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INTRODUCTION: 

The area of study i s the shorezone and offshore areas of B.C. north of 
Vancouver Island, i . e . the c e n t r a l and north coasts, the Queen Charlotte Islands, 
Queen Charlotte Sound, Hecate S t r a i t and Dixon Entrance. This area, along with the 
west coast of Vancouver Island i s a f f e c t e d by the 1971 f e d e r a l moratorium on o i l and 
gas exploration and d r i l l i n g . The moratorium i s s t i l l i n e f f e c t , though some progress 
i s being made towards l i f t i n g i t . In October, 1976, Environmental Pr o t e c t i o n Service 
recommended that the Department of Environment p o s i t i o n be,"The moratorium could 
be l i f t e d provided that appropriate steps are f i r s t taken by the f e d e r a l government 
with respect to environmental impact assessment, consultation with the provinces and 
consultation with the United States. This e s s e n t i a l l y means that the moratorium 
would continue to be i n e f f e c t u n t i l a f t e r these steps are taken." (See DOE P o s i t i o n 
on West Coast Offshore D r i l l i n g Moratorium, copy i n f i l e number 17245). Since then 
the P a c i f i c Region Screening and Coordinating Committee's West Coast Offshore O i l 
Task Force has been meeting and. an I.E.E. has been prepared by Chevron and Petro-Can 
(the major permit holders) through Seaconsult Ltd. The I.E.E. i s currently i n 
Ottawa, but no f i r m d i s t r i b u t i o n plans e x i s t . 

E x i s t i n g b i o p h y s i c a l resource information for the study area i s of a 
general nature only. Except f o r i s o l a t e d instances, d e t a i l e d , large-scale resource 
inventories or baseline ..studies are l a c k i n g ; c e r t a i n l y the area i s not as i n t e n s i v e l y 
known as i s , for example, the Georgia S t r a i t region. The amount of current, ongoing 
research does not seem to be exhaustive, but e f f o r t i s i n c r e a s i n g at t h i s time. 

A complicating f a c t o r i s the dispute between f e d e r a l and p r o v i n c i a l 
a u t h o r i t i e s regarding j u r i s d i c t i o n over the area. The f e d e r a l government claims t h i s 
as an offshore area over which i t would hold permit i s s u i n g r i g h t s ; the province 
claims the area as an inland sea under p r o v i n c i a l j u r i s d i c t i o n . The Canada O i l and 
Gas Lands Administration (of E.M.R.) has issued exploratory permits f o r most of the 
offshore (see Offshore O i l and Gas Lands, Resource Management Branch, EMR). B.C. has 
not issued any permits, although the necessary l e g i s l a t i o n i s being prepared. 

The following report i s organized i n t o three sections and four appendices. 
Section one i s a p a r t i a l l y annotated l i s t i n g of p r i n t e d sources of current information 
published and unpublished documents, maps, etc . This i s not a complete l i s t i n g , 
further b i b l i o g r a p h i c references are included i n Appendix D. Section 2 summarizes 
data gaps and information d e f i c i e n c i e s as they appear to e x i s t at t h i s time. Section 
3 i s a l i s t i n g of agencies which are or have been involved i n B.C. shorezone/pff-
shore research or data compilation and current ongoing research or projects associated 
with each, i f any. The appendices include a d d i t i o n a l information of i n t e r e s t on 
d r i l l i n g h i s t o r y and p o s s i b l e d r i l l i n g s i t e s , o u t lines and/or terms of reference f o r 
the industry I.E.E. and the p r o v i n c i a l M i n i s t r y of the Environment Offshore Petroleum 
Preliminary Environmental Assessment, a l i s t i n g of some co-operative, co-ordinating 
bodies, and r e l a t e d b i b l i o g r a p h i e s . 



SECTION I LIST OF PRINTED MATERIALS 

This s e c t i o n i s organized i n t o four p a r t s : a) a selected bibliography 
of published and unpublished documents furt h e r divided i n t o i ) general p u b l i c a t i o n s 
on North American or i n t e r n a t i o n a l c o a s t a l zone management, n o n - s p e c i f i c Canadian 
publications regarding the c o a s t a l zone or offshore petroleum e x p l o i t a t i o n and 
impacts, and miscellaneous but r e l a t e d p u b l i c a t i o n s generally a v a i l a b l e i n the Lands 
Directorate o f f i c e l i b r a r y , and i i ) prime sources of B r i t i s h Columbia c o a s t a l / o f f 
shore resource information; b) a b r i e f l i s t i n g of s e r i a l p u b l i c a t i o n s on coastal 
zone management or research; c) a l i s t i n g of some a v a i l a b l e maps di s p l a y i n g resource 
d i s t r i b u t i o n s or other information; and d) a d d i t i o n a l b i b l i o g r a p h i e s . Note that 
the one best current source of general B.C. c o a s t a l resource information, mapped 
d i s t r i b u t i o n s , inventories and b i b l i o g r a p h i c references i s Trans Mountain P i p e l i n e 
Ltd. 1980, p a r t i c u l a r l y volumes 15, 16 and 17, p o s s i b l y updated by Seaconsult, Ltd. 
n.d. 

a) Selected Bibliography 
i ) General 

American Society of C i v i l Engineers. Coastal Zone '78 Symposium on Technical, 
Environmental, Socio-economic and Regulatory Aspects of Coastal Zone 
Management. 4 volumes. New York, 1978, 
- a symposium was also held i n 1980. 

Atmospheric Environment Service. Canadian Normals. Downsview: Environment 
Canada 

- volumes f o r temperature, p r e c i p i t a t i o n , wind and sunshine 
- various years 

Baker, R. A Study of Environmental Concerns; Offshore O i l and Gas D r i l l i n g 
and Production, Ottawa: Environmental Impact Control Directorate 
Report No. EPS-2-EC-78-1. June, 1978. 

- has chapter on environmental concerns, i n c l u d i n g s e n s i t i v e area 
i d e n t i f i c a t i o n . 

Canadian Council of Resources and Environment M i n i s t e r s . Shore Management 
Symposium October 4 and 5, 1978. V i c t o r i a , B r i t i s h Columbia, Proceedings. 
Toronto: CCREM, 1979. 

- "most complete statement to (1981), of c o a s t a l zone management 
issues i n Canada". 

Dttton, R.B. and M. Stephens. Coastal Recreation: A Handbook f o r Planners 
and Managers. Washington, D.C.: O f f i c e of Coastal Zone Management, 
National Oceanic and Atmospheric Administration, Dept. of Commerce. 
January, 1976. 



Energy, Mines and Resources Canada. Offshore Exploration. Ottawa, 
Resource Management Branch. A p r i l , 1979. 
- sets out f o r industry the r e s p o n s i b i l i t i e s and requirements 

of f e d e r a l agencies, services a v a i l a b l e , contacts. Summary 
of offshore wells d r i l l e d . 

Energy, Mines and Resources Canada. Offshore O i l and Gas Lands. Ottawa. 
Resource Management Branch. January, 1981. 
- permit holders and l o c a t i o n s . 

Environmental Assessment Review O f f i c e . Revised Guide to the Federal 
Environmental Assessment and Review Process. Ottawa. Supply and 
Services Canada. 1979. 

Environmental P r o t e c t i o n Service. The Impact and Clean-up of O i l S p i l l s 
on Canadian Shorelines; A Summary Report No. EPS-6-EC-78-1 Ottawa. 
Supply and Services Canada. 1978. 

Fenco Consultants, Ltd. Sources of P o l l u t i o n and Causes of Environmental 
Disturbance Associated with Canadian Offshore O i l and Gas Production. 
Edmonton: Environmental P r o t e c t i o n Service, DOE. 1979. 

I n s t i t u t e of P u b l i c A f f a i r s . Shoreland; I t s Use, Ownership, Access and 
Management. H a l i f a x . Dalhousie U n i v e r s i t y . 1972. 

Johnson, D.M. et a l . Coastal Zone: Framework f o r Management i n A t l a n t i c 
Canada. H a l i f a x : I n s t i t u t e of P u b l i c A f f a i r s , Dalhousie U n i v e r s i t y . 
1975. 

Ketchum, B.H. The Water's Edge: C r i t i c a l Problems of the Coastal Zone. 
Cambridge: Massachusetts I n s t i t u t e of Technology. 1972. 

McCalla, R.J. (ed.) Marine Studies and Coastal Zone Management i n Canada. 
H a l i f a x : St. Mary's Un i v e r s i t y Occasional Papers i n Geography No.2. 
December, 1978. 

McCann, S.B. (ed.) The Coastline of Canada. Proceedings of a conference 
held i n H a l i f a x , N.S. May 1978. Geological Survey Paper 80-10. 1980. 

N i c o l , C. The Miszushima O i l S p i l l : A Tragedy f o r Japan, a Lesson for 
Canada. Vancouver. Environmental Protection Service Report No. EPS-S
EC- 76-2. 1976. 
- s e c t i o n on environmental impact. 

Owens, E.H. Coastal Environments of Canada: The Impact and Clean-up 
of O i l S p i l l s . Ottawa. Environmental Protection Service EPS-3-EC-
77-13. 1977. 

Ray, G.C. A Preliminary C l a s s i f i c a t i o n of Coastal and Marine Environments. 
Morges, Switzerland: IVCN Occasional Paper No.14. 1975. 



A . 

Resource Planning Section. A Coastal Resource Planning Notebook. 
Atlanta: Georgia Dept. of Natural Resources, June, 1976. 

Resource Planning Section. The Value and V u l n e r a b i l i t y of Coastal 
Resources. A t l a n t a : Georgia Dept. of Natural Resources. May, 1975. 

Ri c k e t t s , E.F. and J . C a l v i n . Between P a c i f i c Tides, 4th ed. Revised 
J.W. Hedgpeth, Stanford U n i v e r s i t y Press. 1978. 

i i ) B r i t i s h Columbia Coastal Resources 

B e l l , L.M. and R.J. Kallman. The Kitimat River Estuary; Status of 
Environmental Knowledge to 1976. S p e c i a l Estuary Series #6, Estuary 
Working Group, Dept. of Environment. December, 1976. 

Bomhold, B.D. Sedimentation i n Douglas Channel and Kitimat Arm. Geological 
Survey of Canada. Unpublished Report, 1980. 

B r i t i s h Columbia. Offshore Hydrocarbon Exploration and Development; A 
Preliminary Environmental Assessment f o r B r i t i s h Columbia. V i c t o r i a : 
Assessment D i v i s i o n , Assessment and Planning Branch, B.C. Mini s t r y of 
the Environment. 1982. 
- t h i s report was i n preparation at the time of w r i t i n g . However, see 

Section 3 under the Assessments Branch, M i n i s t r y of Environment. 

Clague, J . J . and B.D. Bomhold, "Morphology and L i t t o r a l Processes of the 
P a c i f i c Coast of Canada". In; S.B. McCann (ed.) The Coastline of 
Canada. Geological Survey of Canada Paper 80-10. 1980. pp.339-380. 

The Coastal Zone Resources Sub-Committee. The Management of Coastal 
Resources i n B r i t i s h Columbia. 2 volumes. Unpublished. Vancouver; 
Lands Directorate, Department of Environment. May, 1977. 
- Volume one; "State-of-the-Art" 
- Volume two: "Review of Selected Information" 

The Coastal Zone Resource Sub-Committee. The Management of Coastal 
Resources i n B r i t i s h Columbia: A Review of Selected Information, 
Vancouver, Lands D i r e c t o r a t e , Department of Environment, A p r i l , 1978, 
- see also submissions to the Coastal Zone Resource Sub-Committee 

and attached b i b l i o g r a p h i e s , 

Dodimead, A.J. A General Review of the Oceanography of the Queen Charlotte 
Sound, Hecate S t r a i t , Dixon Entrance Region. Canadian MS Report 
of F i s h e r i e s and Aquatic Science 1574. P a c i f i c B i o l o g i c a l S t a t i o n , 
Resource Services Branch, Dept. of F i s h e r i e s and Oceans. 1980. 

Dorcey, A.H.J, (ed.) Coastal Resources i n the Future of B.C. Westwater 
Research Centre, U n i v e r s i t y of B r i t i s h Columbia. Vancouver. 1979. 



F i s h e r i e s and Environment Canada. P o t e n t i a l P a c i f i c Coast O i l Ports: 
A Comparative Environmental Risk Ana l y s i s . 2 volumes. Vancouver. 
February, 1978. 

Haimila, N.E. and R.M. Procter. Hydrocarbon P o t e n t i a l of Offshore 
B r i t i s h Columbia. Calgary: Petroleum Resources A p p r a i s a l S e c r e t a r i a t . 
Geological Survey of Canada Open F i l e 824. February, 1982. 

Harper, J.R. "Seasonal Changes i n Beach Morphology Along the B.C. Coast". 
In: Canadian Coastal Conference 1980 Proceedings, pp.136-150. 
Ottawa. National Research Council. 1980. 

Hart, J.C. P a c i f i c Fishes of Canada. Ottawa: F i s h e r i e s Research Board 
of Canada B u l l e t i n 180. 1973. 

Hoos, L.M. The Skeena River Estuary: Status of Environmental Knowledge 
to 1975. S p e c i a l Estuary Series //3. Estuary Working Group, Department 
of Environment. 1975. 

Howard Paish and Associates, Ltd. The We^t Coast O i l Threat i n Perspective: 
An Assessment of the Natural Resources, S o c i a l and Economic Impacts of 
Marine O i l Transport i n Southwest B.C. Coastal Waters. 3 volumes. 
Vancouver. A p r i l , 1972. 
- Juan de Fuca and S t r a i t of Georgia region only. 

Humphreys, R.D. and L.A. Webb. The Abundance of Herring Spawn i n the Coastal 
Waters of B r i t i s h Columbia 1973. Vancouver: F i s h e r i e s and Marine 
Service Technical Report Series No. PAC/T-73-10. 1973. 

I n s t i t u t e of Ocean Sciences. Proceedings of the Workshop on the Status 
of Knowledge of the Continental Shelf and Ocean Waters off the P a c i f i c 
Coast of Canada A p r i l 17-18, 1975. Unpublished manuscript, 

Leaney, A.J. and S. Morris. The B e l l a Coola Estuary; Status of Environmental 
Knowledge to 1981. S p e c i a l Estuary Series #10, Estuary Study Group, 
Department of Environment. March, 1981. 

MacDonald, R.W. et a l . Oceanographic Data Report Kitimat Arm, Porpoise 
Harbour, February 1977. Sidney: I n s t i t u t e of Ocean Sciences. 1978. 
Unpublished Manuscript. 

Martin, L.C. and M. Z a l l e n . B i o p h y s i c a l Studies i n Douglas Channel and 
Adjacent Waters. 1980. 

Martin, P. Marine-Oriented Birds and Mammals of Chatham Sound, B r i t i s h 
Columbia. Winter 1977-78. Delta: Canadian W i l d l i f e S e r v i c e . 1980. 

McPhee, M.W. Offshore O i l and Gas i n Canada; West Coast Environmental, 
S o c i a l and Economic Impacts. Westwater Research Centre, U n i v e r s i t y of 
B r i t i s h Columbia, Vancouver. In preparation. 



Nelson, G.A. Offshore O i l and Gas i n Canada; West Coast Events 1949-1980. 
Westwater Research Centre, U n i v e r s i t y of B r i t i s h Columbia, Vancouver. 
In preparation. 

Pike, G.C. and I.B. MacAskie. Marine Mammals of B r i t i s h Columbia. 
Ottawa, f i s h e r i e s Research Board of Canada B u l l e t i n 171. 1969. 

Scagel, R.F. An Annotated L i s t of the Marine Algae of B r i t i s h Columbia 
and Northern Washington. Ottawa: National Museum of Canada B u l l e t i n 
No. 150. 1957. 

Seaconsult Marine Research, Ltd. An I n i t i a l Environmental Evaluation for 
Renewed Petroleum Exploration i n Queen Charlotte Sound and Hecate 
S t r a i t , prepared f o r Chevron Standard Ltd. and Petro-Can Ltd. 
Calgary. 
- at time of w r i t i n g , t h i s report had not been released and t i t l e 

may d i f f e r ; however, see Appendix B. 

Summers, K.R. and R.W. Campbell. Natural H i s t o r y Theme Study of B i r d and 
Mammal Habitats of Canada's P a c i f i c Coast and Adjacent Coastal Waters. 
Ottawa. Parks Canada. 1978. 

Thompson, A.R. West Coast O i l Ports Inquiry: Statement of Proceedings. 
Vancouver. February, 1978. 

Thomson, R.E. Oceanography of the B r i t i s h Columbia Coast. Canadian 
S p e c i a l P u b l i c a t i o n of F i s h e r i e s and Aquatic Sciences 56. F i s h e r i e s 
and Oceans Canada, Ottawa. 1981. 

Trans Mountain P i p e l i n e Co. Ltd. Presentation to the N.E.B. Low Point 
Proposal. 
Volume 15 P h y s i c a l and Chemical Oceanographic Report prepared by 
ESL Ltd. and Seakum Ltd. 
Volume 16 Marine Resource Inventory and Impact Assessment Report 
prepared by LGL Ltd. and ESL L t d . 
Volume 18 Outer Waters O i l S p i l l Trajectory Analysis prepared by 
Oceanographic I n s t i t u t e of Washington, S e a t t l e . 
Volume 22 Socio-Economic Inventory and Impact Analysis prepared by 
McNeal, Hilderand & Associates Ltd. Vancouver: 1979, 1980. 

Vermeer, K. and R.W, Campbell. D i s t r i b u t i o n of Densities of Marine Birds 
Along the B r i t i s h Columbia Coast. Delta: Canadian W i l d l i f e Service. 
1981. 

Vermeer, K. and R. Vermeer. " O i l Threat to Birds on the Canadian West 
Coast". Canadian F i e l d N a t u r a l i s t 89:278-298. 1975. 

Ward, E. N e v i l l e . Land Use Programs i n Canada: B r i t i s h Columbia. Land 
Use i n Canada Series #7, Lands Di r e c t o r a t e , Department of Environment. 
Ottawa. J u l y , 1976. 

Webb, L.A. The Abundance of Herring Spawn i n the Coastal Waters of 
B r i t i s h Columbia 1974. Vancouver: F i s h e r i e s and Marine Service 
Technical Report Series No. PAC/T-74-17. 1974. 



Westrheim, S.J. Production and Stock Assessments of P r i n c i p a l Ground 
Fis h Stocks o f f B r i t i s h Columbia. F i s h e r i e s and Marine Service 
Industry Report #94. August, 1977. 

Westwater Research Ltd. West Coast. A Digest of Evidence presented to 
the West Coast O i l Ports Inquiry. Vancouver, 1977. 

b) S e r i a l s 

Climate of B r i t i s h Columbia. Tables of temperature, p r e c i p i t a t i o n and 
sunshine. B r i t i s h Columbia M i n i s t r y of A g r i c u l t u r e . 
- 1975 and 1976 only on hand, but a v a i l a b l e f o r every year 

since about 1920. 

Coastal Zone. M. Dunn (ed.) Lands Di r e c t o r a t e , Department of 
Environment. 1979-

Coastal Zone Management Journal. New York. Crane, Russak and Company, 
Inc. 1974-
- volume 1, #2 and 4; volume 2, #1-4 only on hand. 

Fi s h e r i e s and Marine Service. F i s h e r i e s and Marine Service Manuscript 
Report. F i s h e r i e s and Marine Service, P a c i f i c Region. Ottawa, 
Department of F i s h e r i e s and Oceans. 

F i s h e r i e s Research Board of Canada. 
Canadian Industry Report of F i s h e r i e s and Aquatic Sciences 
Canadian S p e c i a l Publications of F i s h e r i e s and Aquatic Sciences 
Canadian Technical Reports of F i s h e r i e s and Aquatic Sciences 
Canadian B u l l e t i n of F i s h e r i e s and Aquatic Sciences 
Canadian Journal of F i s h e r i e s and Aquatic Sciences 

I n s t i t u t e of Ocean Sciences. Contractor Report Se r i e s . P a c i f i c Marine 
Science Reports. Sidney, B.C. 
- i r r e g u l a r . 

Shore Zone Report: Shore Zone Program. Environmental Conservation 
Service, Department of Environment. 1981-
- Report No.l March, 1981 
- Report No.2 September, 1981 

c) Maps 

A i r Photo Indices f o r the North Coast and Queen Charlotte Islands. 
Surveys and Mapping Branch, B.C. M i n i s t r y of the Environment. 1981. 

Bald Eagle Census Maps. Unpublished. V i c t o r i a : F i s h and W i l d l i f e 
Branch. 1977. 

E c o l o g i c a l Reserves of B r i t i s h Columbia. In: Securing Crown Lands f o r 
E c o l o g i c a l Reserves pamphlet. E c o l o g i c a l Reserves Unit, M i n i s t r y df 
Lands, Parks and Housing, V i c t o r i a . January 1981. 
- locations of e c o l o g i c a l reserves and s p e c i f i c s . 



B i o l o g i c a l Resources of Coastal and Offshore B r i t i s h Columbia: 
Inventory and Analysis of S e n s i t i v i t y to O i l S p i l l s . Trans 
Mountain P i p e l i n e Company, Ltd. Low Point Proposal, Volume 17. 
August, 1980. Map f o l i o , various s c a l e s : North Coast, 1:1,000,000 
1) I n t e r t i d a l Habitat and Marine Plants and Plankton 
2) S h e l l f i s h 
3) Fi s h 
4) Birds and Mammals 
5) S e n s i t i v i t y to O i l S p i l l s 

Canada Land Inventory of Forestry, Ungulates and Waterfowl. Lands 
Directorate, Department of Environment. 1:50,000 and 1:250,000; 
103J only. 

Hydrographic Charts of the B.C. Coast. Canadian Hydrographic Service. 
Dates vary. Scales vary. 

Northern B.C. Coastal W i l d l i f e Resources Map. B.C. Fi s h and W i l d l i f e 
Branch. August, 1977. 1:575,000. 
- water b i r d aggregations, seablrd colonies, sea l i o n colonies, 

migration routes. 

O i l S p i l l Counter-measure Map S e r i e s . Environmental Protection Service, 
Department of Environment. 1976. 

- for Queen Charlotte Islands and Prince Rupert-Kitlmat areas only. 

P a c i f i c Federal O i l and Gas Exploratory Rights. Resource Management 
Branch, Energy, Mines and Resources. Map No.100, January, 1982. 
1:843,575. 
- permits arid index. 

P o t e n t i a l P a c i f i c Coast O i l Ports: A Comparative Environmental Risk 
Analysis Vol.11 Supplementary Appendices. F i s h e r i e s and Environment 
Canada, 1978. 
Appendix II Oceanographic features 1:2,000,000. 
Appendix VI Nearshore P h y s i c a l C l a s s i f i c a t i o n 1:1,000,000 

Seablrd Colonies of the Queen Charlotte Islands. B.C. P r o v i n c i a l Museum, 
1979. 1:204,000. 
- seablrd colonies, census by breeding p a i r s . 

S h e l l f i s h D i s t r i b u t i o n s . Unpublished maps. Marine Resources Branch, 
B.C. M i n i s t r y of the Environment. 

TERMPOL Submission re marine terminal at Kitimat. Vol.IV, Appendix XI, 
Environmental Maps. Kitimat P i p e l i n e Ltd. 1976. Map f o l i o . 

West Coast Offshore Environment. Environmental Protection Service, 
Department of Environment. J u l y , 1978. 9 maps, 1:1,000,000. 

1) Marine-Associated Birds 6) Parks, E c o l o g i c a l Reserves & 
2) Marine Mammals Sports F i s h e r i e s 
3) Commercial Salmon F i s h e r i e s 7) Shoreline geomorphology and 
4) Ground f i s h & Herring Resources Marine Vegetation 
5) S h e l l f i s h Currents 

9) Winds 



d) Other Sources 

Bloomfield, J . andP. Harrison. The Shorezone; An Annotated Bibliography. 
Lands Directorate Occasional Paper #12. Department of Environment, 
Ottawa, Ont. November, 1976. 

Brassard, C. et a l . Onshore Impacts of Offshore Hydrocarbon Developments; 
An Annotated Bibliography. Ottawa: Federal A c t i v i t i e s Assessment 
Branch, P o l i c y , Planning and Assessment D i r e c t o r a t e , Department of 
Environment. March, 1981. 

Carter, N.M. Index and L i s t of T i t l e s , F i s h e r i e s Research Board of Canada 
and Associated P u b l i c a t i o n s , 1900-1964. F i s h e r i e s Research Board 
B u l l e t i n 164. Ottawa. 1965. 

Carter, N.M. Index and L i s t of T i t l e s , F i s h e r i e s Research Board of Canada 
and Associated P u b l i c a t i o n s , 1965-1972. F i s h e r i e s Research Board 
Miscellaneous S p e c i a l P u b l i c a t i o n #18. Ottawa. 1973. 

Conlan, K.E. and S.C. Byers (eds.) The B i o l o g i c a l E f f e c t s of Ocean Dumping: 
A Selected, Annotated Bibliography. Sidney: I n s t i t u t e of Ocean 
Sciences, Contractor Report Series 79-2. 1979. 
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SECTION II DATA DEFICIENCIES 

A f a i r amount of information does e x i s t regarding offshore/shorezone 
resources i n the study area. Relative to the amount of information that could be 
known, however, t h i s i s generally deemed inadequate. That i s , gaps i n the c o l l e c t e d 
body of knowledge are frequently much la r g e r than the body of knowledge i t s e l f . 
D i s t r i b u t i o n a l knowledge of c o a s t a l resources, while good i n some Instances, may be 
r e s t r i c t e d i n quantity, q u a l i t y , area, season or trends. Knowledge of c r i t i c a l 
periods within the l i f e t i m e of the various marine species i n h a b i t i n g the area, and 
the c r i t i c a l habitat areas where these occur, seems to be i n d i s t i n c t and would seem 
to be inadequate f o r s e n s i t i v i t y mapping In most cases. The following i s to be con
sidered as an overview summary of the more obvious data gaps of the various coastal 
resources. Abstracted from Trans Mountain P i p e l i n e , Ltd. 1980 and supplemented from 
other sources, i n c l u d i n g submissions to the Coastal Zone Resource Sub-Committee, 
1978: 

a) Marine Geology 
Gaps are i d e n t i f i e d as lack of d e t a i l e d inventory of substrate materials, 

sedimentation rates, geochemistry, animal- and plant-sediment rates, and submarine 
slope s t a b i l i t y . Petroleum p o t e n t i a l has been evaluated but not tested. 

b) P h y s i c a l Oceanography 
While general large-scale features of p h y s i c a l oceanography - t i d e s , currents, 

climate - are w e l l documented, d e t a i l e d understanding Is poor. An economic bias 
e x i s t s as more information i s a v a i l a b l e regarding oceanographic aspects of the 
movement and ranges of commercial f i s h species and of i n l e t s connected to industry 
and major salmon spawning streams. Few northern i n l e t s and embayments have been 
studied i n d e t a i l , and l i t t l e seasonal c i r c u l a t i o n Information e x i s t s . The west 
coast of the Queen Charlotte Islands i s e s p e c i a l l y poorly known, with no long-
term measurements and only a very general understanding of t i d a l , wind-driven and 
mean current movements, and l i m i t e d knowledge of l o c a l i z e d wind v a r i a t i o n s and 
extremes. Also, no s i g n i f i c a n t winter oceanographic studies have been done. 

A most important d e f i c i e n c y here is the lack of accurate weather forecasts 
for c o a s t a l and offshore waters. An i n a b i l i t y to p r e d i c t winds could render 
general oceanographic knowledge almost useless i n the event of an o i l s p i l l . 

c) Chemical Oceanography 
Generally poorly defined or understood. Except f o r Douglas Channel, 

a v a i l a b l e data on hydrocarbons i s inadequate and l e v e l s are not w e l l known. Data 
are considered most e s s e n t i a l f o r protected i n t e r t i d a l zones and nearshore zones 
with economic or e c o l o g i c a l s i g n i f i c a n c e . The greatest b i o l o g i c a l impact of 
petroleum production i s considered to be i n surface waters of h i g h l y productive 
areas; here i s a great need for baseline data. 

