase in abundance of chinook salmon may be a result 
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of a shift from pristine habitats which favored production of coho salmon to the present altered 
habitat which favors the production of chinook salmon. 
 
 
TITLE: Influences of Forest and Rangeland Management on Salmonid Fishes and their Habitats 
AUTHOR: Meehan, W.R. 
DATE: 1991 
PUBLISHER: American Fisheries Society, Bethesda, Md.  
SERIES: Special Publication (American Fisheries Society) # 19 
PAGES: 751  
NOTES: Abstract: 
 
Contents:Stream ecosystems; salmonid distributions and life histories; habitat requirements of 
salmonids in streams; natural processes; timber harvesting; silviculture and watershed 
processes; forest chemicals; road construction and maintenance; water transportation and 
storage of logs; processing mills; livestock grazing; mining; recreation; response of salmonids to 
habitat changes; rehabilitation and modifying stream habitats; economic considerations in 
managing salmonid habitats; fish habitat planning managing salmonid habitats. 
 
 
TITLE: Proceedings of the B.C. - Yukon Sediment Issues Workshop: April 24-26, 1990, 
Vancouver, B.C. 
AUTHOR: Yuzyk, T.R., Tassone, B.L. 
DATE: May 1991 
PUBLISHER: Pacific and Yukon Region, Water Resources Branch, Inland Waters Directorate, 
Conservation and Protection, Environment Canada 
PAGES: 113 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Sediment issues in British Columbia and the Yukon are many and diverse in nature. In 
engineering, construction on alluvial fans or in areas prone to debris torrents is a significant 
concern. Also, in the designing of any in-stream works or in flood plain management one must 
have an appreciation of river morphology and sediment transport. In water quality, contaminants 
(dioxins and furans) from pulp and paper mills are found to be adsorbed to sediment. In the 
mining sector, bed sediments are used to monitor trace metal contamination. It is apparent that 
sediment is increasingly becoming an important indicator for many quality concerns. The focus 
in the forestry sector on sediments is on methods of identifying sediment sources and 
minimizing sediment loading into the fluvial environment. The role and significance of large 
organic debris in stream morphology is another area receiving considerable attention. For 
fisheries, sediment is a deleterious substance that must be regulated. Reducing the impacts 
from logging and placer mining are two key areas of attention. Maintaining adequate suitable 
aquatic habitat for fish is the most recent thrust in this resource management. The two day 
multidisciplinary workshop brought together more than 150 individuals representing consulting 
firms, universities, federal and provincial governments to focus on sediment-related issues. It is 
apparent from this workshop that there is a critical need to coordinate activities if we are to 
properly address these complex issues. Towards this goal, it is recommended that a technical 
advisory committee be established to better coordinate efforts and continue the momentum 
generated from this workshop. 
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TITLE: Proceedings of the Howe Sound Environmental Science Workshop, Bowen Island, B.C., 
1991 
AUTHOR: Levings, C.D., Turner, R.B., Ricketts, B. 
DATE: 1992 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1879 
PAGES: 262  
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The Proceedings include 22 papers dealing with meteorology, oceanography, geology, water 
quality, contaminants, fish and wildlife habitat management, forestry, and marine biology. 
Results of current research, as well as overviews of past work in Howe Sound and the 
watersheds are presented. Some of the major environmental topics discussed in the papers 
include dioxin and metal levels in marine biota, waterbirds, and sediments in Howe Sound; 
volcanism, debris torrents and other geological hazards; the status of chinook salmon 
populations and habitats in the Squamish River; biological effects of nutrient enrichment in the 
Cheakamus River; and the status of wildlife and forest habitats in the watershed. 
 
 
TITLE: Fish Habitat and the Impact of Human Activity with Particular Reference to Pacific 
Salmon 
AUTHOR: Waldichuk, M. 
DATE: 1993 
SERIES: Canadian Bulletin of Fisheries and Aquatic Sciences # 226 
PAGES: 295-337 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Fish habitat, particularly of Pacific salmon, is examined in terms of human impact on it and how 
it can be managed to minimize such impact. The life cycle of salmon, because they are 
anadromous, involves the freshwater, estuarine, coastal marine and high-seas environments, in 
each of which human activities can be detrimental. Some of the critical habitat variables, such 
as dissolved oxygen, suspended solids, temperatures and acidity, are discussed in relation to 
their effects on salmonids and how their alteration due to human activity can have an adverse 
effect on fish stocks. Among the aquatic contaminants that can affect fish stocks in British 
Columbia, the most serious are pulpmill effluents, especially since recent findings of dioxins and 
furans in fish and shellfish near the mills have led to closures of crab, prawn and shrimp 
fisheries in coastal waters. Logging, agriculture, mining, dams and water diversions for 
hydroelectric power, structural developments on streams and their estuaries and ocean 
dumping have also had adverse impacts on fish habitats. The egg and alevin stages of salmon 
are vulnerable to logging, road-building, agriculture and mining, which introduce sediments into 
streams that may clog spawning gravel. Management of habitat for Pacific salmon is done 
largely by inference and subjective judgment based on experience. The scientific basis for 
developing universally-applicable models for habitat management is still inadequate, albeit site-
specific and stock-specific models appear to have some utility. Among the federal and provincial 
legislation for protecting fish habitats, the Fisheries Act is the most effective. The federal 
Fisheries and Oceans policy with a no-net-loss principle of the productive capacity of fish 
habitats has been in effect since 1986.  
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2.7 Climatic Effects  
 
TITLE: El Nino, Interannual Variability and Fisheries in the Northeast Pacific Ocean 
AUTHOR: Mysak, L.A. 
DATE: 1986 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 43 
PAGES: 464-497 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
In this review, I describe the oceanic and atmospheric observations, physical mechanisms, and 
theories associated with El Nino - Southern Oscillation (ENSO) warming episodes in the tropical 
Pacific, and critically examine the means by which these anomalous events are believed to 
produce unusual conditions in the northeast Pacific. However, not all tropical ENSO episodes 
have a noticeable effect at higher latitudes. Also, because of anomalous local atmospheric 
forcing, significant warmings, strong coastal currents and high sea levels along the west coast 
of North America can occur in years during which there are no tropical ENSO episodes. The 
possible impacts of ENSO-induced changes and of other interannual fluctuations in the 
northeast Pacific on various fisheries are described. Such impacts include changes in the 
migration routes of the bluefin tuna (Thunnus thynuus) and Fraser River sockeye salmon 
(Oncorhynchus nerka), increases in the Pacific herring (Clupea pallasi) recruitment, earlier 
return times for the Bristol Bay sockeye salmon, and increases in the weight of mature Fraser 
River sockeye several years after a warming event. 
 
 
TITLE: Link Between Long-Term Variability in Upwelling and Fish Production in the Northeast 
Pacific Ocean 
AUTHOR: Ware, D. M. 
DATE: 1991 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 48 
PAGES: 2296-2306 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The biomass of pelagic fish in the Coastal Upwelling Domain off the west coast of North 
America decreased by a factor of 5 in the first half of this century. We assemble several physical 
and biological time series spanning this period to determine what may have caused this decline 
in productivity. Based on an observed link between time series of the coastal wind and primary 
production, we conclude that there was a strong relaxation in wind-induced upwelling and 
primary production between 1916 and 1942 off southern California. The fact that the individual 
biomasses of the dominant pelagic fish species tend to rise and fall in phase through the 
sediment record off southern California is consistent with our belief that these species are 
responding to a long-period (40-60 yr.) oscillation in primary and secondary production, which in 
turn, is being forced by a long-period oscillation in wind-induced upwelling. Our extended 
sardine recruitment time series indicates that that there is a non-linear relationship between 
Pacific sardine (Sardinops sagax) recruitment and upwelling and suggests that optimal 
recruitment occurs when the wind speed during the first few months of life averages 7-8 m/s. 
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TITLE: Potential Impacts of Global Climate Change on Pacific Northwest Spring Chinook 
Salmon (Oncorhychus tshawytscha): An Exploratory Case Study 
AUTHOR: Chatters, J.C., Neitzel, D.A., Scott, M.J., Shankle, S.A.  
DATE: 1991 
JOURNAL: The Northwest Environmental Journal 
VOLUME: Spring/Summer  
PAGES: 71-92 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Increases in atmospheric concentrations of greenhouse gases may raise global temperatures 
up to 3°C over the next one hundred years. This may have significant effects on natural 
resources. Even a rise of 2°C may impact the spring chinook salmon. Therefore, enhancement 
plans have been developed by the Northwest Power Planning Council. Using computer models, 
knowledge of warmer conditions existing in the mid-Holocene period are used to project a 50% 
decrease in the Yakima River spring chinook salmon production. The results of this study also 
show that climate change has implications for other stressed races of salmon. 
 
 
TITLE: Potential Impacts of Global Warming on Salmon Production in the Fraser River 
Watershed 
AUTHOR: Levy, D.A. 
DATE: 1992 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1889 
PAGES: 96 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: 
 
Implications of the effects of global warming on salmonid fisheries resources of the Fraser River 
basin were synthesized from a literature review. While the greenhouse theory of global warming 
has not been substantiated definitely to date, the establishment of proactive and adaptive 
fisheries management policies to respond to potential climatic-induced shifts in resource 
distribution and productivity is warranted. In the Fraser River basin, salmon would be 
susceptible to climatic warming through increases in water temperatures and precipitation-
related changes in flow regime; winter runoff may increase and summer runoff may decrease. 
Existing  stock monitoring programs would provide sufficient data to detect climate change 
impacts. Mitigating the effects of climatic change does not appear feasible over the long term. 
Eight impact hypotheses developed for this report address differential effects that the various 
stocks of five species of salmon may encounter. 
 
 
 
 
 
 
 
 
TITLE: Pacific Salmon Production Trends in Relation to Climate 
AUTHOR: Beamish, R. J., Bouillon, D. R. 
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DATE: 1993 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences 
VOLUME: 50 
PAGES: 1002-1016 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Pink (Oncorhrychus gorbuscha), chum (O. Keta) and sockeye (O. nerka) represent 
approximately 90% of the commercial catch of Pacific salmon taken each year by Canada, 
Japan, the United States, and Russia. Annual all-nation catches of the three species and of 
each species, from 1925 to 1989, exhibited long-term parallel trends. National catches, in most 
cases, exhibited similar but weaker trends. The strong similarity of the pattern of all-nation pink, 
chum and sockeye salmon catches suggests that common events over a vast area affect the 
production of salmon in the North Pacific Ocean. The climate over the North Pacific Ocean is 
dominated in winter and spring by the Aleutian Low Pressure system. The long-term pattern of 
the Aleutian Low Pressure system corresponded to the trends in salmon catch, to copepod 
production, and to other climate indices, indicating that climate and the marine environment may 
play an important role in salmon production. 
 
 

2.8 Invasion of Non-Native Aquatic Plants 
 
TITLE: Purple Loosestrife (Lythrum salicaria) in the Fraser Estuary 
AUTHOR: Adams, M. A. 
DATE: 1994 
PUBLISHER: Fraser River Estuary Management Program 
SERIES: Proceedings of the 1994 Seminar on Environmental Quality and Research; Technical 
Report WQWM 93-11 
PAGES: 29-30 
FOUND: T Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: 
 
Purple loosestrife (Lythrum salicaria) is becoming increasingly abundant in the Fraser River 
estuary. The plant is most prevalent in the tidal fresh water marshes that have recently been 
disturbed. The main agents of disturbance appear to be log debris and organic matter. Several 
marshes within the estuary sustain large mono-specific stands of loosestrife. Many other 
marshes are displaying an ever-increasing dominance by the plant while others await its 
intrusion. Despite the impact of loosetrife on fish and wildlife resources documented for other 
wetlands in North America, and an ever increasing abundance of the plant in southern British 
Columbia, there has been little effort in British Columbia to evaluate the existing and potential 
impacts of infestations on fish and wildlife resources. It would appear prudent for wetland 
conservation agencies to investigate the ecological implications of expanding loosestrife 
infestations within the Fraser River estuary. As loosestrife ecology within non-tidal fresh water 
wetlands is well documented, a loosestrife control program should be established for such 
wetlands within the lower Fraser River Basin. As this control program is implemented, a series 
of studies should be conducted to describe the ecology of loosestrife within the estuary. 
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TITLE: Management of Non-Native Aquatic Plants in the Fraser Valley Waters 
AUTHOR: Truelson, R. L. 
DATE: 1994 
PUBLISHER: Fraser River Estuary Management Program 
SERIES: Proceedings of the 1994 Seminar on Environmental Quality and Research; Technical 
Report WQWM 93-11 
PAGES: 31-32 
FOUND: T Buck Suzuki Environmental Foundation Library 
NOTES: Abstract: 
 
Annual reviews of major commercial and municipal aquatic plant management activities in the 
Fraser Valley, have determined that introduced or exotic species are clearly the most 
problematic for resource managers. Three species consistently make the list of plants targeted: 
Eurasian watermilfoil (Myriophyllum spicatium), white waterlily (Nymphaea odorata) and purple 
loosestrife (Lythrum salicaria) Approximately $100,000 is spent annually on control of these 
aquatic and wetlands plants. Eurasian watermilfoil was first documented in the Fraser Valley in 
1977. This aggressive, submerged plant is now established in at least 30 individual sites, 
primarily in the Chilliwack area. Annual treatments using aquatic rototiller are used in Cultus 
Lake to mitigate adverse impacts on water based recreation and shore spawning sockeye 
salmon. In Hatzic Lake, an oxbow of the Fraser River, natural water fluctuation has provided 
effective control without the need for active plant removal. This, coupled with bedload 
movement, has considerably limited aquatic plant development in the Lower Fraser River 
proper. Surfacing mats of white waterlilies are dramatic in Burnaby Lake and Mill Lake. 
Nyphaea has been planted in many lakes by local residents who wish to “beautify” their 
lakefront. The eventual results are quite the opposite, as the submerged rhizomes and 
associated surface canopy spread. Recreational opportunities are diminished and native 
vegetation is displaced. Expensive dredging operations have been conducted in both of the 
above mentioned lakes, but regrowth is inevitable. A relatively new approach in aquatic 
management is biocontrol using natural insect predators. Several levels of government and 
educational institutions have cooperated in the release of a leaf-eating beetle (Galerucella 
calamariensis) at several locations in the Fraser Valley during 1993. These sites included purple 
loosestrife populations on Westham Island and Iona Island. Unfortunately, insect introductions 
have been limited to a few hundred individuals due to the limited supply available from 
Agriculture Canada (this is expected to improve as rearing is scaled up). A second beetle and a 
root-feeding weevil are also being readied for introduction. Combined attacks from several 
insects have been shown to be more effective. No monitoring data was available as of this 
writing.  
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3.1 Environmental Effects of Dams 
 
TITLE: Environmental Effects of Dams and Impoundments in Canada: Experience and 
Prospects 
AUTHOR: Baxter, R.M., Glaude, P. 
DATE: 1980 
SERIES: Canadian Bulletin of Fisheries and Aquatic Sciences # 205 
PAGES: 34 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Although dams and reservoirs have contributed immeasurably to the well-being of Canadians 
they may have side effects which may be detrimental to the environment and to human welfare. 
In this bulletin, the authors survey the environmental consequences that have ensued from dam 
construction and the impoundment of water in Canada in the past, and attempt to alert 
environmentalists and engineers to the types of problems that may be associated with such 
activities in the future. Some these effects are immediate, direct and obvious, such as the loss 
of resources by flooding, interference with the passage of fish, and environmental damage and 
pollution as a result of construction activities. Others may manifest themselves only over a 
period of time, such as changes in water chemistry and modifications of the new shoreline. This 
last is likely to be of particular importance in reservoirs on permafrost. Large impoundments 
may influence the climate in their vicinities and sometimes induce earthquakes. Still other 
consequences follow from the mode of operation of the reservoir. Low-level discharge through 
turbines may radically alter the temperature regime in the stream below. The induction of an 
unnatural seasonal pattern of water level fluctuation may lead to the formation of a virtually 
barren draw-down zone around the reservoir, and induce geographical and ecological changes 
downstream, sometimes at great distances. Many of these effects act in various and sometimes 
opposing ways on the living organisms in the reservoir and the stream so that the ultimate 
biological consequences often cannot be confidently predicted. It is sometimes difficult to 
reconcile the interests of those who stand to benefit from a given project and the interests of 
others who are likely to suffer a loss from it. This conflict is particularly acute when the project 
affects communities of native peoples following a traditional way of life. Such fragile societies 
are likely to be gravely disrupted unless particular care is taken. 
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TITLE: Rivers at Risk: A Concerned Citizens Guide to Hydropower 
AUTHOR: Echeverria, J.D., Barrow, P., Roos-Collins, R. 
DATE: 1989 
PUBLISHER: American Rivers Island Press, Washington D.C. 
PAGES: 217 
FOUND: Bennett Library, SFU 
NOTES: Foreword 
 
A quirk in a law Congress passed a decade ago has spawned a new class of entrepreneurs 
who are taking advantage of an opportunity to generate minuscule quantities of hydroelectric 
power--and to thereby create private “cash registers” for themselves- by obtaining licenses from 
the Federal Energy Regulatory Commission (FERC) to install dams on hundreds of the nation’s 
remaining free-flowing rivers. This quiet conservation crisis is upon us: applications already 
docketed at FERC make it certain that as many decisions will be make about rivers in the next 
few years as ever before in our nation’s history. Between now and 1993, more than 200 existing 
hydroelectric projects will come up for re-licensing, during which their economic and 
environmental impacts must be reevaluated. This process gives river conservationists a rare 
opportunity to mitigate past damage, to restore a river to its natural state, or to require 
improvements in existing dam facilities. Many of these projects have provoked controversies 
between private developers, with their economic interests, and communities or conservationists 
with their campaigns to save natural rivers as amenities for cities or as irreplaceable sites for 
water-based forms of outdoor recreation. This is a how-to-save-your-local-river book, and it is 
appearing just in the nick of time. It contains legal tools and insights concerning pertinent 
environmental laws that will enable river savers to kill, or modify, bad hydro plans presented to 
FERC. and it outlines successful strategies that have been used to delay or defeat ill-conceived 
projects. The fight to preserve America’s remaining wild and scenic streams will be one of the 
most important conservation struggles of the 1990’s and I am confident this book will be useful 
guide for citizens and communities embroiled in these contents. 
 
 
TITLE: As Long As The Rivers Run: Hydroelectric Development and Native Communities in 
Western Canada 
AUTHOR: Waldram, J. B. 
DATE: December, 1990 
PUBLISHER: University of Manitoba Press, Manitoba 
PAGES: 253 
FOUND: Vancouver Public Library and Woodward Library, UBC 
NOTES: Abbreviated form of Preface: 
 
This book is about the politics of hydroelectric dam construction as it concerns the Native 
communities which are inevitably located in the vast hinterland areas where such development 
takes place. The emphasis is on historic continuity. The process of hydro development in this 
century, and particularly the manner in which Indian and Metis people have been removed 
physically and bureaucratically from their water resources, is paralleled by the treaty and scrip 
processes of the late nineteenth and early twentieth centuries. These early processes had the 
effect of removing the Native from most of their land to facilitate non-Native settlement and 
resource exploitation. What little land they officially retained was augmented by their utilization 
of relatively large tracts of other land for hunting and trapping, and the use of waterways for 
fishing and transportation, but hydro developments after 1950 have resulted in a steady erosion 
of these opportunities. Reserve land has been flooded. Some lakes and rivers have been 
impounded, and others have dried up. The social, cultural and economic consequences of 
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hydro dam construction, while little known to the general public, have been devastating to the 
people who happened to be located along the prime rivers and lakes. Furthermore, in their 
struggle to protect their rights, to have mitigative measures undertaken, and to receive proper 
compensation for damages, they have been frustrated by both provincial and federal 
governments, and by hydro utilities and industries. We might all wonder why such frustration 
should exist. Surely development projects which cost in the hundreds of millions of dollars 
would include the provision of mitigation and compensation measures. Surely the people to be 
affected would receive the benefits of a development design to benefit all. Surely these people 
would be better off after construction of the dams than they were before. Unfortunately, such is 
not the case. 
 The book is intended for others as well. Academics interested in Native history in Canada 
or in the Canadian political process should find some valuable information contained herein. 
Lawyers who currently are representing or will in the future represent Native communities will 
see the trials and tribulations of their colleagues whose attempts to defend the interests and 
rights of Native people were frequently frustrated and thwarted. Elected representatives of 
government, and government bureaucrats too, will be able to see the lessons of the past and, I 
would hope, come to realize that this country’s first citizens, the Native people deserved fairer 
treatment. It is not too late to redress past wrongs. It has been a century or more since most 
Native people in western Canada signed treaties or were given scrip to simultaneously 
acknowledge their aboriginal rights and surrender many of those rights. The hydroelectric era 
seems to represent both the symbolic termination of these agreements and the re-emergence of 
the treaty and scrip processes which once again have allowed governments to exploit Native 
resources for the “common good.” New agreements have been signed. But the rivers no longer 
run. My analysis begins in Chapter 1 with an introduction to the central issues addresses in this 
book, and an overview of hydroelectric development in Canada. Chapter 2 contains an analysis 
of the treaties and of scrip, the two mechanisms by which the Canadian government secured 
the unfettered title to most of western Canada. I discuss the processes of negotiation and 
implementation in order to establish the continuity of arguments which I present in subsequent 
chapters. In Chapter 3, I present individual community case studies, beginning with the story of 
Cumberland House and the Squaw Rapids Dam. This is followed in Chapter 4 with the story of 
Easterville and the Grand Rapids Dam, and in Chapter 5 with the story of South Indian Lake 
and the Churchill River Diversion Project. In Chapter 6, I discuss the parallels between the 
treaty and scrip processes and negotiations during the hydro era, particularly within the context 
of the philosophy of the “common good,” and of the likely future of Native communities in the 
new era of hydro dam building in Canada. 
 
 
 
 
 
 
 
 
 

3.2 Effects of Dams on Fish and Invertebrates 
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 3.2.1 General 
 
TITLE: Hydro Plans Continue to Plague Salmon 
AUTHOR: Andrew, F.J. 
DATE: February 1978 
JOURNAL: Western Fisheries; WFSHA 
VOLUME: 95(5) 
PAGES: 50, 51, 53 
FOUND: Vancouver Public Library and Woodward Library, UBC 
NOTES: Abstract: 
 
B.C. Hydro has hired consultants to analyze possible schemes that have been proposed by the 
Salmon Commission for overcoming the problem of fish delay at a powerhouse tailrace. 
Consultants are studying possible effects on salmon production and the changes in flow, 
temperature and water quality that will result if the McGregor diversion is built. The commission 
has presented its concern about the potential effects of this project on production of sockeye 
and pink salmon. 
 
 
TITLE: The Regulated Stream and Salmon Management 
AUTHOR: Mundie, J.H., Ward, J.V., Stanford, J.A. 
DATE: 1979 
PUBLISHER: Department of Fisheries and Oceans, Fishery Marine Service, Pacific Biological 
Station, Nanaimo, B.C. 
PAGES: 307-319 
CONFERENCE: The Ecology of Regulated Streams, Proceedings of the First International 
Symposium on Regulated Streams, Erie, PA, US, April 18-20, 1979 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
This paper provides a broad review of the implications, both positive and negative, of regulated 
stream discharge for salmon management. Regulated discharge is extended to include control 
of flow in semi-natural or artificial side-channels to rivers. Five examples of regulation and its 
effects on salmon are examined: regulation by a very large dam; regulation of a river by a small 
dam for generating hydroelectric power; regulation of a river explicitly to increase salmon 
production; total regulation in an artificial channel for incubating one species; and, total 
regulation in an artificial channel for rearing one species by drawing on the invertebrates of the 
parent river to provide food organisms. Case studies of coexistence of salmon and small power 
dams on the Campbell River, British Columbia, and a flow control project implemented to 
increase production of chum, coho, and chinook populations on the Big Qualicum River, British 
Columbia, are presented. 
 
 
 
 
TITLE: Power Plants- Effects on Fish and Shellfish Behavior 
AUTHOR: Hocutt, C.H., Stauffer, J.R. Jr., Edinger, J.E., Hall, L.W.Jr., Morgan, R.P. 
DATE: 1980 
PUBLISHER: Academic Press, New York 
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PAGES: 346 
FOUND: Bennett Library, SFU 
NOTES: Summary: 
 
It is the purpose of this book to review the power plant as a source of stimuli invoking behavioral 
responses of fish and important shellfish. Fish behavior in general has been studied in much 
greater detail than behavior of shellfish, particularly as related to power plants. The book, 
therefore, has been organized to reflect this fact. Chapters II- VII consider fish behavior in 
general, as related to specific stimuli. In chapters VIII- XII, behavior of important shellfish is 
reviewed by phyletic grouping. Cut-off date for review of published material was June 1978, 
however more recent publications were reviewed as they were called to the recent authors 
attention. Without doubt, however the breadth of coverage of the literature was extensive and 
should prove invaluable to those associated with the assessment of power plants and 
ethologists.  
 
 
TITLE: Stikine-Iskut Fisheries Studies 
AUTHOR: McCart, P.J., Mayhood, D.W., Jones, M.L., Glora, G.J. 
DATE: April 1980 
PUBLISHER: B.C. Hydro and Power Authority Limited 
PAGES: various pagings 
FOUND: Bennett Library, SFU 
NOTES: Summary 
 
This report, Stikine-Iskut Fisheries Studies, has been prepared to assist B.C. Hydro in 
assessing the impact of hydroelectric development in the Stikine-Iskut basin. It includes a brief 
review of available information describing the downstream effects of dams on fish populations, a 
presentation of data describing fish population in the study area, a description of the likely 
effects of the proposed developments on aquatic environments, and a preliminary assessment 
of the potential impacts of such developments on fish populations in the study area. With 
respect to the effects of environmental alteration on fish resources in the study area, the major 
conclusions of the study are that:  
1.) Chinook salmon, especially juveniles, appear to be the species most likely to be adversely 
affected by stream regulation. Rearing juveniles occupy habitats, including the margins of major 
channels, side channels, slack-water areas, and logjams, which are very likely to be reduced in 
area during the summer rearing period. In addition, juveniles may be adversely affected by 
stranding associated with rapid fluctuations in discharge, by reduced temperatures during the 
summer growth period, and by reduced food availability. Chinook salmon spawn in the 
mainstems of the Stikine and, probably, the Iskut River and they and their spawn might also be 
adversely affected by interruptions of upstream migrations, disruptions of spawning behavior, 
stranding, and the elimination of prespawning holding areas, by the exposure of deposited eggs 
and by changes in the characteristics of spawning substrates.  
2.) Sockeye salmon spawning and rearing along the margins of the mainstems of the two 
streams might also be adversely affected in many of the same ways listed for chinook salmon 
above. The effects are, however, likely to be less severe for this species because both 
spawning and, to a lesser extent, rearing habitat tend to be associated with stable groundwater 
discharges which are largely independent of fluctuations in stream discharge.  
3.) Two species, the coho salmon and steelhead trout, are primarily associated with tributary 
streams and, except for the possibility of difficulties in migration, should by largely unaffected by 
developments along the mainstems.  
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4.) Two species, the pink and chum salmon, are found in only small numbers in the Canadian 
portion of the Stikine-Iskut Basin and total populations of these species should be little affected 
by changes in aquatic environments in Canada.  
5.) A number of measures to mitigate potentially adverse effects of hydro development on fish 
populations are suggested. These include: (a) The manipulating of water releases to 
accommodate the needs of fishes during critical periods; (b) The maintenance of access to 
tributary streams and major groundwater sources now used as spawning and rearing areas; (c) 
The use of enhancement techniques such as hatcheries and rearing facilities as well as 
spawning channels and the provision of access to suitable streams now inaccessible to fish; (d) 
Fisheries management to reduce pressure on stocks which have been temporarily stressed. 
At this stage in our analysis, it would appear that potential losses of salmon and steelhead trout 
can be largely mitigated provided that appropriate measures are instituted. 
 
 
TITLE: Case Histories of Regulated Stream Flow and its Effects on Salmonid Populations 
AUTHOR: Burt, D.W., Mundie, J.H. 
DATE: 1986 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1477 
PAGES: 98 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
1) An extensive review of 81 case histories of regulated rivers, mainly in the Pacific North West, 
was undertaken to determine the overall consequences for natural salmonid populations. Sixty-
three of the cases gave known outcomes. Fifteen (24%) of these resulted in an increase or in 
no significant change in numbers of salmonids following flow regulation, whereas 48 (76%) 
resulted in decreased populations. An intensive review was made of 8 diverse case histories to 
obtain a fuller understanding of the ways in which flow regulation can influence salmonid 
populations.  
2) From the extensive review it was found that loss, no change, or gain in salmonid stocks, 
depended most commonly on the magnitude of the post-project flows. Thus, outcomes of 73% 
of the case histories in which stocks increased, or remained unchanged, could be attributed 
either to only slight changes in post-project flows, to increases in mean annual flows, or to 
increases in flows during the months in which discharge apparently limited salmonid production 
prior to regulation. Conversely, in 60% of the case histories that resulted in reduced salmonid 
stocks the reductions were attributable to decrease in such flows. The post-project flows 
affected salmonid numbers by altering the productive capacity of habitat for fish, but the case 
histories did not show in detail how this occurred. Additional factors associated with flow 
regulation that contributed to a reduction in numbers of salmonids were: blockage of habitat 
(occurring in 35% of cases with reduced salmonids), sedimentation of habitat (in 29% of cases), 
fluctuating flows (19%), changes in water temperature (17%), pollution (6%), difficulty of 
passage for downstream migrants (6%), absence of gravel recruitment (4%), inundation of 
habitat (4%), and gas supersaturation (2%). The case histories provided examples of solutions 
to some of these problems.  
3) For most case histories there was insufficient information to say whether pre-project 
predictions of outcomes proved to be true or false. Two of the intensive cases however, did 
provide sufficient information. For these, predictions of improved stocks were not realized, due 
to unforeseen effects.  
4) It was concluded from one of the sources consulted (Hazel 1976; p. XV) that, as a general 
guideline for the protection of salmonid stocks, no more than 30% of monthly mean flows should 
be abstracted; (this guideline cannot be applied in periods of natural minimum flows that may 
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limit fish abundance). The greatest loss of fish is directly related to the removal of greater than 
30% of the pre-project flows. It was concluded that all sources that determination of minimum 
instream flow needs for salmon and trout in terms of passage, spawning, incubation and 
juvenile rearing, while necessary, is not sufficient for protection of fish, in that it does not 
acknowledge the peak flows of winter (for coastal streams) or of summer (for interior streams) 
that are required periodically for flushing sediments from the streams and for maintaining the 
stream's general physical characteristics. Definition of instream flow needs for life phases of fish 
are of limited use if peak flows are not also defined. In the case histories, forecasts of the 
magnitude, duration and frequency of dominant flows required to maintain habitat were absent.  
5) It was not within the scope of the review to assess the effectiveness of artificial enhancement 
of salmonids as compensation for fish losses. Nevertheless it was noted that the percentage of 
cases of maintained or increased stocks rose from 23% to 51% if artificially propagated stocks 
were accepted in the post-project outcome.  
6) Comparisons were made of the effects of flow regulation on salmonids, as seen from the 
case histories, with the possible effects of the Kemano Completion Proposal of the Aluminum 
Company of Canada. Of the 81 case histories examined, 32 were regarded as applicable to the 
Kemano Completion Proposal because they produced habitat changes of the kind that occur 
with Kemano Completion. The evidence of 29 cases histories indicates that the proposal for the 
Nechako River has a 10% chance of maintaining the natural stocks, that of 21 cases indicates 
that the proposal for the Nanika/Bulkley system has a 5% chance of maintaining the natural 
stocks, and that of 10 cases indicates that the proposal for the Kemano River has a 40% 
chance of maintaining the natural stock. The post-project flows were, again, the chief factor 
determining outcome. The comparisons indicated that Alcan's proposed protection flows fail to 
take sufficient cognizance of the scale of ecological interactions associated with changes in flow 
regime, and especially of the extent to which rivers may change in sedimentary characteristics 
following reduced discharge. Furthermore, ALCAN's protection flows do not cover the possible 
effects of fluctuating flows and of increase in coarse fish, and insufficiently cover the effects of 
pollution, and of total gas pressure. On this evidence it appears that the Kemano Completion 
Proposal carries a high risk for the affected salmonid populations. 
 
 
 
 
 
 
 
 
 
 
TITLE: An Experimental Evaluation of the Effect of Dams on Downstream Invertebrates 
AUTHOR: Greig, K.F. 
DATE: April 1986 
PUBLISHER: Simon Fraser University, Burnaby, B.C. 
PAGES: 53 
FOUND: Bennett Library, SFU 
NOTES: Abstract: 
 
This study was designed to determine if a 6-week change in temperature would influence the 
growth and development of the caddisfly Clistoronia magnifica (Banks). I hypothesized that the 
effect would depend on when, in terms of life cycle stages, the larvae were exposed to a change 
in temperature and the direction of the change from the natural temperature regime. Control 
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larvae were reared at 13.5 °C for their entire larval history. Test larvae were reared at either 9.0 
or 21.0 °C for 6 weeks beginning when larvae were in first, third, fourth, or fifth instar. Larvae 
exposed to higher than normal field temperatures had a low survival rate and moulted to 
subsequent instars later in some cases. Small prepupae were found when the increase in 
temperature occurred during the final (fifth) instar. Larvae exposed to lower than normal 
temperatures during the first 6 weeks after hatching from eggs had a shorter larval history from 
first instar to prepupa than larvae reared continuously at 13.5°C. differences are attributed to 
shifts from the average field temperature and hence the optimum temperature for development 
in each instar. A stream temperature management plan proposed by the Aluminum Company of 
Canada (ALCAN) for the Nechako River, north central British Columbia, was used to discuss 
the implications of these findings. Short-term changes in temperature of the magnitude 
suggested by Alcan could have and impact on the invertebrate community and therefore on 
resident fish population in the upper Nechako River. Invertebrates could find the new 
temperature regime lethal or may be unable to compensate for a temporary impedance or 
acceleration in normal development and be exposed to adverse environmental conditions. Since 
invertebrates are the primary food source for many stream dwelling salmonids their species and 
abundance should be monitored below impoundments where temperature regulation plans are 
being employed. 
 
 
TITLE: Impacts of the Operation of Existing Hydroelectric Developments on Fishery Resources 
in British Columbia (Canada), Volume I: Anadromous Salmon 
AUTHOR: Hirst, S.M. 
DATE: 1991 
PUBLISHER: Habitat Management Division, Pacific Region, Department of Fisheries and 
Oceans, Vancouver, B.C.  
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 2093 
PAGES: 144 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
B.C. Hydro operates 25 dams and diversions on 16 British Colombian rivers which support 
anadromous salmon. Impacts on salmon vary according to the degree of flow regulation, the 
operating mode of the plants and the extent of downstream habitats and populations. Most 
frequently recorded impacts include low flows restricting spawning migrations and mainstem 
spawning and rearing; high water temperatures in summer; flooding and sedimentation causing 
loss of eggs, rearing fry and habitats; fluctuating water levels leading to stranding and exposure 
of fry and eggs; migrating spawners being delayed at powerhouse tailraces or dam spillways; 
and smolt and fry mortalities occurring during passage through powerhouse turbines. The 
quantitative and/or economic extent of these impacts has seldom been determined. Six of the 
25 dams or diversions have requirements for flow releases written into the conditional water 
licenses, while agreements on water releases have been negotiated for an additional four. 
Releases are usually set at or close to the minimum monthly flows and fall far short of that 
needed for sustained salmon production. There has been little follow-up or monitoring to check 
on the value of releases. Some regulated rivers have incurred impacts not directly related to 
hydroelectric regulation, e.g. urban encroachment and/or gravel removal. Three installations 
(Seton Creek, Puntledge, and Quinsam) have specific water release schedules and/or 
operational constraints based on studies, observations and trial and error; these have improved 
conditions for migrating and spawning salmon. Informal agreements on water releases are in 
effect for an additional seven plants (Coquitlam, Alouette, Stave, Wahleach, Shuswap, John 
Hart and Cheakamus); the benefits of these arrangements to the salmon resources are not yet 
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documented. Existing knowledge of most regulated salmon-bearing rivers is inadequate to 
permit an estimation of the amount of improvement to be gained by improving flow conditions. 
Escapements, spawning success, egg-to-fry survival rates, adult return percentages and other 
production parameters are affected by multiple factors, many of them far removed from the river 
system being managed. Accuracy and reliability of escapement counts used to measure the 
strength of salmon stocks in regulated rivers are often questionable. 
 
 
TITLE: Impacts of the Operation of Existing Hydroelectric Developments on Fishery Resources 
in British Columbia: Volume II: Inland Fisheries 
AUTHOR: Hirst, S.M. 
DATE: 1991 
PUBLISHER: Applied Ecology Consultants, North Vancouver, B.C 
SERIES: Canadian Manuscript Report of Fisheries and Aquatic Sciences # 2093 
PAGES: 200 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The report reviews the main features of 46 hydroelectric dams and diversions in B.C. (Canada) 
and summarizes available information on the inland sport fish resources within and below the 
impoundments. Forty of the dams and diversions are owned and/or operated by B.C. Hydro, 
four by West Kootenay Power and two by Cominco. The projects are collectively responsible for 
generation of about 95 % of the electrical power used in the province. 
 
 
 
 
 
 
 
 
 

 3.2.2 Turbine Mortality 
 
TITLE: Mortality of Adult American Shad (Alosa sapidissima) Passing Through a 17-Megawatt 
Kaplan Turbine at a Low-Head Hydroelectric Dam 
AUTHOR: Bell, C.E., Kynard, B. 
DATE: 1985 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 5(1) 
PAGES: 33-38 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
In May 1982, the mortality of pre-spawning American shad (A. sapidissima) was examined over 
a 5-h period after passage through the 17-MW Kaplan turbine at Holyoke Dam, Connecticut 
River, Massachusetts. Radio telemetry was used to determine the survival of 36 test fish during 
7 experiments by comparing their movement patterns with those of 21 sacrificed fish that were 
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also passed through the turbine. Control fish (69) fitted with dummy tags were released and 
held in an instream net for direct observation of mortality due to handling, tagging and 
introduction procedures. The mean turbine mortality ( hivin NT) was 21.5% (95% confidence 
limits of 3.3-36.2%). Similar preliminary experiments with post-spawned American shad 
indicated that mortalities during their normal outmigration should be higher than the mortality 
estimate for pre-spawned fish. 
 