Trace metal l e v e l s are also poorly known. The most s i g n i f i c a n t gap appears 
to be concentrations i n s u r f i c i a l sediments and bottom waters i n protected near-
shore regions. 

Nutrient d i s t r i b u t i o n s are poorly defined, again except f o r Douglas 
Channel. 



B i o l o g i c a l Oceanography 
Nutrient data are l i m i t e d , systematic c o l l e c t i o n of data i s necessary. 

Detailed information on plankton i s lacking and the r e l i a b i l i t y of a v a i l a b l e 
references i s l i m i t e d regarding the north coast (except Douglas Channel). Gaps 
are i n the knowledge of seasonal cycles, species succession, recruitment 
and v e r t i c a l migration. The nature, d i s t r i b u t i o n and biochemistry of organisms 
i s pooly understood, as are food chain energy dynamics. 

I n t e r t i d a l Habitat 
R e l a t i v e l y l i t t l e of the B.C. coast has been studied - and information i s 

p a r t i c u l a r l y sparse for the north coast and the Queen Charlottes - but major 
species common to general habitat categories can be i d e n t i f i e d , i . e . the p h y s i c a l 
shorezone i s r e l a t i v e l y w e l l known (at a small scale with r e s u l t i n g lack of 
d e t a i l ) and b i o t a can be i n t e r p o l a t e d . As few long-term i n t e r t i d a l surveys have 
been done, seasonal and annual changes i n species abundance or d i v e r s i t y remain 
undetermined. And as few studies have connected i n t e r t i d a l species and h a b i t a t 
to marine food webs, the structure and important species within the open coast 
food web remain r e l a t i v e l y hazy. Sub t i d a l information for d i f f e r e n t types of 
shallow water habitats i s l a c k i n g . 

Marine Plants 
Kelp i s good; due to i t s commercial p o s s i b i l i t i e s i t has been w e l l inven

t o r i z e d . Eelgrass has been p a r t i a l l y inventorized due to i t s connection with 
herr i n g spawning. Other marine plants are poorly known with information un
evenly d i s t r i b u t e d . 
Invertebrates 

No attempts have been made to inventorize communities along the coast 
except for selected commercially important species (clams, oysters, abalones). 
Even commercially important species are not completely inventorized - information 
i s l i m i t e d to areas of commercial harvesting or where s i t e - s p e c i f i c surveys have 
occurred. Even so, the major areas are probably known. Note that p h y s i c a l shore-
zone mapping has been done and as species common to the d i f f e r e n t i n t e r t i d a l 
habitats are known, t h i s gives an i n d i r e c t i n d i c a t i o n of invertebrate numbers and 
d i s t r i b u t i o n s . However, t h i s does not consider the e f f e c t s of population 
dynamics, and benthic invertebrates remain, at best, s k e t c h i l y known. 

Fish 
Information v a r i e s by species v i a an economic c r i t e r i a . The commercial 

salmon and h e r r i n g stock d i s t r i b u t i o n s and h e r r i n g spawning grounds are reasonably 
w e l l documented; groundfish and non-commercial species are not. The spawning 
habits of ground f i s h are not w e l l known and spawning areas may not be w e l l defined. 
A d d i t i o n a l l y , knowledge of inshore f i s h and of the predation habits of salmon i s 
l i m i t e d . 
Birds 

While considerable information e x i s t s , gaps are large and s p e c i f i c , d e t a i l e d 
data on d i s t r i b u t i o n s and seasonal v a r i a t i o n s may be l i m i t e d f o r many areas. The 
q u a l i t y and quantity of information v a r i e s by area, season and class of marine-
associated b i r d s . 

Information on migratory b i r d s i s incomplete; migration routes are poorly 
known and inventories have been spotty. Data are p a r t i c u l a r l y d e f i c i e n t f o r the 



Queen Charlpttes and northern e s t u a r i e s . Waterfowl population d e n s i t i e s 
and d i s t r i b u t i o n s by c o a s t a l area and by time of year cannot be predicted with 
confidence. 

Seablrd colonies have been w e l l inventorized but summering and wintering 
concentrations are not as r e l i a b l e as breeding colony information. 

Shorebird d i s t r i b u t i o n a l information i s poorly known. Inventories are 
lacking, as i s knowledge of the r e l a t i v e value of d i f f e r e n t habitat types for 
various species. 

Raptors vary. Peregrine falcons and, to a l e s s e r extent, eagles, are w e l l 
inventorized, although some c o a s t a l stretches have been missed. Other species 
lack Inventories but are less common. Research i s needed regarding s p e c i f i c 
habitat preferences of d i f f e r e n t populations at various times of year. 

Information on offshore and p e l a g i c b i r d s and on other b i r d species of 
the c o a s t a l f r i n g e i s v i r t u a l l y non-existent; inventories are l a c k i n g . 

j ) Mammals 

Research and Inventory of c o a s t a l f r i n g e mammals and marine mammals has 
been minimal. Inventories and research regarding the c o a s t a l f r i n g e b e n e f i t s 
fo r ungulates, large carnivores and small mammals has been lacki n g . Marine 
mammals are b e t t e r known, e s p e c i a l l y sea l i o n s , f ur s e a l s , k i l l e r whales and, 
p o s s i b l y , grey whales, but s i g n i f i c a n t gaps remain. While movements, migrations 
and populations are generally known, d e t a i l i s lacking, and l i t t l e i s known of 
winter species, numbers and movements. 

SECTION III AGENCIES INVOLVED IN COASTAL RESEARCH 

A f a i r number of agencies are involved i n offshore/shorezone research and 
data compilation. These range from i n t e m a t i o n a l bodies through f e d e r a l and provin
c i a l departments to u n i v e r s i t i e s and p r i v a t e firms. 

An attempt has been made to l i s t here a l l agencies which are, or have been, 
involved i n c o a s t a l zone/offshore research. With each i s a b r i e f summary of respon
s i b i l i t i e s , previous work and current research or p r o j e c t s , as a p p l i c a b l e . L i t t l e 
emphasis has been placed on c o a s t a l zone manafement a c t i v i t i e s ; f o r r e s p o n s i b i l i t i e s 
i n t h i s area see the Coastal Zone Resources Sub-Committee The Management of Coastal 
Resources i n B r i t i s h Columbia 1978. 

I n t e m a t i o n a l 

I n t e r n a t i o n a l North P a c i f i c F i s h e r i e s Commission, Vancouver 
- j o i n t Canada-Japan-U.S. commission on North P a c i f i c commercial f i s h stocks. 

- do not do own research, coordinate research by the three n a t i o n a l f i s h e r i e s 
agencies. See Annual Reports. 

I n t e m a t i o n a l P a c i f i c Salmon F i s h e r i e s Commission, New Westminster 
- j o i n t U.S.-Canadian commission 
- more concemed with salmon enhancement i n freshwater r i v e r s and lakes, 

p a r t i c u l a r l y Fraser River system 
some research on salmon estuary h a b i t a t , some information on abundance and 
d i s t r i b u t i o n of salmon i n the offshore. 



I n t e r n a t i o n a l P a c i f i c Halibut Commission, S e a t t l e 
- not contacted, imagine they might have abundance, d i s t r i b u t i o n , h a b i t a t 

and spawning area information f o r h a l i b u t i n B.C. waters. 

Federal 

Department of Energy, Mines and Resources 
Geological Survey of Canada 
- produces maps of s u r f i c i a l geology and substrate materials 
- Investigates geophysical processes (e.g. plate tectonics) i n c l u d i n g 

geo-oceanic processes w i t h i n Queen Charlotte Sound and Hecate S t r a i t 
- evaluates petroleum p o t e n t i a l 

- Petroleum Resources Appraisal S e c r e t a r i a t , Calgary 
Richard Proctor, d i r e c t o r . 

- evaluates mineral p o t e n t i a l 

Resource Management Branch 
- prime regulatory agency f o r mineral resource a c t i v i t i e s i n Canada's offshore 

and Canada Lands south of 60° 
- operates as lead agency and industry l i a i s o n 
- Mineral Rights D i v i s i o n : responsible f o r assigning and administering 

mineral and petroleum r i g h t s and exploratory permits 
- Resource Geology D i v i s i o n : evaluates g e o l o g i c a l and geophysical Information 

submitted by offshore operators and assesses mineral resource p o t e n t i a l 
- Environmental Assessment D i v i s i o n : assesses i m p l i c a t i o n of offshore mineral 

resource a c t i v i t y . Contact Michael B e l l , D i r e c t o r . 

Depairtment of the Environment 
Atmospheric Environment Service 
- maintains network of c l i m a t o l o g i c a l s t a t i o n s 
- issues monthly summaries f o r many s t a t i o n s 
- publishes Canadian Normals and s t a t i o n data 
- some research on meteorological conditions and events 

contact Dave P h i l l i p s , Chief, Data A c q u i s i t i o n , or Climate Information. 

Environmental Conservation Service 
Canadian W i l d l i f e Service 

- under Canada W i l d l i f e Act, conducts research i n t o w i l d l i f e , h abitat and 
i n t e r n a t i o n a l l y regulated marine w i l d l i f e within p r o v i n c i a l boundaries. 

- mainly concerned with marine and migratory w a t e r f o r l . 
- cooperates with B.C. F i s h and W i l d l i f e and B.C. P r o v i n c i a l Museum to 

perform annual seabird colony census. 



- on-going projects of i n t e r e s t to shorezone/offshore environments (1981): 
Project #5500 Marine Birds i n Relation to Offshore D r i l l i n g , P a c i f i c 
Coast, Contact K, Vermeer, 
Project #5201 Habitat Management and Assessment. Contact N,G. Perret, 
Project #5230B S p e c i a l Species and Habitat-North Coast, G, Kaiser. 
Project #52310 D i s t r i b u t i o n and Abundance of Pel a g i c Birds, R. McKelvey, 
Project #5242 Habitat Assessment-Coastal, D,E,C, Trethewey, 
Project #5330 Seablrd Research, Contatt K. Vermeer. 

Inland Waters Directorate 
- monitors hydrographic discharge of r i v e r s and streams 
- can regulate nutrient discharges Into fresh water 
- p r i m a r i l y concerned with fresh water. 

Lands Directorate 

- prepares inventories of land use, c a p a b i l i t y and c h a r a c t e r i s t i c s , i n 
cluding shorezone baseline studies (e.g. Coastal Resources Fol i o ) 

- input to environmental impact reviews and assessments. 

Environmental Protection Service 
- assesses and controls ocean dumping and p o l l u t a n t discharge i n t o lakes, 

r i v e r s and shore zone. 

- develops o i l s p i l l contingency plans and proposes preventive measures. 
- assesses environmental impacts of planned and e x i s t i n g f e d e r a l 

undertakings - key r o l e i n EARP. 
- contact John M i l l e n , Environmental Services Branch. 

Department of F i s h e r i e s and Oceans 
Fi s h e r i e s and Marine Service 

F i s h e r i e s Management - Resource Services Branch 
- The Canada F i s h e r i e s Act enables research i n t o a l l aspects of f i s h and 

f i s h management, in c l u d i n g f i n f i s h and s h e l l f i s h . 
- research has embraced f i s h , p a r t i c u l a r l y salmon, i n v e n t o r i e s , salmon 

spawning and migration routes, and some connected research: sea l i o n 
i n ventories, f u r s e a l research, kelp and marine plant i n v e n t o r i e s . 

- besides The F i s h e r i e s Act, l e g i s l a t i o n includes the F i s h e r i e s Research 
Board Act - enabling research i n t o p o l l u t i o n of waters frequented by f i s h -
and the I n t e m a t i o n a l Convention Acts - enabling research i n t o protection 
of f i s h e r i e s i n accordance with Canada's commitments. 

- a large number of documents, papers, reports, manuscripts, etc. have been 



generated and presented on a regular or i r r e g u l a r basis i n various 
F i s h e r i e s Research Board or Marine Service s e r i a l s . Some of these 
are relevant to the northern B.C. coastal/offshore zone. 
- the Resource Services Branch includes: 

- Habitat P r o t e c t i o n D i v i s i o n 
- Estuary and Marine Group 
- P a c i f i c B i o l o g i c a l Research S t a t i o n , Nanaimo 

- extensive records of plankton data from oceanographic surveys 
from the mid-1950's to the mid-1960's ( P a c i f i c Oceanographic Group) 

- zooplankton sampling program s t a r t e d January, 1980 
- shoreline marine vegetation project from 1975 
- research on abalone and s u b - t i d a l communities 
- research on commercial f i s h stocks: h e r r i n g , salmon, ground f i s h . 

I n s t i t u t e of Ocean Sciences, Sidney 
- under j u r i s d i c t i o n of the Department of F i s h e r i e s and Oceans, but other 

departments have space, e.g. EMR has a large contingent. 
- p r i m a r i l y concerned with oceanographic research - p h y s i c a l , chemical and 

b i o l o g i c a l , and marine geology - i n the P a c i f i c and western A r c t i c oceans, 
- f o r the B.C. north coast, research includes bathymetry, near-surface 

and bottom current measurements. STD data gathering, B.C. shore s t a t i o n 
measurements of seawater temperature and s a l i n i t y , plankton c r u i s e s , 
petroleum p o t e n t i a l evaluations, seismic p r o f i l e s ; co-ordinates ships 
of opportunity program along with the UBC I n s t i t u t e of Oceanography (now 
Department of Oceanography). 

P r o v i n c i a l 

M i n i s t r y of Energy, Mines and Petroleum Resources 
- administers B.C. j u r i s d i c t i o n over energy and petroleum resources i n the shore-

zone and i n l a n d waters. Note again that B.C. considers Hecate S t r a i t and Queen 
Charlotte Sound to be i n l a n d waters rather than offshore waters that are 
f e d e r a l l y owned. 

Mi n i s t r y of the Environment 
Assessment and Planning D i v i s i o n 

Assessment Branch 

- assesses environmental impacts of proposed projects or a c t i v i t i e s 
- has looked at marine transportation and o i l tanker t r a f f i c r i s k s : 

contact B i l l Wolferstan 

- coordinates some co a s t a l zone management a c t i v i t i e s ; see Appendix C. 



- work i n progress on Offshore Hydrocarbon Exploration and Development; 
A Preliminary Environmental Assessment f o r B r i t i s h Columbia, expected 
to be ready f o r general d i s t r i b u t i o n about the middle of March, 1982. 
This i s to be an evaluation of the marine and t e r r e s t r i a l impacts of 
renewed petroleum exploration and production i n the B.C. offshore. No 
new research was generated; instead, e x i s t i n g b i o p h y s i c a l environment 
information i s summarized i n the text and mapped at a scale of approxi
mately 1;2,000,000 ( i . e . scale-reduced from o r i g i n a l maps). Objectives 
include determining data and information requirements, evaluating 
adequacy of e x i s t i n g data and i d e n t i f y i n g data gaps i n information 
required f o r a comprehensive evaluation of petroleum industry impacts 
and to i d e n t i f y major environmental concerns r e l a t e d to renewed petroleum 
exploration and e x p l o i t a t i o n . A d d i t i o n a l l y , infoirmation on impacts of 
the petroleum Industry on the offshore of other countries has been 
c o l l e c t e d . The Terms of Reference f o r the Offshore Petroleum P.E.A. are 
included here i n Appendix B, the bibliography i s included i n Appendix D. 
Contact Bob Langford f o r f u r t h e r information. 

T e r r e s t r i a l Sciences Branch 
- w i l d l i f e ; c o a s t a l zone f i s h and w i l d l i f e habitat inventory and mapping, 

waterfowl surveys. Contact Bruce Pendergast. 
- t e r r a i n : p h y s i c a l shore zone c l a s s i f i c a t i o n manual being prepared. 

Contact Don Howes. 

Environmental Management D i v i s i o n 
F i s h and W i l d l i f e Branch 
- The B.C. W i l d l i f e Act enables research i n t o a l l aspects of w i l d l i f e 

h a b i t a t , biology, e t c . , i n c l u d i n g f i s h stocks. Enables the establishment 
of w i l d l i f e sanctuaries. 

- research includes inventories of waterfowl, sea birds-, sea l i o n s , and 
raptors (peregrine f a l c o n and bald eagle); inventories of winter waterfowl 
on the Queen Charlotte Islands; h a b i t a t assessment. 

- cooperates with B.C. P r o v i n c i a l Museum and Canadian W i l d l i f e Service i n 
Queen Charlotte Island seablrd colony censuses. 

Marine Resources Branch 
- The B.C. F i s h e r i e s Act enables research i n t o a l l aspects of the f i s h e r i e s 

resource and includes c o n t r o l and p r o t e c t i o n of marine plants and s h e l l f i s h . 

- research includes; 
- continuing s e r i e s of kelp i n v e n t o r i e s , reported i n F i s h e r i e s Development 

reports, and commercial sea plants other than kelp 
- h e r r i n g spawning ground inventories and harvest s t a t i s t i c s , annually 

since 1937 
- s h e l l f i s h Inventories, e.g. oysters, clams, geoducks 
- commercial f i s h species i n v e n t o r i e s , e.g. ground f i s h 

- note commercial b i a s . 



M i n i s t r y of Lands, Parks and Housing 
Lands D i v i s i o n 

Land Records Section, Surveys and Land Records Branch 
- foreshore lease records, reservations, e t c . 

E c o l o g i c a l Reserves Unit, Land Programs Branch 
- preservation of e c o l o g i c a l resources f o r s c i e n t i f i c research and 

education 
- not to be confused with parks or other r e c r e a t i o n a l areas. 

Parks and Outdoor Recreation D i v i s i o n 
- The Park Act provides f o r the cre a t i o n of p r o v i n c i a l parks, i n c l u d i n g 

marine parks, as a r e c r e a t i o n a l resource, and a l s o provides f o r the 
establishment of Nature Conservancy Areas. Note also that Anthony 
Island i n the Queen Charlottes i s a World Heritage S i t e . 

P r o v i n c i a l Museum 

- cooperates with B.C. F i s h and W i l d l i f e and Canadian W i l d l i f e Service to 
inventorize B.C. seabird colonies 

- publishes n a t u r a l h i s t o r y handbooks on various B.C. w i l d l i f e species 
- maintains e x h i b i t s of B.C. b i o t i c areas i n c l u d i n g the shore zone. 

U n i v e r s i t i e s 
Information i s generated at the three B.C. u n i v e r s i t i e s due to: 
- f a c u l t y and post-graduate research 
- undergraduate and graduate l e v e l research (degree theses) 
- s p e c i a l i n s t i t u t e s or departments 
- Bamfield Marine S t a t i o n , j o i n t l y operated by the U n i v e r s i t y of B r i t i s h Columbia, 

U n i v e r s i t y of V i c t o r i a , Simon Fraser U n i v e r s i t y , the U n i v e r s i t y of A l b e r t a and 
the U n i v e r s i t y of Calgary. Research i n t o both oceanography and marine biology. 

Un i v e r s i t y of B r i t i s h Columbia 
U.B.C. has the most diverse teaching and research f a c i l i t i e s of the three 
B.C. u n i v e r s i t i e s , and not s u r p r i s i n g l y i s most involved i n the B.C. offshore/ 
shorezone. I n t e r a c t i o n and cooperation between departments and i n t e r -
d i s c i p l i n a r i a n research, i s encouraged. 
- Department of Botany: research on plants of the B.C. coast, i n c l u d i n g 

marine plants. 
- Department of Geological Sciences: some research on marine and shoreline 

geology, have done some sedimentological studies of s t r a i t s and i n l e t s 
and some work on offshore petroleum p o t e n t i a l evaluation. 



- Department of Oceanography (formerly the I n s t i t u t e of Oceanography): 
applies b a s i c sciences to the study of oceans. 
- Ship-of-Opportunity program reports on plankton and zooplankton species 

composition and abundance 
- summer ship cruises sampling oceanographic data 
- research on biochemical responses to p o l l u t i o n , n u t r i e n t uptake 

k i n e t i c s , e t c . 
- I n s t i t u t e of Animal Resource Ecology: i d e n t i f y p r i n c i p l e s of t h e o r e t i c a l 

and applied ecology and population genetics, r e l a t e these to s p e c i f i c 
e c o l o g i c a l systems, marine coimnunities included. Research includes: 
- b i o l o g i c a l oceanography 
- marine food chains 
- plankton and t h e i r environment 
- i n t e r t i d a l ecology 

- Westwater Research Centre 
- conducts i n t e r d i s c i p l i n a r y research on the management of water and 

associated resources 
- researches a l t e r n a t i v e s to provide an Improved foundation f o r decisions 

about p o l i c i e s and i n s t i t u t i o n a l arrangements 
- i n t e r e s t i n c o a s t a l zone resource management; however, 1976 research 

proposal to Canada Council not approved 
- currently preparing two p u b l i c a t i o n s on Offshore O i l and Gas i n Canada: 
West Coast Events and West Coast Environmental, S o c i a l and Economic Impacts 

- A F i s h e r i e s and Oceans Canada research s t a t i o n i s located on campus. 

Simon Fraser U n i v e r s i t y 
Involved to a l e s s e r extent than U.B.C, but has both oceanography and marine 
biology at the graduate l e v e l within the Faculty of Science. 
Master of Resource Management Program includes c o a s t a l resources. 

P r i v a t e 
Consulting Firms 

Consulting firms that have been involved i n B.C. shorezone/offshore research 
and data compilation, or inventories of e x i s t i n g data, under contract to 
another company understandably may not release information derived during 
the course of the study - t h i s would have to be obtained from the i n i t i a t i n g 
company - but i n d i v i d u a l s who worked on the p r o j e c t may now be experts on 
the status of knowledge of a p a r t i c u l a r resource. At any rate, some firms 
recently a c t i v e i n B.C. c o a s t a l zone research are noted here. 
ESL - Environmental Services Ltd., Vancouver 
- p h y s i c a l oceanography and climate 



LGL Ltd., Sidney 
- marine resources and impact assessment 
Seakem Oceanography Ltd., Vancouver 
- p h y s i c a l and chemical oceanography 

These three firms prepared the oceanographic, b i o l o g i c a l resources, and 
map f o l i o volumes f o r Trans Mountain P i p e l i n e Ltd.'s Low Point proposal. 

Seaconsult Marine Research, Ltd., Calgary 
- prepared the I n i t i a l Environmental Evaluation (lEE) f o r renewed offshore 

petroleum exploration f o r Chevron Standard L t d . and Petro Can - the major 
permit holders. The I.E.E. i s apparently completed and i n Ottawa, but 
no d i s t r i b u t i o n plans e x i s t as yet. V.V. Spence, Environmental Conservation 
Service, Ottawa, can be contacted regarding d i s t r i b u t i o n of a copy of the 
I.E.E. to t h i s o f f i c e . 

P u b l i c Interest 

Greenpeace 
Is compiling information r e l a t i n g to offshore petroleum exploration and 
offshore resources. 



Limited petroleum exploration has been conducted off the B.C. coast. 
Some two dozen wells have been d r i l l e d , the f i r s t i n 1913-1915, but most since 
1958. In the 1967-1969 period. S h e l l Canada d r i l l e d fourteen exploratory wells 
( l i s t and map #1) but a l l were dry and a l l have been plugged and abandoned. In 
1971 the f e d e r a l moratorium on o i l and gas exploration came i n t o e f f e c t . 

A 1978 Geological Survey of Canada report on petroleum p o t e n t i a l of the 
offshore - only recently released to the p u b l i c (Haimila and Procter 1982) -
estimates maximum gas reserves could reach 94 t r i l l i o n cubic feet and o i l reserves 
could be a:lmost f i v e b i l l i o n b a r r e l s . The f i v e b i l l i o n f i g u r e i s an absolute 
maximum; more reasonable expectations are of 500 m i l l i o n b a r r e l s of o i l . 
A d d i t i o n a l l y , the GSC reports the area as probably gas r i c h . More recent studies 
have i n d i c a t e d these figures may be p e s s i m i s t i c and o i l p o t e n t i a l i s probably 
much greater than o r i g i n a l l y estimated. Petro Can g e o l o g i s t s , e s p e c i a l l y , are 
o p t i m i s t i c regarding o i l i n Dixon Entrance. 

The major permit holders of Federal O i l and Gas Exploratory Rights to 
the B.C. offshore are Chevron Standard Ltd. - through a farm-in agreement with 
S h e l l - and Petro Can. Chevron's permits cover most of Hecate S t r a i t and Queen 
Charlotte Sound, with some coverage of the offshore west of Vancouver Island. 
Petro Can has been issued piermits f o r most of Dixon Entrance as w e l l as i s o l a t e d , 
previously unissued permits i n the r e s t of the area (map #2). 

The most l i k e l y areas f o r d r i l l i n g a c t i v i t y i f the moratorium were to be 
l i f t e d now are the Queen Charlotte Basin south and east of Moresby Island by Chevron, 
and the eastern Dixon Entrance area, north and east of Rose S p i t , by Petro Can. 
The Winola Basin west of Cape Scott also looks promising. 

For further information, contact: 
- Chris Yorath, I n s t i t u t e of Ocean Sciences, Sidney, B.C.-
- Petroleum Resources Appraisal S e c r e t a r i a t , Calgary, A l t a . 



WEST COAST REGION: 
ALL WELL HISTORY REPORTS HAVE BEEN RELEASED 
» INDICATES VELOCITY SURVEY AVAILABLE 

Well Name Area 
Latitude 
Longitude 

D r i l l i n g 
Unit 

Spud Date 
Rig 
Released 

RT Elev'n 
Water 
Depth 

Depth (RT) 
Well Status 

S h e l l Anglo 
Prometheus H-68 

West of Van
couver Island 125° 

37' 
39. 

19.57" 
06.54" 

Shel l Anglo 
Pluto 1-87 

West of Van
couver Island 

48° 
125° 

56-
57' 

36.73" 
01.30" 

Shel l Anglo 
Zeus 1-55 

West of Van
couver Island 

48° 
126° 

54-
09' 

34.25" 
09.93" 

Shell Anglo 
Zeus 

West of Van
couver Islarjd 

48° 
126° 

53' 
02' 

01.0" 
59.8" 

Shell Anglo 
Tyee N-39 

Hecate S t r a i t 53° 
131° 

18> 
20' 

54.51" 
21.42" 

Shell Anglo 
Sockeye B-10 

Hecate S t r a i t 52° 
131° 

49' 
00' 

08.53" 
44.19" 

Shel l Anglo 
Sockeye E-65 

Hecate S t r a i t 52° 
130° 

45' 
55' 

24.62" 
19.44" 

Shell Anglo 
Auklet G-n^ 

Hecate S t r a i t 52° 
130° 

20' 
36' 

16.12" 
32.77" 

Shell Anglo 
Osprey D-36 

Queen Charlotte 
Sound 

51° 
129° 

35' 
20' 

06.20" 
47.65" 

Shell Anglo 
Harlequin D-86 

Queen Charlotte 
Sound 

51° 
129° 

55' 
58-

03.58" 
12.35" 

Shell Anglo 
Apollo J - i ^ i 

West of Van
couver Island 

49° 
127° 

23' 
, 02' 

34.60" 
04.58" 

Shell Anglo 
Cygnet J-100 

West of Van
couver Island 

48° 
125° 

19' 
43' 

42.3" 
03.0" 

Shell Anglo 
South Coho 1-71 

Hecate S t r a i t 53° 
131° 

33' 
25' 

32.6" 
48.9" 

Shell Anglo 
Murrelet L-15 

Hecate S t r a i t 52° 24 
130° 47 

41.3" 
38.0" 

Sad CO 135-F 67-06-11 
67-08-09 

34,4 m 

55.2 
2 335.̂ 4 m 
P & A -9-

Sedco 135-F 67-08-11 
67-10-12 

32.9 
60 

,3 726.2 
P & A 

Sedco 135-F 67- 11-07 
68- 02-05 

34.4 
98.5 

3 042.2 
P & A 

Sedco 135-F 68-02-24 
68-03-31 

34.1 
79.9 

2 433.5 
P & A 

Sedco 135-F 68-04-07 
68-05-19 

29.3 
27.4 

3 159.5 
P & A 

Sedco 135-F 68-05-21 
68-07-22 

35.4 
31.1 

4 771.9 
P & A 

Sedco 135-F 68-07-23 
68-08-12 

34.7 
55.8 

2 786.5 
P & A 

Sedco 135-F 68-08-16 
68-08-29 

3̂ 1.7 
169.5 

2 370.4 
P & A 

Sedco 135-F 68-09-01 
68-09-17 

34.1 
58.5 

2 530.4 
P & A 

Sedco 135-F 68-09-22 
68-11-01 

34.1 
139.9 

3 240.9 
P & A 

Sedco 135-F 68- 11-23 
69- 01-23 

34.1 
141.4 

3 094.3 
P & A 

Sedco 135-F 69-01-26 
69-02-20 

34.1 
147.8 

2 459.7 
P & A 

Sedco 135-F 69-03-12 
69-04-05 

35.4 
21.3 

2 780.1 
P & A 

Sedco 135-F 69-04-13 
69-05-05 

33.8 
110.9 

2 919.4 
P & A 

From Offshore Exploration Resource Management Branch, EMR. 1979 p. 