 
TITLE: Mortality of Juvenile American Shad (Alosa sapidissima) and Blueback Herring (Alosa 
Aestivalis) Passed Through a Low-Head Kaplan Hydroelectric Turbine 
AUTHOR: Taylor, R.E., Kynard, B. 
DATE: 1985 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 114(3) 
PAGES: 430-435 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Immediate mortality of juvenile alosids, American shad A. sapidissima and blueback herring A. 
aestivalis, passed through the 17-MW (megawatt) Kaplan turbine at Holyoke Dam on the 
Connecticut River (USA) was estimated with mark-capture methods. Turbine-induced mortality 
was 62% at 16.5-MW generation, 82% at 12 MW, and 82% at 5.5 MW. The significantly lower 
mortality of fish at full power output is thought to be related to greater turbine efficiency. 
 
 
 
 
 
 
 
 
 
 
TITLE: Use of Radio Telemetry to Determine the Mortality of Atlantic Salmon Smolts Passed 
Through a 17-MW Kaplan Turbine at a Low-Head Hydroelectric Dam 
AUTHOR: Stier, D.J., Kynard, B. 
DATE: 1986 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 115(5) 
PAGES: 771-775 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Mortality among 108 radio-tagged 2-year-old smolts of Atlantic salmon Salmo salar passed 
through a 17-MW Kaplan turbine was estimated at Holyoke Dam on the Connecticut River. The 
survival of test and control fish in 1981 was determined by comparing their rate of downstream 
movement with that of 28 prekilled fish. The survival of test fish in 1982 was determined as in 
1981 by using nine prekilled fish. At full power generation, the mean percent turbine-induced 
mortality at 2h (95% confidence interval is parentheses) was 11.8 (3.8-18.0) in 1981 and 13.7 
(1.9-22.5) in 1982. 
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TITLE: Fish Passage Mortality in a Tube Turbine 
AUTHOR: Ruggles, C.P., Palmeter, T.H. 
DATE: 1989 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1664 
PAGES: 50 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Fish passage tests in a tube-type turbine located on the Sissiboo River, Nova Scotia (Canada) 
were conducted using juvenile trout, alewife and yellow perch. The average turbine related 
mortality was estimated to be 18% and 25% for trout, 14% for alewife and 13.6% for yellow 
perch. Water temperature was the most significant variable influencing fish mortality during 
passage through the turbine. Data are presented which indicate that previous estimates of 
juvenile alewife mortality due to turbine passage at other hydroelectric sites may be too high. 
The manner in which fish mortality estimates were derived had a profound impact on the results 
of fish passage research at this 3.1 MW tube turbine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TITLE: A Review of Studies Relating to the Effects of Propeller-Type Turbine Passage on Fish 
Early Life Stages 
AUTHOR: Cada, G.F. 
DATE: 1990 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 10(4) 
PAGES: 418-426 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Although few studies have been conducted to directly quantify ichthyoplankton mortality at 
hydroelectric installations, there is a considerable body of literature on examinations of the 
various stresses (i.e., pressure changes, blade contact, shear) that could affect turbine-
entrained eggs and larvae. A review of these studies suggests that turbine-passage mortality of 
early life stages of fish normally would be relatively low at the low-head, propeller-type turbine 
installations (e.g., bulb or STRAFLO turbines), for which relevant design information is available. 
The shear forces and pressure changes in low-head bulb turbines are unlikely to cause 
ichthyoplankton mortality. Probability of contact with turbine blades is related to size of the fish; 
less than 5% of entrained ichthyoplankton would be affected. Potential additional sources of 
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mortality related to the design and operation of hydroelectric facilities, and thus mitigable, 
include withdrawal of deep water and cavitation. 
 
 
TITLE: Mortality of Juvenile Clupeids During Passage Through a Tidal, Low-Head Hydroelectric 
Turbine at Annapolis Royal, Nova Scotia (Canada) 
AUTHOR: Stokesbury, K.D.E., Dadswell, M.J. 
DATE: 1991 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 11(2)  
PAGES: 149-154 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Migrant juvenile clupeids passing through the tidal, low-head hydroelectric turbine at Annapolis 
River, Nova Scotia, were monitored during the fall of 1985 and 1986. Although there were two 
fishways adjacent to both sides of the turbine intake, 98% of the clupeids passed through the 
tidal-power turbine. Total mortality of clupeids from turbine passage was estimated to be 46.3% 
for both years combined. Injuries observed were attributed to pressure effects (64.5%), 
mechanical strike (33.9%), and hydraulic shearing (1.7%). 
 
 
 
 
 
 
 
 
 
 
TITLE: Mortality of Juvenile American Shad and Striped Bass Passed Through Ossberger 
Crossflow Turbines at a Small-Scale Hydroelectric Site 
AUTHOR: Dubois, R.B., Gloss, S.P. 
DATE: 1993 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 13(1)  
PAGES: 178-185 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
A full-recovery technique was used in mortality experiments conducted with juveniles of 
American shad Alosa sapidissima and striped bass Morone saxatilis passed through Ossberger 
crossflow turbines to obtain antecedent information about their fish passage characteristics. 
Immediate turbine-induced mortality was 66% for 85-mm-long (total length) American shad. 
Turbine-induced mortality of striped bass was significantly related to the total length of the fish 
and ranged from 16% for 67-83-mm-long fish to 39% for 136-mm-long fish immediately after 
passage; after 24 h, turbine-induced mortalities of these two size-groups were 61 and 72%, 
respectively. The mortality of striped bass was not affected by power output (320-600 kW) of the 
turbine or by turbine size (650 versus 850 kW). Because of high mortality of control fish, the full-
recovery technique was not fully adequate for obtaining reliable delayed-mortality estimates for 
these fragile fish species. 
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TITLE: Turbine-Passage Mortality of Juvenile American Shad at a Low-Head Hydroelectric Dam 
AUTHOR: Mathur, D., Heisey, P.G., Robinson, D.A. 
DATE: 1994 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 123(1) 
PAGE: 108-111 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The immediate (1-h) turbine-related mortality of juvenile American shad Alosa sapidissima at 
the Hadley Falls Hydroelectric Station on the Connecticut River, Holyoke, Massachusetts, was 
estimated to be 0% ± 14.5% (95% confidence interval) at the 35% wicket gate opening and 
2.7% ± 16.2% at the 100% opening. We used the HI-Z Trub'N tag-recapture technique, which 
helped minimize control mortality and maximize recapture rates. Earlier literature estimates of 
turbine-related mortality (up to 82%) of juvenile alosids in passage through Kaplan turbines, in 
our view, were substantially overstated due to either low recapture rate, high control mortality, or 
both. 
 
 
 
 
 

 3.2.3 Migration 
 
TITLE: Seton Creek Sockeye Problem Seems to have a Solution Which Will Eliminate Delay 
AUTHOR: Andrew, F.J. 
DATE: January 1980 
JOURNAL: Western Fisheries 
VOLUME: 99(4)  
PAGES: 46,50,73-74 
FOUND: Vancouver Public Library and Woodward Library, UBC 
NOTES: Abstract:  
 
This report describes the progress made towards solving a serious problem affecting the 
migration of adult sockeye salmon at B.C. Hydro's Seton Creek hydroelectric plant at Lillooet. 
The use of radio transmitters for fish tagging and directional antennas for following the 
movements of tagged fish has enabled us to obtain detailed information on the behaviour of fish 
in the tailrace and between the tailrace and Seton Dam. Results of tests and experiments are 
given in this article. 
 
 
TITLE: Downstream Migration Timing of Two Stocks of Sockeye Salmon on the Mid-Columbia 
River (Washington, USA) 
AUTHOR: Peven, C.M. 
DATE: 1987 
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JOURNAL: Northwest Science  
VOLUME: 61(3)  
PAGES: 186-190 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Juvenile salmonids on the main-stem Columbia River must pass as many as nine dams on their 
seaward migration. Survival of smolts is a major concern to the various agencies that manage 
the salmonid resource in this area. Stocks of naturally reproducing sockeye salmon 
(Oncorhynchus nerka) migrating past Rock Island Dam originate from the Wenatchee and the 
Okanogan river systems. The nursery lakes for these sockeye juveniles are Lake Wenatchee 
and Lake Osoyoos, respectively. Data collected from Rocky Reach Dam (exclusively Osoyoos 
fish) confirms that fish greater than 100 mm fork length can generally be categorized as 
Osoyoos stock. Sockeye from the Lake Wenatchee system are predominantly smaller than 100 
mm fork length. Smaller fish comprised the majority of migrants in April, whereas throughout 
May larger fish were more prevalent. The juvenile migration of sockeye past Rock Island Dam in 
1986 was bimodal, with the first peak appearing in mid-April (primarily Wenatchee stock) and 
the second peak at the end of May (primarily Osoyoos stock). The difference in migration timing 
of these stocks at Rock Island Dam may be attributed to a greater migration distance for the 
Lake Osoyoos fish or possibly later smoltification, or delay in down-stream movements of the 
Osoyoos stock. 
 
 
 
 
 
TITLE: Physiological Effects of Collecting and Transporting Emigrating Juvenile Chinook 
Salmon Past Dams on the Columbia River (USA) 
AUTHOR: Maule, A.G., Schreck, C.B., Bradford, C.S., Barton, B.A. 
DATE: 1988 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 117(3) 
PAGES: 245-261 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Emigrating juvenile salmonids are collected at McNary Dam on the Columbia River and 
transported past the three downstream dams to avoid mortalities caused by passage through 
power-generating turbines. During the 1982-1984 seaward migrations of juvenile fall and spring 
chinook salmon Oncorhynchus tshawytscha, we used an array of physiological measurements 
(plasma cortisol and glucose, white blood cell counts) and challenge tests (saltwater challenge, 
secondary stress, and swimming endurance) to identify the stressful elements in these 
activities. Sequential increases in plasma cortisol titers of fish sampled at the physically 
separable points in the collection system led us to conclude that the elements of the system 
stressed fish cumulatively. Furthermore, there were decreases in numbers of white blood cells, 
in osmoregulatory ability, and in swimming endurance during the first 24 h after fish were 
collected. Increasing the water flow rate in the system after the 1982 season seemed to reduce 
total stress. The most stressful event in transportation appeared to be the loading of fish into a 
tank truck or barge. Fish recovered from the stress of loading while en route, and thus 
recovered more fully during the 16-h trip by barge than during the 3-h trip by truck. Physiological 
responses did not differ in fish transported in trucks at densities of 0.02-0.36 kg/ L. Although 
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there were no significant differences in response of fish collected at various times during the 
migrations, apparent differences between the responses of fall and spring chinook salmon 
suggested that the latter were more sensitive to the stresses of collection. 
 
 
TITLE: Effects of Hydroelectric Development and Fisheries Enhancement on Spring and 
Summer Chinook Salmon and Steelhead in the Columbia River Basin (USA, Canada) 
AUTHOR: Raymond, H.L. 
DATE: 1988 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 8(1)  
PAGES: 24 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Trends in abundance of spring and summer chinook salmon Oncorhynchus tshawytscha and 
steelhead Oncorhynchus mykiss returning to the Snake River and mid-Columbia River above 
Priest Rapids Dam were determined by analyzing the percentage of adults returning from the 
smolt out-migrations of 1962-1984. Runs declined as a result of hydroelectric development of 
the river; the main cause for the decline was the mortality of juveniles migrating downstream 
through as many as nine dams and impoundments en route to the ocean. Mid-Columbia River 
summer chinook salmon runs experienced the greatest decline because of the higher 
mortalities incurred during their migration to sea as subyearlings in July and August. Mortality 
was lower for remaining races of fish that migrate to sea as yearlings in the spring during higher 
river flows, more spill at dams, and cooler water temperatures. Enhancement measures to offset 
dam-related mortality of smolts began in 1970 on the Snake River and in 1975 on the mid-
Columbia River. These measures included increased numbers of smolts released from 
hatcheries, spillway deflectors to reduce dissolved gas saturation, fingerling bypasses at dams, 
transportation of smolts around dams, supplemental river flows to minimize delay for smolts 
passing through reservoirs, and supplemental spill at dams to minimize turbine mortality of 
smolts at dams without fingerling bypasses. These actions have reversed the decline of 
steelhead but not of salmon. Enhancement has improved the rate of return of wild spring 
chinook salmon, but wild fish contribution is minimal at this time because stocks were reduced 
by earlier hydroelectric development. Presently, runs are mostly of hatchery origin and have not 
responded well to enhancement. Mortality of hatchery fish may be due to activation of bacterial 
kidney disease by stresses encountered during down river migrations, transportation, or 
subsequent transition into seawater. 
 
 
TITLE: An Analysis of Variables Influencing the Migration of Juvenile Salmonids in the Columbia 
River Basin 
AUTHOR: Berggren, T.J., Filardo, M.J. 
DATE: 1993 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 13(1)  
PAGES: 48-63 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
The amount of time that it takes juvenile chinook salmon Oncorhynchus tshawytscha and 
steelhead O. mykiss to migrate (travel time) at different river flows through index reaches in the 



PART  3 - WATER DIVERSION PROJECTS 

 166

Snake and Columbia rivers was analyzed with bivariate- and multiple-regression models. Smolt 
travel time estimates for yearling chinook salmon and steelhead in the Snake River (USA), 
steelhead in the middle Columbia River, and subyearling chinook salmon in the lower Columbia 
River were inversely related to average river flows. In the multiple-regression analyses, 
additional predictor variables that were related either to flow or to smoltification were used. 
These predicator variables were calculated over the same time period as the travel time 
estimates. Flow-related variables were referenced to a key hydroelectric site within each index 
reach, and included average river flow, minimum river flow, and absolute change in river flow. 
The smoltification-related variables provided indirect indices of smoltification. They included 
water temperature, date of entry into an index reach, chinook salmon race, and travel time prior 
to entry into an index reach. The final models included those predictor variables explaining 
significant variation in smolt travel time. The variables in the final multiple-regression models 
explained 74% and 39% of the variation in the travel time for yearling chinook salmon within the 
Snake and middle Columbia River index reaches, respectively; 90% and 62% for steelhead 
within the Snake and middle Columbia reaches; and 65% for subyearling chinook salmon in the 
lower Columbia reach. Average river flow made the largest contribution to explaining variations 
in smolt travel time in the majority of the multiple-regression models. Additional variation in 
smolt travel time could be explained by including other flow- and smoltification-related variables 
in the models. 
 
 
 
TITLE: Evaluation of a Bypass System for Spent American Shad at Holyoke Dam, 
Massachusetts 
AUTHOR: Kynard, B., O'Leary, J. 
DATE: 1993 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 13(4)  
PAGES: 782-789 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
A bypass system for postspawned American shad Alosa sapidissima began operation in 1980 
on the Connecticut River canal system at Holyoke Dam. The purpose of the bypass was to 
enable downstream migrants that enter the canal to exit and avoid death due to delay or 
passage through hydroelectric turbines at water use facilities. The bypass system had the 
following elements: (1) an underwater AC electrical or acoustic barrier to prevent American shad 
from leaving the bypass area, (2) an underwater DC electrical field to immobilize fish for 
collection, and (3) a collection box with transfer pipe to carry fish to the river below the dam. 
During studies of the bypass system from 1979 to 1983, we found that the fish barriers were 
ineffective, the collection system was partially effective for American shad but not for 
anadromous species that passed through trashracks, and American shad could be immobilized 
and transported at high velocity through a pipe and have only low mortality (4-9%). Radio-
tagged American shad, unwilling to pass through trashracks at water exits on the canal, 
behaved like trapped fish and were delayed an average of two or more days before dying or 
exiting the canal. An estimated 10 of 47 (21%) of the radiotagged fish were passed. In 1980, 
when the greatest number of American shad were passed, an estimated 142,000 (37% of the 
fish lifted at the dam) survived spawning and used the bypass. After several years of operation, 
it was evident that, even with major improvements, the bypass could not pass the available 
American shad, and it was not useful for protecting other anadromous migrants that did not 
avoid trashracks. 
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TITLE: Distribution and Movements of White Sturgeon in Three Lower Columbia River 
Reservoirs 
AUTHOR: North, J.A., Beamesderfer, R.C., Rien, T.A. 
DATE: 1993 
JOURNAL: Northwest Science  
VOLUME: 67(2) 
PAGES: 105-111 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
We determined the distribution and movement of white sturgeon (Acipenser transmontanus) in 
Bonneville, The Dalles, and John Day reservoirs on the Columbia River from April through 
August, 1987-1991. The study also evaluated effects of hydroelectric dams on white sturgeon 
populations. Differences in catch per setline-day indicated that white sturgeon densities were 
greatest in Bonneville Reservoir and least in John Day Reservoir. White sturgeon concentrated 
in tailraces of dams and density generally declined downstream though each reservoir. 
Distribution within each reservoir varied with sampling month and were related, in part, to 
temperature. Most fish were caught at depths from 10 to 30 m. Tagged fish were often 
recaptured in locations other than those where originally marked. Some fish were recaptured as 
far as 152 km from where released. Individual fish frequently traveled the length of a reservoir, 
but were seldom recaptured in another reservoir. Dams restrict white sturgeon movements, may 
limit populations in some reservoirs, and concentrate fish immediately downstream, potentially 
increasing their vulnerability to exploitation. To optimize these fisheries, resource managers 
must recognize differences among reservoirs and employ regulatory schemes specific to each. 
 
 
TITLE: Estimation of Pacific Salmon Escapement with a Time-Lapse Video Recording 
Technique 
AUTHOR: Hatch, D.R., Schwartzberg, M., Mundy. P.R. 
DATE: 1994 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 14(3) 
PAGES: 626-635 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
A time-lapse video system was designed and used to record the migration of adult Pacific 
salmon at Tumwater Dam on the Wenatchee River, Washington. From 1989 through 1991, the 
system was evaluated to determine its suitability and usefulness for escapement estimation of 
three Pacific salmon species, chinook salmon Oncorhynchus tshawytscha, sockeye salmon O. 
nerka, and steelhead O. mykiss. The accuracy and precision of estimates based on these 
videotape records were tested. Video-based sockeye salmon escapement estimates were found 
to be within 4% of an independent estimate based on the on-site visual counts made by 
experienced observers. An among-observer variance test was performed comparing the counts 
of five different individuals who examined the same videotape records. Analysis of variance 
showed no significant differences among the five observers. A test that compared the effect on 
counts of different time-lapse recording speeds indicated no significant differences between the 
two speeds tested, 48-h and 72-h modes. The amount of nighttime fish passage, measured 
between 2000 and 0400 hours, was estimated and averaged for each species over the three 
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study years. Mean values ranged from 6.68 to 16.24%, which indicated that a significant portion 
of salmon migration at Tumwater Dam occurred at night. An additional test that compared these 
observations with those of a study of nighttime salmon passage at mainstem Columbia River 
dams suggested that the ratio of nighttime passage to that of the previous day was similar 
among study sites. The videotape system appeared to be a useful method for estimating Pacific 
salmon escapement, which offered several important advantages over on-site counting. These 
advantages include improved accuracy, a permanent record of migration, and cost efficiencies 
that are particularly noteworthy in areas of low escapement. Also, a video record of salmon 
migration can be used to calculate bounded escapement estimates, and individual specimen 
identification can be confirmed. The tape analysis process of counting and identifying fish can 
be automated by means of a computerized image-processing system. 
 
 
 
 
 
TITLE: A Simulation Study of Fishway Design: An Example of Simulation in Environmental 
Problem Solving 
AUTHOR: Karisch, S.E., Power, M. 
DATE: 1994 
JOURNAL: Journal of Environmental Management  
VOLUME: 41(1) 
PAGES: 67-77 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
The paper argues that modeling provides a convenient and cost-effective means of 
characterizing and predicting the behaviour of environmental systems disturbed by man. A 
series of modeling criteria are suggested that aim at compelling modeling to work with current 
data, explicitly represent the current understanding of a system, include considerations of 
variability, and address predictive uncertainty. Models which do so provide a rigorous framework 
for the comparison of alternative courses of action. As an example of the methodology, the 
problems associated with fishway design, highlighting the required statistical analysis and 
insights, are discussed. Comparison of the modeling results to those gained from operational 
experience with real fishways were used to validate model results and ensure model credibility. 
The models were then used to examine the effect of design on interactions between pools in 
fishways as a means of selecting the designs which minimized migration stress. 
 
 
TITLE: Avoidance Responses to Low Frequency Sound in Downstream Migrating Atlantic 
Salmon Smolt, Salmo salar 
AUTHOR: Knudsen, F.R., Enger, P.S., Sand, O. 
DATE: 1994 
JOURNAL: Journal of Fish Biology  
VOLUME: 45(2)  
PAGES: 227-233 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
The possibility of using intense sound as an acoustic barrier for downstream migrating smolt of 
the Atlantic salmon (Salmo salar) was studied by observing the reactions of smolt to 10 and 150 
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Hz sounds in a small river. At the observation site the river branched into a main course and a 
minor channel, the latter rejoining the main stream after 30 m. The sound sources were 
positioned at the lower end of the channel. The number of smolt re-entering the main stream at 
the lower end of the channel was recorded during alternating periods with and without sound. 
Intense 150 Hz sound had no observable effects on the smolt, even at intensities 114 dB above 
the hearing threshold at this frequency. At intensities above 1.0 x102 m/s2 the 10 Hz sound was 
an effective deterrent for the smolt, which turned and left the channel at the upstream branching 
point. 
 
 

 3.2.4 Flow Regulation 
 
TITLE: Habitat Capability Analysis of the Nechako River for Rainbow Trout and Char and the 
Effects of Various Flow Regimes 
AUTHOR: Slaney, P.A.., Rosenau, M.L., Ableson, D.H.G., Morley, R.L. 
DATE: 1984 
PUBLISHER: B.C. Ministry of the Environment 
SERIES: Fisheries Technical Circular # 63 
PAGES: 34 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
Effective management of sport fisheries at the Nechako River can be affected by flow regimes 
that result from regulated water releases at Nechako Reservoir. The effects of four potential flow 
regimes on trout and char habitat and standing crop in the upper Nechako River were 
examined. Three methodologies were applied including the instream flow incremental method 
(IFIM), the fixed percentage or Montana method, and the habitat quality index (HQI). A flow 
regime at Cheslatta Falls of > 70 m3/sec (spring-summer), 38 m3/sec (fall-winter) and 170 
m3/sec (peaking flow) was necessary to enable rainbow trout and char populations to approach 
habitat capacity. However, these ‘state of the art” methods are subject to uncertainty and a 
significant risk of error; therefore, a conservative flow regime for fish habitat protection is 
recommended. Preliminary enumeration and sampling of trout and char populations in the upper 
Nechako River indicated a depressed status coinciding with a depressed fishery. The fishery 
upstream of Vanderhoof was temporarily closed in 1984, and restrictive quotas, size limits and a 
bait ban are required when the fishery is re-opened. Additional restorative management 
techniques, including juvenile trout stocking in selected reaches, are recommended to speed 
rehabilitation. Success of this program, however, is considered contingent on maintenance of 
both an adequate flow regime and suitable water quality in the upper Nechako River. 
 
 
TITLE: Evaluation of Salmon Fry Stranding Induced by Fluctuating Hydroelectric Discharge in 
the Skagit River, 1980-1983 
AUTHOR: Woodin, R.M. 
DATE: November 1984 
PUBLISHER: Washington Department of Fisheries, Washington 
SERIES: Technical Report #83 
PAGES: 38 
FOUND: Woodward Library, UBC 



PART  3 - WATER DIVERSION PROJECTS 

 170

NOTES: Abstract: 
 
The effects of downramping (reduction in flow to follow declining power demand) rates and 
timing on salmon fry stranding were studied over a period of four years (1980-1983) on the 
Skagit River. The tests were conducted in the spring months (March and April) when salmon fry 
abundance was greatest. A total of 29 test conditions were evaluated during the four year 
period which included 91 individual gravel bar observations. Salmon fry stranding rates were 
variable, but all conditions tested resulted in some fry stranding. Chinook fry were the dominant 
species stranded by the hydroelectric flow fluctuations but all species present were found 
stranded. The timing of the downramp event was found to have a significant influence on the 
rate of salmon fry stranding on Skagit River gravel bars. When the downramp event was timed 
such that most or all of the flow reduction at the test site occurred prior to dawn, the rate of fry 
stranding was dramatically reduced compared to flow reductions which occurred after dawn. 
The average differential was to increase the stranding rate by a factor of 10.5 for postdawn 
downramping. The rate of the downramp event; i.e., change in flow over time, appeared to have 
little influence on fry stranding for pre-dawn downramp events. However, for post-dawn 
downramp events, there is an apparent positive relationship between downramp rate and fry 
stranding rate. Considering the rates tested as rounded to the nearest 100 cfs/hr., there were 16 
rates tested from 400 cfs/hr. to 2,000 cfs/hr. Observations on stranding of salmon fry in potholes 
were also made in conjunction with the gravel bar studies. It was noted that tributary inflow 
significantly influenced both gravel bar and pothole fry stranding by moderating the effect of the 
hydroelectric discharge reductions. A tributary inflow between Newhalem and Marblemount of 
1,600 cfs was observed to represent a flow condition which minimized pothole stranding at the 
Rockport study site. Tributary inflow to rockport was not measured due to lack of gaging station 
at or near this location. 
 
 
TITLE: Effects of River Flow on the Distribution of Chinook Salmon (Oncorhynchus 
tshawytscha) Redds 
AUTHOR: Chapman, D.W., Weitkamp, D.E., Welsh, T.L., Dell, M.B., Schadt, T.H. 
DATE: 1986 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 115(4) 
PAGES: 537-547 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
The distribution of redds of chinook salmon Oncorhynchus tshawytscha was evaluated in 
October-November 1978-1983 on Vernita Bar, about 6.5 km downstream from Priest Rapids 
Dam on the Columbia River. Minimum flows of 1,020 m3/s (license minimum set by the Federal 
Energy Regulatory Commission) and 1,416 m3/s were maintained in six alternating years, but 
flows each day fluctuated widely above the minima because of power production; part of the 
spawning area was exposed for several hours on most days. We detected no effect of minimum 
flow regime on redd size. Chinook salmon spawned at depths as great as 7 m below the water 
surface as measured at a discharge of 1,020 m3/s. The highest redds occurred near the water's 
edge at the 1,982 m3/s elevation. Vertical range of spawning use was 8.5 m. Water velocities at 
23 cm above the substrate (facing velocity) on the area used for spawning varied greatly with 
river discharge, but usually exceeded 0.67 m/s. Chinook salmon females completed redds in 
areas that were not covered by water for up to 8 h/d, and on other areas that had velocities near 
2 m/s for part of each day. Chinook salmon spawned at Vernita Bar in areas with high fractions 
of cobble and low percentages of fines. They began spawning in early October below the 1,020 
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m3/s flow elevation and increasingly used the area between the 1,020- and 1,982 m3/s flow 
elevations until spawning ended about the third week of November. The percentage of redds 
above the 1,020 m3/s flow elevation correlated strongly with mean daily discharge during late 
October and early November over 7 years. We found no evidence that the minimum daily flow 
affected redd distribution in any way. Egg retention in ovaries of postspawning females, one 
measure of spawning success, was minimal in all years, as was the proportion of excavated 
redds that contained no embryos. Daily flow fluctuations from minima to 3,400-4,250 m3/s did 
not prevent females from completing redds. We concluded that minimum flows of 1,020 m3/s for 
up to 8 h/d do not determine availability of spawning habitat, and that use of spawning areas 
above the 1,020 m3/s flow elevation could be reduced by managing the river discharge with 
storage manipulation upstream to provide lower mean daily flows, thus easing minimum flow 
restrictions during posthatch incubation and emergence. 
 
 
TITLE: Effects of Hydroelectric Operations on the Kokanee Population in the Flathead River 
System, Montana (USA) 
AUTHOR: Fraley, J.J., McMullin, S.L., Graham, P.J. 
DATE: 1986 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 6(4) 
PAGES: 560-568 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Kokanee (Oncorhynchus nerka) were introduced into Flathead Lake in 1916 and developed 
both lakeshore and inlet river system spawning populations. River system spawning, including 
that in the main stem of the Flathead River and in McDonald Creek, was a major source of 
kokanee recruitment in the 1960s and 1970s. Changes in the operation of Hungry Horse Dam 
on the South Fork of the Flathead River in the early 1970s, coupled with angler harvest, resulted 
in a rapid 90% decline of main-stem kokanee spawning escapement in the late 1970s. Strong 
relationships existed between kokanee year-class strength and river flow conditions during 
1966-1984 (r = -0.93). Hungry Horse Dam operations caused dewatering of kokanee spawning 
beds and high winter incubation mortality. This resulted in a rapid decline of the spawning run. 
Management of flow levels in the Flathead River is critical to the recovery of the kokanee run. 
The Montana Department of Fish, Wildlife and Parks recommended a stable flow release of 
3,500-4,500 ft3/s during the fall spawning period, and a minimum flow of 3,500 ft3/s during the 
winter incubation period to eliminate dewatering of spawning areas. Managing flows and angler 
harvest in the system could result in recovery of the population to optimum levels by the late 
1990s. Timing of the recovery could vary depending on natural fluctuations in kokanee survival 
rates from egg to fry and fry to adult, and changes in the carrying capacity of Flathead Lake. 
 
 
TITLE: Effects of Variation in Flow on Distributions of Northern Squawfish in the Columbia River 
Below McNary Dam (USA) 
AUTHOR: Faler, M.P., Miller, L.M., Welke, K.I. 
DATE: 1988 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 8(1)  
PAGES: 30-35 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
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The movements of 23 northern squawfish Ptychocheilus oregonensis were monitored by 
radiotelemetry below a Columbia River hydroelectric dam during the out-migration of juvenile 
anadromous salmonids in 1984 and 1985. The work was done as part of a study to relate 
predator abundances and distribution to juvenile salmonid mortalities associated with dams. 
Northern squawfish remained in protected shoreline areas in spring and early summer, when 
discharge rates were high, but moved close to the dam and the juvenile bypass outflow area in 
mid to late summer, when discharge rates were low. Trends in northern squawfish movements 
were similar during abrupt changes in discharge rate. During short-term closures of the spillway, 
when flow patterns were abruptly changed, four of five northern squawfish moved out of 
protected areas and into the main river channel. Surface water velocities at 81 locations 
occupied by radio-tagged northern squawfish in June to August 1985 ranged from 0 to 70 cm/s 
(mean, 24.5 cm/s). No preference within this range was evident, but the fish seemingly avoided 
areas of high current velocity, because they did not move into a substantial portion of the 
tailrace where water velocities exceeded 100 cm/s. Modification of structures to maintain high 
water velocities around bypass outflow areas should reduce potential predation on juvenile 
salmonids by northern squawfish. 
 
 
TITLE: Fish Assemblage Recovery Along a Riverine Disturbance Gradient 
AUTHOR: Kinsolving, A.D., Bain, M.B. 
DATE: 1993 
JOURNAL: Ecological Applications  
VOLUME: 3(3) 
PAGES: 531-544 
FOUND: MacMillan Library, UBC 
NOTES: Abstract:  
 
Artificial fluctuations in streamflow have been documented to alter the composition and structure 
of stream communities. This study tests the hypothesis that a spatial recovery gradient in fish 
assemblage structure exists downstream of a hydroelectric dam, and that recovery can be 
identified by the presence and abundance of species largely restricted to flowing-water habitats 
(fluvial specialists). A longitudinal gradient of change in a shoreline fish assemblage was 
quantified in a 66-km reach of a mid-sized, species-rich river (Tallapoosa river, Alabama (USA)) 
with daily flow fluctuations from hydropower generation. The shoreline fish assemblage in a 
nearby and similar river (Cahaba River, Alabama) was quantified as a regional reference for the 
occurrence of fish assemblage gradients. Fish were collected with prepositioned area 
electrofishers in 240 randomly located sampling sites, and physical habitat was quantified. 
Using distributional and habitat use information, fish species were categorized as fluvial 
specialists or macrohabitat generalists (species that occur in a wide variety of aquatic systems). 
Sampled habitats were similar between rivers and along each study reach. The longitudinal 
pattern of species occurrence and fish abundance was consistent in the free-flowing river. A 
longitudinal gradient of increasing abundance and richness of only fluvial specialist species 
existed downstream of the hydroelectric dam. No similar spatial gradient existed for 
macrohabitat generalists in either river. Although a fish community recovery gradient was 
identified, a recovery endpoint was not evident because assemblage change was gradual and 
possibly incomplete. The preservation and management of riverine fish faunas will partly 
depend on incorporating spatial recovery into decisions about permitting and siting of 
anthropogenic changes like hydroelectric dams. 
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TITLE: Enhancement of Fish Feeding and Growth after an Increase in Minimum Flow Below the 
Conowingo Dam 
AUTHOR: Weisberg, S.B., Burton, W.H. 
DATE: 1993 
JOURNAL: North American Journal of Fisheries Management  
VOLUME: 13(1)  
PAGES: 103-109 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
A summer minimum flow requirement was instituted in 1982 for the Conowingo Hydroelectric 
Dam, Maryland (USA), where no such requirement existed previously. The response of fish to 
this minimum flow was assessed by monitoring food consumption and condition factor of three 
abundant, downstream species (white perch Morone americana, yellow perch Perca flavescens, 
and channel catfish Ictalurus punctatus), and by comparing the values from before and after the 
minimum flow was established. We also compared growth rates of white perch before and after 
the minimum flow was established by back-calculating length from otoliths. We found that fish 
condition (weight at length) was significantly greater for all species in years when the minimum 
flow was maintained. Similarly, growth rate (length at age) was significantly higher after the 
minimum flow requirement was instituted. Changes in food consumption appear to explain the 
differences in growth, as fewer empty stomachs and greater food consumption occurred after 
the minimum flow was instituted. Changes in benthic invertebrate abundance appear to explain 
the increase in consumption. These results suggest that fish may be subject to indirect effects 
of flow alteration that are propagated through the food chain. 
 
 
TITLE: Comparison of Flow Regulation Effects on Fish Assemblages in Shallow and Deep 
Water Habitats in the Tallapoosa River, Alabama 
AUTHOR: Travnichek, V.H., Maceina, M.J. 
DATE: 1994 
JOURNAL: Journal of Freshwater Ecology  
VOLUME: 9(3) 
PAGES: 207-216 
FOUND: Bennett Library, UBC 
NOTES: Abstract:  
 
We measured species richness, diversity, and abundance of fish in both shallow and deep 
water areas in regulated and unregulated sections of the Tallapoosa River in Alabama from July 
1990 through September 1992 to compare the effects of flow regulation on fish assemblages in 
shallow and deep water habitats. Flow regulation had a greater effect on shallow water fish 
assemblages than on deep water fish assemblages. Species richness and diversity of shallow 
water fishes were reduced below two hydroelectric dams compared with unmodified river 
segments, and we attribute this to a reduction in species adapted to fluvial environments below 
the two dams. Additionally, the density of fish in shallow water areas of unregulated portions of 
the river was significantly (P < 0.05) higher than the density at most of the regulated sites. No 
reductions in species richness or diversity below the two dams were observed for species 
inhabiting deep water areas. However, we collected a significantly (P < 0.05) higher number of 
catostomid species in the unmodified river sections compared to the flow-regulated sections. 
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 3.2.5 Predation 
 
 
TITLE: Estimated Loss of Juvenile Salmonids to Predation by Northern Squawfish, Walleyes, 
and Smallmouth Bass in John Day Reservoir, Columbia River (USA) 
AUTHOR: Rieman, B.E., Beamesderfer, R.C., Vigg, S., Poe, T.P. 
DATE: 1991 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 120(4) 
PAGES: 448-458 
FOUND: Woodward Library, UBC 
NOTES: Abstract: 
 
We estimated the loss of juvenile salmonids Oncorhynchus spp. to predation by northern 
squawfish Ptychocheilus oregonensis, walleyes Stizostedion vitreum, and smallmouth bass 
Micropterus dolomieu in John Day Reservoir during 1983-1986. Our estimates were based on 
measures of daily prey consumption, predator numbers, and numbers of juvenile salmonids 
entering the reservoir during the April-August period of migration. We estimated the mean 
annual loss was 2.7 million juvenile salmonids (95% confidence interval, 1.9-3.3 million). 
Northern squawfish were responsible for 78% of the total loss; walleyes accounted for 13% and 
smallmouth bass for 9%. Twenty-one percent of the loss occurred in a small area immediately 
below McNary Dam at the head of John Day Reservoir. We estimated that the three predator 
species consumed 14% (95% confidence interval, 9-19%) of all juvenile salmonids that entered 
the reservoir. Mortality changed by month and increased late in the migration season. Monthly 
mortality estimates ranged from 7% in June to 61% in August. Mortality from predation was 
highest for chinook salmon O. tshawytscha, which migrated in July and August. Despite 
uncertainties in the estimates, it is clear that predation by resident fish predators can easily 
account for previously unexplained mortality of out-migrating juvenile salmonids. Alteration of 
the Columbia River by dams and a decline in the number of salmonids could have increased the 
fraction of mortality caused by predation over what it was in the past. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TITLE: Effects of Multiple Acute Stressors on the Predator Avoidance Ability and Physiology of 
Juvenile Chinook Salmon 
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AUTHOR: Mesa, M.G. 
DATE: 1994 
JOURNAL: Transactions of the American Fisheries Society  
VOLUME: 123(5) 
PAGES: 786-793 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Northern squawfish Ptychocheilus oregonensis are the predominant predators of juvenile 
Pacific salmonids Oncorhynchus spp. in the Columbia River, and their predation rates are 
greatest just below dams. Because juvenile salmonids are commonly subjected to multiple 
stressors at dams in the course of their seaward migration, high predation rates below dams 
may be due in part to an increase in the vulnerability of stressed fish. I conducted laboratory 
experiments to examine the predator avoidance ability and physiological stress responses of 
juvenile chinook salmon O. tshawytscha subjected to treatments (stressors) designed to 
simulate routine hatchery practices (multiple handlings) or dam passage (multiple agitations). 
Both stressors resulted in lethargic behavior in the fish, and agitation also caused disorientation 
and occasional injury. When equal numbers of stressed and unstressed fish were exposed to 
northern squawfish for up to 1 h, significantly more stressed fish were eaten, but this effect was 
not evident during longer exposures. The lack of differential predation in trials lasting up to 24 h 
can be explained by the rapid development of schooling behavior in the prey, but other 
possibilities exist, such as changing ratios of stressed and unstressed prey over time. 
Concentrations of plasma cortisol, glucose, and lactate in fish subjected to multiple stressors 
were similar and sometimes cumulative, returned to prestress levels within 6-24 h, and 
correlated poorly with predator avoidance ability. My results suggest that juvenile salmonids are 
capable of avoiding predators within 1 h after being subjected to multiple acute stressors even 
though physiological homeostasis may be altered for up to 24 h. Therefore, because juvenile 
salmonids typically reside in tailrace areas for only a short time after dam passage, measures 
aimed at reducing physical stress or protecting them as they migrate through dam tailraces may 
help alleviate the relatively intense predation in these areas. 
 