From Offshore Exploration, Resource Management Branch, EMR, 1979. p,58 
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FEDERAL OIL AND GAS LEASES, EXPLORATORY PERMITS AND EXPLORATORY AGREEMENTS K E S O I . R C E M A N A H E M E N T B R A N C H 

PACIFIC 
JANUARY 1st 1981 

Permittee 
L o c h i e l Exploration Ltd. 
Ranger O i l Ltd. 
S h e l l Resources/Chevron Standard Ltd. 
Union O i l Canada Ltd. 
D.F. Smith 
Exploration Agreement PetroCan 

See also: Map //100 P a c i f i c Canada O i l and Gas Lands Administration. 1982. 



APPENDIX B MISCELLANEOUS OFFSHORE RELATED DOCUMENTS 

Appended here are photocopies of: 

1) P a c i f i c Region Screening and Coordinating Committee (SCC) Project Status 
Record of O i l and Gas D r i l l i n g o f f the Canadian West Coast to the end of 
1981. 

2) Draft Guidelines f o r an I n i t i a l Environmental Evaluation of O i l and Gas 
Exploratory D r i l l i n g o f f the Canadian West Coast. Resource Management 
Branch, Department of Energy, Mines and Resources. May 1978. 

3) Proposed I.E.E. Outline d i s t r i b u t e d to S.C.C. Westcoast Offshore O i l Task 
Force members, June, 1980. 

4) Offshore Petroletim Exploration and Development; Preliminary Environmental 
Assessment - Terms of Reference. Assessment Branch, Assessment and Planning 
D i v i s i o n , B.C. Mi n i s t r y of the Environment, 1981. 



PROJECT STATUS RECORD 

P . S . R . N o . P - 1 3 2 

F i l e N o . 

PROJECT NAME; 

O i l and Gas Exploratory D r i l l i n g off the 
Canadian West Coast 
PROPONENT; 

Department of Energy, Mines & Resources 

DATE REGISTERED: May 18, 1978 

LOCATION: 
West of Vancouver Island, Queen Charlotte 
Sound, Hecate S t r a i t and Dixon Entrance 
RESPONSIBLE FEDERAL AGENCY; 
Dept. of Energy, Mines & Resources 

(EMR) 
STATUS OF PLANS: 

DESCRIPTION: 

s e c ACTION: 

D a t e t o t h e S C C : 

C a t e g o r y : 

L e a d A g e n c y : 

C o - O r d i n a t o r : 

June 1, 1978 

B 
EPS 
John Mlllen 

S u p p o r t i n g A g e n c i e s : ( D F 0 1 _ _ _ 

(CWS) L. R e t f a l v i ( A E S ) D. Faulkner 

( O A S ) Larry Giovando ( L Q ) M . Romaine 

( E P S ) Lee Harding 

DATE REMARKS 

Exloratory d r i l l i n g for o i l and gas o f f the P a c i f i c Coast, has been 
under a moratorium since 1970. Pr i o r to that Sh e l l Canada d r i l l e d lA 
wells between 1967-1969 without success, although hydrocarbon generating 
formations were encountered. Currently, some 15 m i l l i o n acres are held 
under permit. Most of t h i s acreage i s held by S h e l l . Other permit holders 
are Smith Douglas Fletcher, Loeheil Exploration, and Ranger O i l . 

DFE/EMR Ministers correspondence commenced August 1976 to l i f t the 
moratorium. 

May /78 "Draft Guidelines for an I n i t i a l Environmental Evaluation of O i l and Gas 
Exploratory D r i l l i n g Off the West Coast" Issued by the Resource Management 
and Conservation Branch of the Department of Energy, Mines and Resources. 
Guidelines d i s t r i b u t e d to P a c i f i c Region SCC for i n i t i a l DFE comments. 

June /78 RSCC comments of lEE Guidelines sent to D.C. Crosby, Energy, Mines and 
Resources . 

July /78 lEE Guidelines, with work sharing proposal (EMR/Industry) sent by EMR 
to Chevron and Petrocan who are permit holders. 

Oct. /78 West Coast Offshore Environment Map series (9 maps) published and 
d i s t r i b u t i o n commenced. 

Nov. /78 Chevron has not indicated so far that It i s proceeding with lEE work. 
East Coast discoveries are demanding t h e i r attention and resources. 

2/ 
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DATE REMARKS 

June 12,1979 P a c i f i c Kcgional D i r e c t o r s Meetli»u with M . B c l l , EMK, representatives 
of Chevron and Seaconsult discussed preparation of lEE. 

Sep. 21,1979 J o i n t announcement by Premier Bennett and Prime M i n i s t e r Clark tliat 
the Federal Govt, would turn over " j u r i s d i c t i o n of offshore lands" to 
the Province. 

Sep. 27,1979 Meeting i n V i c t o r i a of EMU O f f i c i a l s w i t l i P r o v i n c i a l Agencies. Also 
attended by D.S. Lacate, D i r e c t o r , Lands. Recommended formation of a 
Federal P r o v i n c i a l p o l i c y l e v e l s t e e r i n g comiiiltteo with representation 
Federal EM & R, DOE, P r o v i n c i a l E.M. and PR, Environment, to i n t e r f a c e 
with permittees over environmental assessment. 

Feb. 18/19,80 P a c i f i c Region Workshop on Offshore O i l & Gas D r i l l i n g and Production. 
Attended by representatives of a l l agencies of DOE r e g i o n a l l y and 
N. Tywoniiik, W. Bryant EPS NW Region; R. Percy EPS A t l a n t i c Region; 
G. Prach, T. Berry CWS NW Region; R. Baker EPS Ottawa. 

Mar. 5/6,1980 Departmental Worksliop on Offshore O i l £. Gas Q - i l l l n g and production, 
,0t tawa. 
P a c i f i c Region r e p r e s e n t a t i v e s : J . M i l l e n , J . Wlebe, M. Romaine. 

June 1980 PROJECT IS NOW INACTIVE 

Jan. 3, 1981 Chevron i s preparing an lEE expected to be ready for release in A p r i l 19 

May 5. 1981 Task Fj)rce Meeting with Bob Weir, Dave M a r s l i a l l and John Wiebe to review 
new Interest In B.C. offslu)re d r i l l i n g 

June 2, 1981 B.C. P r o v i n c i a l Government Energy M i n i s t e r , Bob McClelland announced 
"claims to offshore petroleum r i g h t s beyond B.C's inland marine 
waters". He a l s o announced a B.C. U t i l i t i e s Commission Inquiry for 
p u b l i c examination of environmental and s o c i a l issues. The f i r s t 
pliasc to be completed by s p r i n g 1982 would precede e x p l o r a t i o n . A 
second phase would be required before production could begin. 

Sep. 24, 1981 M i n i s t e r s of Energy for Canada and for B r i t i s h Columbia (Lalonde and 
McClelland) j o i n t l y announced that they agreed to hold discussions on 
offshore j u r i s d i c t i o n and to make every e f f o r t to resolve d i f f e r e n c e s 
e a r l y In 1982. 

Nov. 18, 1981 L e t t e r Seaborn/Marr assuring Province of DOE commitment to 
cooperation on a comprehensive environmental review of hydrocarbon 
e x p l o r a t i o n and production. 

Dec. 1981 B i l l C48 completed second reading. 

Dec. 1981 The Chevron lEE i s reported to be In the hands of EMR. Ottawa. No 
plans for an Interdepartmental review have been released. 
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DATE REMARKS 

Dec. 11,1981 J . M i l l e n , R. Baker (EPS Ottawa) and J . Wiebe attended a B.C. P r o v i n c i a l 
b r i e f i n g on progress of the P r o v i n c i a l Offshore Hydrocarbon Preliminary 
Environmental Assessment. 

Discussions were a l s o held on the p o s s i b i l i t y of a major West Coast 
Workshop on Environmental Planning f o r Hydrocarbon P r o j e c t s . 
Tentative date suggested was Spring 1983. 

A proposed B.C. Government Seminar on I n d u s t r i a l Benefits of Offshore 
Development to be held i n the F a l l of 1982, was noted. 



DRAFT GUIDELINES 

' FOR AN 

INITIAL ENVIRONMENTAL EVALUATION 

OF 
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Resource Management and Conservation Branch 
Department of Energy, Mines and Resources 

OTTAWA 
May 1978 



OBJECTIVE OF INITIAL ENVIRONMENTAL EVALUATION 

a) Provide r a t i o n a l e for I n i t i a l Environmental Evaluation 
to determine the nature and extent of any s i g n i f i c a n t 
environmental e f f e c t s ; 

b) review p u b l i c perceptions of environmental matters 
including the moratorium on d r i l l i n g ; a t titudes re
garding commercial f i s h i n g ; r e c r e a t i o n a l use of coastal 
waters; and recent o i l port and tanker proposals; 

c) d i s t i n g u i s h between exploration and production by com
paring engineering concepts, longevity, s i t e s p e c i f i c -
ness, associated r i s k s , etc. of each stage and provide 
a r a t i o n a l e for a comprehensive s i t e s p e c i f i c environ
mental assessment p r i o r to production. 

SUMMARY 

The purpose of the summary i s to h i g h l i g h t the environmental 
concerns and possib l e e f f e c t s of the proposed a c t i v i t y . It 
is to be written i n a s t y l e e a s i l y comprehended by the public 
so that i t may be extracted for media or other purposes. 

Summary to include: 

a) the probable nature, magnitude and duration of an offshore 
exploratory d r i l l i n g program; the major offshore and 
onshore resources, f a c i l i t i e s , l o g i s t i c s and costs l i k e l y 
to be involved; 

b) the l e g a l regime under which the program would be c a r r i e d 
out; 

c) any e f f e c t s upon the b i o l o g i c a l or phy s i c a l environment; 

d) consequences of an o i l s p i l l , with a p r o b a b i l i t y analysis 
of the l i k e l i h o o d and extent of s p i l l damage that might 
be associated with the recommencement of exploratory 
d r i l l i n g and with possible production o f f the west coast; 



e) the s o c i a l , indus tr ia l , economic and other regional or 
local implications of the program with a br ie f assess
ment of their potential s ignif icance; 

f) a resume of the c o l l i s i o n prevention measures and other 
navigational safety aspects of d r i l l i n g and shipping; 

g) alternate or mitigating measures that could be implemented 
into the program to eliminate or reduce to a minimum any 
s ignif icant environmental, social or navigational risks 
identi f ied in the lEE; 

h) the nature, extent and duration of any short-term and 
residual effects, both on land and offshore, that may 
just i fy s ignif icant environmental concerns in the carrying 
out of the program. 

THE PROJECT SETTING 

His tor ica l overview of mineral resource developments off the 
Canadian West Coast, including information on: 

a) the status of oil and gas exploratory permits since June 
1960, Crown reserve acreage; the withdrawal of permits 
from sensitive areas in Stra i t of Georgia and Strai t of 
Juan de Fuca; 

b) the geophysical, geological and d r i l l i n g ac t iv i t i e s to 
date by industry; 

c) the geophysical, geological and geodetic survey work by 
government; 

d) exploration results so far; 

e) proposal to recommence o i l or gas exploration and i ts 
relationship to possible production in the future; 

f) Federal/Provincial relations with respect to offshore 
mineral r ights; 



g) o i l s p i l l risks including a mathematical description of 
the probable occurrence of a serious, moderate or l ight 
o i l s p i l l and showing the relationship between o i l s p i l l s , 
imported oil tanker t ra f f i c and local offshore production. 

THE NEED FOR THE PROGRAM 

Report on the: 

a) Canadian energy supply and demand picture; 

b) government's "need-to-know" for energy pol icy, and 
pol ic ies related to the development of Canadian 
mineral resources; 

c) estimated o i l and gas potential off the West Coast; 

d) primary purpose of the exploratory program in relat ion 
to national and provincial energy needs and the 
anticipated timing; 

e) alternate means of meeting the need for energy supplies 
(foreign sources, tankers, etc.) using cost/benefit , 
analysis and comparisons of relat ive environmental 
r i sks . 

THE DRILLING PROGRAM 

1. Maps and drawings: 

a) identifying the marine areas where exploratory 
d r i l l i n g may take place (west of Vancouver Island, 
Queen Charlotte Sound and Hecate Strait ) ; 

b) identifying areas closed to offshore o i l and gas 
developments in 1962 (Strait of Georgia, Juan de 
Fuca Stra i t and Queen Charlotte S t r a i t , e tc . ) ; 

' c) identifying geography, geology, bathymetry, permit 
acreage and permittees, existing wells, coastal 
features, roads, harbours and f a c i l i t i e s , marine 
t ra f f i c lanes, and related information. 



a) general d e s c r i p t i o n of an exploratory d r i l l i n g 
program including r i g , work boats, h e l i c o p t e r s , 
personnel, shore f a c i l i t i e s , consumables, monitoring 
and s u r v e i l l a n c e programs; 

b) o u t l i n e of operational safety and p o l l u t i o n prevention 
measures (BOPs, casing, mud, kicks, d r i l l s , explosions, 
c o l l i s i o n s , test f l u i d s ) ; 

c) statement of the c o l l i s i o n prevention regulations and 
other navigational safety provisions applying to 
offshore r i g s and to shipping; 

d) d e s c r i p t i o n of waste disposal methods, including type 
of wastes, volumes, concentrations, and any known 
environmental e f f e c t s and ultimate fate; 

e) i d e n t i f i c a t i o n of equipment, plant, supplies, etc. 
l i k e l y to be removed or, conversely, to remain upon 
termination of the exploratory d r i l l i n g program; 
seafloor obstacle clearance and other s i t e r e s t o r a t i o n ; 

f) suggestion of secondary projects and associated f a c i l i t i e s 
that might be required during the exploratory program. 

S p i l l Contingency Planning: 

o i l s p i l l p r e d i c t i o n studies showing the physical 
t r a j e c t o r i e s and chemical degradation of (hypothetical) 
o i l s p i l l s ; 

o u t l i n e contingency plans for the arrest and clean-up 
of an o i l s p i l l or other marine emergency by the 
operating company, industry associations and contrac
t o r s , regional and p r o v i n c i a l a u t h o r i t i e s , and the 
federal government (under the National Marine Emer
gency Plan and the J o i n t Canada-U.S. Marine P o l l u t i o n 
Contingency Plan); 

3. O i l 

a) 

b) 



c) i d e n t i f y stand-by d r i l l i n g and emergency equipment 
ava i l a b l e i n the area i n the event of a major o i l 
s p i l l 

4 . L e g i s l a t i v e Regime: 

a) report on the adequacy of EMR's statutory authority 
over offsliore mineral resource developments and the 
regulatory control under which any exploratory or 
development d r i l l i n g program (or o i l and gas production 
and transportation) would be c a r r i e d out; including 
the requirements of the operator under the O i l and Gas 
Production and Conservation Act and the draft Canada 
O i l and Gas D r i l l i n g Regulations thereunder, including 
the approval process for the commencement/termination 
of operations, t e s t i n g , plugging, etc.; the environ
mental and rela t e d provisions under the proposed 
Canada O i l and Gas Act; s u r v e i l l a n c e , enforcement and 
reporting procedures; and penalty clauses; 

b) describe the n o t i f i c a t i o n procedure, input and role 
of other agencies with p r a c t i c a l offshore concerns. 

5 . Insurance, Bonding, L i a b i l i t y and Compensation: 

Outline the requirements with respect to performance 
bonding, l i a b i l i t y and compensation to account for damages 
in the event of an o i l s p i l l or other mishap. 

THE NATURAL ENVIRONMENT 

A general d e s c r i p t i o n of the present-day environment and 
patterns of resource use, i l l u s t r a t e d with a resource inven
tory map of the major environmental components of the area; 
a d e s c r i p t i o n of the physical environment and i t s e f f e c t s 
upon the seaworthiness of an offshore d r i l l i n g v e s s e l , 
operational safety and response to accidents; plus a 



d e s c r i p t i o n of the b i o l o g i c a l environment that may be 
affected by the implementation of tlie program; and an 
i d e n t i f i c a t i o n of any relevant information gaps (the 
difference between what we know and what we need to know), 

1. Physical Oceanography: 

sea and swell 
currents 
tides and t i d a l currents 
water c i r c u l a t i o n 

- ice? 
temperature and s a l i n i t y 
unusual features i n s p e c i f i c coastal areas 

2. Meteorology: 

winds 
a i r temperatures 
barometric pressures 
p r e c i p i t a t i o n 

- v i s i b i l i t y , cloud cover and humidity 
storms 

3 . Geological Environment: 

regional geology 
coastal geomorphology and longshore d r i f t 
marine geology 

- bathymetry 
s u r f i c i a l sediments 
shallow structures 

4. Geological Hazards: 

s e i s m i c i t y 
tsunamis 
f a u l t i n g 
slumping 
geopressures 



5. B i o l o g i c a l Environment (Offshore and L i t t o r a l ) : 

phytoplankton 
zooplankton, ichthyoplankton 
zoobenthos 
pelagic f i s h and commercial species, seasonal 
d i s t r i b u t i o n and nursery areas 
marine mammals 
pelagic seabirds 
seaweeds 
s h e l l f i s h ( lobster, crab, etc.) 
estuaries 

7. THE HUMAN ENVIRONMENT AND RESOURCE USE 

Outline the e x i s t i n g community f a c i l i t i e s and the economic, 
s o c i a l and c u l t u r a l conditions of any regions which may be 
affected by the offshore d r i l l i n g program i n order to assess 
the nature and extent of any detrimental or b e n e f i c i a l influences 
of the program upon l i f e in coastal communities. This should 
be compared with the expected natural evolution of these commu
n i t i e s i n the absence of offshore d r i l l i n g . A review of the 
socio-economic impacts of the d r i l l i n g program c a r r i e d out by 
Shell Canada Ltd. i n 1967-69 and the b u i l d i n g of the Sedco 135F 
in V i c t o r i a should also be prepared for comparative purposes. 

8. EVALUATION OF ENVIRONMENTAL IMPACTS AND MITIGATING MEASURES 

This part to provide an o v e r a l l evaluation of the p o t e n t i a l 
environmental, s o c i a l , and operational and economic impacts 
already described and i s to assess proposed amelioration and 
mitigating measures; the manageability of the r i s k s that have 
been i d e n t i f i e d as being associated with the program and 
re s i d u a l e f f e c t s . Recommendations and s p e c i a l requirements 
addit i o n a l to those imposed under the present l e g i s l a t i v e 
regime that may contribute to the safe and innocuous conduct 



of the program. Any major impacts upon the environment from 
any aspect of the program i s to be separately i d e n t i f i e d and 
assessed as to t h e i r nature, extent and duration at the l o c a l , 
regional, national and i n t e r n a t i o n a l l e v e l s and in the context 
of coastal zone a c t i v i t i e s . Any s i g n i f i c a n t knowledge gaps 
are also to be c l e a r l y i d e n t i f i e d . 

REFERENCES 

Bibliography 
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Introdiic t i on 
General purpose of l E F . (quote F E A R O ) ; rationale and objectives 
of this study, i t s limitations (area, exploration), etc. 

Organization of lEE study; table of contents. 

Executive Summary and/or overview. 

The Environment 
' Geological environment, hazards. 

Physical environment. . 

Biological environment. 

Shorelines. 

Offshore Exploration 

Introduction to region. 
History of petroleum exploration o f f west coast. 

- Environmental concerns for tankers, d r i l l i n g . 
- International experience: geophysics, d r i l l i n g . 
- Need for renewed exploration, alternatives. 

• - Petroleum potential o f f the west coast. 
- Legislative regime: acts, regs, procedures (e.g. DPA & ADW 

. . - — w - » . . • " J • 

- Proposed exploration operations, schedule (geophysical, 
d r i l l i n g ) . 

- Contingency plans, emergency response organizations, r e a l 
time environ.T.ental information. 

- O i l s p i l l trajectories, weathering. 
Standby equipment, resources. 
L i a b i l i t y and compensation. 

- Rig and vessel discharges. 
- Public information. 

Environmental Effects 
Potential adverse, beneficial effects. 

Information gaps. 

Recommendations and conclusions. 

Selected Annotated Bibliography .• • 

Separate volume (-) 

Appendices 
- L i s t researchers, s c i e n t i s t s and a f f i l i a t i o n . 

- Other. 



Proposed Draft Outline f o r : A p r i l 10, 1980 

INITIAL ENVIRONMENTAL EVALUATION 
f o r 

RENEWED PETROLEUM EXPLORATION 
i n 

OUEEN CHARLOTTE SOUND AND HECATE STRAIT 

DECLARATION 

EXECUTIVE SUMMARY 

TABLE OF CONTENTS 

1 OVERVIEW 
1.1 Introduction to Region 

1.2 H i s t o r i c a l Review 

1.3 Previous Petroleum E x p l o r a t i o n 

1.4 Need f o r Renewed E x p l o r a t i o n 

1.5 Proposal by Chevron Standard Li m i t e d 

1.6 P h y s i c a l Environment 

1.7 B i o l o g i c a l Environment 

1.8 Socio-Economic Factors 

1.9 Proposed Operations 

1.10 P o t e n t i a l Impact on Environment 

1.11 P o t e n t i a l Impact on S o c i a l F a b r i c 

1.12 P o t e n t i a l Impact on I n d u s t r i a l F a b r i c 



PROPOSED PETROLEUM AND NATURAL GAS EXPLORATION 

G e o l o g i c a l S e t t i n g 

Previous Operations 

Proposed Operations 

2.3.1 Geophysical 
Methods, time and duration, personnel 

2.3.2 D r i l l i n g 
Methods, time and duration, personnel 

Shore Support 

Locations 
A c t i v i t i e s 

P r o j e c t i o n of Operations 

Amount of seismic 
Amount of d r i l l i n g 
Expenditure 
Time 

(to s u c c e s s / f a i l u r e ) 

Emergency Procedures 
General account of t r a i n i n g , experience, safe 
equipment, standby equipment, countermeasure 
preparation. 



3.1 Physiography and S u r f i c i a l Geology 
3.1.1 Regional Physiography 
3.1.2 Bathymetry 
3.1.3 Regional Geology 
3.1.4 Shoreline C l a s s i f i c a t i o n and D i s t r i b u t i o n 
3.1.5 E x i s t i n g Level of Shoreline P o l l u t i o n 
3.1.6 S u r f i c i a l Sediment C l a s s i f i c a t i o n and D i s t r i b u t i o n 
3.1.7 Earthquake A c t i v i t y 
3.1.8 Data D e f i c i e n c i e s 

3.2 The Atmosphere 
3.2.1 Climate Overview 
3.2.2 Winds 
3.2.3 A i r Temperature 
3.2.4 P r e c i p i t a t i o n ^ 
3.2.5 V i s i b i l i t y 
3.2.6 Storm Tracks 
3.2.7 " I c i n g from Seaspray 
3.2.8 Data D e f i c i e n c i e s 

3.3 P h y s i c a l and Chemical Oceanography 
3.3.1 In t r o d u c t i o n 
3.3.2 C i r c u l a t i o n 

3.3.2.1 General C i r c u l a t i o n 
3.3.2.2 Wind-driven currents 
3.3.2.3 T i d a l E f f e c t s 
3.3.2.4 Estuarine Influences 

C i r c u l a t i o n and discharge 
3.3.2.5 Upwelling 

l o c a t i o n and s i g n i f i c a n c e 

3.3.3 Sea Le v e l V a r i a t i o n s 
3.3.3.1 Tides 
3.3.3.2 Waves 
3.3.3.3 Swells 
3.3.3.4 Tsunamis 
3.3.3.5 Storm Surges 



3.3.4 Temperature 
Surface and Subsurface 

3.3.5 S a l i n i t y 
Surface and subsurface 

3.3.6 Dissolved Oxygen 

3.3.7 Nutrients 

3.3.8 Trace Metals 

3.3.9 T u r b i d i t y and Debris 

3.3.10 E x i s t i n g Water Q u a l i t y 
3.3.10.1 Hydrocarbon Levels 

3.3.11 Data D e f i c i e n c i e s 



4.1 Introduction 
Major Influences: 

Oceans and Rivers—contribution to nutrient levels 
General Physiography, protected areas 

B i o l o g i c a l P r o d u c t i v i t y 
Resource U t i l i z a t i o n 

Ccrmvsrcial and recreational fishing 

4.2 S i g n i f i c a n t B i o l o g i c a l Groups 
(Discussicn of Groups w i l l include: 

Species, abundance, and distribution 
Life cycles, habitats, seasonality and migration 
Significance i n food web, and Resource utilization) 

4.2.1 Microbiota 
4.2.2 Marine Plants 

4.2.2.1 Benthic algae 
4.2.2.2 Phytoplankton 

4.2.3 Zooplankton 
4.2.4 Benthic Invertebrates 
4.2.5 F i s h 

4.2.5.1 General i n t r o d u c t i o n 
4.2.5.2 Ichthyoplankton 
4.2.5.3 Demersal f i s h 
4.2.5.4 . Herring 
4.2.5.5 Salmon 
4.2.5.6 Others 

4.2.6 Bi r d s 
4.2.7 Marine Mammals 

4.2.7.1 P e l a g i c 
4.2.7.2 Coastal 

4.3 Organisms' Response to O i l 
4.3.1 Nature of Impacts 

S i g n i f i c a n c e w i t h i n food web 
4.3.2 General conclusions from other studies 

4.4 B i o l o g i c a l S e n s i t i v i t i e s 
Species, l o c a t i o n , time 

4.5 Data D e f i c i e n c i e s 



if^ _ 5 SOCIO-ECONOMIC ENVIRONMENT 

5.1 National 
S e l f - s u f f i c i e n c y 
Revenue 

5.2 P r o v i n c i a l 
Revenue 
Jobs 

5.3 Regional 
5.3.1 Population D i s t r i b u t i o n and Et h n i c Groups 
5.3.2 Communities 

Commerce 
Amenities 

5.3 .3 Marine-oriented A c t i v i t i e s 
5.3.3.1 Fisheries 

History and Outloc^ ^ 
Manpower, Activity, Location and Tiining 
Ownership and Econcmic Contribution 

5.3.3.2 Logging (Marine Aspects) 
History and Outlook 

Transportation and supplies 
Booning and tews 

5.3.3.3 TransportatiQii 
Main Harbours, Ships frequenting, main cargoes 
Shipping, Patterns and Users 

5.3.3.4 Recreation 
Cruising, Spoit fishing 
Beach and Shoreline use 

5 . 3 . 4 Operational I n t e r f a c e of E x p l o r a t i o n and E x i s t i n g 
Industries 

5.3 .5 S o c i a l Impact of E x p l o r a t i o n on Communities 
5.3 .6 Economic Impact of E x p l o r a t i o n on Communities 
5.3.7 Impact of Successful E x p l o r a t i o n : a scenario 

5 . 4 S p e c i a l Geographical Areas 
H i s t o r i c a l 
C u l t u r a l 
E c o l o g i c a l 
Recreational 

5.5 Summary 



Routine Operations •• 
6.1.1 Geophysical . 