 
TITLE: Differential Predation by Northern Squawfish (Ptychocheilus oregonensis) on Live and 
Dead Juvenile Salmonids in the Bonneville Dam Tailrace (Columbia River) 
AUTHOR: Petersen, J.H., Gadomski, D.M., Poe, T.P. 
DATE: 1994 
JOURNAL: Canadian Journal of Fisheries and Aquatic Sciences  
VOLUME: 51(5) 
PAGES: 1197-1204 
FOUND: Woodward Library, UBC 
NOTES: Abstract:  
 
Juvenile salmonids (Oncorhynchus spp.) that have been killed or injured during dam passage 
may be highly vulnerable or preferred prey of predators that aggregate below dams. Salmonid 
loss due to predation will be overestimated using gut content analysis if some prey were dead or 
moribund when consumed. To examine this issue, field experiments were conducted in the 
Bonneville Dam tailrace (Columbia River) to compare rates of capture of live and dead juvenile 
salmonids by northern squawfish (Ptychocheilus oregonensis). Known numbers of coded-wire-
tagged live and dead chinook salmon (O. tshawytscha) were released into the tailrace on six 
nights. Northern squawfish were collected after each release and their gut contents were 
examined for tags. When 50% of salmon released were dead, northern squawfish consumed 
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62% dead salmon. When 10% of salmon released were dead, comparable with dam passage 
mortality, 22% of the tags found in northern squawfish digestive tracts were from dead salmon. 
These results indicate that predator feeding behavior and prey condition are important 
considerations when estimating the impact of predation on a prey population. 
 
 

3.3 Kemano Completion Project  
 

 3.3.1 Pre - 1987 Settlement Agreement Reports 
 
TITLE: Summary of Salmon Studies Conducted on Nechako, Morice and Nanika River Systems 
Relative to the Proposed Kemano II Power Development Volume I 
AUTHOR: Fisheries and Marine Service 
DATE: February 1979 
PUBLISHER: Fisheries and Marine Service, Department of the Environment, Vancouver, B.C. 
SERIES: Salmon Studies Associated with the Potential Kemano II Hydroelectric Dam 
PAGES: 78 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
The Kemano II project is in effect the second stage of a hydro-electric development which was 
constructed in the mid-1950's. In 1974 discussions were initiated between B.C. Hydro and 
Power Authority, the Fisheries and Marine Service, the International Pacific Salmon Fisheries 
Commission and the Fish and Wildlife Branch. It was agreed that the agencies would submit an 
outline of their environmental concerns and a proposal for future studies which they considered 
necessary for a sufficient assessment of the environmental problems. As a result, an outline of 
concerns was prepared with respect to the fish and wildlife in the Nanika, Morice and Nechako 
river basins and a study proposal involving biological, physical and socio-economic aspects of 
the development. This report summarizes the results and conclusions of all biological, physical 
and socio-economic studies conducted on the Kemano II development. 
 
 
 
 
 
 
 
 
 
 
 
TITLE: Sockeye Salmon Studies on the Nechako River Relative to the Potential Kemano II 
Power Development Volume 2 
AUTHOR: Fisheries and Marine Service 
DATE: February 1979 
PUBLISHER: Fisheries and Marine Service, Department of the Environment, Vancouver, B.C. 
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SERIES: Salmon Studies Associated with the Potential Kemano II Hydroelectric Dam 
PAGES: 99 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
The Kemano II project requires an additional tunnel through the coast range to divert a greater 
portion of the flow of Nechako River above Kenney dam. This diversion will greatly reduce flows 
in the Nechako River. Earlier studies have concluded that protection of the sockeye runs to this 
river system requires provision of cold water from Nechako reservoir for control of water 
temperature in the residual Nechako River below Kenney Dam. Since the completion of the 
dam, biological and physical data have been collected. The British Columbia Hydro and Power 
Authority have paid the costs of a field program for the collection of additional data required for 
further investigation of changes in water temperatures and dissolved gas concentrations in the 
residual Nechako River. This report reviews biological as well as physical data now available 
and presents conclusions based on this review.  
 
 
TITLE: Chinook Salmon Studies on the Nechako River Relative to the Proposed Kemano II 
Power Development Volume 3 
AUTHOR: Fisheries and Marine Service 
DATE: February 1979 
PUBLISHER: Fisheries and Marine Service, Department of the Environment, Vancouver, B.C. 
SERIES: Salmon Studies Associated with the Potential Kemano II Hydroelectric Dam 
PAGES: 38 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
Prior to construction of the Kenney dam, the maximum spawning chinook populations were in 
the order of 2000 to 5000 fish. The combined effects of flow reduction and siltation of spawning 
grounds associated with the Alcan development resulted in a reduction of these populations to 
as low as 50 spawners. The fisheries and marine service considered that a flow release 
recommended by the energy board would not be adequate to maintain chinook salmon stocks in 
the upper Nechako River. In addition, the proposed diversion would endanger sockeye salmon 
which migrate through the lower Nechako River into the Stuart and Fraser Lake systems. In the 
Nechako River, studies were undertaken and the results are presented in this report.  
 
 
 
 
 
 
 
 
TITLE: Limnology of Morice Lake Volume 4 
AUTHOR: Cleugh, T.R., Lawley, B.C. 
DATE: February 1979 
PUBLISHER: Fisheries and Marine Service, Department of the Environment, Vancouver, B.C. 
SERIES: Salmon Studies Associated with the Potential Kemano II Hydroelectric Dam 
PAGES: 80 
FOUND: Vancouver Public Library 
NOTES: Introduction: 
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The impoundment of water on a natural lake causes environmental changes. The more 
important limnological effects occur at the land-water interface, usually due to flooding and or 
lake drawdown. The new water level regime can either create or destroy habitat for existing 
species of fish and other organisms. Shoreline and bank erosion, altered flow regime and other 
physical changes can have severe chemical and biological repercussions and cause radical 
changes in productivity. As part of the Kemano II Environmental Study, the Fisheries and 
Marine Service initiated a program during 1974 - 1975 to inventory the existing water chemistry, 
plankton and benthic fauna of Morice Lake. The main objectives were to determine the present 
trophic level in terms of standing crop of organisms and water chemistry and to attempt to 
predict responses to an altered environment. 
 
 
TITLE: Salmon Studies on Nanika and Morice Rivers and Morice Lake Relative to the Proposed 
Kemano II Development Volume 5 
AUTHOR: Shepherd, B.G. 
DATE: February 1979 
PUBLISHER: Fisheries and Marine Service, Department of the Environment, Vancouver, B.C. 
SERIES: Salmon Studies Associated with the Potential Kemano II Hydroelectric Dam 
PAGES: 35 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
The North Coastal Division of the Fisheries and Marine Service has assumed responsibility for 
the following objectives of the Kemano II study program: Examination of Salmon Populations in 
areas of the Morice and Nanika watersheds that may be affected by hydroelectric development; 
and assessment of the impacts of hydroelectric development on the Morice and Nanika salmon 
populations. This volume presents and interprets the available data on the timing, distribution, 
and abundance of salmon spawning and rearing. It also provides an assessment of the effects 
of flow on juvenile rearing in the Morice River. Relevant potential hydroelectric development 
impacts are discussed within each section. There are additional impacts on salmon outlined. 
 
 
 
 
 
 
 
 
 
TITLE: Hydrographical Studies Associated with Salmon in the Nanika and Morice Rivers 
Relative to the Proposed Kemano II Development Volume 6 
AUTHOR: Robertson, R.A., Eliasen, B.R., Johansen, O.K. 
DATE: February 1979 
PUBLISHER: Fisheries and Marine Service, Department of the Environment, Vancouver, B.C. 
SERIES: Salmon Studies Associated with the Potential Kemano II Hydroelectric Dam 
PAGES: 96 
FOUND: Vancouver Public Library 
NOTES: Abstract: 
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Hydrographical studies have been undertaken since 1971 in the prime spawning areas of the 
Nanika and Morice rivers. The purpose of the studies was to document the physical and 
hydraulic conditions under which spawning and incubation naturally occur and to determine the 
minimum flows necessary to sustain salmon in these two life stages. In 1974 the studies were 
expanded to include an assessment of reduced summer discharges on water temperature 
within Nanika and Morice rivers. Several cross-sections were established over the length of 
each river and the pertinent hydraulic information was monitored at each section under various 
discharges. These data were used in a simulation model to provide water temperature profiles. 
In addition to presenting the results of these studies, this report provides information on the 
hydrology of the Bulkley River system and outlines some of the potential effects of diversion of 
Nanika and Morice waters on the mainstem Bulkley.  
 
 
TITLE: The Economic and Social Impact of the Kemano II Hydroelectric Project on British 
Columbia's Fisheries Resources Volume 7 
AUTHOR: Sinclair, W.F. 
DATE: February 1979 
PUBLISHER: Fisheries and Marine Service, Department of the Environment, Vancouver, B.C. 
SERIES: Salmon Studies Associated with the Potential Kemano II Hydroelectric Dam 
PAGES: 235  
FOUND: Vancouver Public Library 
NOTES: Abstract: 
 
The purpose of this presentation is to provide an economic and social assessment of the impact 
of the Kemano Phase II power development project on British Columbia's fishery resources. 
The three major user components are included in the assessment and each is examined from a 
different perspective. Those species which contribute to the commercial fisheries are examined 
with a view to determining their contribution to the economic and social well-being of British 
Columbians and all other Canadians. The Indian food fisheries are evaluated on the basis of 
their contribution to the people who directly benefit from these fisheries. The economic and 
social value of the sport fisheries is determined by measuring the contribution that these 
fisheries make to people living in the area where the negative impacts of the development are 
likely to be greatest. A considerable amount of information is presented on the different user 
groups and on the evaluation techniques that are utilized. Standard economic techniques are 
employed throughout this presentation and supporting documentation is presented whenever 
choices are made among standard methodologies. The first three chapters are used to assess 
the total economic value of fish produced in waterways that are directly affected by the Kemano 
II project. Chapter four is used to identify that portion of the total value of each of the three 
fishery components that is likely to be lost because of the project. Estimates on the economic 
and social consequences of the physical disruptions are presented for each of Kemano's most 
feasible development. 
 
 
TITLE: Assessment of the Impact of the Kemano II Proposal on the Fish and Wildlife Resources 
of the Nanika-Kidprice and Morice Systems  
AUTHOR: Ministry of the Environment 
DATE: 1979 
PUBLISHER: Habitat Protection Section, Fish and Wildlife Branch, Ministry of the Environment, 
Victoria, B.C. 
PAGES: 124 
FOUND: Vancouver Public Library 
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NOTES: Abstract: 
 
Kemano II is a proposed hydroelectric development involving the diversion of water from the 
Nanika-Kidprice Lakes and Morice River systems, located in the mid-western portion of British 
Columbia near Kitimat. The project would involve inundation of the Nanika-Kidprice system and 
severe flow reductions in the lower Nanika and Morice Rivers. During 1974 and 1975, Fish and 
Wildlife Branch participated in field investigations in the area to assess the impact of Kemano II 
on fish and wildlife resources, with emphasis on limnology, spawning and rearing habitat, fish 
parasite infestation, sport fisheries, wildlife habitat and recreation. Flooding would result in a 
loss of approximately 77% of the existing fish spawning habitat and 80% of rearing habitat in the 
Nanika-Kidprice system. The riparian area between the two lakes is the most heavily utilized 
wildlife habitat of the system, serving as a moose calving and concentration area for about 60 
animals. Inundation would result in the loss of this habitat and pose potential migration 
problems. Dam construction would cause severe flow reductions in the Morice River, with 
probable adverse effects on the important steelhead fishery. Improved access to the areas 
could create excessive recreational pressures, with possible adverse effects on fish and wildlife 
populations. Population losses due to habitat and food supply destruction could eventually 
cause a decline in angling and hunting activity. Severe infestation by the fish tapeworm 
Diphyllobothrium exists in the Nanika-Kidprice system. Diversion of water from that system to 
Tahtsa Lake raises the possibility of parasite transfer to the Fraser River system. 
 
 
TITLE: Kemano Completion Hydroelectric Development Baseline Environmental Studies 
AUTHOR: Envirocon Limited 
DATE: September 1981, Revised Draft 
PUBLISHER: Aluminum Company of Canada 
PAGES: various pagings 
FOUND: Vancouver Public Library 
NOTES: Volumes 
 
Volume 1: Introductory Report; Volume 2: Physical and Hydrological Studies; Volume 3: Fish 
Resource Studies: Nanika-Kidprice System; Volume 4: Fish Resources: Morice River System; 
Volume 5: Fish Resources: Nechako River System; Volume 6: Fish Resource Studies: Kemano 
System; Volume 7: Fish Diseases and Parasites; Volume 8: Forest Resources; Volume 9: 
Vegetation Resources; Volume 10: Wildlife Resources; Volume 11: Recreation Resources; 
Volume 12: Heritage Resources; Volume 13: Agricultural Resources. 
 
TITLE: A Workshop on the Envirocon Reports: Proceedings of a Seminar Held in Smithers on 
February 6, 1982, to Examine Alcan's Baseline Environmental Studies for Kemano Completion 
AUTHOR: Save the Bulkley 
DATE: March, 1982  
PUBLISHER: Save the Bulkley, Smithers, B.C. 
PAGES: 71 
FOUND: Vancouver Public Library 
NOTES: Introduction:  
 
A baseline study is a survey of things as they are. Envirocon's baseline reports, the subject of 
this volume, are intended to be an inventory of the fishery, wildlife, forestry, heritage, recreation, 
agricultural, and other resources as they exist in the Nechako and Nanika-Bulkley areas today. 
In order to meaningfully predict the impacts of a project such as Kemano Completion, a 
thorough baseline study is necessary. In 1978, Alcan hired Envirocon Ltd. to prepare baseline 
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and impact studies of the areas to be affected by Kemano Completion. In 1980, the company 
announced that it intended to scale down the new project to recognize the needs of other water 
users. Alcan also said the baseline studies would be released to the public, but that the impact 
studies would not, since the company no longer had a specific project in mind. The baseline 
studies were released in the fall of 1981, and Alcan asked for public response to their contents. 
On February 6, 1982, Save the Bulkley held a workshop in Smithers on Envirocon's baseline 
studies. We invited the interested public, and we invited everyone we knew who had studied the 
reports. We publicly requested contributions from anyone who wished to present an opinion on 
any of the reports. The full-day workshop was attended by about fifty people. This volume 
contains the presentations made at the workshop. We have also included summaries of the 
discussions which were stimulated by these presentations. Some of the discussions were 
lengthy, and our summaries of them have been severely edited for clarity and brevity. We are 
sending this report to Alcan, to municipal governments, and to various community organizations 
and interested individuals. The views expressed in these reports are not necessarily those of 
Save the Bulkley. Our intention, in sponsoring the workshop and in producing this report, has 
been to create a forum for the exchange of ideas and information. 
 
 
TITLE: An Evaluation of the Proposed Kemano Completion Hydro-Electric Development and the 
Fish Resources of the Nechako River System 
AUTHOR: Levy, D.A.  
DATE: September 1982 
PUBLISHER: The Nechako Steering Committee, Vanderhoof, B.C. 
PAGES: 22 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Introduction:  
 
In British Columbia, water diversion and impoundment projects, created for the generation of 
hydro-electric power, are being planned in several major coastal river systems. Pacific salmon 
depend upon adequate freshwater flows as well as unimpeded passage to and from their 
spawning grounds. There is a danger that hydro-electric power projects in B.C. could cause 
serious reductions to the salmon populations of the affected river systems. However, if properly 
conceived and engineered, there is an opportunity to manage water flows and create favourable 
flow regimes which not only minimize damage, but also might enhance the runs to high levels of 
productivity. 
 For some stocks of Pacific salmon, the amount of freshwater discharge is known to be an 
important determinant of survival rate. In the Fraser River, Chilko Lake sockeye survival (Anon, 
1968) is strongly correlated with the Fraser River discharge shortly after the smolts emigrate 
from Chilko Lake (Figure 1). In such watersheds, hydro-electric power diversions would be 
expected to reduce the survival and production of sockeye salmon. However, by having control 
over reservoir discharges, favourable flow regimes has shown stream discharge during the egg 
incubation stage to be an important factor affecting the survival of chum salmon on Vancouver 
Island (Figure 2). Maintenance of stable flow conditions while eggs were incubating in the 
spawning gravel could potentially lead to higher than natural egg-to-fry survival rates for salmon 
stocks located downstream of large impoundment projects. 
 The Kemano Project undertaken in the early 1950's (Kemano I) was developed by Alcan 
with the singular purpose of producing hydro-electric energy to power aluminum smelters in 
Kitimat. The Nechako Reservoir was created behind the Kenney Dam and resulted in drastic 
flow reductions which diminished the salmon populations of the Nechako River. The Kemano 
Completion Project is the final stage of Alcan's hydro-electric development. Water diversions on 
the Nanika River, Morice Lake, and possibly, further reductions to the Nechako River flow, are 
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envisaged. Another version of the project proposed by B.C. Hydro, Kemano II, would involve 
diverting water from the Dean River as well. In the intervening thirty years since Alcan was 
granted its water license from the province of British Columbia, federal legislation in the form of 
the Fisheries Act was enacted to protect Canadian fish habitats. A recent dispute between 
Alcan and the Federal Department of Fisheries and Oceans (DFO), resulted in a decision by the 
Supreme Court of British Columbia to maintain the Nechako River flow criteria adopted by DFO. 
Alcan presently recognizes (Rich, 1981) that the Kemano Completion Project can only proceed 
if the water requirements of other resource users are accommodated. 
 In the near future, the technical question of precisely how much water is required for 
salmon protection and enhancement in the Nechako River will be the subject of much debate. 
The amount of water available for power generation is dependent upon the specified fishery flow 
requirements. Allocation of water for fish protection in the Nechako River has major implications 
for the eventual design of the Kemano Completion Project. 
 
 
TITLE: Potential Effects of the Kemano Completion Project on Fraser River Sockeye and Pink 
Salmon 
AUTHOR: International Pacific Salmon Fisheries Commission 
DATE: 1983 
PUBLISHER: International Pacific Salmon Fisheries Commission, New Westminster, B.C. 
PAGES: 85 
FOUND: Vancouver Public Library 
NOTES: Introduction:  
 
Diversion of the headwaters of the Nechako River through the Coast Mountains to a 
hydroelectric plant at Kemano was undertaken by the Aluminum Company of Canada (Alcan) 
starting in 1951. The power is used by the Company at its aluminum smelter at Kitimat and 
surplus power is sometimes sold to public utilities. The development proceeded under an 
agreement with the province of British Columbia, with associated Permit to occupy Crown Land 
and Conditional Water License. The natural flow in the Nechako River was stopped at Kenney 
dam on October 8 1952. This structure created a 350 sq. mi. reservoir extending westward 
approximately 100 miles to the west of Tahtsa Lake. From this point a tunnel was constructed 
for about 10 miles through the mountains to the power plant penstock. 
 It took over 4 years for the water to reach the design maximum elevation of 2,800 feet 
above sea level in January 1957. During the reservoir filling period there was no flow in 
Nechako River below Kenney Dam except for the inflow of tributaries downstream and some 
releases at the Skins Lake spillway during 1956. A temporary dam on Cheslatta River provided 
some flow regulation for protection of migrating salmon during the reservoir filling period. Since 
filling, the reservoir has been operated to provide the water required by the power plant, which 
has ranged from 637,000 ac ft (average 880 cfs) in 1955 to 3,068,000 ac ft (average 4238 cfs) 
in 1981. The power plant now has 8 turbines with an installed capacity of 896,000 kW. The 
reservoir has been regulated generally to store water during the spring snow-melt period, thus 
removing water from the Fraser peak flows, with release of surplus water during the remainder 
of the year. 
 Discharges from the Skins Lake spillway, the only spillway from the reservoir into the 
Nechako River, have ranged from 0 to 19,000 cfs during the period of Kemano I operation. In 
November 1979, Alcan reduced this flow to 450 cfs and proposed to maintain this level 
throughout the 1980 sockeye migration period. Realizing that this low flow could result in lethal 
temperature conditions for migrating adult sockeye in Nechako River, the fishery agencies 
requested that Alcan increased this discharge to protect the fishery resource. Alcan did not 
concur and an injunction was obtained from the British Columbia Supreme Court which ordered 
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Alcan to provide enough flow for fish protection. Since 1980, Alcan has complied with the 
Supreme Court injunction. Unfortunately, however, adequate fish protection is difficult to obtain 
under the Kemano I scheme because Alcan did not provide a cold- water outlet from the 
reservoir as requested by the fishery agencies when the project was built (IPSFC 1953). 
 Alcan now proposes to proceed with a second stage of development of the diversion. 
Initially, Alcan indicated the second stage would involve complete diversion of the Nechako 
River above Kenney Dam, but subsequently the Company has modified this concept because of 
the various environmental concerns that were raised. The Company now proposes a schedule 
of flows to provide for other resource users on Nechako River including maintenance of habitat 
for chinook salmon and transportation flow and river temperature control for protection of 
sockeye salmon (Alcan 1983). The proposed schedule includes a continuous discharge of 1100 
cfs of 50 °F water at the Nechako - Cheslatta confluence during the adult sockeye migration 
period and provision for flows up to 6000 cfs at 50 °F, which would be used in response to 
weather forecasts to limit the occurrences of Nechako River temperatures above Stuart River 
higher than 68  °F and eliminate occurrence of temperatures higher than 71 °F. The source of 
this cooling water would be a blend of surface water from the Cheslatta system (including Skins 
Lake spillway), which would be impounded by a dam at the outlet of Murray Lake, and cold 
water from the reservoir in the vicinity of Kenney Dam. The mean monthly flows proposed by 
Alcan would be only 9 to 31% of the pre-diversion flows at Fort Fraser. 
 The following report reviews the potential impact of this Kemano Completion proposal of 
the sockeye and pink salmon stocks of the Fraser River systems for which this Commission is 
under the sockeye salmon Convention of 1937 and the amending Pink Salmon Protocol of 
1957.  
 
 
 
 
 
 
TITLE: Options for Regional Involvement in Watershed Management: The Nechako River 
Management Proposal 
AUTHOR: Wilson, D. 
DATE: 1983 
PUBLISHER: Westwater Research Centre, University of British Columbia, Vancouver, B.C. 
PAGES: 157 
FOUND: T. Buck Suzuki Environmental Foundation Library 
NOTES: Preface: 
 
In 1950 the government of British Columbia entered an agreement with the Aluminum Company 
of Canada (Alcan) for the creation of a hydro-electric project and aluminum smelting industry in 
the northwestern region of the province. The “Kemano Project” has a 910 km2 reservoir and 
diverts roughly 60% of the former flows of the Nechako River through a powerhouse and into 
the Pacific Ocean. At the time of construction it was considered to be the largest hydroelectric 
facility ever developed by private capital. The project did not, however, exhaust Alcan’s rights 
under the 1950 agreement and the company is now proposing to increase its generating 
capacity by diverting an even greater portion of the flows of the Nechako River as well as part of 
the Nanika River. The Kemano project has significantly affected the hydrology and ecology of 
the Nechako River and the lives of many of those who depend on it. Although the exact nature 
and size of the proposed “Kemano Completion” expansion have yet to be determined, 
accompanying reductions in river flows would likely have substantial impacts on the watershed 
and its users. A broad regional coalition of user groups and individuals have formally expressed 
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their concerns about Kemano and the proposed expansion. They are seeking the establishment 
of a comprehensive watershed management program established in which the people of the 
region would have a significant voice. This study is meant to explore some of the legal and 
institutional options for achieving these goals. The study is divided into 7 parts. In Chapter 1 the 
general theoretical rationale of comprehensive and participatory system of watershed 
management is considered. Chapter 2 describes the physical nature of the Kemano project and 
the proposed expansion and briefly looks at some of the social and economic impacts 
associated with these developments. The nature and status of Alcan’s legal rights are analyzed 
in Chapter 3. An assessment is made in Chapter 4 of current federal and provincial regulatory 
powers and practices in relation to the Kemano Project. Chapter 5 deals with some of the legal 
constraints involved in the implementation of the Nechako River Management Proposal. In 
Chapter 6, we examine three models for a regional river management body, ranging from a 
local advisory committee to an autonomous regional authority under new legislation. Finally in 
Chapter 7 a summary of the findings and recommendations of the study is presented.  
 
 
 
 
 
 
 
 
 
 
 
 
TITLE: Environmental Studies Associated with the Proposed Kemano Completion Hydroelectric 
Development 
AUTHOR: Envirocon Ltd. 
DATE: January 1984 
PUBLISHER: Aluminum Company of Canada 
PAGES: various pagings 
FOUND: Vancouver Public Library 
NOTES: List of Volumes: 
 
1) Environmental Planning and Assessment - Summary Report; 2) Physical and Hydrological 
Studies - Baseline Information; 3) Fish Resources of the Nanika River System - Baseline 
Information; 4) Fish Resources of the Morice River System - Baseline Information; 5)Fish 
Resources of the Nechako River System - Baseline Information; 6) Fish Resources of the 
Kemano River System - Baseline Information; 7) Fish Diseases and Parasites - Baseline 
Information; 8) Forest Resources - Baseline Information; 9) Vegetation Resources - Baseline 
Information; 10) Wildlife Resources - Baseline Information; 11) Visual Features and Recreation 
Resources - Baseline Information; 12) Heritage Resources - Baseline Information; 13) 
Agricultural Resources - Baseline Information; 14) Land Status and Use - Baseline Information; 
15) Environmental Planning and Project Design; 16) Environmental Impact Assessment 
Methods and Criteria; 17) Nanika-Kidprice Assessment Area - Environmental Impact 
Assessment; 18) Lower Nanika Assessment Area - Environmental Impact Assessment; 19) 
Morice-Bulkley and Skeena Assessment Areas - Environmental Impact Assessment; 20) 
Nechako Reservoir and Cheslatta Assessment Areas - Environmental Impact Assessment; 21) 
Nechako River and Fraser Assessment areas - Environmental Impact Assessment; 22) Kemano 
Assessment Area - Environmental Impact Assessment; 23) Impact Management 
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TITLE: Towards a Fish Habitat Decision on the Kemano Completion Project - A Discussion 
Paper 
AUTHOR: Jackson, K. (Ed.) 
DATE: January 1984 
PUBLISHER: Government of Canada, Department of Fisheries and Oceans 
PAGES: 75 
FOUND: Vancouver Public Library 
NOTES: Abbreviated form of the Executive Summary: 
 
The Kemano Completion Project is massive. The aluminum Company of Canada (Alcan) 
proposes a capital expenditure in excess of $2.2 billion which could increase aluminum 
production from its present level of 240,000 metric tonnes per year to 582,000 metric tonnes per 
year. It will generate 1,500 permanent jobs and several thousand man-years of temporary 
construction employment. The project entails the construction of two aluminum smelters of 
170,000 and 200,000 metric tonnes capacity, the first of which would be located near 
Vanderhoof. They are the primary source of permanent employment. The power to operate the 
smelters would be generated by an additional powerhouse to be built at Kemano and 
transmitted via new transmission lines to the B.C. Grid System. Water to operate the new 
powerhouse would be conveyed from the Nechako Reservoir by a new 12 km long tunnel and 
penstock system passing through the Coast Range, which parallels the existing water delivery 
system. The additional water required to generate the power would be obtained by minimizing 
the spill of water from the existing water delivery system. The additional water required to 
generate the power would be obtained by minimizing the spill of water from the existing 
Nechako Reservoir and augmenting it by diverting water from the Nanka River into the 
reservoir. This will be accomplished by constructing a 22 metre high dam on the Nanika River at 
the outlet of Kidprice Lake. An 8 Km long diversion tunnel through the mountain between 
Nanika Lake and Nechako Reservoir would be constructed thus linking the Skeena and Fraser 
River drainage. A low-level flow regulation dam on Murray Lake in the Cheslatta system and a 
cold water release tunnel around the Kenney Dam would be constructed to provide a source of 
cold water for downstream cooling purposes. The Kemano Completion project directed 
threatens the salmon stocks in the Fraser River system (especially the chinook of the Nechako 
River, as well as the sockeye of the Stuart, Stellako and Nadina rivers). Several species 
(chinook, sockeye, coho and pink salmon) would be impacted in the Nanika and Morice rivers 
as a result of the diversion of the Nanika River. All five species of Pacific salmon and the 
eulachon populations of the Kemano River would be impacted. The potential exists for 
significant downstream effect in the Skeena and Fraser River. 
 
 
TITLE: Response to Department Fisheries and Oceans Discussion Paper “Toward a Fish 
Habitat Decision on the Kemano Completion Project” 
AUTHOR: Save the Bulkley 
DATE: March 9, 1984 
PUBLISHER: Save the Bulkley, Smithers, B.C. 
PAGES: 52 
FOUND: Vancouver Public Library 
NOTES: Introduction:  
 
Save the Bulkley is a Smithers based citizens group that was formed in 1979 to inform itself and 
the public about the impacts of the Kemano expansion project. The group has approximately 
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250 members, most of whom live in the Bulkley Valley, but some residing as far away as Florida 
and New Zealand. We have consistently drawn public attention to the value and full potential of 
our rivers, our resources and our way of life, and the manner in which Kemano expansion 
threatens these values. In particular, Save the Bulkley has great difficulty with the idea that 
Alcan is proposing a project of such a scale that it presents a direct threat to fish and fish habitat 
at a time when fish stocks are dwindling and the west coast fishing industry is in dire straits. 
Alcan has indicated that it has no interest in the full potential of the affected rivers to produce 
fish, saying it is sufficient that current levels of fish production be maintained, even though these 
are well below historical levels. Despite what we consider an inadequate process the 
Department has set up to obtain public input (See legal Issues Arising Out of the Discussion 
Paper) we feel it is important to express our concerns and make these comments on the 
Department of Fisheries and Oceans Discussion Paper Toward a Fish Habitat Decision on the 
Kemano Completion Project. 
 
 
 
 
 
 
 
 
 
TITLE: Assessment of the Influence of Gas Supersaturation on Salmonids in the Nechako River 
(Canada) in Relation to Kemano Completion 
AUTHOR: Alderdice, D.F., Jensen, J.O.T. 
DATE: 1985 
PUBLISHER: Department of Fisheries and Oceans, Fisheries Research Branch, Pacific 
Biological Station, Nanaimo, B.C. 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1386 
PAGES: 48 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
Following a historical review of developments on the Nechako River, information was reviewed 
on total gas pressure (TGP), temperature and discharge conditions for pre-Kemano I and 
Kemano I hydroelectric power plant periods. Although emphasis was placed on a search for 
TGP criteria, the high association between TGP, temperature and discharge required an 
examination of all 3 variables. A summary was presented of the physical principles affecting 
solution of atmospheric gases, the biological effects of supersaturation in producing gas bubble 
trauma (GBT) in salmonids, the influence of hydrostatic pressure on depth compensation in 
GBT and ancillary factors (temperature, fish size, dissolved O-2/N-2 gas ratios, water depth, 
barometric pressure) that modified the biological response to TGP. Recent developments in the 
understanding of TGP effects on salmonids were presented in relation to the action of ancillary 
variables on biological response, chronic GBT problems in shallow water culture, the biophysics 
of bubble growth in fish blood and vertical distribution of salmonids in supersaturated water. 
TGP criteria were suggested in relation to GBT. These studies provided a new view on the 
biological effects of TGP, and on that basis, new temperature criteria were re-examined for 
growth of juvenile chinook salmon in the upper Nechako River and for the well-being of adult 
sockeye migrating through the lower Nechako. The need for consideration of rates of discharge 
of water into the upper Nechako was suggested insofar as discharge influenced TGP levels and 
temperatures in the Nechako River. 
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TITLE: Predictability of the Consequences of the Kemano Hydroelectric Proposal for Natural 
Salmon Populations  
AUTHOR: Mundie, J.H., Bell-Irving, R. 
DATE: 1986 
JOURNAL: Canadian Water Resources Journal 
VOLUME: 11(1) 
PAGES: 14-24 
FOUND: Main Library, UBC 
NOTES: Abstract: 
 
The Aluminum Company of Canada, Limited (Alcan) has proposed completion of its 
hydroelectric developments to increase aluminum smelting capacity in north-central B.C. The 
project was started in 1950 and included the Kenney Dam on the Nechako River in the Fraser 
catchment area, the creation of the Nechako Reservoir, and the construction of facilities for 
generating power at the Kemano River on the west coast. Completion of development (Kemano 
Completion Proposal), at a cost of over $2 billion, would divert 84 % of the initial mean annual 
discharge of the Nanika River in the Skeena catchment area to the Kemano River. The proposal 
offers discharges that are intended to protect Pacific salmon stocks, or where this is not 
possible, mitigation of losses. This paper identifies the more obvious effects of abstraction and 
regulation on salmon populations and their habitat. These include interference with migration of 
adults, changes in the quality of spawning gravel, imposition of stress on all stages of the fish 
from high total gas pressures and from alteration in ambient temperature, changes in the total 
fish community, changes in the production and availability of food, stranding of fish, weakening 
or loss of cues for homing, and increased exposure to predation from fish and birds. A major 
difficulty in trying to relate effects to salmon populations lies in distinguishing fish numbers as 
determined by habitat effects, from numbers determined by the level of recruitment to the rivers 
as a result of exploitation by the fishery. Three approaches to the problem are: experimental 
design of impact assessment, modeling changes of discharge and salmon habitat, and analysis 
of case histories of regulated discharge. The last seems to be the most instructive per unit of 
effort required. As an approximation to obtaining of treatment effects, and to judge the reliability 
of prediction of effects of flow regulation, case histories of regulated salmonid rivers were 
examined. It was found that negative effects outnumbered positive ones, that prediction was 
usually incorrect, and that even where flow regulation was implemented with the express 
intention of increasing numbers of salmonids the results fell short of expectations. On this 
evidence it appears that the outcome of a development as demanding of water as Kemano 
Completion is difficult to predict in precise quantitative terms and carries some risk for natural 
populations. 
 
 

 3.3.2. British Columbia Utilities Commission Reports 
 
TITLE: The Kemano Completion Project: Nine Government Documents 
AUTHOR: Ministry of Environment, Lands and Parks 
DATE: November 1992 
PUBLISHER: Ministry of Environment, Lands and Parks, Victoria, B.C. 
PAGES: various pagings 
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FOUND: Vancouver Public Library 
NOTES: List of Environment, Lands and Parks Documents for Release 
 
1) May 1, 1987. Nechako River Water Management Analysis. 103 pp.  
A Ministry review of various flow regimes on the upper Nechako River; provided information 
considered for negotiation of the Settlement Agreement. Alternative flow scenarios document 
the impacts caused by various amounts of diversion from the upper Nechako which would occur 
without mitigation measures. This document has not been previously released. 
 
2) November 1989. Nechako River Water Management Plan (Draft). 85 pp. 
Based of the May 1987 analysis, this document presents the terms of the Settlement 
Agreement, the flow regime under the Settlement Agreement and its implications of some 
resources of the upper Nechako River. This document has not been previously released. 
 
3) April 1987. Nechako River Water Management Analysis - Appendices. 250 pp. 
Background documents to the Nechako Water Management Analysis and Plan; review of the 
Kemano Completion Project, Court pleadings, flow estimates, the public domain as court 
pleadings and through other sources, but the appendices compile then for convenient 
reverence. 
 
4) Ableson, D.H.G. revised May 1990. Fisheries Management Plan, Upper Nechako River 
Watershed, including Murray and Cheslatta Lakes. 
Discusses the value of the existing and potential fisheries of these waters to the region; the 
importance of the Settlement Agreement towards achieving fisheries goals in the Cheslatta; and 
the potential to mitigate the reduced flows in the Nechako River by developing river and lake 
fisheries on tributaries and elsewhere in the systems. This document has not been previously 
released. 
 
5) Levy, D.A. November 1991. Synthesis of a Fisheries Management Plan for the Nechako 
River. 23 pp. 
Broadens the scope of the fisheries management plan for the upper Nechako River, identifies 
information needed to evaluate, rehabilitate and enhance fisheries capability of the lower 
reaches of the Nechako River. This document has not been previously released. 
 
6) Slaney, P.A., M.L. Roseneau, D.H.G. Ableson and R.L. Morley. 1984. Habitat Capability of 
Nechako River for Rainbow Trout and Char and the Effects of Various Flow Regimes. Fish. 
Tech. Circular # 63. 34 pp. 
Assess the effects of various flow regimes of the area available as usable fish habitat and the 
production of trout and char. This document is available to public of request. 
 