Shipping accidents 
C o n f l i c t with f i s h i n g a c t i v i t y 

6.1.2 D r i l l i n g 
Sources of p o s s i b l e impacts •* 

Drilling Fluids: Corposition, toxicity 
Quantities 
Methods of disposal 
Means of transport 

Waste Disposal: Natvire of chemicals, toxicity 
Quantities 
Storing and transporting 

FIXBI and Chemical: Nature of chemicals, toxicity ^ 
Quantities 
Storing a.nd transporting 

Supply Operations: Vessels and routes 
Weather limitations ^ • / ^ vŷ -"'̂ -
EScisting t r a f f i c -^^^Jj^ ^ - i ^ : / 

Sensitive materials t^'w- jiU'j^ 
Precautions ' 

Blowouts 
D e s c r i p t i o n , causes 
G e o l o g i c a l aspects 
Mechanical aspects; o i l or gas 
Emergency equipment and procedure 

Possible Scenario 
T r a j e c t o r y and area • i ^ / r r-^^ i 
Environmental damage -^'^^c-y--•'• / .^u-.u- , ' ' 

Economic losses 

Contingency Planning 
Reference to Separate Report 

Summation of I n t e r n a t i o n a l Experience 
Geophysical 
Ex p l o r a t o r y D r i l l i n g 

RECOMMENDATIONS 



O F F S H O R E P E T R O L E U M E X P L O R A T I O N A N D D E V E L O P M E N T 
P R E L I M I N A R Y E N V I R O N M E N T A L A S S E S S M E N T 

M I N I S T R Y O F E N V I R O N M E N T - A S S E S S M E N T B R A N C H 

TERMS OF REFERENCE 

Purpose: 

To summarize concerns and issues regarding the environmental 
impacts associated with a l l phases of offshore petroleum 
exp l o r a t i o n and development. The assessment w i l l be used as 
a basis for a M i n i s t r y of Environment submission to hearings 
or reviews which w i l l take place before the resumption of o f f 
shore petroleum ex p l o r a t i o n i n B r i t i s h Columbia. 

Objectives; 

1. a) To determine data and information requirements f o r 
the d e f i n i t i o n and assessment of environmental 
impacts r e s u l t i n g from offshore petroleum exploration 
and development. 

b) To evaluate the adequacy of e x i s t i n g information 
regarding the above imp>acts. 

c) To i d e n t i f y data gaps and, where p o s s i b l e , to recommend 
studies required to enable comprehensive evaluation 
and m i t i g a t i o n of impacts. 

2. To i d e n t i f y major environmental concerns and, where p o s s i b l e , 
to make recommendations regarding avoidance and m i t i g a t i o n 
of i d e n t i f i e d impacts. 

3. To summarize the e x i s t i n g l e g i s l a t i v e and regulatory 
mechanisms f o r r e g u l a t i o n of petroleum development a c t i v i t i e s 
and impacts by the M i n i s t r y of Environment, and to i d e n t i f y 



needs i n t h i s area. (This review i s presently being 
c a r r i e d out by Westwater). 

4 . To develop a map and photo f o l i o to present p i c t o r i a l l y 
the environmental resources and p o t e n t i a l petroleum 
development impacts i n the p o t e n t i a l development areas. 

Study Area; 

(as o u t l i n e d on attached map) 

Approach; 

E x i s t i n g l i t e r a t u r e and f i l e s w i l l be reviewed. Contact w i l l 
be made with key t e c h n i c a l experts i n appropriate p r o v i n c i a l 
and f e d e r a l government agencies. The report w i l l address impacts 
during each of the three main development phases: 

a) Seismic exploration 
b) Exploratory d r i l l i n g 
c) Production 

The assessment of environmental concerns w i l l be presented under 
the f o l l o w i n g d e s c r i p t i v e headings: 

1) P h y s i c a l Environment - Offshore 
2) B i o l o g i c a l Environment - Offshore 
3) Onshore Environmental Implications 
4) Risk and Safety Analysis - Offshore 

The report w i l l i d e n t i f y what i s and i s not known regarding 
environmental impacts of offshore petroleum e x p l o r a t i o n and 



production and w i l l i d e n t i f y key i n v e s t i g a t i o n s w h i c h s l i o u l d b e 

undertaken i n future assessments. Preliminary r e c o m i n G n d i i t i o n s 

w i l l also b e included. 

Study Team: 

R. Langford - Proje c t Manager and Team Coordinator, 
(Contact 387-1928) 

B i l l Wolferstan, Jim S l a t e r - Physical Environment 
Risk and Safety A n a l y s i s 

Don Till a p a u g h , Ken Turner - B i o l o g i c a l Environment 

Susan Abs, Ken B a i l l i e - Onshore Impacts 



APPENDIX C CO-OPERATIVE AND CO-ORDINATING BODIES WITH AN INTEREST IN THE 
B.C. OFFSHORE/SHOREZONE 

Sea Use Council Advisory Board 

An i n t e m a t i o n a l cooperative advisory board f o r the s c i e n t i f i c and 
economic development of c o a s t a l and ocean resources i n the northeast P a c i f i c 
Ocean area. Information i s exchanged regarding offshore o i l development and 
i n d u s t r i a l port s i t i n g . 
- B.C. M i n i s t r y of the Environment member: Jon Sector, Assessment and 

Planning D i v i s i o n . 

I n t e r n a t i o n a l North P a c i f i c F i s h e r i e s Commission (INPFC) 

A Canada-Japan-United States j o i n t commission under the provisions of 
the North P a c i f i c F i s h e r i e s Convention. Plans and co-ordinates research 
c a r r i e d out by the three n a t i o n a l f i s h e r i e s research agencies. Encourages 
c o l l e c t i o n , exchange and analysis of data d i r e c t e d towards maintaining North 
P a c i f i c f i s h e r i e s resources at a l e v e l of maximum sustained p r o d u c t i v i t y . 
Permanent s e c r e t a r i a t i s located at The Un i v e r s i t y of B r i t i s h Columbia. 

I n t e m a t i o n a l P a c i f i c Salmon F i s h e r i e s Commission (IPSFC) 

A j o i n t Canada-United States crown corporation to co-ordinate e f f o r t s to 
enhance salmon stocks of the Fraser River system. 

Canadian Council of Resource and Environment Min i s t e r s (CCREM) 

Made up of f e d e r a l and p r o v i n c i a l ministers of resource and environment 
ministries/departments who meet i r r e g u l a r l y to decide resource and environment 
use p o l i c i e s , resolve c o n f l i c t s , and hold discussions as necessary. Can 
i n i t i a t e working groups/seminars/symposiums on issues r e l a t e d to resource and 
environment use; these have included shorezone management and offshore resources 
symposiums. 

Associate Committee f o r Research on Shoreline Erosion and Sedimentation(ACROSES) 

Associated to the National Research Council (NRC). Promotes research i n t o 
nearshore c o a s t a l sediment movement and mechanisms of sediment transport, i n 
cluding marine shorezones; i d e n t i f i e s needs and p r i o r i t i e s f o r nearshore zone 
research; promotes communication regarding nearshore research. 

Offshore Environmental Studies Forum 

To co-ordinate f e d e r a l , p r o v i n c i a l and industry offshore management and 
research; see copy of memorandum following. 
- Environment Canada member: John Wiebe, Regional D i r e c t o r General's o f f i c e . 
- Coordinator, Bob Langford, Assessment Branch, B.C. M i n i s t r y of the Environment. 



Environmental Land Use Committee (ELUC) 

Environmental Land Use Committee S e c r e t a r i a t (ELUCS) 
(disbanded September 1981) 

A committee composed of representatives of various p r o v i n c i a l 
resource and environment m i n i s t r i e s chaired by the M i n i s t r y of the 
Environment. Has r o l e i n determining p r o v i n c i a l p o l i c y regarding 
resource use and management; co-ordinates studies and planning 
procedures; implements impact assessment of major p r o j e c t s . 

Shore Programs Coordinating Committee 

A p r o v i n c i a l committee meeting monthly "to f o s t e r co-operation, co
ordination and information exchange among p r o v i n c i a l agencies involved 
i n Shore Management and Development". Contact Bruce Morgan or Jon Sector, 
Assessments Branch, B.C. M i n i s t r y of the Environment. 
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V 

To: Members Offshore Environmental 
Studies Forum 

Date: January 19, 1982 

RE: Notice of Meeting February 26, 1982 10:00 a.m. 
Offshore Environmental Studies Forum 

Thank you each f o r your a f f i i 
December 18, 1981 l e t t e r re o 
studies forum. The f i r s t mee 
scheduled f o r February 26, 19 
Boardroom, Old Administration 
of B r i t i s h Columbia. At t h i s 
b r i e f l y review each agencies 
ments which r e l a t e to offshor 
i n B r i t i s h Columbia. 

mat.ive response to my 
ffsho r e environmental 
t i n g of t h i s group i s 
8 2 at the Senate and 
B u i l d i n g , U n i v e r s i t y 
meeting, I would l i k e to 

current t e c h n i c a l involve-
e hydrocarbon e x p l o r a t i o n 

I would appreciate i t i f each member coul d prepare a^ 
b r i e f l i s t or summary of t h e i r agencies or u n i v e r s i t i e s 
present and planned a c t i v i t i e s which r e l a t e to offshore 
hydrocarbon e x p l o r a t i o n i n B r i t i s h Columbia and present 
t h i s at our f i r s t meeting. 

The proposed agenda i s as follows: 

Morning (1) 

(2) Technical involvement-- Each Agency 

Introductory remarks - B.C. M i n i s t r y of 
Environment 

Afternoon 
(3) 

(4 ) 

Inventory and Monitoring - General d i s c u s s i o n 

Objectives of Forum - General d i s c u s s i o n 

If you have comanents or s u g g G u ; t i o n s please contact myself 
or Jim S l a t e r at 387-1928. 

R. W. Langford, 
Assessment Branch, 
M i n i s t r y of Environment. 
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"Ro : O f f s h o r e Petroleum Envlronmcni a l StxKlijes Program 

' • • During p r e p a r a t i o n of a Prel i m i n a r y ]"nv.i.ronmental 
Assessment o f o f f s h o r e petroleum i.ndust.ri' f o r tli e ProvJnc: 
M i n i s t r y o f Enviroament, i t has become c l e a r t o us that 
there i s a cjreat need f o r some type; of forum, whereby ihi^. 
tec.'hn.i.cal aspects of assesfiraetil: and yOaniiing f o r the o)/: • 
.s>)Ore jjetroleum i n d u s t r y can coc-voi nalcci. There a 
l a r g e nuiriber o f government, i i i d u s l r y , a)ul \ i n i v e r s i t y 
p eople i n v o l v e d i n data c o l l e c t i o n and i n t e r i i j r e t a t i o n . 
T h i s i n f o n n c i t i o n d i r e c t l y o r :tudirectly r e l a t e s t o the 
i n v e n t o r y and p l a n n i n g needs o f r e g u l a t o r y a g e n c i e s who 
have the mandate of a v o i d i n g or. m i t i g a t i n g e n v i r o n m e n t a l 
impacts r e l a t e d , to o f f s h o r e e x p l o r a t i o n and development. 

• I t i s iiaportant f o r the people r e s p o n s i b l e f o r the. 
c o l l e c t i o n o f chemical and., b i o p h y s i c a l i n f o r m a t i o n to be 
c o o r d i n a t i n g t h e i r e f f o r t s so th a t d u p l i c a t i o n o f e f f o r t 
not made, and so t h a t c r i t i c a l l y needed i n f o r m a t i o n has 
been c o l l e c t e d and i n t e r p r e t e d when d e c i s i o n s , based on 
t h i s data, need t o be made. Frameworks f o r t h i s t>nP2 of 
c o o r d i n a t i o n e x i s t i n Alaska aiid i n other a r e a s . 

file:///iniversity


The e x i s t i n g needs iJor the V/ost Coast are us f o l l o w s : • 

A need f o r e f f e c t i v e comrtiunication between the 
F e d e r a l Government Agencies, tlie P r o v i n c i a l 
Government Agencies, the companies i n t e n d i n g to 
c a r r y out oxploratj.on, ano i h e U n a v e r s i t i e s . 
The need here i s t o br i n g together r e g u l a t o r y 
agencies and t e c h n i c a l experts from a l l o f the 
s e c t o r s i n v o l . y e d - . • ,,. .. .... . . . 

A need to examine the i!xir-l.5.ng bio}>hyro*cal data 
base and to i d e n t i f y data gaps which reqviire 
i n v e s t i g a t i o n s and data gathering. P r i o r i z a t i o n 
of these needs i s an iu\porlant <ispect o f t h i s . 

A need to e s t a b l i s h a balariced and e f f e c t i v e 
environmental s t u d i e s program f o r t h e West Coast 
which w i l l g i v e r e g u l a t o r y agencies the i n f o m a t i o n 
they need to evaluate short and l o n g term e f f e c t s 
o f o f f s h o r e hydrocarbon exp .1.oratioa and develop
ment i n B r i t i s h Columbia. - r.-

We would l i k e to ask your cooperation i n e s t a b l i s h i n g 
an environmental d i s c u s s i o n forum on tlie VJest Coast to address 
these needs. We would envisage the. f i r s t m eeting to be c a l l e d 
e a r l y i n the new year f o r d i s c u s s i o n of terms o f reference 
f o r the forum- •^^•^..-^^^. .̂^ . -

• V - ' : :' '"iV̂ :"̂ '.' Yours t r u l y , - • 

Dr. R. Lan g f o r d , • 
B.C. C o o r d i n a t o r , 
Offshore Petroleum Environ-v.ental 

Assessment-



Mr. David W.I. Marshall, 
^Environmental Assessment Review, 
Director, P a c i f i c Region, 
Room 700/ 789 West Pender Street, 
Vancouver, B r i t i s h Columbia. 
V6C 1H2 

Dr. T. Parsons, 
'^Department of Oceanography, 
University of B r i t i s h Columbia, 
Vancouver, B r i t i s h Columbia. 

:iJo 2IS- :2 2/f 

/Dr. J . Mclnerney, 
Chairman, Biology Department, 
University of V i c t o r i a , 
V i c t o r i a , B r i t i s h Columbia. 

/Dr. R. Beamish, 
Director, Resource Service Branch, 
Nanaimo B i o l o g i c a l Station, 
Nanaimo, B r i t i s h Columbia. 

41c_S^R^Mann, ^ royr,Je^J 
j Ddrec^fcor^V^ene^a-l, I n s t i t u t e of 

Ocean Sciences, 
P.O. Box 6000, 
Sidney, B r i t i s h Columbia. 
V8L 4B2 ^ - r 

Mr. G.T. Gl a z i e r , 
General Manager, 
Environmental and Social A f f a i r s , 
Head O f f i c e , C — P / ^ 
P.O. Box 2844, / r/^., C ,r 
Calgary, Alberta. 
T2P' 2M7 l / o - i , - 2 ( 2 - . 

Mr. R. B e l l - I r v i n g 1 ^ 
Chief, Water Use Unit, 
Habitat Management, 
DepartiTient of Fi s h e r i e s and Oceans, 
1090 West Pender Street, 
Vancouver, B r i t i s h Columbia. V6E 2P1 - iCCl 
Mr- Andrew Thompson, 

y Westwater I n s t i t u t e , 
/ University of B r i t i s h Colimibia, 

Vancouver, B r i t i s h Columbia. 

- 1%10 

Mr. E.E. Cudby, 
Environmental A f f a i r s , 
Chevron Standard Ltd., 
400 - 5th Avenue S.Vfl., 
Calgciry, Alberta. 
T2P"0L7 

Dr. J.D. Wiebe, 
Environment.al and S c i e n t i f i c 

A f f a i r s Advisor, 
Environment Canada, 
Room 903, 1001 West Ponder Street, 
Vancouver, B r i t i f j h Columbia. 
V6E 2M7 h~^9c// 

( 
Dr. C. Day, 
Director, Nataon^l^Resources 
Management Program, 

Simon Fraser University , - j . , u S ; i-j-l'"'-̂ -"'"! 
Burnaby, B r i t i s h Columbia. 
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Dr. Y. Edwards, T - ,f/"^V 
Director, P r o v i n c i a l Museum, 
Parliament Buildings, 
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Mr. G. Staines, 
Director, 
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APPENDIX D OTHER BIBLIOGRAPHIES 

Included here are the relevant biophysical references from Trans 
Mountain Pipeline, Ltd. Presentation to the N.E.B. , Low Point Proposal 
Volumes 15 and 16, and the bibliography of the B.C. Ministry of the Environment, 
Assessments Branch, Offshore Petroleum Preliminary Environmental Assessment. 

While many of the more useful references have already been cited i n the 
Printed Materials section of this report, and while many references refer to 
Vancouver Island and the Georgia S t r a i t region, enough p o t e n t i a l l y useful and 
previously unlisted material remains that i t may be b e n e f i c i a l to include them here. 

Bibliographies and L i s t s of References from Trans Mountain P i p l i n e Ltd. Presentation 
to the N.E.B., Low Point Proposal 1980. 

- Physical Oceanography, from section F-1, volume 15. 
- Climate, from F-2, volume 15. 
- Chemical Oceanography, from Section F-3, volume 15. 
- B i o l o g i c a l Resources Inventory, from volume 16, pp.244-266. 

Bibliography of Offshore Hydrocarbon Exploration and Development: A Preliminary 
Environmental Assessment for B r i t i s h Colimibia. 1982. Assessments Branch, 
Assessment and Planning Division, B.C. Ministry of the Environment. 



Northeast Pacific Cpage 1) 

Barkley, R.A. 1968b. Oceanographic atlas of the Pacific Ocean. L&iiv. 
Hawaii Press, Honolulu. 20 pp. and 156 figures. 

Barnes, CA. and R. Paquette. 1954, Circulation near the Washington coast. 
Univ. of Washington, Technical Report No. 17. 31 pp. 

Bruevich, S.V. (ed.) 1966. Tikhii okean: khimiya Tikhogo okeana (The 
Pacific Ocean: Chemistry of the Pacific Ocean). Izd. "Nauka", Moscow. 
360 pp. (Transl., 1966, avail Natl. Tech. Inf. Serv., Springfield, 
Va., AD 651 498). 

Bryan, K. 1962, Measurements of meridional heat transport by ocean currents. 
J. Geophys. Res. 67(9):3404-3414. 

1969a. A numerical method for the study of the circulation 
of the world ocean. J . Comput. Physics 4(3):347-376. 

1969b. Climate and the ocean circulation: Part III. 
Ocean model. Mon. Weather Rev. 97(11)806-834. 

Bryan, K. and M.D. Cox. 1968a. A nonlinear model of an ocean driven 
by wind and differential heating: Part I. Description of the three-
dimensional velocity and density fields. J . Atmos. Sci. 25(6)945-967. 

1968b. A nonlinear juodel of an ocean driven by wind and 
differential heating. Part II, An analysis of the heat, vorticity, 
and energy balance. J. Atmos. Sci. 25(6):y68-978. 

Canadian Hydrographic Service. 1977. Sailing directions. British Columbia 
Coast (north portion). Department of Fisheries and the Environment, 
Institute of Ocean Sciences, Patricia Bay, Sidney. Volume II. Seventh 
edition. 413 pp. 

Crean. P.B. 1967. Physical oceanography of Dixon Entrance, British 
Columbia. Fish. Res. Board Can. Bull 156. 66 pp. 

Dobrovol and A.D. Skill. 1968b. Tikhii okean, 2: Gidrologiya Tikhogo 
okeana (The Pacific Ocean, Vol. 2: Hydrology of the Pacific Ocean). 
Izd. "Nauka", Moscow. 524 pp. (Transl. 1969, avail. Natl. Tech Inf. 
Serv., Springfield, Va., in two parts - Part 1, .\D 700 584; Part II, 
AD 700 585.) 



Northeast Pacific (page 2) 

Dodimead, A.J. 1960. Atlas of oceanographic data. North Pacific svirvey, 
January 12 to February 10, 1960. Fish. Res. Board Can. MS Rep. Ser. 
(Oceanogr. Limnol.) 69. 14 pp and 45 figures. 

1965. Oceanographic atlas of the Subartic Pacific Region, 
summer 1961. Fish. Res. Board Can. MS Rep. Ser. (Oceanogr. Limnol.) 
186. 8 pp. and 25 figures. 

1968a. Temperatures and salinities of the northeast Pacific 
Ocean during 1965 and 1966 with appendix - Data record of bathythermo-
grams April--August, 1965 and 1966. Fish. Res. Board Can. Tech. Rep. 
54. 10 pp. 

1968b. Oceanographic conditions in the central subartic 
Pacific region, winter 1966. Fish. Res. Board Can. Tech. Rep. 75. 
10 pp. 

Dodimead, A.J. and F. Favorite. MS, 1961. Oceanographic atlas of the 
Pacific Subaractic Region. Summer 1958. Fish Res. Bd. Canada, MS 
Rept. Oceanogr. and Limnol. Series No. 92. 6 pp and 40 figures. 

Dodimead, A.J., Favorite, F. and Hirano, T. 1963. Salmon of the north Pacific 
Ocean, Part II, review of the oceanography of the subarctic Pacific region. 
Intern. North Pacific Fish. Comm. Bull. No. 13. 195 pp. 

Doe, L.A.E. 1955. Offshore waters of the Canadian Pacific coast. J. 
Fish Res. Bd. Canada 12(l):l-34. 

Duxbury, A.C, B.A. Morse and N. McGary. 1966. The Columbia River effluent 
and its distribution at sea, 1961-1963. Unive. Wash., Seattle, Wash., 
Dep. Oceanogr. Tech. Rep. No. 156. 105 pp, 6 app. p. (Processed.} 

Eber, L.E., J.F.T. Saur and O.E. Sette. 1968. Monthly mean charts sea 
surface temperature, North Pacific Ocean 1942-62. U.S. Fish Wildl. 
Serv., Circ. 258. 6 pp and 168 figures. 

Favorite, Felix, and Cuthbert M. Love. 1957. Northeast Pacific Ocean and 
Gulf of Alaska physical and chemical data, summer and fall 1955. Univ. 
of Washington, Dept. of Oceanography, Special Report No. 28. 88 pp. 

Favorite, F. Dodimead, A.J. and K. Nasu. 1976. Oceanography of the Subartic 
Pacific Region, 1960-71. Intern. North Pacific Fish. Comm. Bull. No. 33, 
187 pp. 

Gait, J.A. 1973. A numerical investigation of Arctic Ocean dynamics. 
J. Phys. Oceanogr, 3(4):379-396. 

Giovando, L.F. and M.K. Robinson. 1965. Characteristics of the surface 
layer in the northeast Pacific Ocean. Fish. Res. Board Can. MS Rep. 
Ser. (Oceanogr. Limnol.) 205. 13 p., 28 figures and 2 tables. 



Goodman, J.R. and Thomas G. Thon̂ json. 1940. Characteristics of the waters 
in sections from Dutch Harbor, Alaska to the Strait of Juan de Fuca 
and from the Strait of Juan de Fuca to Hawaii. Univ. of Washington, 
Publ. In Oceanography, 3(33:81-103 and Appendix 1-48. 

Herlinveaux, R.H. 1971. The impact of oil spillage from tankers moving 
from Alaska southward along the British Columbia coast. Part I, review 
of significant environmental factors (unpublished report). 

Ingraham, W.J. Jr. 1964. Distribution of physical-chemical properties 
and tabulations of station data, Washington and British Columbia 
coasts. May 1963. U.S. Fish Wildl. Serv., Data Rep. 5. 88 p. on 3 
microfiches. 

1967a. Distribtuion of physical-chemical properties and 
tabulations of station data, Washington and British Columbia coasts, 
October-November 1963. U.S. Fish Wildl. Serv., Data Rep. 21. 117 p. 
on 2 microfiches. 

1967b. The geostrophic circulation and distribution of water 
properties off the coasts of Vancouver Island and Washington, spring 
and fa l l 1963. U.S. Fish Wildl. Serv., Fish. Bull. 66(2)223-250. 

Jacobs, W.C. .1951. The energy exchange between sea and atmosphere and 
some of its consequences. Bull. Scripps Inst, of Oceanography, 
Univ of California 6(2):27. 

James, R.W. 1969. Abnormal changes in wave heights^ Mariners Wather Log. 
13(6):252-255. 

Larson, S. and T. Laevastu. 1972. Numerical analysis of ocean surface 
currents, p. 55-74. In Studi in onore di Giuseppina Aliverti. 
Institute Ifriiversitario Navale di Napoli, Napoli. 

Laviolette, P.E. and S.E. Seim. 1969. Monthly charts of mean minimum and 
maximum sea surface tenperature of the North Pacific Ocean. (U.S.) 
Naval Oceanogr. Office, Spec. Publ. 123. 58 p. 

McEwen, George F., Thomas G. Thonpson and Richard Van Cleve. 1930. 
Hydrographic sections and calculated currents iii the Gulf of .Alaska, 
1927 to 1928. Rept. of Int. Fish. Comm. No. 4. pp. 5-36. 

McGary, Noel B. 1971. An atlas of the Columbia River effluent and its 
distribution at sea. Univ. Wash., Seattle, Dep. Oceanogr., Spec. 
Rep. 47. 57 p. 

Muromtsev, X.y\. 1958. Osnovnye cherty gidrologii Tikhogo okeana (Principal 
> hydrological features of the Pacific Ocean). Gidrometeorol. Izd., 
Leningrad. 631 p, App. 2, Atlas of vertical profiles and maps indicating 
temperature, salinity, density and oxygen content. 124 p. (Transl. 1963, 
Natl. Tech. Inf. Serv., Springfield, Va., TT63-11065.) 



O'Brien, James J. 1971. A two dimensional model of the wind-dri-ven North 
Pacific. Invest. Pesq. 35(1):331-349. 

Oceanic Observations of the Pacific: 1955. 1960a. The NORPAC Atlas 
prepared by the NORPAC Committee. University of California Press and 
University of Tokyo Press, Berkeley and Tokyo. 118 plates. 

Oceanic Observations of the Pacific: 1955. 1960b. The NORPAC Data 
prepared by the NORPAC Committee. University of California Press and 
Ifriiversity of Tokyo Press, Berkeley and Tokyo. 532 pp. 

Ohtani, K. 1965. On the Alaskan Stream in summer. Bull. Fac. Fish. 
Hokkaido Univ. 15(4):260-273. 

Owen, R.W. Jr. 1967. Atlas of July oceanographic conditions in the north
east Pacific Ocean, 1961-64. U.S. Fish Wildl. Serv., Spec Sci. Rep. 
Fish. 549. 85 pp. 

Parsons, T.R. 1965. A general description of some factors governing primary 
production in the Strait of Georgia, Hecate Strait and Queen Charlotte 
Sound, and the N.E. Pacific Ocean. Pacific Oceanographic Group, Nanaimo. 
B.C. Fish. Res. Bd. Can. (Oceanog. Limnol.) (193). 33 pp. and figures. 

Reid, J. L. Jr. 1965. Intermediate waters of the Pacific Ocean. The Johns 
Hopkins Oceanographic Studies No. 2, The Johns Hopkins Press, Baltimore, 
Md. 86 pp. 

Reid, J.L. 1973. Northwest Pacific Ocean waters in winter. The Johns 
Hopkins Oceanographic Studies, No. 5. The Johns Hopkins Vniv. Press. 
Baltimore and London. 96 pp. 

Robertson, D.G., J. Wong, A.R. Stanley-Jones and H. Wilke. 1965. Oceano
graphic atlas of ocean weather station "Papa", 1956-1963. Fish. Res. 
Board Can. MS Rep. Ser. (Oceanogr. Limnol.) 187. 22 pp. 157 figures 
and 3 tables. 

Robinson, A.R. and B.A. Taft. 1972. A numerical experiment for the path 
of the Kuroshio. J. Mar. Res. 30:65-101. 

Robinson, M.K. and R.A. Bauer. 1971. Atlas of monthly mean surface and 
subsurface temperature and depth of the top of the thermocline. North 
Pacific Ocean. (U.S.) Fleet Numerical V/eather Central, Monterey, Calif. 
24 pp.and 72 figures, (processed). 

Saur, J.F.T. and L.E. Eber, 1962. Monthly mean charts, sea surface 
temperature, North Pacific Ocean. U.S. Fish Wildl. Serv., Circ. 134. 
36 f i f T u r e s . 



Northeast Pacific Cpage 5) 

Tabata, S. 1961. Temporal changes of salinity, temperature and dissolved 
oxygen content of the water at tation "P" in the Northeast Pacific 
Ocean, and some of their determining factors. J.Fish. Res. Bd. 
Canada 18(6):1073. 