7) Slaney, P.A. 1986. An Assessment of the Rainbow Trout (Salmo gairdneri) Population in the 
Upper Nechako River and the Effects of a Sportfishery Closure. Fisheries Management Report 
# 89. 37 pp. 
Demonstrates the rapid recovery possible using fisheries management techniques in the upper 
Nechako River and rates the upper Nechako favorably against other high quality rivers for sport 
fishing. This document is available to the public upon request. 
 
8) Lewynsky, V.A. 1986. Sport Fishing Opportunities and Suspended Solid Concentrations in 
the Upper Nechako River With Changes in Regulated Summer Flows. Province of B.C. 
Fisheries Project Report # RD11. 35 pp. 
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Compares various flow levels against the capability for angling on the upper Nechako River 
favorably against other highly rated streams in the region and in Idaho. Recreational 
accessibility and safety are also noted. This document is available to the public on request. 
 
9) Fish and Wildlife Branch internal memo from D. Deleeuw to R. Hooton. January 9,1990. Re: 
Kemano Completion, Nechako Reservoir and Tahtsa Narrows Dredging. 7 pp. 
Discussion of impacts of increased reservoir fluctuations of related resources. This is one of the 
only documented statements of concern for resources impacted by KCP outside of the Nechako 
River. Most others rely heavily on reaction to Alcan’s assessments of impacts. This document 
has not been previously released although the public is aware of it. 
 
 
 
 
 
 
 
TITLE: British Columbia Utilities Commission Kemano Completion Project Review  
AUTHOR: British Columbia Utilities Commission 
DATE: 1993-1994 
PUBLISHER: British Columbia Utilities Commission 
PAGES: various pagings 
FOUND: Vancouver Public Library 
NOTES: List of Volumes: 
 
Volume 1: Kitimat Community Hearings, Nov. 1993 
Volume 2: Fort Fraser Community Hearings, Nov. 1993 
Volume 3-4: Vanderhoof Community Hearings, Nov. 1993 
Volume 5-8: Prince George Community Hearings, Nov.-Dec., 1993 
Volume 9-10 Technical Hearings Phase I: Preliminary Arguments, Dec., 93 
Volume 11-13: Technical Hearings Phase I: Kemano Completion Project Facilities and 
Operation, Jan., 1994 
Volume 14-26: Technical Hearings Phase II: Hydrology, 
Volume 27-68: Technical Hearings Phase III: Fisheries, April-June, 1994 
Volume 69-84: Technical Hearings Phase IV: Environmental, Social, Economic and Other 
Community Impacts, June-July, 1994 
 
 
TITLE: British Columbia Utilities Commission Kemano Completion Project Review: Alcan 
Outline of Evidence 
AUTHOR: Alcan Smelters and Chemicals Ltd. 
DATE: 1993 
PUBLISHER: Alcan Smelters and Chemicals Ltd., Vancouver, B.C. 
PAGES: various pagings 
FOUND: Vancouver Public Library 
NOTES: List of Volumes: 
 
Technical Hearings Phase I: Kemano Completion Project Facilities and Operation, Nov., 1993 
Technical Hearings Phase II: Hydrology, Dec., 1993 
Technical Hearings Phase III: Fisheries, Volume 1-2, Dec., 1993 
Technical Hearings Phase IV Agriculture, Dec., 1993 
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TITLE: Kemano Completion Project Public Review: Public File 
AUTHOR: British Columbia Utilities Commission 
DATE: 1993 
PUBLISHER: British Columbia Utilities Commission, Vancouver, B.C. 
PAGES: various pagings 
FOUND: Vancouver Public Library 
NOTES: List of Volumes: 
 
Volume 1: General correspondence 
 
Volume 2: Commission correspondence 
 
Volume 3: Government correspondence 
 
Volume 4-5: Submissions to the commission 
 
Volume 6: Legal documents 
 
Volume 7: Newsletters, news releases 
 
Volume 8-9: Miscellaneous documents, Ministry of Energy, Mines and Petroleum resources 
 
Volume 10: Toward a fish habitat decision on the Kemano Completion project. A discussion 
paper, Department of Fisheries and Oceans 
 
Volume 11: Alcan’s Kemano Completion Project: Options and Recommendations, Rankin 
 
Volume 12: Nechako Fisheries Conservation Program (NFCP) Annual Report 87/88-90/91 
 
Volume 13: Alcan KCP: Documentation of model, data and assumptions; Workshop paper on 
opinions for regional involvement in watershed management. The Nechako River management 
proposal; Summary of salmon studies conducted on Nechako, Morice, Nanka river systems 
relative to the proposed Kemano II power development 
 
Volume 14-16: Nine government documents 
 
Volume 17: General correspondence, Commissions correspondence, government 
correspondence, newsletters 
 
Volume 18: The attainment of water quality objectives in 1987 
 
Volume 19: The attainment of water quality objectives in 1988 
 
Volume 20: The attainment of water quality objectives in 1989 
 
Volume 21: The attainment of water quality objectives in 1990 
 
Volume 22: The attainment of water quality objectives in 1991 
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Volume 23: Talka-Nechako area. Nechako River, water quality assessment and objectives 
technical appendix (1987) 
 
Volume 24: Nechako River Fisheries Conservation Program (NFCP)detailed terms of reference 
89/90; 1989 NFCP progress reports; review of techniques to measure intergravel dissolved 
oxygen, 1990 
 
Volume 25: Nechako River physical data summary 1986 NFCP report M88-1,M88-2; NFCP 
terms of reference: documentation of annual temperature control criteria 1988 
 
Volume 26: Cheslatta fan improvements. Preliminary design development. Summary of 
information for the technical committee NFCP 1989; NFCP feasibility assessment of permanent 
anchors for juvenile chinook traps; Sensitivity of Nechako River flows to Skins Lake spillway 
releases and Cheslatta/Murray basin inflows supplementary report #1 1989; Nechako and 
Stuart rivers chinook spawning enumeration 1988 data report 1989 
 
Volume 27: Nechako River secondary channels: Kenney Dam to Vanderhoof (1988) draft; 
NFCP: pilot fertilization of the Nechako River II: Nitrogen limited periphyton production and 
water quality studies during treatment of the upper river (1989); Nechako River substrate quality 
and composition background report on gravel sampling 1989; Overwintering of juvenile chinook 
in the Nechako River 1988/89 studies (1989)draft 
 
Volume 28: Winter conditions on the Nechako River 1987/88 (1990) draft; Review of the 1988 
Nechako River hydrothermal monitoring and control program (1990); Review of the 1988 
summer temperature management program (1990); Review of the 1989 Nechako River 
hydrothermal monitoring and control program (1990) draft; Sand mapping - A component of 
river gradient mapping and HEC-II modeling (1990) draft 
 
Volume 29: A review of the riparian revegetation techniques for control of bank erosion and 
sediment input and their potential for application to the Nechako River (1991) draft; Examination 
of winter flow records on the Nechako River and at Skins Lake spillway (1991) draft; 1988/89 
studies on the Nechako River investigations into the use of instream cover structures by juvenile 
chinook salmon (1989) draft; Nechako River physical data summary 1989; Nechako River 
chinook residence time, 1990 data report (1990) draft; Nechako River chinook residence time 
1989 data report (1989) draft; review of riverine modeling Nechako River (1991) 
 
Volume 30: Nechako River gravel sample analysis (1992) draft 1/3  
 
Volume 31: Nechako River gravel sample analysis (1992) draft 2/3  
 
Volume 32: Nechako River gravel sample analysis (1992) draft 3/3  
 
Volume 33 Nechako and Stuart rivers chinook carcass recovery 1989 data report (1990) draft 
 
Volume 34: Assessment of heavy metal concentrations in the Nechako River 1987; Revised 
year 1 rule curve 1988; Envirocon interpretations of location of transects, Nechako River (1988); 
Nechako River water temperature modeling studies (1990); Nechako Canyon dissolved gas 
modeling tables, 1989; Baseline biological assessment of the Kemano River eulachon during 
1988: a cooperative study by Alcan and the Kitimat band of the Haisla Nation 
 



PART  3 - WATER DIVERSION PROJECTS 

 192

Volume 35: Summary of review of scientific literature pertaining to the effects of temperature on 
the survival, growth, spawning criteria and food of the chinook salmon 1/2 
 
Volume 36: Summary of review of scientific literature pertaining to the effects of temperature on 
the survival, growth, spawning criteria and food of the chinook salmon 2/2 
 
Volume 37: Review of the 1986 Nechako River hydrothermal monitoring and control program 
1987; Monitoring of the eulachon population in the Kemano and Wahoo rivers during 1991 
(1992); Assessment of nutrient conditions in Cheslatta - Murray lakes and the Nechako River 
(1987) 
 
Volume 38: A proposal: Pilot fertilization of the Nechako River with inorganic nitrogen and 
phosphorus for salmonid enhancement (1998); Freshwater life history of the eulachon of the 
Kemano and Wahoo rivers (1991) 
 
Volume 40: The winter hydrologic regime of the Nechako River, B.C. (1988); Review of chinook 
salmon escapements in the Nechako River (1988) 
 
Volume 41: Nechako counting fence project 3:0-2 pre-feasibility assessment report (1988); 
Nechako River chinook spawner escapement and carcass recovery (1988); The Indian food 
fishery of the Fraser River, 1989 summary (1990); Nechako settlement agreement - effect of 
fish passage in Fraser River (1990); Initial survey: potential fish predators of Nechako River 
chinook salmon 
 
Volume 42: Laboratory analysis of diet of fish from the Nechako River 1990-91 (1992); 
Extensive use of the Fraser River basin as winter habit by juvenile chinook salmon (1990); Initial 
survey: stomach contents of potential predators of chinook salmon in the Nechako River (1990) 
draft; ability of phabsim to predict salmon spawning habitat (1989) 
 
Volume 43: Analysis of the diet of the fish from the Nechako River 1990-91 (1992) 
 
Volume 44: Heritage resource inventory and impact assessment Kemano Completion Studies, 
transmission line and borrow areas permits 1989-90 (1989); A preliminary summary of the 
chinook carcass recovery program 1989; A summary of activities: Nechako River adult 
enumeration (1989); A study of some aspects of the geomorphology of the Nechako River 
(1987) 
 
Volume 45: Preliminary data report on chinook salmon carcass recovery and aerial 
enumeration, Nechako River, 1990; Examination of Nechako River data to determine 
adaptability to existing production models (1989); Competitive and predator-prey interactions 
with juvenile salmonid in the context of reduced stream flows (1991); A preliminary 
reconnaissance of submersed macrophytes in the upper Nechako River 1990, (1991) 
 
Volume 46: Kenney Dam release facility summary report (March 1991); Nechako reservoir flood 
and operating studies (1989) 
 
Volume 47: Kenney Dam release facility, design criteria report including addenda # 1. and 2. 
(1991); Nechako Reservoir, probable maximum precipitation; Nechako Reservoir, probable 
maximum flood 
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Volume 48: Kenney dam release facility, evaluation of withdrawal characteristics of surface 
water intakes (1991); Kenney dam release facility, Saddle Mountain baffle block spillway, 
prototype gas transfer tests and evaluations results (1991); Kenney dam release facility, Hollow-
cone valve model studies, evaluation of gas transfer characteristics (1991); Kenney dam 
release facility, 1/120 scale reservoir intake hydraulic model study; Kenney dam release facility, 
spillway hydraulic and gas transfer model studies (1991) 
 
Volume 49: Kenney dam release facility, hollow-cone valve hydraulic model gas transfer tests 
(1991); Kenney dam release facility, release structure hydraulic model studies (1991); Kenney 
dam release facility, low level outlet regulating structure hydraulic model study (1991) 
 
Volume 50: Nechako River mathematical modeling 1/2 
 
Volume 51: Nechako River mathematical modeling 2/2 
 
Volume 52: Reconnaissance of fish habitat and surficial deposits of Nechako canyon (1991); 
Kenney dam release facility, hollow-cone valve gas transfer analysis (1992); Nechako River 
preliminary flow ramping studies (1991); Gas transfer investigations of the Kenney dam release 
facility 
 
Volume 53: Nechako reservoir flood forecasting and operating study (1992); Nechako reservoir 
investigation of magnitude of thermocline depression in response to winds (1992) 
 
Volume 54: Investigations of internal waves in Nechako reservoir - GLVHT analysis of dynamic 
response to winds at Kenney dam (1991); Nechako River flow ramping investigations; 
Investigation of flushing of accumulated sediments from the Nechako canyon (1991) 
 
Volume 55: Kenney dam release facility, gate and valve operation (1991); Supplementary 
extreme conditions hydrothermal modeling (1992); Simulation of Kemano operation (1988); 
Kenney dam release facility, evaluation of cavitation and air flow characteristics of surface water 
intakes (1991); Kenney dam release facility and Cheslatta fan (1988); 1990/91 detailed 
engineering work program for the KCP Kenney dam release facility and Cheslatta channels 
(1990) 
 
Volume 56: Provincial government document lists 
 
Volume 57-58: General Correspondence 
 
Volume 59: Summary of salmon studies conducted on Nechako, Morice and Nanika river 
systems relative to proposed Kemano 2 power development; Kemano 2 hydroelectric 
development. Environmental impact study. Outline for resource study programs; Kemano 
Completion hydroelectric development baseline environmental studies Vol. 1. Introductory 
report; Macroeconomic impact analysis (of Kemano 2); A review of “ social benefit-cost analysis 
of Kemano Completion Project” (Kemano 2) prepared for Alcan by Columbia Pacific Resources 
Group Ltd., Workshop paper on opinions for regional involvement in watershed management: 
the Nechako River management proposal 
 
Volume 60: Terms of reference for 1984 Envirocon Studies; Impact management analysis: 
Kemano to Kitimat transmission line route alignment and design measures (1989); 
Omineca/Peace summary of regional supply of catchable fish and angler demand (1983); 
Habitat manipulations for the rearing of fish in B.C. 
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Volume 61: Experimental fertilization of nutrient deficient streams in B.C., Debris structure 
placements and whole-river fertilization for salmonids in a large regulated stream in B.C., 
abstracts from workshop: “Effects of habitat alteration on salmonid stocks”; Use of instream flow 
incremental methodology: A tool for negotiation; “Toward an effective fish management strategy 
for resident salmonid stream fisheries in B.C.” Fisheries Technical Circular # 66 (1984) 
 
Volume 61a):KCP (Kemano 2) energy project certificate application (1984) executive summary 
and volume 1; Response (by Alcan) to Save the Bulkley brief 
 
Volume 62: Incubation environment: testing of redd capping; Nechako and Stuart rivers chinook 
carcass recovery 1989; Nechako and Stuart rivers chinook spawner enumeration 1989; 
Nechako River flow control 1990/91 (NFCP); Nechako River flow control 1991/92 (NFCP); 
Nechako River flow control 1992/93 (NFCP); Nechako River physical data summary 1990 
(NFCP); Nechako River physical data summary 1991 (NFCP) 
 
Volume 63: Summary of biological and physical studies carried out on the Nechako River by 
Alcan and DFO 1991/92; Life history of the eulachon, Thaleichthyes pacificus of the Kemano 
and Wahoo Rivers, B.C. 
 
Volume 64: Monitoring of the eulachon Thaleichthyes pacificus, population in the Kemano and 
Wahoo rivers during 1991; Monitoring of the eulachon Thaleichthyes pacificus, population in the 
Kemano and Wahoo rivers during 1992 
 
Volume 65: Commission correspondence, general correspondence, government 
correspondence, legal documents, miscellaneous documents, newsletters 
 
Volume 67: General correspondence, commission correspondence, government 
correspondence, legal documents, miscellaneous documents, news releases; Information B.C. 
hydro Williston wildlife compensation program 
 
Volume 68: Information on B.C. Hydro Mica compensation program 
 
Volume 69: The Canadian Aboriginal economic development strategy; Community Futures. 
Local solutions to local problems (federal); Chemawawin/Easterville settlement (Manitoba); 
Cormorant settlement (Manitoba); Northern Enterprises Fund Inc. (Saskatchewan) 
 
Volume 70: Resident fish and wildlife amendments to the Columbia River basin fish and wildlife 
program (Phase 4) draft; Resource recovery facility siting: Recommendations for economic and 
other equity adjustments 
 
Volume 71: Assessment of the influence of flows on the rainbow trout and char populations of 
the Nechako River. (Expert testimony of P.A. Slaney prepared for Nechako River court case 
1986); Fisheries capabilities and enhancement opportunities on four tributary streams to Murray 
and Cheslatta Lakes; Experiments on thermal requirements for growth and food conversion 
efficiency of juvenile chinook salmon (Oncorhynchus tshawytscha); An evaluation of the of the 
proposed Kemano Completion hydroelectric development and the fish resources of the 
Nechako River system, (1982); A study of salmon migration and spawning in the Nechako River 
system and the Morice and Nanika rivers (1985); Assessment of the influence of gas 
supersaturation on salmonids in the Nechako River in relation to Kemano Completion 
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Volume 72: The environmental impact of hydro power (P.A. Larkin); Managing salmon in the 
Fraser. Report to the Minister of Fisheries and Oceans on the Fraser River salmon investigation 
(P.H. Pearse); Technical appendix to document # R0177. Analysis of possible causes of the 
shortfall in sockeye spawners in the Fraser River. (P.A. Larkin) published separately; The 
effects of implementation of the Kemano II project on sport fisheries, wildlife and recreation (A 
preliminary report) 
 
Volume 73: Environmental supervision program for the Kemano Completion project; Kemano 
Completion project employees environmental protection handbook; KCP Nechako reservoir 
flood forecasting and operating study; Nechako irrigation study. Alternative irrigation sources - 
tributary supplies, technical memo 1951/1 draft; Potential irrigation demand in the Nechako and 
Bulkley River Valleys. Technical memo 1881/57 draft; Social benefit-cost analysis of the 
Kemano Completion project (prepared for Alcan by Columbia Pacific Resources Group, 1984) 
 
Volume 74: Impact management analysis for Tahtsa Narrows dredging and deep water 
disposal; Nechako River tributary reconnaissance report (1984); Kenney Cold water release 
facility feasibility study; Annual and seasonal temperature and precipitation trends in B.C. since 
1890. 
 
Volume 75: Government correspondence, miscellaneous documents, news releases, general 
correspondence. 
 
Volume 76: Overwintering of juvenile chinook in the Nechako River ; Winter conditions on the 
Nechako River, 1989 - 90, methods and data; Juvenile outmigration, 1990. 
 
Volume 77: Nechako and Stuart rivers chinook spawner enumeration 1990 data report; 
Assessment of habitat complexing in the Nechako River, 1991; Assessment of habitat 
complexing in the Nechako River, 1992; Pilot fertilization of the Nechako River: A test of nutrient 
deficiency and periphyton response to nutrient addition; A literature review of riparian 
revegetation techniques. 
 