Tabata, S. 1964. A study of the main physical factors governing the 
oceanographic conditions at Ocean Station "P" in the northeast Pacific 
Ocean. D.Sx. Thesis, University of Tokyo. 266 pp., 55 figures, 17 
tables and 6 appendices. 

Thompson, T.G., G.F. McEwen and R.Van Cleve. 1936. Hydrographic sections 
and calculated currents in the Gulf of Alaska, 1929. Rept. Int. Fish. 
Comm. No. 10. 32 pp. 

Thompson, W.F. and R. Van Cleve. 1936. Life history of the pacific halibut. 
(2) Distribution and early life history. Rept. Int. Fish Comm., No. 9. 
184 pp. 

Thomson, R.E. 1971. "Theoretical studies of the circulation of the subartic 
Pacific region and the generation of Kelvin type waves by atmospheric 
disturbances. Ph.D. thesis, Univ. of British Columbia, Vancouver, B.C. 
244 pp. 

Tully, J.P. 1937. Oceanography of Nootka Sound. J. Biol. Bd. Canada 3(1): 
43-69. 

Waldichuk, M. 1963. Drift bottle observations in the Strait of Georgia 
and its contiguous waters and off the west coast of Vancouver Island. 
Fish. Res. Board Can, MS Rep. Ser. (Oceanogr. Limnol.) 147. 104 p. 



North Coast (page 1) 

Adkins, B.D. 1977. A biological and oceanographic analysis of the Queen 
Charlotte Sound marine natural region. Lee and Adkins Ltd. A report 
submitted to: Parks Canada, National Parks Branch, Parks System 
Planning Division. Contract No. 76-147. 

Associated Engineering Services Ltd, 1977. Report on long range plan for 
sewage disposal. City of Prince Rupert. 

Barber, E.G. 1956. Seasonal tenperature and salinity variations in Queen 
Charlotte Strait, B.C. Fish. Res. Bd. Can. Pac. Prog. Rept. (105)14-15, 

Barber, E.G. 1957a. Observations of currents north of Triangle Island. 
Fish. Res. Board Can. Progr. Rep. Pac. Coast Stn. No. 108:15-18. 

1957b. The effect of prevailing winds on the inshore water 
masses of the Hecate Strait region, B.C. J. Fish. Res. Board Can. 
14(6):945-952. 

1958a. On the dissolved oxygen content of the waters of 
the Hecate Strait region, B.C. Fish. Res. Board Can. Progr. Rep. 
Pac. Coast Stn. No. 110:3-5. 

1958b. Currents and water structure in Queen Charlotte 
Sound, British Columbia. Proc. Ninth Pac. Sci. Congress of the 
Pac. Sci. Assoc. Vol. 16:196-199. 

Barber, E.G., and A.W. Groll. 1955. Current observations in Hecate 
Strait. Fish. Res. Board Can. Progr. Rep. Pac. Coast Stn. No. 
103:23-25. 

Barber, F.G., and S. Tabata. 1954. The Hecate oceanographic project. 
Fish. Res. Board Can. Progr. Rep. Pac. Coast Stn. No. 101:20-22. 

Bell, W.H. 1962. Tide predicting with TIDAC. Fish, Res. Bd. Can. MS. 
Rept. (Oceanog. Limnol.) 130. 18 pp. 

1963a. Reproduction of estuarine structure and current 
obsei-vation techniques in the Hectate model. Pac. Oceanog. Grp. 
Can. Comm. Oceanog. MS. Rept. 158. 24 pp. 

1963b. Reproduction of estuarine structure and current 
observation in the Hecate model. Pac. Oceanog. Grp., Can. Comm. 
Oceanog. MS. Rept. 159. 4 pp. 

1965. Surface current studies in the Hecate Model. Fish. 
Res. Board Can. MS Rep. Ser. (Cceanogr. and Limnol.). No. 159. 
27 pp. 



North Coist Cpage 2) 

Bell, W.H., and N. Boston. 1962. The Hecate Model. Fish. Res. Board Can. 
MS Rep. Ser. (Oceanogr. and Limnol.). No. 110. 35 pp. 

Bell, L.M. and R.J. Kallman. 1976. The Kitimat River estmry: statiis of 
environmental knowledge to 1976. Report of the Estuary Working Group 
of the Environment Regional Board, Pacific Region. 296 pp. 

Buckingham, W. 1980. The response of Douglas Channel to meteorological 
forces. Dobrocky Seatech. Submitted to the Institute of Ocean Sciences, 
Patricia Bay, Sidney, B.C. 

Butler, T.H., and M.S. Smith. 1968. Shrimp sampling and temperature 
data obtained during exploratory fishing off British Columbia, 1966 
and 1967. Fish. Res. Board Can. Tech. Rep. No. 61. 92 pp. 

Cameron, W.M. 1948a. Fresh water in Chatham Sound. Fish. Res. Bd. Can. 
Prog. Rept. 76:72-75. 

1948b. The oceanography of Chatham Sound. Fish. Res. Bd. 
Can. (Pac. Oceanog, Grp.) MS. 

1951. Transverse forces in a British Columbia inlet. 
Trans. Roy. Soc. Can. Sect. V. Ser. 3, 45:1-8. 

Canadian Hydrographic Service. 1977. Sailing directions. British 
Columbia Coast (North Portion). Volume II. Seventh Edition. 
Department of Fisheries and the Environment, Institute of Ocean 
Sciences, Patricia Bay, Sidney. 413 pp. 

(Canadian Hydrographic Service. 1980. Canadian Tide and current tables -
1980. Barkley Sound and Dixon Entrance. Dept. Environ., Mar. Sci. 
Br., Ottawa. 62 pp. 

Crean, P.B. 1967. Physical oceanography of Dixon Entrance. British 
Columbia. Fish. Res. Board Can. Bull. 156. 66 pp. 

Crean, P.B., H.H. Dobson, and H.J. Hollister. 1963. Oceanographic data 
record/Monitor Project. September 19 to October 9, 1962. Fish. Res. 
Board Can. MS Rep. Ser. (Oceanogr. and Limnol.). No. 142. 205 pp. 

Crean, P.B., W.R. Harling, R.B. Tripp, F.W. Dobson, J.H. Meikle, and H.J. 
Hollister. 1962a. Oceanographic data record. Monitor Project. 
July 14 to November 11, 1961. Fish. Res. Board Can. MS Rep. Ser. 
(Oceanogr. and Limnol.). No. 111. 409 pp. 



North Coast (page 3) 

Crean, P.B., R.B. Tripp, and H.J. Hollister. 1962b. Oceanographic data 
record. Monitor Project. January 15 to February 5, 1962. Fish. Res. 
Board Can. MS Rep. Ser. (OCeanogr. and Limnol.). No. 113. 169 pp. 

1962c. Oceanographic data record. Monitor Project. March 12 
to April 5, 1962. Fish. Res. Board Can. MS Rep. Ser. (Oceanogr. and 
Limnol.). No. 129. 210pp. 

Davenport, D., M.S. Smith, U.B.G. Kristiansen, J.E. Peters, and S.J. V.'estrheim. 
1971. G.B. REED groundfish cruise No. 71-1, June 9 to 29, 1971.. Fish. 
Res, Board Can. Tech. Rep. No. 269. 27 pp. 

Department of Oceanography, U.B.C. 1951. British Columbia inlet study, 
1951. Data Report No. 1. 

Department of Oceanography, U.B.C. 1956. British Columbia inlet cruise, 
1956. Data Report No. 8. 

Department of Oceanography, U.B.C. 1964. British Columbia inlet cruises, 
1963. Data Report No. 23. 

Department of Oceanography, U.B.C. 1964. British Columbia and Alaska 
inlet cruises, 1964. Data Report No. 24. 

Department of Oceanography, U.B.C. 1965. British Columbia and Alaska 
inlet cruises, 1965. Data Report No. 25. 

Department of Oceanography, U.B.C. 1967. British Columbia and Alaska 
inlets and Pacific cruises, 1966. Data Report No. 26. 

Department of Oceanography, U.B.C. 1967a. British Columbia inlet cruises. 
Inst. Oceanog. Data Report No. 27. 

Department of Oceanography, U.B.C. 1968. British Columbia inlet cruises, 
1968. Data Report No. 28. 

Department of Oceanography, U.B.C. 1969. British Columbia inlet cruises, 
1969. Data Report No. 30. 

Department of Oceanography, U.B.C. 1970. British Columbia inlets and 
Pacific cruises, 1970. Data Report No. 32. 

Dilke, B.R . ,S. McKinnell and R.I, Perry. 1979. MV Imperial Tofino 
ship-of-opportunity program. Department of Oceanography, U.B.C. 
Vancouver, B.C. Data Report No. 46 (March 1978-March 1979). I l l pp. 



Dodimead, A.J. 1968. Temperatures and salinities o£ the northeast Pacific 
Ocean during 1965 and 1966 with Appendix - Data record of bathythermo-
grams April-August, 1965 and 1966. Fish. Res. Board Can. Tech. Rep. 
No. 54. 10 pp. 22 Fig. 

Dodimead, A.J. 1980. A general review of tha oceanography of the Queen 
Charlotte Sound - Hecate Strait - Dixon Entrance region. Can. MS Rep. 
Fish. Aquat. Sci. No. (in press). 88 pp. 

Dodimead, A.J., and R.H. Herlinveaux. 1968. Some oceanographic features 
of the waters of the central British Columbia coast. Fish. Res. Bd. 
Can. Tech. Rept. No. 70. 

Dodimead, A., A. Ballantyne, and M. Douglas. 1979a. Oceanographic 
observations during fisheries research surveys off the British Columbia 
coast in 1977. Fish, and Mar. Serv. Data Rep..No. 144. 39 pp. 

1979b. Oceanographic observations during fisheries research 
surveys off the British Columbia coast in 1978. Fish, and Mar. Serv. 
Data Rep. No. 160. 136 pp. 

Eber, L.E. 1957. Comparison of air circulation indices with sea surface 
tenperature at Triple Island, B.C. U.S. Fish. Wildlife Serv. Bur. 
Comm. Fish Stanford Univ. Ocean Res. Note 7. 5 pp. 

Environment Canada, 1975. Canadian normals, wind, 1955-72. Atmospheric 
Environment, Downsview, Ont. Canadian Normals Series, Vol. 3. 139 pp/ 

EVS Consultants Ltd. 1980. Review of oceanographic data relating to 
ocean dumping in the Prince Rupert area \vith comments on present and 
alternate dump sites. (In press). Prepared for Department of 
Fisheries and Oceans, Institute of Ocean Sciences, Patricia Bay, B.C. 

Favorite, F. 1961. Surface temperature and salinity off the Washington 
and British Columbia coast, August 1958 and 195'9, J. Fish. Res. 
Board Can. 18(3):311-319. 

1974. Flow into the Bering Sea through Aleutian Island 
passes, p. 3-37. In D.W. Hood, and E.J, Kelley (eds), Oceanography 
of the Bering Sea. Inst. Mar. Sci. Occas. Publ. No. 2, Univ. .Alaska. 
Fairbanks, Alaska. 

Favorite, F., and D.R. ̂ ^cLain. 1973. Coherence in trans-Pacific movements 
of positive and negative anomalies of sea surface temperature, 1953-60. 
Nature 244(5412):139-143. 

file:///vith


Fisheries and Environment Canada. 1977. Maps of West Coast offshore 
environment. Environmental Protection Service. 

Fisheries and Environment Canada. 1978. Potential Pacific Coast o i l 
ports: A comparative environmental risk analysis. Volume 1. 
Working group on west coast deep water oil ports. 98 pp. 

Giovando, L.F. 1978a. Observations of seawater temperature and salinity 
at British Columbia shore-stations 1974. Institute of Ocean Sciences, 
Patricia Bay. Pac. Mar. Sci. Rep. 78-2. I l l pp. 

1978b. Observations of seawater temperature and salinity 
at British Columbia shore stations 1975. Institute of Ocean Sciences, 
Patricia Bay. Pac. Mar. Sci. Rep. 78-8. I l l pp. 

1979c. Observations of seawater tenperature and salinity 
at British Columbia shore stations 1976. Institute of Ocean Sciences, 
Patricia Bay. Pac. Mar. Sci. Rep. 78-12. I l l pp. 

Giovando, L.F., and H.J. Hollister. 1974. Observations of seawater 
tenperature and salinity at British Columbia shore stations 1973. 
Environment Canada, Fisheries and Marine Service, Marine Sciences 
Directorate, Pacific Region. Pac. Mar. Sci. Rep. 74-11. 107 pp. 

Hafer, R.A. 1970. Wave measurements from the drilling rig SEDCO-135F off 
the coast of British Columbia. DREP Rept. 70-3. 

Harling, W.R., D. Davenport, L.E. McLeod, and S.J. Westrheim. 1968. 
REED groundfish cruise, No. 68-2, April 2 to June 11, 1968. Fi 
Res. Board Can. Tech. Rep. No. 81. 63 pp. 

Harling, W.R., D. Davenport, M.S. Smith, and B.M. Wilson. 1969. G.B. 
REED groundfish cruise No. 69-3, September 8 to 25, 1969. Fish. 
Res. Board Can. Tech. Rep. No. 144. 35 pp. 

Harling, W.R., D. Davenport, M.S. Smith, U. Kristiansen, and S.J. Westrheim. 
1970a. G.B. REED groundfish cruise No. 70-1, March 5-June 18, 1970. 
Fish. Res. Board Can. Tech Rep. No. 205. 82 pp. 

Harling, W.R., D. Davenport, M.S. Smith, and R.M. Wowchuk. 1970b. G.B. 
REED groundfish cruise No. 70-3, September 9 to 25, 1970. Fish. Res. 
Board Can. Tech. Rep. No. 221. 35 pp. 

Harling, W.R., D. Davenport, M.S. Smith, R.M. Wowchuk, and S.J. Westrheim. 
1971. G.B. REED groundfish cruise No. 71-3, October 1-29, 1971. Fish. 
Res. Board Can. Tech. Rep. Xo. 290. 35 pp. 

G.B. 
Fish. 



Harling, W.R., D. Davenport, and S.J. Westrheim. 1967. G.B. REED groundfish 
cruise No. 67-1, February 1-April 24, 1967. Fish. Res. Board Can. Tech. 
Rep. No. 22. 56 pp. 

Herlinveaux, R.H. 1968. Drift card releases and recoveries in Burke Channel, 
British Columbia, 1967. Fish. Res. Bd. CAn. Ms. Rept., No. 970. 

1971. Oceanographic features of and biological observa
tions at Bowie Seamount, 14-15, August, 1969. Fish. Res. Board. Can. 
Tech. Rep. No. 273. 35 pp. 

1971. The inpact of oi l spillage from tankers moving 
from Alaska southward along the British Columbia coast. Part I, 
review of significant environmental factors (unpublished report). 

1973. Surface water movements in several central 
British Columbia estuarine systems: North Bentinck Arm, South 
Bentinck Arm, Burke Channel, La Bourchere Channel, Fisher Channel. 
Environment Canada, Fisheries and Marine Service, Marine Sciences 
Directorate, Pacific Region, Victoria, B.C. 

Herlinveaux, R.H., O.D. Kennedy, and H.J. Hollister. 1960. Oceanographic 
data record. Coastal-Seaways Project. November 16 to December 11, 
1959. Fish. Res. Board Can. MS Rep. Ser. (Oceanogr. and Limnol.). 
No. 58. 134 pp. 

Ho, D.S.N. 1978. The marine receiving water monitoring program for pulp 
mill effluent at Prince Rupert. From preprints of papers presented 
at the 1978 Spring Conference, Canadian Pulp and Paper Association, 
Technical Section - Pacific Coast and Western Branches. May 17-21, 
1978. Jasper, Alberta. 

Hollister, H.J. 1972. Observations of seawater temperature and salinity 
at British Columbia shore stations, 1971. Environment Canada, Water 
Management Service. Marine Sciences Directorate, Pacific Region. 
Pac. Mar. Sci. Rep. 72-14. 123 pp. 

1974. Observations of seawater tenperature and salinity 
at British Columbia shore stations 1972. Environment Canada, Fisheries 
and Marine Service, Marine Sciences Directorate, Pacific Region. Pac. 
Mar. Sci. Rep. 74-1. 105 pp. 

Hollister, H.J., and A.M. Sandnes. 1972. Sea surface temperatures and 
salinities at shore stations on the British Columbia coast, 1914-1970. 
Environment Canada, Fisheries and Marine Service. Marine Sciences 
Directorate, Pacific Region. Pac. Mar. Sci. Rep. 72-13. 93 pp. 



Hoos, L.M. 1975. The Skeena River Estuary. Status of en-vironinental knowledge 
to 1975. Estuary Working Group, Regional Board. Pacific Region. Dept. 
Fish, and the Env. Fish, and Mar. Serv. 418 pp. 

James, R.W. 1969. Abnormal changes in wave heights. Mariners Weather Log. 
13(6):252-255. 

Kendrew, W.G. and D. Kerr. 1955. The climate of British Colxjtnbia and the 
Yukon Territory. Queen's Printer, Ottawa. 222 pp. 

Ketchen, K.S. 1956a. Climatic trends and fluctiaations in yield of marine 
fisheries of the northeast Pacific. J. Fish. Res. Board Can. 
13C3):357-374. 

1956b. Factors influencing the survival of the lemon sole 
(Parophrys vetulios) in Hecate Strait, British Colmbia. J. Fish. Res. 
Board Can. liCi^) :('47-694. 

Kitimat Pipe Line Ltd. .1976. Tempo! submission re marine terminal at 
Kitimat , B.C. Volumes I-VI. Vancouver, B.C. 

Lane, R.K., J. Butters, W. Atkinson, and H.J. Hollister. 1961. Oceano
graphic data record. Coastal and Seaways Projects. February 6 to 
March 2, 1961. Fish. Res. Board Can. MS Rep. Ser. (Oceanogr. and 
Limnol.). No. 91. 128 pp. 

Lane, R.K., R.H. Herlinveaux, W.R. Harling, and H.J. Hollister. 1960. 
Oceanographic data record. Coastal and Seaways Projects. October 3 
to 26, 1960. Fish. Res. Board Can. MS Rep. Ser. (Oceanogr. and 
Limnol.). No. 83. 142 pp. 

Lee Doran Associates Ltd. 1975. Prince Rupert bulk-loading facility. 
Phase II. Environmental Assessment of Alternatives. Volume 4, 
Appendix (c). Existing aquatic environment. 69 pp. and annexes. 

Levings, CD. 1968. Report on groundfish cruise of CCS. CB. REED to 
Hecate Strait in February 1968. Fish. Res. Board Can. Tech. Rep. No. 
62. 41 pp. 

MacKay, Bruce S. 1954; Tidal current observations in Hecate Strait. 
J. Fish. Res. Board Can. 11(1)-.48-56. 

Marler, E.W., B.M. Lusk and W.J. Rapatz. 1973. Summary of hydrographic 
and oceanographic information on some British Columbia estuaries. 
Mar. Sci. Direct., Pac. Mar. Sci. Rept. 73-7. 56 pp. 



North Coast (page 8) 

Narayanan, S. 1979. Kitimat physical oceanographic study 1977-1978 - Tidal 
circulation model. Dobrocky SEATECH Limited. Submitted to: Institute 
of Ocean Sciences, Patricia Bay, SicJney, B.C. 

Northcoast Environmental Analysis Team (NEAT). 1975. Prince Rupert bulk 
loading facility, phase 2 environmental assessment of alternatives. 
Volume 4, appendix C Aquatic Aspects. Volume 5, appendix D. Volume 
1 Main Report. Federal-Provincial Joint Committee on Tsimpsean 
Peninsiila Port Development. 

Pacific Oceanographic Group. 1955a. Physical and chemical data record. 
Hecate Project, 1954. Queen Charlotte Sound, Hecate Strait, Dixon 
Entrance. Joint Committee on Oceanography. 99 pp. 

1955b. Data record. Current measurements. Hecate Project. 
Joint Committee on Oceanography. 74 pp. 

1955c. Physical and chemical data record. Hecate Project 
with Appendix 1. Current observations, 1955. Queen Charlotte Sound, 
Hecate Strait, Dixon Entrance. Joint Committee on Oceanography. 107 
pp. 

1956. Physical and chemical data record. Dixon Entrance, 
Hecate Strait, Queen Charlotte Sound. 1934, 1937, 1938, 1951. Joint 
Committee on Oceanography. 56 pp. 

1958. Physical, chemical and plankton data record. Coastal 
Surveys, April 25 to December 17, 1957. Fish. Res. Board Can. MS Rep. 
Ser. (Oceanogr. and Limnol.). No. 17. 274 pp. 

, 1959a. Physical and chemical data record. Coastal Seaways 
Project, November 12 to December 5, 1958. Fish. Res. Board Can. MS 
Rep. Ser. (Oceanogr. and Limnol.). No. 36. 120 pp. 

1959b. Physical and chemical data record. Coastal Seaways 
Project, March 31 to April 22, 1959. Fish. Res. Board Can. MS. Rep. 
Ser. (Oceanogr. and Limnol.(. No. 47. 170 pp. 

1959c. Oceanographic data record. Coastal-Seaways Project. 
June 8 to July 1, 1959. Fish. Res. Board Can. MS Rep. Ser. (Oceanogr. 
and Limnol.). • No. 52. 210 pp. 

Packman, G.A. 1977. Environmental surveillance in the vicinity of the 
Canadian Cellulose Co.i £d. Pulpmill at Prince Rupert, B.C. Environ
mental Protection Service. Rept. No. EPS 5-PR-77-8. 



Packman, G.A. i97ya. Pulp mill environmental impact assessment, Ocean Falls 
Corporation, Ocean Falls, B.C. Environmental Protection Service, Pacific 
Region. Regional Program Report 79-6. 20 pp. 

1979b. Pulp mill environmental assessment. Canadian Cellulose 
Limited Northern Pulp Operations, Port Edward, British Columbia. En
vironmental Protection Service, Pacific Region. Regional Program Report 
79-7. 20 pp. 

Packman, G.A. and V. Bradshaw. 1977. Environmental surveillance of Kitimat 
Am, British Columbia. Environmental Protection Service, Pacific 
Region. Report No. EPS 5-PR-77-7. 33 pp. 

Packman, G.A., R.A.W. Hoos and W.N. Holman. 1975. Ocean Falls environ
mental surveillance program, 1974. Environmental Protection Service 
Surveillance Report EPS 5-PR-75-2. 42 pp. 

Paish, H. and Associates Ltd. 1972. The west coast oil threat in perspec
tive. Volume 1 - Summary, Conclusions and Recommendations, Volume 2 -
Main Report, Volume 3 - Maps. Prepared for Environment Canada. 

Parsons, T.R. 1965. A general description of some factors governing primary 
production in the Strait of Georgia, Hecate Strait and Queen Charlotte 
Sound, and the N.E. Pacific Ocean. Pacific OCeanographic Group, Nanaimo. 
B.C. Fish. Res. Bd. Can. (Oceanog. Limnol.). (193). 33 pp. and figures. 

Pickard, G.L. 1961. Oceanographic features of inlets in the British Columbia 
mainland coast. J. Fish. Res. Bd. Canada 18(6):907-999. 

Pickard, G.L. and D.C. McLeod. 1953. Seasonal variation of temperature 
and salinity of surface waters of the British Columbia coast. J. 
Fish Res. Board Can. 10(3):125-145. 

Pickard, G.L. and B.R. Stanton. 1979. Pacific fjords - a review of their 
water characteristics. Department of Oceanography, University of 
British Columbia, Vancouver, B.C. Manuscript Report No. 34. 66 pp. 

Stokes, J.W. MS, 1953. Pollution survey of the Watson Island area. Dept. 
Fisheries. MS Report, typescript. 4 pp. and 2 figures. 

Tabata, S. 1958. Heat budget of the water in the vicinity of Triple 
Island, British Columbia. J. Fish. Res. Board Can. 15(3):429-451. 

Tabata, S. and A.W. Groll. 1956. Effect of ship's roll on the Ekman current 
meter. Trans. Am. Geophys. Union. 37(4):425-428. 



Bibliography - Physical Oceanography 

North Coast (page 10) 

Terhune, L.D.B. 1963. Construction of the Hecate model. Fish Res. 
Bd. Can. (Oceanog. Limnol.). (172). 59 pp. and tables. 

Trites, R.W. 1952, The oceanography of Chatham Sound, B.C. J. Fish Res. 
Bd. Can. 13(3):385-434. 

1956. The oceanography of Chatham Sound, British Columbia. 
J. Fish. Res. Bd. Can. 13(3):385-434. 

Hilly, J.P, 1952. Climate in the coastal seas of British Columbia. Fish 
Res. Bd. Can. Prog. Rept. (90):16-20. 

Tully, J.P. and L.F. Giovando. 1963. Seasonal tenperature structure in 
the eastern subarctic Pacific Ocean. The Royal Society of Canada 
Spec. Publ. No. 5. M.J. Dunbar, F.R.S.C. (ed.) Univ. Toronto Press. 

Waldichuk, M. MS, 1956. On the disposal of tailings from Yreka Mine, 
Neroutsos Inlet. Fish. Res. Bd. Canada, Biol. Stn., Nanaimo, B.C. 
Mimeo. 10 pp. 

1960. Effects of pulp and paper mill wastes on the marine 
environment. Transactions of the 1959 Seminar "Biological Problems 
in Water Pollution", p. 160-176. The Robert A. Taft Sanitary 
Engineering Center Tech. Rept. W60-3. 285 pp. 

1962a. Water pollution in British Columbia. Annual Review 
Fisheries Council of Canada, pp. 26-28, 29, 31, 32-33. 

1962b. Marine aspects of pulp mill pollution. Canadian Pulp 
and Paper Industry 15(6):36, 38, 40, 42-45, 48, 50, 75. 

1962c. Pollution in coastal waters of British Columbia. Fish. 
Res. Bd. Canada, Pacific Prog. Rept. No. 114:13-18. 

1962d. Some water pollution problems connected with the 
disposal of pulp mill wastes. Canadian Fish Culturist No. 31:3-34. 

MS, 1962. Observations in marine waters of the Prince Rupert 
area, particularly with reference to pollution from the sulphite pulp 
mill on Watson Island, September, 1961. Fish Res. Bd. Canada, MS Rept. 
(Biol.) No. 733. 16 pp and 3 figures and Appendix. 

1964. Daily and seasonal sea-level oscillations on the Pacific 
Coast of Canada. Studies on Oceanography. Geophys. Inst. Unive. 
Tokyo, pp. 181-201. 

1966. Effects of sulfite wastes in a partially enclosed marine 
system in British Columbia. J. Water Pollution Control Federation 
38(9):1484-1505. 



North Coast (page 11) 

Waldichuk, M. 1969. Fisher Channel - Coiisins Inlet, Douglas Channel -
Kitimat Arm, and Prince Ruper ARea Surveys, 15-28 September, 1969. 
Pac. Environ. Inst. Unpubl. data. 

1972. Ocean Falls, Kitimat, and Prince Ruper, 17-30 July, 
1972. Pac. Environ. Inst. Unpubl. data. 

Waldichuk, M., and E.L. Bousfield. 1962. Amphipods in low-oxygen marine 
waters adjacent to a sulphite pulp mill. J. Fish. Res. Bd. Canada, 
19(6J-.1163-1165. 

Waldichuk, M., J.R. Markert and J.H. Meikle. 1968. Physical and chemical 
oceanographic data from the west coast of Vancouver Island and the 
northern British Columbia coast, 1957-1967. Vol. II, Fisher Channel -
Cousings Inlet, Douglas Channel - Kitimat Arm and Prince Rupert Harbour 
and its contiguous waters. Fisheries Res. Bd. of Canada, Mantiscript 
Report Series No. 990. 

Webster, I. 1979a. Kitimat physical oceanographic study 1977-1978 - Data 
collection and analyses.Dobrocky SEATECH Limited. Submitted to: 
Institute of Ocean Sciences, Patricia Bay, Sidney, B.C. 

1979b. Kitimat physical oceanographic study 1977-1978 - Estioarine 
circulation. Dobrocky SEATECH Limited. Submitted to: Institute of 
Ocean Sciences, Patricia Bay, Sidney, B.C. 81 pp. 

Webster, I. and D.M. Farmer. 1976. Analysis of salinity and tenperatirre 
records taken at three light stations on the British Columbia coast. 
Institute of Ocean Sciences, Pac. Mar. Sci. Rep. 76-11. 42 pp. 

Webster, I. and L. Ford. 1979. Kitimat physical oceanographic study 1977, 
1978. A manual for general data access, 1979. Dobrocky Seatech Ltd. 
Submitted to Institute of Ocean Sciences, Patricia Bay, Sidney, B.C. 

Westrheim, S.J. 1967. G.B. REED groundfish cruise reports, 1963-1966. 
Fish. Res. Board Can. Tech. Rep. No. 30. 288 pp. 

Westrheim, S.J., D. Davenport, W.R. Harling, M.S. Smith, and R.M. Wowchuk. 
1969a. G.B. REED groundfish cruise No. 69-1, February 11-27, 1969. 
Fish. Res. Bd. Can. Tech. Rep. No. 113. 23 pp. 

Westrheim, S.J., D. Davenport, M.S. Smith and D. Bianchen. 1969b. G.B. 
REED gromdfish crUise No. 69-2, June 18-July2, 1969. Fish. Res. 
Board Can. Tech. Rep. No. 132. 8 pp. 



Bibliography - Physical Oceanography 

North Coast (page 12) 

Westrheim, S.J., C.W. Haegele, U.B.G. Kristiansen, and H.A. Webb. 1970. 
G.B. REED groundfish cruise No. 70-2, A u g i i S t 7-20, 1970. Fish. Res. 
Board Can. Tech. Rep. No. 210. 15 pp. 

Westrheim, S.J., W.R. Harling, and D. Davenport. 1968. G.B.REED groundfish 
cruise'NO. 67-2, September 6 to October 4, 1967. Fish Res. Board Can. 
Tech. Rep. No. 46. 45 pp. 

Westrheim, S.J., M.S. Smith, W.R. Harling, U.B.G. Kristiansen, and J.E. 
Peters. 1971. G.B. REED groundfish cruise No. 71-2, August 5 to 
September 2, 1971. Fish Res. Board Can. Tech. Rep. No. 278. 15 pp. 

Wickett, W. Percy, 1973. An unusually strong current in Hecate Strait, 
September 1968. Fish. Res. Board Can. Tech. Rep. No. 395. 23 pp. 

Wickett, W. Percy, and J. Arthur Thomson. 1973. Transport computations 
and Ekman transport for the North Pacific Ocean, 1971 (with a note on 
mean sea level). Fish. Res. Board Can. Tech. Rep. No. 375. 133 pp. 



Bibliography - Climate 

Canadian Hydrographic Service. 1979. Sailing directions - British Columbia 
coast Csouth portion). Volume 1. Eleventh edition. 

Crean, P.B. 1967. -Physical oceanography of Dixon Entrance, British Columbia. 
Fish. Res. Board Can. Bull. 156. 66 pp. 

Dodimead, A.J. 1980, A general review of the oceanography of the Queen 
Charlotte Sound, Hecate Strait, Dixon Entrance region. Department of 
Fisheries and Oceans, Resource Services Branch, Pacific Biological 
Station. 

Dodimead, A.J., F. Favorite and T . Hirano. 1963. Salmon of the north 
Pacific Ocean, Part II; review of the oceanography of the subarctic 
Pacific region. Intern. North Pacific Fish. Comm. Bull. No. 13. 195 pp. 

Environment Canada, Atmospheric Environment Service. 1975. Canadian normals -
precipitation. 

Environment Canada, Atmospheric Environment Service. 1975. Canadian normals -
temperature. 

Environment Canada, Atmospheric Environment Service. 1975. Canadian nomals -
wind, 1955 - 1972. Volime 3. 139 pp. 

Environment Canada, Atmospheric Environment Seirvice. 1976. Climatological 
station data catalogue - British Columbia. 

Faulkner, D.A. and D.G. Schaefer. 1978. Meteorological aspects of a west 
coast oil port. Atmospheric Environment Service. Unpublished 
manuscript. 

Herlinveaux, R.H.- 1971. The impact of oil spillage from tankers moving 
from Alaska southward along the British Columbia coast, Part I - Review 
of significant environmental factors. Unpublished report. 

Jacobs, W.C. 1951. The energy exchange between sea and atmosphere and some 
of its consequences. Bull. Scripps Inst, of Oceanography, Univ. of 
California 6(2):27-122. 

Phillips, D.W. 1977. A marine climatology of the approaches to Kitimat, 
British Columbia. Atmospheric Environment Service, Toronto, Ont. 
Project Report No. 54 (unpublished manuscript). 

U.S. Naval Weather Service Command. 1970. Summary of synoptic meterological 
observations. North .American coastal marine areas. Volume 10. 

U.S. Naval Weather Service Command. 1970. Summary of synoptic meterological 
obse-p/ations, North .%ierican coastal ma-rine areas. Volume 11. 

1̂ 1 



Bibliography - Chanical Oceanography 

API Publication 4308. 1979. Proceedings o£ the 1979 Oil Spill Conference. 
Austin, K. 1959. Canbined phosphorus in the surface waters of Departure Bay, 

B.C. Fish. Res. Bd. Canada, Nlanusc. Rept. Series, 0 a L, No. 32. 
Baker, E.T., J. D. Cline, R.A. Feely and J. Quan. 1978. Seasonal distribution 

trajectory studies and sorption characteristics of suspended particulate 
matter in the northern Puget Sound region. A report for the U.S. Dept. of 
Commerce. EPA-600/7-78-126. 140 pp. 

Balch, N., D. Ellis and J. Littlepage. 1973. Macaulay Point outfall monitoring 
program. May 1970 - October 1972, final report. Dept. of Biology, U. of 
Victoria. 

Bawden, CA., W.A. Heath and A.B. Norton. 1973. A preliminary baseline study 
of Roberts and Sturgeon Banks. Tech. Rept. No. 1, Westwater Research 
Centre, U.B.C 

Benedict, A.H., K.J. Hall and F.A. Koch. 1973. A preliminary water quality 
survey of the lower Fraser River system. Tech. Rept. No. 2, Westwater 
Research Centre, U.B.C 

Berrang, P.C.and P.E. Erickson. 1976. Ocean dumping project: chemical 
component. A report prepared for the Ins t i t . of Ocean Sciences, Sidney, B.C. 
142 pp. 

Berrang, P.G. and P.E. Erickson. 1978. A comparison of four water samplers 
for the collection of sea water for trace metal analysis. Unpublished 
manuscript. 

Bishop, S.O., N.D. Fulton, O.D. Kennedy and K. Stephens. 1966. Data record, 
physical, chemical and biological data. Strait of Georgia, March to October 
1965. Fish. Res. Bd. Canada, Manusc. Rept. Series, 0 5 L, No. 221. 

Boehm, P.D. and J.G. Quinn. 1978. Benlhic hydrocarbons of Rhode Island Sound. 
Estuarine Coastal Mar. Sci. 6:471-494. 

Borstad, G.A., G.C. Louttit, R.D. Gale and J.R. Buckley. 1980. Ships of oppor
tunity feasibility study, part 3: oceanographic observations, A report 
prepared for SE'-XKBl Oceanography Ltd,, Sidney, B.C. 



Brooks, J.M. 1976. The flax of light hydrocarbons into the Gulf of Mexico via 
runoff. Pp. 185-200. In: H.L. Windom and R.A. Dull (ed.). Marine 
Pollutant Transfer, Lexington Books, Lexington. 

Broivn, D.W., A.J. Friedman, D.G. Birrrows, G.R. Snyder, B.G. Patten, W.E. Ames, 
L. Ramos, P. Prohaska, D. Gennero, D. Dungam, M. Uyeda and W.D. MacLeod. 
1979. Investigation of petroleum in the marine environs of the Strait of 
Juan de Fuca and northern Puget Sound. EPA Report 600/7-79-164, July, 1979. 

Brown, R.A., T.D. Searl and CB. Koons. 1976. Measuranent and interpretation of 
hydrocarbons in the Pacific Ocean. Report prepared for U.S. Dept. of Commerce 
(NOAA Data Report ERC MESA-19). 

Burland, K.W. 1980. Oceanographic distributions of cadmium, zinc, nickel and 
copper in the north Pacific. Earth and Plan. Sci. Letters 47:176-198. 

Butler, J.N. 1975. Evaporative weathering of petroleum residues: the age of 
pelagic tar. Mar. Chem. 3:9-21. 

Capital Regional District of British Columbia. 1980. Computer Printout of 
Outfall Monitoring Data, Jan. 1965-Mar. 1980. 

Clark, R.C. and D.W. Brown. 1977. Petroleum, properties and analyses in biotic 
and abiotic systems. Pp. 1-89. D.C Malins (ed.). Effects of Petroleum on 
.Arctic and Subarctic Environments and Organisms. Vol. 1. Academic Press, N.Y. 

Clark, R.C. W. D. McLeod. 1977. Inputs, transport mechanisms and observed con
centrations of petroleum in the marine environment. Pp. 91-223. In.: 
D.C. Malins (ed.). Effects of Petroleum on Arctic and Subarctic Marine 
Environments and Organisms. Vol. 1. Academic Press, N.Y. 

Cliff, D.D., J.G. Stockner. 1973. Primary and secondary components of the foodweb 
of the outer Squamish River estuary. Fish. Res. Bd. Canada, Manusc. Rept. 
Series, No. 1214. 

C o l l i a s , E.E. 1964. Physical and chemical data for Puget Sound and approaches, 
September 1956 - December 1957. Tech. Rept. No. 110, Dept. of Oceanography, 
University of Washington. 

C o l l i a s , E.E., N. McGary, CA. Barnes. 1974. Atlas of physical and chemical 
properties of Puget Sound and i t s approaches, U. of Washington Press, Seattle. 

Computer Search of Data, West Coast of B.C. Jan. 1965 - Jun 1980. B.C. Pollution 
Control Branch, Water Resources Services, Victoria, B.C. 

Crecelius, E.A., M.H. Bothner and R. Carpenter. 1975. Geochemistries of arsenic, 
antimony, mercury and related elements i n sediments of Puget Sound. Environ. 
Sci. Technol. 9:325-335. 

Cretney, W.J. , W.K. Johnson and CS. Wong. 1977. Trace analysis of oil in sea 
, water by fluorescence spectroscopy. Pacific Mar. Sci. Rept. 77-5. 



Cretney, W.J., C S . Wong, D.R. Green and CA. Bawden. 1978. The long term fate of 
heavy fuel oil in a spill-contaminated B.C. coastal bav. J. Fish. Res. Bd. 
Canada. Vol. 35:521-527. 

Denman, K.L., D.L. Mackas, H.J. Freeland, M.J. Austin, S.H. Hill. 1980. Persistent 
upwelling and mesoscale zones of high productivity off the west coast of 
Vancouver Island, Canada. Submitted for publication in lODE Symposium on 
Coastal Upwelling Mar. 1980. 

Dilke, B.R., S . McKinnell, R.I. Perry. Ship-of-Opportunity Program, March 1978-
March 1979. Data Rept. No. 46, U.B.C. Dept. of Oceanography. 

Dobrocky Seatech Ltd. 1972. Water quality and biological surveys, Brentivood 
Bay data report for November 1971 - January 1972. A report prepared for 
the Capital Regional District of B.C. 

Drinnan, R.W. and I. Webster. 1974. Prince Rupert harbour interagency study. 
Program 3, Tasks 1 and 2: oceanography and water quality. B.C. Poll. Cont. 
Bd., Water Res. Serv., Victoria, B.C. 

Erickson, P.E. 1973. The voltammetric determination of copper and lead in sea 
water: applications to Indian Arm and Burrard Inlet. M.Sc. Thesis. U. of 
British Columbia, Vancouver. 

Erickson, P.E. 1978. Marine trace metal sampling and storage. Report No. 1 Marine 
Analytical Chemistry Standards Program, National Research Council of Canada. 

Erickson, P.E. 1979. Kitimat hydrocarbon baseline study: oceanographic observa
tions. A report prepared for the Instit. of Ocean Sciences, Patricia Bay, B.C. • 
SEAKEM Oceanography Ltd. 

Erickson, P.E., B. Fowler, D.A. Brown, K. Thompson and W. Heath. 1979. Hydrocarbon 
levels in the marine environment of Kitimat Arm and its seaward approaches. 
A report prepared for the Instit. of Ocean Sciences, Sidney, B.C. 

Farrington, J.W., J.M. Teal and P.L. Parker. 1976. Petroleum hydrocarbons. 
Pp. 3-34. In: E.D. Goldberg (ed.). Strategies for Marine Pollution Monitoring, 
Chap. 1. WlTey Interscience, N.Y. 

Forstner, U. and G.T. Wittmann. 1979. Metal pollution in the aquatic environment. 
Springer-Verlag, Berlin. 

Fulton, J.D., O.D. Kennedy, J. Skelding and K. Stephens. 1969. Data Record, 
physical, chemical and biological data. Strait of Georgia, 1968. Fish. Res. 
Bd. Canada, Manusc. Rept. Series, No. 1049, 

Fulton, J,D., 0,D, Kennedy, H. Seki, K, Stephens. 1969. Biological, chemical and 
physical observations in Saanich Inlet, Vancouver Island, B.C., 1968. Fish. 
Res. Bd. Canada, Manusc. Rept. Series, No. 1018. 



Fulton, J.D., O.D. Kennedy, K. Stephens and J. Skelding. 1967. Data Record, 
physical, chemical and biological data, Strait of. Georgia, 1966. Fish. Res. 
Bd. Canada, Manusc. Rept. Series, No. 915. 

Fugro. 1980. A series of oceanographic reports prepared by the Ocean Instit. of 
Washington and amalgamated into the 1980 U.S. EIA by Fugro Northwest Inc. for 
Trans Mountain Pipe Lines Compaiy. 

Gilmartin, M. 1964. The primary production of a B.C. fjord. J. Fish. Res. Bd. 
Canada 21:505. 

Green, D.R. 1976. Aspects of the long-term fate of petroleum hydrocarbons in the 
marine environment. Ph.D. Thesis, U. of British Columbia, Vancouver. 285 pp. 

Green D.R. 1978. Sampling sea water for trace hydrocarbon determination. Rept. 
No. 2. Marine Analytical Chemistry Standards Program, National Res. Council 
of Canada. 72 pp. 

Green, D.R. 1979, Hydrocarbon determination in sea water. A report prepared for 
the National Res. Council of Canada, Halifax, N.S. 

Green, D.R., J. Buckley and B, Humphrey. 1980. Fate of chemically dispersed oil 
in the sea: a report on two field experiments. EPA report, in press. 

Herlinveaux, R.H., S.O. Bishop, J.D. Fulton, A.K. Plase, K. Stephens, T.R. Parsons. 
1966. A study of the physical, chemical and biological oceanographic conditions 
at Nanoose Bay, Vancouver Island, Fish. Res, Bd. Canada, Manusc. Rept. Series, 
0 § L, No. 208. 

Hilpert, L.R., W.E. May, S.A. Wise, S.N. Chesler and H.S. Hertz. 1978. Interlabora-
tory comparison of determinations of trace level petroleum liydrocarbons in 
marine sediments. Anal. Chem. 50:458-465. 

Hoos, L.M. and G.A. Packman. 1974, The Fraser River estuary, status of environmental 
knowledge to 1974. Special Estuary Series, No. 1. 

Hoos, L.M. and CL. Void. 1974. The Squamish River estuary, status of environmental 
knowledge to 1974. Special Estuary Series, No. 2. 

Karrick, N.L, 1977. Alterations in petroleum resulting from physico-chemical and 
microbiological factors. Pp. 225-299. In: D.C. .Malins (ed.)._ Effects of 
Petroleum on Arctic and Subarctic MarineTnvironments and Organisms. Vol. 1. 
Academic Press, N.Y. 

Kask, B.A. and R.R. Parlur. 1971. Data Report, estuarine pollution, Alberni Inlet, 
B.C., Jan. 14 - Apr. 17, 1970. Vol. 1. Fish. Res. Bd. Canada, Manusc. Rept. 
Series, No. 1161. 

Lewis, A.G. 1978. Concentrations of nutrients and chlorophyll on a cross-channel 
transect in Juan de Fuca Strait, B.C. J. Fish. Res. Bd. Canada 55:305. 



Lewis, A.G. Monthly nutrient and chlorophyll values for Juan de Fuca Strait, 
June-Decaaber 1973. Data Report No. 40, U.B.C. Dept. of Oceanography. 

Littlepage, J.L. 1978. Oceanographic and marine biological surveys: Alice Arm 
and Hastings Arm, British Columbia, 1974-1977. A report prepared for Climax 
Molybdenum Corporation. 

Love, CM. 1965. Physical, chemical and biological data from the northwest Pacific 
Ocean: Columbia River effluent area, January to October 1962. Vol. I, III 
and IV, Tech. Rept. No. 119, Dept. of Oceanography, U. of Washington. 

Macdonald, R.W., F.A. McLaughlin and J.S. Page. 1980. Nutrient storage by freezing: 
data report and statistical analysis. Pacific Marine Science Rept. 80-2. 
Sidney, B.C. 

Macdonald, R.W., D.M. Macdonald and P.S. Munro. 1978. Oceanographic data report, 
Kitimat Arm, Porpoise Harbour, February 1977. Instit. of Ocean Sciences, 
Patricia Bay, B.C 

Macdonald, R.W. and CS. Wong. 1977. The distribution of mercury in Howe Sound 
sediments. Pacific Marine Science Rept. 77-22, Sidney, B.C. 

Mackas, D.L., G.C. Louttit andM^J. Austin. 1980. Spatial distribution of zoo
plankton and phytoplankton in British Columbia coastal waters. Submitted to 
J. Fish. Res. Bd. Canada, Feb. 14/80. 

McAuliffe, CD., G.P. Canevari, T.D. Searl, J.C Johnson and S.H. Greene. 1980. 
The dispersion and weathering of chemically treated crude oil on the sea 
surface. In: Petroleum and the Marine Environment, Proceedings of a Conference 
in Monaco,TTay 27-30, 1980. In press. 

McAllister, D.C, T.R. Parsons and J.D.H. Strickland. 1959. Data Record, ocean 
feasibility and productivity measurements at ocean weather station "P", 
July and August 1959. Fish. Res. Bd. Canada, Manusc. Rept. Series, 0 § L, No.55. 

.Maries, E.W., B.M. Lusk and W.J. Rapatz. 1973. Summary of hydrographic and oceano
graphic information on some B.C. estuaries. Pacific Marine Sciences Rept. 73-7. 

• Meikle, J.H., W.F. Hyslop, D.A. Blank and M. Waldichuk. 1969. Victoria Harbour, 
the Gorge, Portage Inlet and tributaries, physical and chemical data 1966-1968 
Fish. Res. Bd. Canada, Manusc. Rept. Series, No. 1029. 

Moody, W.B. 1976. The distribution of dissolved and suspended vanadium in Saanich 
Inlet, British Columbia. M.Sc. Thesis, U. of British Columbia, Vancouver. 

Myers, E.P. and C C Gunnerson. 1976. Hydrocarbons in the ocean. Report prepared 
for U.S. Dept. of Commerce (NQ\A); MESA Special Report. 



Bibliography - Chemical Oceanography 
(page 6) 

Pacific Oceanographic Group, Nanaimo, B.C. 1957. Data Record, ocean weather 
. station "P.̂ PA". Fish. Res.- Bd. Canada, Joint Committee on oceanography. 

Pacific Oceanographic Group, Nanaimo, B.C. 1957. Physical, chemical and plankton 
data record, north Pacific survey, July 23 - August 30, 1957. Fish. Res. Bd. 
Canada, Manusc. Rept. Series, 0 § L, No. 4. 

Pacific Oceanographic Group, Nanaimo, B.C. 1958. Physical, chemical and plankton 
data record, coastal surveys, April 23 - Deconber 17, 1957. Fish. Res. Bd. 
Canada, Manusc. Rept. Series, 0 § L, No. 17. 

Pacific Oceanographic Group, Nanaimo, B.C. 1959. Physical and chemical data 
record, coastal seaways project. No. 12 - Dec. 5, 1958. Fish. Res. Bd. Canada, 
Manusc. Rept. Series, 0 5 L, No. 36. 

Page, J. Pers. comm. Institute of Ocean Sciences, Sidney, B.C. 
Parker, R.W., R. Mackenzie-Grieve and B.A. Kask. 1974. The distribution of chanical 

properties in the waters of .Alberni Inlet, B.C. in 1971: an atlas. Fish. Res. 
Bd. Canada, Tech. Rept. No. 444. 

Parker, R.W., J. Sibert, B.A. Kask, T. Brown, B. Snythies, D. Gumming. 1973. 
Chemical observations on the waters of Alberni Inlet, 1973. Fish. Res. Bd. 
Canada, Manusc. Rept. Series, Nos. 1270, 1271, 1272 and 1273. 

Parsons, T.R. 1965. A general description of some factors governing primary pro
duction in the Strait of Georgia, Hecate Strait, and Queen Charlotte Sound, 
and the N.E. Pacific Ocean. Fish. Res. Bd. Canada, Manusc. Rept. Series, 0 5 L, 
No. 193. 

Parsons, T.R., R.J. LeBrasseur and W.E. Barraclough. 1970. Levels of production 
in t h e pelagic environment of the Strait of Georgia, B.C. A review. J. Fish. 
Res . B d . Canada 27:1251. 

Patterson, CC., D. Settle and B. Glover. 1976. Analysis of lead in polluted 
. c o a s t a l sea water. Mar. Chem, £:305-319 

P h a r o , CH, and W.C, Barnes. 1976. Distribution of surficial sediments of the 
central and southern Strait of Georgia, British Columbia. Can. J. Earth Sci., 
13_: 684-696. 

Phifer, L.D. and T .G . Thompson. 1937. Seasonal variations in the surface waters of 
San Juan Channel during the five y e a r period, January 1931 to December 1935. 
J. Marine R e s . 1^:34. 

R i l e y , J.F. and G. Skirrow, ( e d . ) . 1965. Chemical Oceanography I. Academic 
P r e s s , N.Y, 

R o b e r t s o n D.C. 1970. Tlie d i s t r i b u t i o n o f c o b a l t i n o c e a n i c waters. Geoch im, 
Cosinochim A c t a 5 4 : 5 5 3 - 5 6 7 , 



Robertson, D.G.,J. Wong, A.R. Stanley-Jones and H. Wilke. 1965. Oceanographic 
atlas of ocean weather station "PAPA", 1956-1963. Fish. Res. Bd. of Canada, 
MRS 187. 

Schaule, B. and C. Patterson. 1978. The occurrence of lead in the northeast 
Pacific and the effects of anthropogenic inputs. In: Proceedings of an 
International Experts Discussion on Lead: Occurrence, Fate and Pollution 
in the Marine Environment, Yugoslavia, October 1977. M. Branica (ed.), 
Pergamon Press, Oxford. 

Settle, D. and C.C. Patterson. 1980. Lead i n Albacore; guide to lead pollution 
inAnericans. Science 207:1167-1176. 

Shaw, D.G. 1976. Hydrocarbons: natural distribution and dynamics on the Alaskan 
outer continental shelf. In: Environmental Assessment of the Alaskan Conti
nental Shelf, Vol. 10. Environmental Research Laboratories, Boulder, Colorado. 

Spencer, CP. 1975. The micronutrient elements. In: J.F. Riley and G. Skirrow 
Ced.). Chanical Oceanography, Vol. II, second edition. 

Stephens, K. 1973. Data Record, primary productivity data from Nanaimo River 
estuary for 1973. Fish. Res. Bd. Canada, Manusc. Rept. Series, N'o. 1280. 

Stephens, K., J.D. Fulton, O.D. Kennedy and A.K. Pease. 1967. Biological, 
chemical and physical observations in Saanich Inlet, Vancouver Island, B.C. 
Fish. Res. Bd. Canada, Manusc. Rept. Series, No. 912. 

Stockner, J . G . , D.D. Cliff and K.R.S. Shortreed. 1979. Phytoplankton ecology of 
the Strait of Georgia, B.C. J. Fish. Res. Bd. Canada 36:657. 

Strickland, J.D.H. 1958. Data record and discussion, a special B.C. coastal survey 
measuring chemical and light attenuation parameters, June 23 to July 4, 1958. 
Fish. Res. Bd. Canada, Manusc. Rept. Series, 0 5 L, No. 30. 

Strickland, J.D.H. and K.H. Austin. 1960. On the forms, balance and cycle of phos
phorous observed in the coastal and oceanic waters of the northeastern Pacific. 
J. Fish. Res. Bd. Canada 17:337. 

Strickland, J.D.H. and T.R. Parsons. 1972. A practical handbook of sea;vater 
analysis. Bull. 167 (second ed.). Fish. Res. Bd. Canada, Ottawa. 

Sweinnerton, J.W. and R.A. Lemontagne. 1974. Oceanic distribution of low-molecular 
weight hydrocarbons. Baseline measurem ents. Environ. Sci. Technol. 8_: 657-663. 

TERMPOL. 1976. Kitimat Pipeline Ltd., TERMPOL Submission, Vol. V I , AppendLx X I I I . 

Thomas, D.J. 197 5. The distribution of zinc and copper in Georgia Strait, British 
Columbia: effects of the Fraser River and sediment-exchange reactions. M.Sc. 
Thesis, U. of British Columbia, Vancouver. 



Thanpson, C.J., H.J. Coleman, J.E. Dooley and D.E. Hirsch. 1971. Bumines 
analysis shows characteristics of Prudhoe Bay crude. Oil Gas J. 69:112-120. 

Thompson, J.A.J. 1975. Copper in marine waters - effects on mining wastes. In: 
International Conference on Heavy Metals in the Environment. Toronto, 
October, 1975. 

Thompson, J.A.J, and R.M. Harbo. 1972. Mercury levels in water and sediments of 
Barkley Sound and Alberni Inlet, B.C. Fish. Res. Bd. Canada, Manusc. Rept. 
Series, No. 1188. 22 pp. 

Thompson, J.A.J, and F.T. McComas. 1973. Distribution of mercury in the sediments 
and waters of Howe Sound, British Columbia. Fish. Res. Bd. Canada, Tech. 
Rept. No. 396. 31 pp. 

Thompson, J.A.J, and D.W. Paton. 1975. Chemical delineation of a submerged mine 
tailings plume in Rupert and Holberg Inlets, B.C. Fish. Mar. Sci. Res. Tech. 
Rept. 506. 14 pp. 

Thompson, J.A.J, and D. Paton. 1976. Further studies of mine tailings distribution 
in Howe Sound, B.C. Fish. Res. Bd. Canada, Manusc. Rept. Series, No. 1383. 

Thompson, R. personal communication. 
Tully, J.P. and A.J. Dodimead. 1957. Properties of the water in the Strait of 

Georgia, British Columbia and influencing factors. J. Fish. Res. Bd. Canada 
14:241. 

University of British Columbia Data Report 10, Indian Arm 1956. Instit. of 
Oceanography, U.B.C, 1956. 

WaldichLik, M., J.H. Meikle and W.F. Hyslop. 1968. Alberni Inlet and harbour 
physical and chemical oceanographic data 1954-1957. Fish. Res. Bd. Canada, 
Manusc. Rept. Series, Xo. 937. 

Waldichuk, M., J.H. .Meikle and W.F. Hyslop. 1968. Victoria harbour, the Gorge, 
and Portage Inlet physical and chemical oceanographic Data 1965-1966. Fish. 
Res. Bd. Canada, Manusc. Rept. Series, No. 938. 

Waldichuk, M., J.H. Meikle and J.R. Markert. 1968. Physical and chemical oceano
graphic data from the east coast of Vancouver Island, 1954-1966. Vol. II. 
Fish. Res. Bd. Canada Manusc. Rept. Series, .\o. 989. 

Windom, H.L. and R.A. Duce. 1976. Marine pollutant transfer. Lexington Books, 
Toronto. 

Wong, C.S., D.R. Green and W.J. Cretney. 1974, Quantitative tar and plastic 
waste distributions in the Pacific Ocean. Nature 247:30-52. 

Yentsch, CS. and R.F. Scagel. 1958. Diurnal study of phytoplankton pigments: 
an in situ study in East Sound, Washington. J. Mar. Res. 17:567. 