Volume 78: HEC-2 Numerical model of Nechako River, final report v1 and 2 
 
Volume 79: Commission correspondence 
 
Volume 80-84: General correspondence 
 
Volume 85: Government correspondence 
 
Volume 86: Government correspondence and commission correspondence 
 
Volume 87: Miscellaneous items and news releases 
 
Volume 88: News releases and submissions 
 
Document List and Index 
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3.4 Environmental Studies of Other Dam Projects 
 
TITLE: Report on Environmental Studies for the McGregor Diversion Project, Vol. 1- text, Vol. 2- 
Tables and Figures, Vol. 3- Appendices 
AUTHOR: Reid, Crowther and Partners Limited 
DATE: 1978 
PUBLISHER: B.C. Hydro and Power Authority Limited 
PAGES: 781 text 
FOUND: Bennett Library, SFU 
NOTES: Abstract: 
 
This report documents the findings of the McGregor River Diversion Environmental Studies prior 
to their suspension on January 24, 1978. The studies, carried out by consultants and B.C. 
Hydro personnel, investigated the environmental effects of a 140 m high dam at the Lower 
Canyon on the McGregor River. This dam would cause the formation of a reservoir which would 
overtop the Arctic/Pacific divide at the head of James Creek (section 2.2, Figure 2.2). The 
outflow from the reservoir would significantly increase flows in the Parsnip River, and reduce 
flows on the McGregor and Fraser Rivers below the dam. The increased flows in the Parsnip 
River would eventually reach the Peace River and would increase flows there by approximately 
18%. As a result, the average annual energy production of the Portage Mountain and Site 1 
developments would be increased by 2628 million kWh. The development would provide flood 
control benefits along the Fraser River. The report describes existing conditions in the project 
area and the impacts which the project would generate if unmitigated. It includes many 
suggestions for mitigation of some of the impacts documented, but in many cases the 
economics, feasibility, and practicality of the mitigation measures suggested require further 
study, especially in the bio-physical areas. At the time studies were suspended, the forestry, 
archaeology, wildlife, hydrology (Parsnip-McGregor) and socioeconomic studies were complete. 
However, the fisheries, recreation, faunal transfer, Fraser River studies, and resources 
evaluation were in varying stages of analyses and completion. Studies of the Fraser River were 
initiated much later than the others and were therefore the least complete. 
 
 
TITLE: Primary Analysis of the Potential Impact of Hydroelectric Development of the Stikine 
River System a Biological Resources of the Stikine Estuary 
AUTHOR: Beak Consultants Limited 
DATE: September 1981 
PUBLISHER: B.C. Hydro and Power Authority Limited, Vancouver B.C. 
PAGES: Various pagings 
FOUND: Bennett Library, SFU 
NOTES: Abstract: 
 
This preliminary analysis of potential impacts on the Stikine River estuary from the proposed 
Stikine-Iskut Hydroelectric project is based upon a series of conceptual and mathematical 
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models which summarize the key processes in the estuary. The models were based on 
information obtained from a variety of sources including the U.S. Geological Service, Alaska 
Fish and Wildlife, B.C. Hydro Hydrology, and National Oceanographic and Atmospheric 
Administration as well as on data collected during limited field studies in September and 
October 1979. Use was also made of extensive studies of other estuaries, in particular those on 
the Squamish, Nanaimo and Fraser Rivers. These information sources combined to allow a 
thorough and systematic assessment of the influence of water flow regulation on physical, 
chemical and biological processes within various regions of the Stikine estuary. 
 Six submodels were employed: (1) river hydraulics and sedimentology, (2) plume dynamics 
and tidal mixing, (3) marsh succession, (4) marsh and foreshore productivity, (5) offshore-
surface productivity and (6) offshore-bottom productivity. The analysis of these models shows 
that the proposed Stikine-Iskut River impoundments will alter the river’s sediment regime, 
clarity, flow, temperature and stage and possibly delta and river channel morphology and the 
frequency and duration of side channel flooding. These physical changes could in turn affect a 
variety of biological processes, including, plankton bloom dynamics, nearshore benthic 
production, and marsh succession, leading to alterations in waterfowl habitat, growth and 
survival of juvenile salmonids and starry flounders, upriver invertebrate production, visual 
predator success and ungulate winter range. Less likely are potential effects on recruitment of 
nearshore demersal and benthic species, and reduced salmon and eulachon spawning success 
due to modifications in flow, temperature and substrate, Finally, fish rearing capacity may be 
reduced due to shifts in the species composition of nearshore surface invertebrate populations. 
Not all impacts identified were negative. Increases in offshore demersal and benthic production 
are possible. 
 The accuracies of the impact predictions made are dependent on how adequately the 
models describe the physical and biological processes within the estuary, and their 
interrelationships. Because predictions of the potential impact of upstream impoundment and 
flow regulation on the estuarine ecosystem are predicated by a detailed knowledge of the 
physical system, it is recommended that further detailed impact assessments should be 
developed initially in terms of the physical variables related to the regulated and unregulated 
flow, river regime and morphology. 
 
 

3.5 Bulk Water Exports 
 
TITLE: The Export of Water from British Columbia’s Coast, Discussion Paper 
AUTHOR: Carter, J. 
DATE: January, 1992  
PUBLISHER: Ministry of Environment, Lands and Parks, Victoria, B.C. 
PAGES: 15 
FOUND: Main Library, UBC 
NOTES: Introduction: 
 
The British Columbia Ministry of Environment, Lands and Parks has initiated a public discussion 
on the water management program in British Columbia entitled ‘Sustaining The Water 
Resource’. As ‘guardian and steward’ of the province’s water resources, the Ministry has 
identified key issues such as: 1) Resource management and planning for the supply and use of 
water; 2) Defining, monitoring, protecting and reporting on water quality; 3) Minimizing the threat 
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to lives and property caused by drought flooding and erosion;.4) Ensuring an adequate 
knowledge of the water resource.  
 The Ministry is in the process of seeking public involvement in setting directions for the 
future in these areas. One issue, which is mentioned in Environment, Lands and Park’s 
discussion paper entitled ‘Sustaining the Water Resource’, is that of water export. In February, 
1991 a total of 6 bulk water export licenses had been issued to companies in British Columbia. 
They ranged from a volume of 200 acre feet/year to 42,635 acre feet/year. It is interesting to 
note that while some bottled water has been exported, no bulk water has been shipped. At the 
same time 20 applications for bulk water export licenses were under consideration. In March of 
1991, the Minister of the environment placed a moratorium on the issuance of new bulk water 
export licenses. A number of issues were raised regarding the export of water from coastal 
streams which required attention. Thus, a separate initiative was begun under the guidance of 
R.J. Carter, former Deputy Minister, to examine this one aspect of the broader issue. The goal, 
at the end of the dual initiatives, will be to integrate the results of the two reviews into a single 
set of recommendations to the Minister. 
 The policy implications of water export have been examined through a series of meetings, 
an ‘experts’ session held in May of 1991, consultation with key stakeholders, discussions with 
the responsible ministries and thorough research of the current literature. The study has been 
further enhanced by legal advice on the trade issues and by a cost study on bulk shipments. 
The issues are presented in this discussion paper, so that the caretakers of the resource, the 
citizens of British Columbia, can express their views to government. Now we seek your 
comments on a fundamental question. After reading this discussion paper, what are your views 
regarding the safeguards necessary for the licensing if bulk water export? 
 The water export review will be carried out through responses to this paper and through the 
broader public discussions to be held in conjunction with the Ministry review. People wishing to 
make public presentations on the issue of water export are encouraged to do so at the public 
sessions which will be held by Environment, Lands and Parks. (See ‘We Welcome Your 
Comments’ for details on establishing a meeting). All statements relating to water exports will be 
forwarded to Mr. Carter for consideration. No public hearings will be held for the specific 
purpose of examining water export. Provisions will be made for Mr. Carter to attend selected 
meetings where indications point to a special interest in the water export issue. 
 
 
TITLE: Water Export, Should Canada’s Waters Be For Sale?: Proceedings of a Conference 
Held in Vancouver B.C. 
AUTHOR: Windsor, J.E.,  
DATE: May 7,8, 1992 
PUBLISHER: Canadian Water Resource Association, Cambridge, Ontario  
PAGES: 309 
FOUND: Law Library, UBC 
NOTES: Introduction: 
 
On May 7 and 8, 1992 the British Columbia branch of the Canadian Water Resources 
Association hosted a conference at the Hotel Vancouver in Vancouver, British Columbia. The 
theme of the conference was: “Water export: Should British Columbia’s Water Be For Sale?” 
The conference attracted delegates from Canada, the US and Mexico. 
 As the conference progressed, it became apparent to the conference organizers as well as 
to conference delegates that the water export issue had implications beyond the provincial 
boundaries of British Columbia. Indeed, as the reader will discover, most of the papers 
presented at the conference (and contained within this volume), but especially those dealing 
with international water trading and water markets, have implications for all of Canada (not to 
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mention the U.S. and Mexico). In recognition of these broader implications and in the hope that 
the important issues raised by the enclosed papers reach a wider audience-especially in 
Canada- this volume has been entitled “Water Export: Should Canada’s Water Be For Sale?” 
 The reader should also be aware that, as a result of the important and frequently 
controversial nature of the arguments presented at the conference, several authors felt the need 
to revise portions of their papers, a request that the CWRA was only too happy to 
accommodate. Accordingly, the reader may find references in several of the papers to events or 
documents that post-date the conference (May 7 and 8, 1992). 
 The organization of these Proceedings parallels that of the conference. In the first section, 
dealing with “Water Export Proposals and Opportunities”, the first paper by Paley notes that 
Canada is very well endowed with water and that opportunities exist to export some of this 
“surplus” especially by ocean tanker. Salinas-Leon points out in his paper that one in four 
people in Mexico lack access to potable water. He further notes that traditional governmental 
allocation of water-a situation that he terms ‘hydrological nationalism’ -is an inefficient way to 
allocate water. He suggests, instead, a system of North American water markets. In this paper, 
Dale informs us that interest in large scale projects to divert huge amounts of water has not died 
while Birt examines some of the infrastructural requirements for bulk water export by tanker. In 
the final paper in this session, Fritz and Mckinney lay out four quite good principles to which one 
should adhere if formulating water export policies. 
 In the first luncheon address, Anderson argues that free trade and water markets can 
actually enhance both environmental quality and allocation efficiency. The second conference 
section dealt with native concerns. In the first paper in this session. Francis presents a very 
eloquent argument in respect of the differing views heard by native and non-native communities 
concerning the environment generally and the water resource in particular. The second paper, 
presented at the conference by Chief Thomas in Chief Monk’s absence, details the impact of 
the Kemano Diversion Project on the lifestyles of native peoples living along the Nechako River. 
In the final paper in this section, Sheridan argues that native and non-natives possess 
profoundly different philosophies about nature and the environment. He notes that any projects 
affecting the environment including water export proposals, will not succeed except through 
negotiation with aboriginal peoples. 
 The third session dealt with “Legal and Policy Aspects”. In the first paper in this section, 
Quinn discusses some of the new concerns that have arisen since the water export debate 
began in earnest in the 1960’s. He concludes that the failure to resolve this debate has 
prevented, rather than aided, the proper management of water in Canada. Huffman presents a 
cogent and compelling argument in favour of a North American Water Marketing System. He 
notes, however, that the challenge to establishing such a trans-national federation is “to 
overcome the limits which sovereignty places on market resource allocation by reconfiguring 
sovereign entities.” 
 The final paper in this section, by Thompson, argues that a number of impediments stand in 
the way of water exports even should Canadians decide that such exports are acceptable. Such 
impediments are both political and economic. The first session of the second day of the 
conference dealt with “Economic and Trade Issues”. In the first paper in this session Scott 
presents a thorough analysis of the various elements necessary for the operation of 
international water markets. He notes especially the problem of the perception of irreversibility 
as an impediment to water trading. In the second paper, Holm discusses the implications of the 
US/Canada Free Trade Agreement for water export and argues that the question of whether 
B.C.’s water should be for sale is no longer B.C.’s or Canada’s to make. 
 The third paper by Gisser, although dealing with the U.S./Mexico border region, contains 
some important lessons for Canada. Gisser notes that the U.S. need to improve the efficiency of 
its own water markets before contemplating water transfers from Canada. In the final paper, 
Smith argues that no viable market exists in California, at least, for Canadian water. He notes 
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that existing water rights could be purchased and water re-allocated in California for 
substantially less money than for either water imports or desalination. 
 The final section of the conference dealt with “Environmental Considerations”. The first 
speaker, Healey, argues that there is no such thing as “surplus” water and notes the important 
contribution made by fresh water inflows to coastal ecosystems. The second paper by 
Boyanowsky argues that we can ill afford to repeat the mistakes of the past. He suggests that 
steelhead salmon are an indicator species and that their fate may ultimately portend our own 
survival. 
 The last paper in this session was presented by Bocking. He argues that there is no 
shortage of water in the western U.S., only a shortage of cheap water. Given that some 80% of 
the water used in California is used to irrigate subsidized, low-value crops, Bocking argues for 
re-allocation and rationalization, not for water exports. The luncheon speaker on the last bay of 
the conference was Honourable John Cashore, B.C.’s Minister of Environment, Lands and 
Parks. The Minister used the opportunity to announce a number of new government directions 
in water management in B.C.. To the dismay of some conference delegates, and the approval of 
others, the Minister also used the conference podium to announce that the government 
moratorium on bulk water export licenses was being extended for two years, to June 30, 1994. 
 Following the minister’s remarks, a panel discussion ensued on the question: “Should B.C. 
Water Be For Sale?” Members of the panel were: Fred Paley, Francis Dale, Terry Anderson, 
Kathy Francis, Frank Quinn and Richard Bocking. The moderator of the panel discussion was 
Lee Doney. Executive Director of the British Columbia Round Table on the Environment and the 
Economy. The panel discussion was lively and informative and a number of pointed questions 
were asked of panel members by conference attendees. 
 The text of the panel discussion is not included in this text, however, those wishing it may 
obtain a verbatim transcript of the entire conference by writing to the Canadian Water 
Resources Association, Box 1329, Cambridge, Ontario, N1R7G6. The transcript is available 
either as a hard copy (cost: $30.00) or on Word Perfect diskette (cost: $10.00). The papers 
contained herein are published as submitted by the authors with necessary revisions for printing 
purposes. Any errors/omissions, etc. that have resulted from those revisions are the 
responsibility of the editor. The views and opinions expressed herein, however, are those of the 
authors and do not necessarily reflect those of the Canadian Water Resource Association. 
 
 

3.6 Alternative Hydro Projects 
 
TITLE: Impact of Lowhead Hydroelectric Tidal Power Development on Fisheries: 1. A Pre-
Operation Study of the Spawning Population of American Shad, Alosa sapidissima (Pisces: 
Clupeidae), in the Annapolis River, Nova Scotia, Canada 
AUTHOR: Melvin, G.D., Dadswell, M.J., Martin, J.D. 
DATE: 1985 
SERIES: Canadian Technical Report of Fisheries and Aquatic Sciences # 1340 
PAGES: 33 
FOUND: Main Library, UBC 
NOTES: Abstract:  
 
The 1st hydroelectric tidal power generating station in Canada was constructed on the estuary 
of the Annapolis River, Nova Scotia. To assess the future impact of turbine passage on 
anadromous fish populations, baseline biological data were obtained from the adult spawning 
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population of American shad during 1981 and 1982. A total of 8371 shad were captured and 
7894 marked and released. Estimated adult population ranged from 100,500-155,000 in 1981 
and 78,200-132,800 in 1982. Mean age of spawning shad was 6.8 yr. in 1981, and 7.8 yr. in 
1982. The number of repeat spawners was 75% of adults in 1981 and increased to 89% in 
1982. Fecundity of females ranged from 70,000-290,000 ova. Mean virgin fecundity was 1.76 
times 10-5 eggs in 1981 and 1.21 times 10-5 eggs in 1982. Mean lifetime fecundity of each 
female was estimated as 2.2 times 10-5 eggs. Sex ratio of adults was 2:1 in favor of females. 
Growth of individual shad was slow but the fish were long-lived and reached a large size. The 
von Bertalanffy growth parameters L- infin and K were 570 mm and 0.21 for males and 645 mm 
and 0.16 for females. The oldest male observed was 12 yr, the oldest female 13 yr. 
Instantaneous total mortality was 0.30 for males and 0.23 for females. Combined sports and 
commercial fishing exploitation was estimated to be less than 5 years. 
 
 
TITLE: Micro-Hydro Power: A Guide for Development Workers 
AUTHOR: Fraenkel, P., Paish, O., Harvey, A., Brown, A., Edwards, R., Bokalders, V. 
PUBLISHER: Intermediate Technology Publications In Association with the Stockholm 
Environment Institute 1991 
DATE: 1991 
PAGES: 150 
FOUND: Vancouver Public Library 
NOTES: Introduction: 
 
Of the Sun’s radiation that enters the Earth’s atmosphere, about one-half is converted into heat 
directly at the Earth’s surface, about one- quarter is reflected back into space, and the 
remaining quarter is spent in evaporating water, mostly from the oceans. It is this solar energy, 
at first converted primarily into the latent heat of evaporation of water, that powers the 
hydrological cycle on which hydro power depends. The water vaporized by incoming solar 
energy at the Earth’s surface rises into the atmosphere until it eventually condenses and 
precipitates as rain or snow. If it falls of high ground it must flow back towards the oceans from 
which it came. The water flowing back towards the sea gradually dissipates its energy as it 
descends. Most of the descent is sufficiently gradual to make it difficult to extract energy for 
practical purposes, but in various places where the land-form is suitable, water may be diverted 
from a river and allowed to fall through a pipe (known as penstock) to a turbine so that the 
energy can be extracted in a useful form, most commonly as electricity. 
 Perhaps 9% of the world’s technically and economically feasible hydro potential has 
already been developed and this is sufficient to provide about 23% of the worlds electricity from 
a world installed capacity totaling approximately 375,000 MW. A large proportion of this 
generating capacity consists of large multi-megawatt, and even gigawatt sized schemes, but 
small-scale ‘micro-hydro’ is becoming increasingly important. For example, in the People’s 
Republic of China, which has developed its hydro resources more than most countries, there 
are over 75,000 small-scale hydro installations (less than 2MW) which generate about 30% of 
all the electricity used in the rural areas of China. There is clearly great potential for future 
development of the micro-hydro resource in many other parts of the world. Hydro power is 
attractive because it is a renewable energy resource that can never be exhausted and which 
avoids the pollution associated with burning fossil fuels. However, most of the larger hydro 
schemes involve massive dams, impounding enormous volumes of water in man- made lakes, 
in order to provide year-round power by smoothing out fluctuations in river flow. In many case 
such schemes are far from inexhaustible because the lakes gradually silt up and will cease to 
function effectively as inter-seasonal storage reservoirs within a few decades. There are also 
numerous environmental problems that can result from interference either river flows, and many 
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of the larger schemes have had adverse effects on the local environment. This book is 
concerned solely with micro-hydro, or small-scale hydro, which is one of the most 
environmentally benign energy conversion options available, because unlike large-scale hydro 
power, it does not attempt to interfere significantly with river flows. The definition of “micro-
hydro’ varies in different countries and can in some cases include systems running to a few 
megawatts of rated capacity. This book focuses on hydro systems rated from a few hundred 
watts to a maximum of approximately 300kW capacity. The reasoning is that 300kW is about 
the maximum size for most stand-alone hydro systems not interlinked to the grid, and suitable 
for ‘run-of-the-river’ installation (i.e. without significant damming or the creation of man-made 
lakes). 
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