1.1. Literature Cited. 
Adkins, B.D. 1977. A biological and oceanographic analysis of the Queen 

Charlotte Sound Marine Natural Region. Rep. prepared for National 
Parks Br. by Lee and Adkins Ltd. 

Adkins, B.E., and A.P. Stefanson. 1979. North coast abalone survey in 
harvested areas. November 1978. Fish. Mar. Serv. M.S. Rep. No. 1500. 

Ainley, D.G. and G.A. Sanger. 1979. Trophic relations of seabirds in 
the northeastern Pacific Ocean and Bering Sea. p. 95-122. In: 
J.C. Bartonek and D.N. Nettleship (eds.). Conservation of Marine 
Birds of Northern North America. U.S. Fish Wildl. Serv. Wildl. Res. 
Rep. 11. 

Alverson, D.L., A.T. Pruter, and L.L. Ronholt. 1964. A study of 
demersal fishes and fisheries of the Northeast Pacific Ocean. In: 
N.J. Wilimovsky (ed.). H.R. >lacmillan Lectures in Fisheries. Inst. 
Fish., Ifriiv. of British Columbia, Vancouver, B.C. 190 p. 

Anita, N.J., K. Stephens, R.B. Tripp, T.R. Parsons, and J.D.H. Strickland 
1962. A data record of productivity measurements made during 1961 
and 1962. Fish. Res. Bd. M.S. Rep. Ser. (Ocean, and Limnol.) No. 135. 

Austin, W.C, 1970. A preliminary li s t of marine invertebrates of the 
Barkley Sound region (Bamfield Survey, Part V) Report No. 3 
Bamfield Survey, Marine Invertebrates. 124 p. 

Austin, W.C, L.D. Druehl, S.B. Haven and J.L. Littlepage, 1971. 
Marine benthic habitats and biota in the Bamfield area and 
zooplankton survey of Trevor Channel, Barkley Sound. Report No. 2. 
Bamfield Survey Marine Habitats and Biota. 33 p. 

B,C. Fish and Wildlife Branch. 1977a, Northern B.C. coastal wildlife 
resources map, B,C. Fish Wildl. Branch, Victoria. 1 map. 

B.C, Fish and Wildlife Branch. 1977b, Southern B.C. coastal wildlife 
resources map. B.C. Fish V/ildl. Branch, Victoria. 1 map. 

B.C, Provincial Museum. 1976. Sea-bird colonies of Vancouver Island 
area. B.C. Prov. Museum, Victoria. 1 map. 

B.C. Provincial Museum. 1979. Sea-bird colonies of the Queen Charlotte 
Islands. B.C. Prov. Museum, Victoria. 1 map. 

Balcomb, K.C and CA. Goebel. 1976. A killer whale study in Puget 
Sound. Unpub. Rep. to Marine Mammal Div., Nat. Mar. Fish. Serv. 
final report, contract #NASO-6-35330 Seattle, Wa. lip. 



Barber, F.G. 1980. Size distribution of pink salmon. Can. M.S. Rep. 
Fisheries and Aquatic Sciences No. 1564. 20p. 

Bamer, L . W . and F.H.C. Taylor. 1974. The offshore herring survey off 
southwest Vancouver Island in 1972 and 1973. Report on G.B. Reed 
cruises GBR 72-4 COctober 18-November 2), GBR 73-1 (January 17-31) 
and GBR 73-2 (March 13-29). Fish. Mar. Serv. Tech. Rep. 496. 69p. 

Bamer, L., F. Taylor and D. Miller. 1970. The British Columbia off
shore herring survey, 1969 - 70. Reports on cruises SK70-1, -2, 
-3, SK69-4,-5,-6,-7,-8,-9, and -10. Fish. Res. Bd. Can. Tech. Rep. 
No.s 177,183,190. 

Barr, L. 1970. Diel vertical migration of Pandalus borealia in Kachemak 
Bay, Alaska. J. Fish. Res. Bd. Canada 27:669-676. 

Barraclough, W.E. and A.C. Phillips. 1978. Distribution of juvenile 
salmon in the southern Strait of Georgia during the period April to 
July 1966-1969. Fish. Mar. Serv. Tech. Rep. No. 826. 47 p. 

Bartholomew, G.A. 1967. "Seal and.Sea Lion populations of the California 
Islands" pp 229-244. In: R.N. Phibrick (ed.) Proc. Synp. on the Bio
logy of the California Islands." Santa Barbara Botanic Gardens. 

Bell, L.M. and R.J. Kallman. 1976a. The Nanaiirra Ri-ver esttiary. Status 
of environmental knowledge to 1976. Special Estuary Ser. No. 5 
Environment Canada. 

Bell, L.M. and R.J. Kallman. 1976b. The Cowichan-Chemainus River 
estuaries. Stattis of e n A d r o n m e n t a l knowledge to 1975. Special 
Estuary Ser. No. 4. Environment Canada 

Bell, L.M. and R.J. Kallman. 1976c. The Kitimat River estuary. Status 
of environmental knowledge to 1976. Special Estuary Ser. No. 6. 
Environment Canada. 

Bellrose, F.G. 1976. Ducks, geese and swans of North America. Stackpole 
Co., Harrisburg, Pa. 540 p. 

Bernard, F.R. 1975. Vancouver International Aiiport environmental 
effects study subtidal macrofauna. In: Fisheries Resources and 
Food Web Components of the Fraser Estuary and An Assessment of the 
Inpacts of Proposed Expansion of the Vancouver International Air
port and other Developments on These Resources. Dept. of Env.; 
Fish and Mar. Serv. 

Bernard, F.R. 1977. Fishery and reproductive cycle of the red sea 
urchin, Strongyloaentrotus fiKinaiscanus, in British Coltmbia. 
J. Fish. Res. Bd. Canada 34:604-610. 

Bernard, F.R. and D.C. Miller. 1973. Preliminary investigation on the 
red sea urchin resources of British Columbia. Fish. Res. Bd. 
Canada Tech. Rep. No. 400. 



Bigg, M.A. 1969. The harbour seal in B.C. Fish. Res. Bd. Canada 
Bull. 172. 33 p. 

Bigg, M.A. 1973a. A census of harbour seals in southeastern Vancouver Is. 
Arctic Biological Station, Ste. Anne de Bellevue, Quebec. 9 p. 

Bigg, M.A. 1973b. Census of California sea lions on southern Vancouver 
Is. B.C. J . Mammal. 54 (l):285-287. 

Bigg, M.A., I.B. MacAskie and G. Ellis. 1976. Abundance and movement of 
killer whales off eastern and southern Vancouver Is. with comments on 
management. Prelim, unpub. rep. Arctic Biol. Sta., Ste. Anne de 
Bellevue, Quebec. 21 p. 

Bonham, K. 1954. Food of the dogfish, Squalus acanthias. Wash. Dep. 
Fish., Fish Res. Papers l(2):25-36. 

Borstad, G.A., G.C. Louttit, R.D. Gale and J.R. Buckley. 1980. Ships 
of opportunity feasibility study. Part 3: Oceanographic 
observations. Seakem Oceanography Ltd. Report. 

Bourne, N. 1969. Scallop resources of British Columbia. Fish. Res. Bd. 
Canada Tech. Rep. No. 104. 

Bourne, N. 1979. Razor clam, Siliqua patula (Dixon), breeding and 
recruitment at Masset, British Columbia. Proc. Nat. Shellfisheries 
Assoc. 69:21-29. 

Bourne, N. and D.B. Quayle. 1970. Breeding and growth of razor clams 
in British Columbia. Fish. Res. Bd. Can. Tech. Rep. 232. 42 p. 

Breen, P.A. 1979. The ecology of red sea urchins in British Columbia. 
Uhpub. paper presented at Intemational Synposium on Coastal Pacific 
Marine Life, Univ. Wash., Bellingham. 

Breen, P.A. and B.E. Adkins. 1979. A survey of abalone populations on 
the east coast of the Queen Charlotte Island, August 1978. Fish. 
f4ar. Serv. Man. Rep. No. 1490. 

Breen, P.A., B.E. Adkins and G.D. Heritage. 1978a. Observations of 
abalone and subtidal communities made during a survey of the Queen 
Charlotte Strait and upper Johnstone Strait areas. July 13-20, 1977. 
Fish. Mar. Serv. Tech. Rep. No. 789. 

Breen, P.A., B.E. Adkins and D.C. Miller. 1978b. Recovery rate in three 
exploited sea urchin populations from 1972 to 1977. Jish. Mar. 
Serv.. Man. Rep. No. 1446. 

Breen, P.A., D.C. Miller and B.E. Adkins. 1976. An examination of 
harvested sea urchin populations in the Tofino area. Fish. Res. Bd. 
Canada Man. Rep, No. 1401, 



British Columbia Herring Industry Report. 1979. Prep, by Foodwest 
Consultants for Com. Mar. Res. Branch. 

Butler, R.W. 1974. The feeding ecology of the Northwestern Crow on 
Mitlenatch Island, British Columbia. Can. Field-Nat. 88:313-316. 

Butler, T.H. 1951. The 1949 and 1950 tagging experiments in the Graham 
Island crab fishery. Fish. Res. Bd. Canada, Pac. Prog. Rep. No. 89, 
p. 84-87. 

Butler, T.H. 1953. The life of the commercial crab. Western Fisheries 
45(4):12-13. 

Butler, T.H. 1956. The distribution and abundance of early post-larval 
stages of the British Columbia commercial crab. Fish. Res. Bd. 
Canada, Pac. Prog. Rep. No. 107, 

Butler, T.H. 1960. Maturity and breeding of the Pacific edible crab. 
Cancer magister Dana. J. Fish. Res. Bd. Canada 17(5):641-646. 

Butler, T.H. 1964. Growth, reproduction and distribution of Pandalid 
shrimps in British Columbia. J. Fish. Res. Bd. Canada. 21(b): 
1403-1452. 

Butler, T.H. 1980. Shrinps of the Pacific Ctoast of Canada. Canadian 
Bulletin of Fisheries and Aquatic Science 202. 

Calkin, D.G. and K.W. Pitcher. 1979. Unustial sightings of marine 
mammals in the Gulf of Alaska. Abstract. Third Biennial Conference 
on the Biology of Marine Mammals. October 7-11, 1979. Seattle, 
Washington. 

Cameron, F.E. 1957. Some factors influencing the distribution of 
pelagic copepods in the Queen Charlotte Islands area. J . Fish. Res. 
Bd. Can. 14:165-202. 

Campbell, R.W. 1976. Seabirds breeding on the Canadian west coast, 
p.39-65. In: Mountains and Seas. Can. Nature Federation Spec. 
Publ. No. 5. 

Cajrpbell, R.W. and M.S. Rodway. 1977. Census of Rhinoceros Auklets 
breeding on Pine Island, British Cblumbia. Unpub. rep. B.C. 
Prov. Maseum, Victoria. 7 p. 

Canada, Environmental Protection Service. 1976. Maps; o i l and 
chemical spil l countermeasures series. 

Carefoot, T. 1977. Pacific seashores - a guide to intertidal ecology. 
J.J. Douglas Ltd., Vancouver, B. C. 208 p. 

Carlson, H.R. and R.E. Haight. 1972. Evidence for a home site and 
homing of adult yellowtail rockfish, Sebastes flavidus. J. Fish. 
Res. Bd. Can. 29:1011-1014. 



Chester, A.J., D.M. Damkoer, D.B. Dey and J.D. Lorrance. 1977. Season 
distribution o£ plankton in the Strait of Juan de Fuca. NOAA 
Technical Memorandum ERL MESA-24. 

Collias, E.G. 1971 Bibliography of literature, Puget Sound marine 
environment. U. of Wash., Dep. of Oceanography, Sea Grant Publ. 
WSG 71-6. 

Coon, L.M. et al. (in prep.) Kelp inventory 1976. Part 5. Northwest 
coast Vancouver Island, Hope and Nigei Islands. Fisheries Develop
ment Rep. No. 20. Marine Resources Branch, Victoria. 

Coon, L.M., E.J. Field and Canadian Benthic Ltd. 1977. Nootka Sound 
kelp inventory, 1975. Marine Resources Branch, Victoria. Fisheries 
Management Rep. No. 2. 

Coon, L.M., W. Roland, E.J. Field and W.E.L. Clayton. 1979. Kelp inven
tory, 1976. Part 3. North and West Coast Graham Island (Q.C.I.). 
Marine Resources Branch, Victoria. Fish. Dev. Rep. No. 13. 

Coon, L.M., W.G. Roland, E.J. Field, W.E.L. Qayton and V. Jenson. 1980. 
Kelp inventory, 1976. Part 4. Goschen Island to the Tree Nob Group 
Fisheries Dev. Rep. No. 19. Marine Resources Branch, Victoria. 

Cornell, L.H. and E.D. Asper. 1976. A census of captive marine mammals 
in North America. Food and Agric. Organ. UN Adv. Comm. Mar. Resource. 
Res., FAO ACMRR/MM/SC90 90 p. 

Cowan, I.M. and G.C. Cool. 1945. The northern elephant seal (Mirounga 
anguatirostris) in B.C. waters and vicinity. Can. Field-Nat. 
59C5):170-171. 

Cowan, I.M. and C.J. Guiguet. 1956. The mammals of British Columbia. 
B.C. Prov. Museum. Handbook No. 11. 414 p. 

Cox, R.K. and E.M. Charman. 1979. A survey of the abundance and dis
tribution (1977) of the geoduck clam Panope generosa in Queen 
Charlotte, Johnstone and Georgia Straits, British Columbia. Marine 
Resources Branch, British Columbia Ministry of Environment, Fisheries 
Development Rep. No. 16. 122 p. 

Cross, J.N., K.L. Freeh, B.S. Miller, CA. Simenstad, S.N. Steinfort 
and J.C. Febley. 1978. Nearshore fish and macro.invertebrate 
assemblages along the Strait of Juan de Fuca including food habits 
of the common nearshore fish. NOAA Technical Memorandum 
ERL MESA-32. 

Darling, I.D. 1977. Aspects of the behaviour and ecology of Vancouver 
Island gray whales, Eschriatius glauous Cape. M.Sc. thesis. Univ
ersity of Victoria, B.C. 200 p. 

De Long, R.L. 1977. The northern elephant seal. Pacific Search ll( l a ) . 
6 p. 



Denman, K L . D.L. Mackas, H.J. Freeland, M.J. Austin and S H. Hi l l . 

F.A. (ed.) IDOE S>'mposium on Coastal Upwelling. 
Departirent of Environment. 1974. British Colmbia catch statistics. 

Fisheries.and Marine Service, Pacific Region 
Department of Environment. 1975. Fisheries resources and food web 

conponents of the Fraser River estuary and an assessment of the 
inpacts of proposed expansion of the• Vancouver International Airport 
and other dewlopments on these resources. Prep, by Dep. Environ., 
Fisheries § Mar. Serv. 

Department of Environment. 1975. British Columbia catch statistics. 
D.O.E. Fisheries and Marine Service, Pacific Region. 

Department of Fisheries and Environment. 1976. British Columbia catch 
statistics. D.F.E. Fisheries Management, Pacific Region. 

Department of Fisheries and Environment. 1977. British Columbia catch 
statistics. D.F.E. Fisheries Management, Pacific Region. 

Department of Fisheries and the Environment. 1978. Potential Pacific 
coast o i l ports: A coirparative environmental risk analysis. 
Vol. I § II. Prep, by Working Groip on West Coast Deepwater Oil 
Ports., Vancouver, B. C. 119 p. 

Department of Fisheries and Oceans. 1978. British Columbia catch 
statistics. D.F.O. Fisheries Management, Pacific Region. 

Department of Fisheries and Oceans. 1979. Fraser Pivcr Estuary Study. 
Data Report: Habitat Working Grovp. Habitat Protect. Div. Fish, and 
Mar. Serv. 65 p. 

Department of Fisheries and Oceans. 1980. The Pacific herring. 
Information Branch, Vancouver, B. C. 2 p. 

Dilke, B.R., S. McKinnell and R.I. Perry. 1979. W Imperial Tofino, 
Ship-of-Opportunity Program. UBC Dep. of Oceanography. Data 
report No. 46. 

Dodimead, A.J., F.W. Dobson, N.K. Chippindale and H.J. Hollister. 1962. 
Oceanographic data record. North Pacific Survey. May 23 to July 5, 
1962, Fish. Mar. Serv. M.S. Rep. No. 138. 

Dodimead, A.J., L.F. Giovando, R.H. Herlinveaux, R.K. Lane and 
H.J. Hollister. 1960. Oceanographic data record. North Pacific 
Survey, July 10 to September 6, 1960. Fish. Mar. Serv. M.S. Rep. No. 82. 

Doran Lee Associates Ltd. 1975. Prince Rupert bulk-loading facility. 
Phase II. Volume 4 Appendix C. Existing aquatic environment. For: 
Federal-Provincial Joint Committee on Tsinpsean Peninsula Port 
Development. 69 p. + appendices. 



Drent, R.H. and C.J. Gvdguet. 1961. A catalogue of British Columbia 
seabird colonies. Occas. Pap. B. C. Prov. ̂ iiseum. 12:1-173. 

Druehl, L.D. 1978. The distribution of Maorooystis integrifolia in 
B.C. as related to environmental parameters. Can. J. Bot. 56:69-79. 

Edie, A.G. 1973. Sea otter sighting at Cape St. James, British Columbia. 
Syesis 6:265. 

Edie, A.G. 1977. Distribution and movements of Steller sea lion cows 
iEumetopias jubata) on a pipping colony. Unpub. M.Sc. thesis, 
Univ. of British Columbia. 81 p. 

Erskine, A.J. 1972. Buffleheads. Canadian Wildlife Serv. Monogr. 4. 240 p. 

Everitt, R.D., C.H. Fiscus and R.L. DeLong. 1979. Marine Mammals of 
Northern Puget Sound and the Strait of Juan de Fuca. A report on 
investigations November 1, 1977 to October 31, 1978. NOAA (Nat. 
Oceanic and Atmospheric Administration), Boulder, Colorado. 191 p. 

Field, E.J. and E.A.C. Clark. 1978. Kelp inventory, 1976. Part 2. The 
Dundas group. MRB Fisheries Dev. Rep. No. 11. 

Field, E.J., L.M. Coon, W.E.L. Clayton and E.A.C. Clark. 1977. Kelp 
inventory, 1976. Part 1. The Estevan group and Campania Island. MRB. 
Fish. Management Rep. No. 9. 

Fields, W.G. 1965. The structure, development, food relations, repro
duction and life history of the squid Loligo opalescens. Calif. 
Fish and Game Bull. 131 108 p. 

Fiscus, C.H. 1978a. Marine mammal salmonid interactions: a review. 
US-USSR synpos. Salmonid Ecosystems of North Pacific May 5-10,1978. 
Newport, Ore. 31 p. 

Fiscus, C.H. 1978b. Northern Fur Seal. In: D. Haley (ed.) Marine 
Mammals. Pacific Search Press. 1978. 

Fiscus, C.H. and G.A. Baines. 1966. Food and feeding behaviour of 
Steller and California sea lions. J. Mammal . 47(2):195-200. 

• Fiscus, C.H. and K. Niggol. 1965. Observation of cetaceans off 
California, Oregon and Washington. U.S. Fish. Wildlife Serv. Sci. 
Rep. Fish. 498 27 p. 

Fisher, H.D. 1952. The status of the Drarbaw seal in B. C., with par
ticular reference to the Skeena River. Fish. Res. Board Canada, 
Bull. No. 92. 58 p. 

Foerster, R.E. 1968. The sockeye salmon. Fish. Res. Board Can. Bull. 
162. 422 p. 

Ford, J. 1980. Group specific vocalizations of the killer whales 
Orainus ovoa'' (Abstract) In: 146th Nat. meeting of AAAS San 
Francisco, Ca. Jan. 3-8, 1980. 



Foreman, R.E. 1977. Benthic community modification and recovery 
following intensive grazing by Strongylooentrotus droehachiensis.-
Helgolander wiss. Meeresunters. 30:468-484. 

Foreman, R.E. and J. Root. 1975. Macrophyte studies in the Strait of 
Georgia. BERP Rep. 75-2 

Forrester, C. 1969. Life history infoimation on some groundfish species. 
Fish. Res. Bd. Can. Tech. Rep. No. 105. 

Forrester, C. and K. Ketchen. 1963. A review of the Strait of Georgia 
trawl fishery. Fish. Res. Board Can. Bull. 139:81. 

Forrester, CR. and S.E. Smith. 1972. The British Columbia groijndfish 
fisheries in 1971, some aspects of its investigation and related 
fisheries. Fish. Res. Bd. Can. Tech. Rep. No. 338. 

Forrester, CR. and J.E. Smith. 1974. The trawl fishery in the .Strait 
of Georgia and vicinity, 1960-1972. Fisheries Research Board of 
Canada, Nanaimo, B. C. Cir. No. 96. 47 p. 

Fraser, CM. 1929. The spawning and free swimming larval periods of 
Saxidomus and Paphia. Trans. Roy. Soc. Can. Ser. 3, 23(5):195-198 
and 24(5):141-154. 

French, R., H. Bilton, M. Osako ana A. Hartt. 1976. Distribution and 
origin of sockeye salmon {Oncorhynchus nerka) in offshore waters of 
the North Pacific Ocean. Inter. North Pacific Fish. Comm. No. 34. 
113 p. 

Frolander, H.F. 1962. Quantitative estimations of temporal variations 
of zooplankton off-the coast of Washington and B.C. J. Fish. Res. 
Bd. Can. 19(4):657-675. 

Fiilton, J.D., O.D. Kennedy, J. Skelding and K. Stephens. 1969. Data 
record. Physical, chemical and biological data. Strait of (feorgia, 
1968. FRB M.S. Rep. 1049 

Fyfe, R.W., S.A. Tenple and T.J. Cade. 1976. The 1975 North American 
Peregrine Falcon survey. Can Field-Nat. 90:228-273. 

Gabe, S.H. 1975. Reproduction in the giant octopus of the North Pacific. 
Octopus dofleini martini. Veliger 18:196-150. 

Gabrielson, I.N. and F.C Lincoln. 1959. The birds of Alaska. Stackpole 
Co., Harrisburg, Pa., and Wildlife Management Institue, Washington, 
D.C 922 p. 

Gentry, R.L. and D.E. Withrow. 1978. Steller sea lion. In: D.. Haley 
(ed.). Marine Mammals. Pacific Search Press, Seattle, Wa. 166-171 p. 

(feraci, I.R. and T.G. Smith. 1977. Consequences of oil foundings on 
marine mammals In: Malino, D.C. "Effects of Petroleum in Arctic 
and Subarctic Marine Environments and Organisms", Vol. II, Biological 
Effects. Academic Press Inc. N.Y. 



Gilhousen, P. 1962. Marine factors affecting the survival of Fraser 
River pink salmon. In: N.J. Wilimovsky (ed.) Symposiimi on Pink 
Salmon. H.R. MacMillan Lectures in Fisheries, Univ. of British 
Columbia. 105-111 p. 

Gilmore, R.M. 1978. Right whale. In: Haley (ed.) Marine Mammals. 
Pacific Search Press, Seattle, Wa. 62-69 p. 

Godfrey, H., K.A. Henry and S. Machidori. 1975. Distribution and abun
dance of coho salmon in offshore waters on the North Pacific Ocean. 
Inter. North Pacific Fish. Comm. 31. 80 p. 

Godfrey, W.E. 1966. The birds of Canada. Nat. Ntiseum Canada Bull. 203. 
428 p. 

Goodwin, L., W. Shaul and C. Budd. 1979. Larval development of the 
geoduck clam (Panope generosa Gould). Proc. Natl. Shell-fisheries 
Assoc. 69:73-76. 

Green, J. 1968. The biology of estuarine animals. Univ. of Wash. 400 p. 

Greve, W. and T.R. Parsons. 1977. Photosynthesis and fish production: 
Hypothetical effects of climatic change and pollution. Helgolander 
wiss. Meeresunters 30:666-672. 

Guiguet, C.J. 1953. An ecological study of Goose Island, British Columbia, 
with special reference to mammals and birds. Occas. Pap. B.C. Prov. 
Museum 10. 78 p. 

Guiguet, C.J. 1971. An apparent increase in California sea lion Zalophus 
Califomianus (Lesson) and elephant seal Mirounga angustirostris 
(Gill), on the coast of British Columbia. Syesis (4):263-264. 

Guiguet, C.J. 1974. A qualitative inventory of insular mammalian faunas 
from the west coast of Vancouver Is. Syesis 7:71-77. 

Haegel, C.W. 1977. Shoreline vegetation maps of some major herring spawn 
localities on the west coast of Vancouver Is.: Nuchatlis, Nootka 
Sound, Hesquiat Harbour and Barkley Sound. Fish. Mar. Serv. M.S. 
Rep. No. 1430. 

Haegele, C.W. and M.J. Hamey. 1976. Shoreline vegetation maps of Nanoose 
and Ganges Herring Management Units. Fish. Mar. Serv. M.S. Rep. 1408. 

Haegele, C.W. and M.J. Hamey. 1977. Shoreline vegetation maps of some 
major herring spawning localities on the west coast of Vancouver Is.: 
Nuchalitz, Nootka Sound, Hesquiat Harbour and Barkley Sound. Fish. 
Mar. Serv. M.S. Rep. No. 1430. 41 p. 

Haegele, CV/. and M.J. Hamey. 1979a. Shoreline vegetation on herring 
spawning grounds in Clayoquot Sound. Fish. Mar. Serv. M.S. Rep. No. 1536. 

Haegele, C.W. and M.J. Hamey. 1979b. Shoreline vegetation on herring 
spaxvning grounds in Stuart Channel, Strait of Georgia, B.C. Fish. 
Mar. Serv. M.S. Rep. 1534. 



Haegele, C.W. and M.J. Hamey. 1980. Shoreline vegetation on herring 
spawn grounds in Barkley Sound in 1978 compared with similar 
assessments for 1974 and 1975. Fish. Mar. Serv. M.S. Rep. No. 1549. 

Harestad, A.S. 1977. Seasonal abundance of northern sea lions Eunetopias 
jubatus CSchreber), at Mclnnes Island, British Columbia. Syesis 10: 
173-174. 

Harestad, A.S. and H.D. Fisher. 1975. Social behaviour in a nbn-pipping 
colony of steller sea lions {Ewnetopias jubata). Can. J. Zool. 53 
(11):1596-1613. 

Harrison, J. and W.F.A. Buck. 1967. Peril in perspective: an account 
of oil pollution in the Medway Estuary. Spec. Suppl. Kent Bird Rep. 
16. Kent Omith. Soc. 24 p. 

Hart, J. 1973. Pacific fishes of Canada. Fish. Res. Board Can. Bull. 
180. 740 p. 

Hartwick, B. and E. Sian. 1978. Black Oystercatcher. Nature Canada 
7Cl):34-36. 

Hartwick, E.B., P.A. Breen and L. Tullock. 1978(a). A removal experi
ment with Octopus dofleini (Wulker). J. Fish. Res. Bd. Canada 
35:1492-1495. 

Hartwick, E.B., G. Thorarinson and L. Tullock. 1978(b). Methods of 
attack by Octopus dofleini O^l^^er) on captured bivalve and gas- ' 
tropod prey. Mar. Behav. Physiol. 5:193-200. 

Hatler, D.F. 1976. The coastal mink on Vancouver Island, British 
Columbia. Ph.D. Thesis, Univ. of British Columbia, Vancouver. 360 p 

Hatler, D.F., R.W. Cairpbell and A. Dorst. 1978. Birds of Pacific Rim 
National Park. Occas. Pap. B. C. Prov. Museum 20. 194 p. 

Hatler, D.F. and J.D. Darling. 1974. Recent observations of the gray 
whale in British Columbia. Can Field Nat. 88:449-459. 

Hawkes, M.W., CE. Tanner and P.A. Lebednik. 1978. The benthic algae 
of northern B.C. Syesis 11:81-115. 

Healey, M. 1979. Utilization of the Nanaimo River estuary by juvenile 
chinook salmon, Oncorhynchus tshawytscha. Fish. Bull. 77:653-668. 

Helle, J. 1970. Biological characteristics of intertidal and fresh
water spawning pink salmon at Olsen Creek, Prince William Sound, 
Alaska, 1962-3. U.S. Fish and Wildlife Serv. Spec. Scientific 
Rep. Fish. No. 602. 19 p. 

Higgins, R. and W. Schouwenburg. 1973. A biological assessment of fish 
utilization of the Skeena River estuary, with special reference to 
port development in Prince Ripert. DOE, Fish and Mar. Serv. North. 
Op. Br. Tech. Rep. (1973-1) 65 p. 



Hillaby, F.B. and D.T. Barrett. 1976. Vegetation communities of a Fraser 
River salt marsh. FMS Tech. Rep. No. Pac./T-76-14. 

Hoos, L.M. 1975. The Skeena River estuary. Environ. Can. Spec. Estuary 
Ser. No. 3. 418 p. 

Hoos, L.M. and G.A. Packman. 1974. The Fraser River estuary: Status of 
environmental knowledge to 1974. Environment Canada. Spec. Estuary 
Series No. 1. 518 p. 

Hourston, A.S. 1979. Stock assessment for British Columbia herring manage
ment units in 1978 and forecasts of the available roe catch in 1979. 
Fish. Mar. Serv. M.S. Rep. No. 1493. 19 p. 

Jameson, R.J. 197,7. The status of translocated sea otter population in 
the eastern Pacific Ocean. Proc. Conf. on the biology of Marine 
Mammals 2:8 [Abstract only]. 

Johnson, A.M. 1975. The status of northern fur seal populations. 
In: Rapp. P.-v. R6un. Cons. Int. Explor. mer. 169:263-266. 

Johnson, K.W. 1979. The relationship between Mytilus edulis larvae in 
the plankton and settlement in Holmes Harbour, Washington. Proc. 
Nat. Shellfisheries Assoc. Vol. 69. 203 p. 

Johnson, M.W. 1930. Notes on the larval development on Strongylooentro
tus franaisoanus. Pub. Puget Sound Biol. Sta. 7:401-407. 

Johnson, W.E. 1976. British Columbia Fisheries - the potential and the 
future. I. The resource. Summary of Presentations at the 31st Annual 
Meeting of the Fisheries Council of Canada. Fish, and }J\a.x. Serv., 
Pacific Region. 

Kasahara, H. 1961. Fisheries resources of the north Pacific Ocean. Part 
I. H.R. MacMillan Lectures in Fisheries, Univ. of British Columbia. 
135 p. 

Kelly, B.P. 1979. Color polymorphism in Pacific Harbour Seals, Phoaa 
vitulina Riahardsi. Abstract. Third Biennial Conference on the 
Biology of Marine f̂ ammals. October 7-11, 1979. Seattle, Wa. 

• Kenyon, K.W. 1969. The sea otter in the eastern Pacific Ocean. North 
American Fauna, No. 68. 352 p. 

Kenyon, K.W. and U.B. Scheffer. 1955. The seals, sea lions and sea otters 
of the Pacific Coast. U.S. Dep. of Interior. Fish, and Wild. Serv. 
Circ. 32. 34 p. 

Ketchen, K.S. 1956. Factors influencing the survival of the lemon sole 
(Parophrys vetulus) in Hecate Strait, British Columbia. J. Fish. 
Res. Bd. Can. 13:647-694. 



ICetchen, K.S. 1979. An overview of the Strait of Georgia winter trawl 
fishery, 1951-1952 to 1977-1978. Fish. Mar. Serv. M.S. Rep. No. 1511. 
63 p. 

Ketchen, K.S. (ed.) 198Q. Assessment of groundfish stocks off the west 
coast of Canada. Can. Data Rep. of Fisheries and Aquatic Sciences 
No. IBS. 213 p. 

Kistritz, R.U. 1978. An ecological evaluation of Fraser estuary tidal 
marshes: The role of detritus and the cycling of elements. West-
water Research Centre, Univ. of British Columbia. Tech. Rep. No. 15. 

Kistritz, R.U. and I . Yesaki. 1979, Primary production detritiis flux, 
and nutrient cycling on a sedge marsh, Fraser River estuary. West-
water Research Centre, Univ. of British Columbia. Tech. Rep. No. 17. 

Kitimat Pipe Line Ltd. 1976. Tempol submission re marine terminal at 
Kitimat, B.C, Volume IV, Appendix X I . Environmental Maps. 

Knapp, W. and P. Futer. 1978. Fisheries resources of Fisheries and Marine 
Service Statistical Areas 17 and 18 related to MacMillan Bloedel 
Harmac Pulp Mill and B.C. Forest Products Crofton Pulp Mill. Dep. 
of Fisheries and Oceans Man. contained in Enviromnental Protection 
Service, Pacific Region, Regional Program Rep. No. 79-8; 1979. 

Kooyman, G.L. 1974. Behaviour and physiology of diving. In: B . Stone-
house (ed.). The biology of penguins. MacMillan Press, London. 
115-138 p. 

Kozloff, E.N. 1973. Seashore l i f e of Puget Sound, the Strait of Georgia 
and the San Juan archipelago. J.J. Douglas Ltd., Vancouver, B.C. 
282 p. 

Kuhnold, W.W. 1970. The influence of crude o i l on fish fry. FAD Tech. 
Conf. Mar. Pol., Rome. Paper FIR:MP/70/E-64. 

Lane, R.K., J. Butters, W. Atkinson and H.J. Hollister. 1961a. Oceano
graphic data record. Coastal Seaways Project. February 6 to March 
2, 1961. Fish. Mar. Serv. M.S. Rep. No. 91. 

Lane, R.K., W.R. Harling and H.J. Hollister. 1961. Oceanographic data 
record. Coastal Project. November 27 to December 9, 1960. Fish. 
Mar. Serv. M.S. Rep. No. 84. 

Lane, R.K., A.M. Holler, J.M. Meikle and H.J. Hollister. 1961b. Oceano
graphic data record. Nfonitor and Coastal Project. March 20 to April 
14, 1961. Fish. Mar. Serv. M.S. Rep. No. 94. 

Lane, R.K., J.H. Meikle and H.J. Hollister. 1960a. Oceanographic data 
record. Coastal Project. May 4-14, 1960. Pish. Mar. Serv. M.S. 
Rep. No. 70. 

Lane, R.K., J.H. Meikle and H.J. Hollister. 1960b. Oceanographic data 
record. Coastal Project June 6-16, 1960. Fish, Mar. Serv. M.S. 
Rep. No. 76. 



Leaman, B.M. 1976a. The association between black rockfish (Sebastes 
melanops gircwd) and beds of the giant kelp (Macroaystis intogritolia 
bory) in Barkley Sound, British Columbia. M.Sc. Thesis, Univ. of 
British Columbia. 108 p. 

Leaman, B.M. 1976b. The ecology of fishes in British Columbia kelp beds: 
Barkley Sound Nereocystis beds. Rep. for the Mac. Res. Branch, 
British Columbia Dep. Rec. and Cons. 108 p. 

Leatherwood, J.S. and M.W. Dalheim. 1978. Worldwide distribution of pilot 
and kiler whales. NOSC TR 295 San Diego, Ca. 39 p. 

Leatherwood, J.S. and R.R. Reeves. 1978. Porpoises and Dolphins. In: 
D. Haley (ed.) Marine Mammals. Pacific Search Press. 96-111 p. 

LeBrasseur, R.J. 1965a. Biomass atlas of net zooplankton in the north
eastern Pacific Ocean, 1955-1964. Fish. Res. Bd, Canada. M.S. Rep. 
Ser. No. 201. 

LeBrasseur, R.J. 1965b. Seasonal and anniial variations of net zooplank
ton at Ocean Station P. 1956-1964. Fish. Res. Bd. Canada. M.S. Rep. 
No. 202. 

LeBrasseur, R.J. 1966. Stomach contents of salmon and steelhead trout 
in the northeastern Pacific Ocean. J. Fish. Res. Board Can. 
23:85-100. 

LeBrasseur R.J., W. Barraclough, 0. Kennedy and T. Parsons. 1969. Pro
duction studies in the Strait of Georgia. Part III. Observations 
on the food of larval and juvenile fish in the Fraser River plume, 
February to May, 1967. J. Exp. Mar. Biol. Ecol. 3:51-61. 

Lee, J.C. and N . Bourne. 1976. Marine resource inventory of Pacific Rim 
National Park. Fisheries Research Board of Canada. Manuscript Rep. 
Series No. 1389. 236 p. 

Lee, J.C. and N. Bourne. 1977. Marine resource inventory of Pacific Rim 
National Park - 1976. Fisheries and Marine Service Manuscript Rep. 
No. 1436. 375 p. 

Lee, J.C. and N. Bourne. 1978. Marine resource inventory of Pacific Rim 
National Park - 1977. Fisheries and Marine Service Manuscript Rep. 
No. 1467. 198 p. 

Lee, J.C. and N. Bourne. 1979. f'larine biophysical inventory of Pacific 
Rim National Park - 1978. Fisheries and Marine Service Manuscript 
Rep. No. 1514. 194 p. 

Lee, R.K.S. 1966. Development of marine benthic algal communities on 
Vancouver Island, British Columbia. In: The evolution of Canada's 
flora (R.L. Taylor and R.A. LuAvig, eds). Univ. Toronto Press, 
Toronto. 100-120 p. 

Legare, J.E.H. 1957. The qualitative and quantitative distribution of 
plankton in the Strait of Georgia in relation to certain oceano
graphic factors. J. Fish. Res. Bd. Can. 14:521-552. 



Lewis, A.G. 1973. Monthly nutrient and chlorophyll values for Juan de 
Fuca Strait, June - December 1973. Institute of Oceanography., 
Univ. of British Columbia. Data Pre. No. 40. 

Lie, U. 1968. A quantitative study of benthic infauna in. Puget Sound, 
Washington, U.S.A. in 1963-1964. Fiskeridirektoratets Skrifter 
Serie Havunders^kelsen Vol. 14, No. 5:229-556. 

Limbaugh, C. 1955. Fish li f e in the kelp beds and the effects of har
vesting. Univ. Calif. Inst. Mar. Res. IMR REF 55-9 158 p. 

Littlepage, J.L. 1971. Zooplankton survey of Trevor Channel, Barkley 
Sound. Bamfield Mar. Sta., Rep. No. 2:31-33. 

MacAskie, I.B. 1971. A sea otter transplant to British Columbia. 
Fisheries of Canada 23:3-9. 

f-lacAskie, I.B. 1975. Sea otters, a third transplant to British Columbia. 
The Beaver. Spring:9-11. 

MacFarlane, S.A. and M. Yamamoto. 1974. The sqvdd of British Columbia 
as a potential fishery resource - a preliminary report. Fish. Res. 
Bd. Canada Tech. Rep. No. 447. 

Magoon, CD. 1979. Potential for mussel culture in Budd Inlet, Wash. 
Proc. Nat. Shellfisheries Assoc. 69:203-204. 

MacKay, W.C.G. 1942. The Pacific edible crab. Cancer magister. Bull. 
Fish. Res. Bd. Canada No. 62, 32 p. 

Major, R.L., J. Ito and H. Godfrey. 1978. Distribution and origin of 
chinook salmon {Oncorhynchus tshawytscha) in offshore waters of the 
North Pacific Ocean. Inter. N. Pacific Fish. Comm. No. 38 

Manser, J. 1969. Stomach contents of juvenile salmon in Chatham Sound 
and adjacent waters. J. Fish. Res. Board Can. 26:2219. 

Manzer, J.I. 1956. Distribution and movement of young Pacific salmon 
during early ocean residence. Fish. Res. Board Can. Pac. Progr. Rep. 
106:24-28. 

Manzer, J.I. and M.P. Shepard. 1962. Marine survival, distribution and 
migration of pink salmon (Oncorhynchus gorbuscha) of the B.C coast., 
113-122 p. In: N. Wilmovsky (ed.) Sympos. on Pink Salmon. Inst. Fish. 
Univ. of British Columbia. 231 p. 

Martin, P.W. and M.T. Myres. 1969. Observations on the distribution 
and migration of some seabirds off the outer coasts of British Columbia 
and Washington State, 1946-1949. Syesis 2:241-256. 

Mason, J. 1974. Behavioural ecology of chum salmon fry (Oncorhynchus keta) 
in a small estuary. J. Fish. Res. Board Can. 31:83-92. 



Mate, B.R. 1976. "Aerial censusing of pinnipeds in the eastern Pacific 
for assessment of the population nvmbers, migratory distributions, 
rookery stability, breeding effect, and recruitment". Final report 
for NMC contract mSA C025, NTIS Pub. PB-265859 67 p. 

McAllister, CD. 1962. Measurements of primary production at Ocean 
Station "P". FRB, MS Rep. Ser. 137. 

McAllister, CD., T.R. Parsons and J.D.H. Strickland. 1959. Data record, 
ocean fertility and p r o d u c t i A r i t y measurements at ocean station "P". 
Fish. Res. Bd. Canada M.S. Rep. Ser. No. 55. 

McDaniel, N.G. 1973. A survey of the benthic macroinvertebrate fauna 
and solid pollutants in Howe Sound. Fish. Res. Bd. Canada Tech. Rep. 
No. 385. 

McElderry, H.I. 1979. A conparative study of the movement habits and 
their relationship to buoyancy condensation in two species of shallow 
reef rockfish (pisces, scorpaenidae). M.Sc. Thesis, lAiiversity of 
Victoria. 168 p. 

NfcEwan, E.H., N. Aitchison and P.E. Whitehead. 1974. Energy metabolism 
of oiled muskrats Can. J. Zool. 52:1057-1062. 

Mclnerney, J. 1964. Salinity preference: an orientation mechanism in 
salmon migration. J. Fish. Res. Bd. Can. 21:995-1018. 

Miller, D.C. 1974. Abalone and sea urchin survey 1974. Federal Prov
incial Cost Shared Project. B.C. Dep. Rec. and Cons./ Environment 
Canada. 

Miller, D.J. and J.J. Geibel. 1973. Summary of blue rockfish and ling-
cod l i f e histories; a reef ecology study; and giant kelp, macrocystis 
pyrirera, experiments in Nbnterey Bay, California. Cal. Dep. Fish 
and Game. Fish. Bull. No. 158:137 p. 

Mitchell, E. 1978. Finno Whales In: D. Haley (ed.) Marine Mammals 
Pacific Search Press, Seattle, Wa. 36-45 p. 

Moody, I.A. . 1978a. Growth and distribution of the vegetation of a south
western Fraser delta marsh. M.Sc. Thesis, Dep. Plant Sci. Univ. of 
British Columbia. 

Moody, R. 1978b. Habitat, population and leaf characteristics of Zostera 
marina L. on Roberts Bank. M.Sc. Thesis, Dep. Plant Sci. Univ. o f British 
Columbia. 

Morris, S. and A. Leany. 1980. The Somass River estuary. Status of 
environmental knowledge to 1980. Special Estuary Series No. 9. 
Environment Canada. 

Moulton, L.L. 1977. An ecological analysis of fishes inhabiting the 
rocky nearshore regions of northern Puget Sound, Washington, Ph.D. 
Thesis, Univ. of Washington, Seattle. 144 p. 

Nfyres, M.T. 1972. Radar observations of three probable transoceanic m i g r a 
tory movements across the Gulf of Alaska in spring 1965. Syesis 5:107-116. 



Naiman, R.J. and J.R. Siebert. 1979. Detritus and juvenile salmon pro
duction in the Nanaimo estuary: III. Important o£ detrital carbon 
to the estuarine ecosystem. J. Fish Res. Bd. Can. 36(5):504-520. 

Ncave, F . 1966. Salmon of the North Pacific Ocean - Part III. A review 
of the life history of North Pacific salmon - 5. Pink salmon in British 
Columbia. Int. North. Pac. Fish. Comm. Bull. 18:71-79. 

. iNeave, F., T. Yonemori and R.G. Bakkala. 1976. Distribution and origin 
of chum salmon in offshore waters of the North Pacific Ocean. Inter. 
N. Pac. Fish. Comm. No. 35. 79 p. 

Nelson, R.W. 1978. The Queen Charlotte Islands Peregrine Falcon popu
lation: observations, predictions, and recommendations. Unpub. rep. 
by the author. 18 p. 

• Nikolaev, A.M. and V.A. Skalkin. 1963. 0 pitanii Kuril' skikh kalanov 
[The diet of the Kamchatka sea otter in the Kurile Islands]. Sakhalinsk. 
Konpleksuyi Nauchn. - Issled. Inst. 14:54-78. 

Nishiwaki, M. 1967. Distribution and migration of Marine Mammals in the 
North Pacific area. Bull, of the Ocean Research Inst. University 
of Tokyo. 64 p. 

Nishiwaki, M. 1972. General biology. In: S.H. Ridgeway (ed.) Mammals of the 
Sea, Biology and Medicine. Chap. 1, p. 1-204. Charles C. Thomas, 
Springfield, I.U. 

Nishiwaki, M. and C. Harda. 1958. Killer whales caught on the coast of 
Japan in recent 10 years. Sci. Rep. Whales Res. Inst. 13:85-96. 

Northcote, T. 1974. Biology of the lower Fraser River: A review. 
Westwater Research Centre Tech. Rep. No. 3. 94 p. 

Nyblade, C.F. 1978. The intertidal and shallow subtidal benthos of the 
Strait of Juan de Fuca spring 1976-winter 1977. Prepared U. of 
Washington, Friday Harbour Lab., Marine Ecosystems Analysis Prog, 
for NOAA Tech. Memo. ERL MESA-26 156 p. 

Nyblade, C.F. 1979. The Strait of Juan de Fuca intertidal and subtidal 
benthos. Second Annual Report: Spring 1977-Winter 1978. Inter
agency Energy/Environment R̂ D Program Report. NESA Puget Sound 
Project, Seattle, Wash. 

O'Connell, G.W. 1977. Species and sediment conposition of the benthos 
in the vicinity of Clover and McCatday Points, Victoria, British 
Columbia. By Dobrocky Seatech Ltd. for the Capital Regional District 
of Victoria. 

Pacific Oceanographic Grotp. 1958a. Physical, chemical and plankton 
data record. Coastal Surveys April 25 to December 17, 1957. Fish. 
Mar. Serv. M.S. Rep. No. 17. 



Pacific Oceanographic Group. 1958b. Physical, chemical and plankton data 
record. North Pacific Survey, March 11 to April 10, 1958. Fish. Mar. 
Serv. M.S. Rep. No. 16. 

Pacific Oceanographic Group. 1959a. Oceanographic data record. North Pacific 
Survey, August 4 to September 1, 1959. Fish. Mar. Serv. M.S. Rep. No. 52. 

Pacific Oceanographic Group. 1959b. Oceanographic data record. North Pacific 
Survey, August 4 to September 1, 1959. Fish. Mar. Serv, M.S. Rep. No. 54. 

Packi^n, G.A. 1979. Pisces dives in ocean disposal areas adjacent to 
the Quarantine Buoy, Victoria, B. C. Env. Prot. Serv. Internal 
>femorandum. 

Packman, G.A., R.A.W. Hoos and W.N. Holman. 1975. Ocean Falls environ
mental surveillance program, 1974. Env. Prot. Serv. Surveillance 
Report No. EPS5-PR-75-2. 

Paine, R.T. 1974. Intertidal community structure. Oecologia 15:93-120. 

Palmer, R.S. (ed.) 1962. Handbook of North American birds. Vol.1., 
loons through flamingos. Yale University Press, New Haven. 567 p. 

Palmer, R.S. (ed.) 1976a. Handbook of North American birds. Vol. 3., 
waterfowl (part 2). Yale University Press, New Haven. 560 p. 

Palmer, R.S. (ed.) 1976b. Handbook of North American birds. Vol. 2, 
waterfowl (part 1). Yale University Press, New Haven. 521 p. 

Parsons, T.R. 1965. A general description of some factors governing 
primary production in the Strait of Georgia, Hecate Strait and Queen 
Charlotte Sound. Fish. Res. Bd. Can. M.S. Rep. (Oceanog. Limnol.) No. 193 

Parsons, T.R. 1980. Is the Strait of Georgia becoming eutrophic? J. Fish. 
Aquat. Sci. 37:1043-1047. 

Parsons, T.R. and G.C. Anderson. 1970. Large scale studies of primary 
productivity in the north Pacific Ocean. Deep-Sea Research 
17:765-776. 

Parsons, T.R. and R.J. LeBrasseur. 1970. The availability of food to 
different trophic levels in the marine food chain. In: J.H. Steele 
(ed.) Symp. on Marine Food Chains. Oliver and Boyd. 

Parsons, T.R. R.J. LeBrasseur and W.E. Barraclough. 1970. Levels of 
production in the pelagic environment of the Strait of Georgia, 
B.C. A review. J. Fish. Res. Bd. Can. 27:1251-1264. 

Parsons, T.R., R.J. LeBrasseur, J.D. Fulton and O.D. Kennedy. 1969b. 
Production studies in the Strait of Georgia. Part 2. Secondary 
production under the Fraser River plume, Feb. to May, 1967. J. exp. 
mar. Biol. Ecol., 3:39-50. 



Parsons, T.R., K. Stephens and R.J. LeBrasseur. 1969a. Production studies 
in the Strait of Georgia. Part 1. Primary production under the Fraser 
River plume, Feb. to May, 1967. J. Exp. Mar. Biol. Ecol. 3:27-38. 

Pearcy, W.G. 1970. Vertical migration of the ocean shrimp, Pandalus 
jordani; a feeding and dispersal mechanism. Cal. Dep. Fish and Game 
56(2):125-129. 

Peterson, R.S. and G.A. Bartholomew. 1967. The natural history and be
haviour of the California sea lion. Am. Soc. Mammal Spec. Pub. 
No. 1, 79 p. 

Phinney, D. 1968. Distribution, abundance and growth of postmolt sockeye 
salmon in Chignik Lagoon, Alaska. M.S. Thesis, Univ. Wash. 150 p. 

Pike, G.C. 1960. Pacific Striped Dolphin, Lagenorhynchus obliquiders, 
off the coast of British Columbia. J. Fish. Res. Bd. Can., 17:10-12. 

Pike, G.C. 1962. Migration and Feeding of the Gray Whale Esahriohtius 
robustus. J. Fish. Res. Bd. Can. 19(5):815-838. 

Pike, G.C. and I.B. MacAskie. 1969. Marine Mammals of B.C. Fish. Res. Bd. 
of Can., Ottawa. Bull. No. 171. 54 p. 

Pike, G.C. and B.E. Maxwell. 1958. The abundance and distribution of 
northern sea lion [Eimetopias jubata) on the coast of B.C. J. Fish. 
Res. Bd. Can. 15(1):5-17. 

Pinkas, L. 1972. California marine fish landings for 1972. Ca. Dep. Fish, 
and Game. Fish. Bull. 161:1-53. 

Prakash, A- 1962. Seasonal changes in feeding of coho and chinook (spring) 
salmon in southern British Columbia waters. J. Fish. Res. Bd. Can. 
19:851-866. 

Pritchard, A.L. and A.C. DeLacy. 1944. ffigration of pink salmon (Oncor
hynchus gorbuscha) in southern British Coltmibia and Washington in 
1943. Fish. Res. Bd. Can. Bull. 66:23 p. 

Quast, J.C. 1968a. Fish fauna of the rocky shore zone. In: Utilization 
of the Kelp Bed Resources in Southern California. W.J. North and 
C.I. Hubbs, (ed.). Cal. Dep. Fish and Game. Fish. Bull. No. 139:35-55. 

CJuast, J.C. 1968b. Some physical aspects of the inshore environment, 
particularly as i t affects kelp bed fishes. In: Utilization of the 
Kelp Bed Resources in Souther California. W.J. North and C.I. Hubbs, 
(ed.). Cal. Dep. Fish and Game. Fish. Bull. No. 139:25-34. 

Quast, J.C. 1968c. Estimates of the populations and the standing crop of 
fishes. In: Utilization of the Kelp Bed Resources in Southern Cali
fornia. W.J. North and C.I. Hubbs, (ed.). Cal. Dep. Fish and Game, 
Fish. Bull. No. 139:57-79. 



Quayle, D.B. 1961. Deep water clam and scallop survey in British Columbia, 
1960. Fish. Res. Bd. Can. Man. Rep. No. 717. 

Quayle, D.B. 1963. Deep water clam and scallop survey in British Colvmibia, 
1961. Fish. Res. Bd. Can. Man. Rep. No. 746. 

Quayle, D.B. 1969. Pacific oyster culture in British Columbia. Fish. Res. 
Bd. Can. Bull. 169. 

Quayle, D.B. 1971. Growth, morphometry and breeding in the British Columbia 
abalone {Haliotis kamstaohatkana Jonas). Fish. Res. Bd. Can. Tech. Rep. 
279. 84 p. 

Quayle, D.B. and N.B. Bourne. 1972. The clam fisheries of British Columbia. 
Fish. Res. Bd. Can. Bull. 179. 70 p. 

Reimers, P. 1971 The length of residence of juvenile fall chinook salmon 
in Sixes River, Oregon. Ph.D. Thesis, Oregon State Univ. Corvallis, 
Ore. 99 p. 

Rice, D.W. 1968. Stomach contents and feeding behaviour of killer whales 
in the eastern North Pacific. Norsk. Hvalfargst. - tid 2:35-38. 

Rice, D.W. 1974. IVhales and whale research in the eastern North Pacific. 
In: W.E. Scheville (ed.) The Whale Problem: A Status Report. Harvard 
Univ. Press, Cambridge. 

Rice, D.W. 1977. A l i s t of the marine mammals of the world. National 
Oceanic and Atmospheric Administration Technical Report. NMFS-SSRF-
711. 15 p. 

Rice, D.W. 1978. Beaked whales. In: Haley (ed.) Marine Mammals. Pacific 
Search Press, Seattle, Wash. 

Rice, D.W. and A.A. Wolman. 1971 The li f e history and ecology of the gray 
whale {Eeahrichtius robustus). Am. Soc. of Mammalogists, Spec. Pub. 
No. 3, 142 p. 

Ricketts, E.F. and J. Calvin. 1968. Between Pacific ties. 4th ed. 
J.W. HEdgpeth. Stanford University Press, California. 614 p. 

• Robertson, I. 1972. Studies on fish-eating birds and their influence on 
stocks of the Pacific herring,. Clupea pallasii, in the Gulf Islands 
of British Columbia. Unpub. Rep., Can. Wildlife Serv., Delta, B.C. 28 p. 

Robertson, I. 1972. An inventory of seabirds occuring along the west coast 
of Canada. Part II: the shoreline and inlet zone. Unpub. Rep., Can. 
Wildlife Serv., Delta, B.C. 64 p. 

Rosenthal, R.J. 1980. Shallow water fish assemblages in the north-eastern 
Gulf of Alaska: Habitat evaluation, species composition, abundance, 
spatial distribution, and trophic interaction. Prepared for NOAA, OSCEAP 
program. 84 p. 



Rosenthal, H. and D.F. Alderdice. 1976. Sublethal affects of environmental 
stressors, natural and pollutional, on marine fish eggs and larval. 
J . Fish. Res. Bd. Can. 33:2047-2065. 

Savard, J.P. 1979. Marine birds of Dixon Entrance, Hecate Strait and 
Chatham Sound, B.C., during fall 1977 and winter 1978. Unpub. Rep. 
Can. Wildlife Serv., Delta, B.C. 106 p. 

Scagel, R.F. 1961. Marine Plant Resources in British Columbia. Fish. Res. 
Bd. Can. Bull. No. 127. 39 p. 

Scagel, R.F. 1973. Marine benthic plants in the vicinity of Bamfield, 
Barkley Sound, British Columbia. Syesis 6:127-145. 

Scheffer, V.B. 1978. False Killer Whale. In: D. Haley (ed.) Marine 
Mammals. Pacific Search Press, Seattle, Wash. 

Scheffer, V.B. and J.W. Slipp. 1948. The whales and dolphins of Washington 
State with a key to the cetaceans of the west coast of North America. 
Am. Midi. Natur. 39(2):257-337. 

Scott, R.B. 1974. People of the southwest coast of Vancouver Is. Prev. Publ. 
Sealy, S.G. 1975a. Feeding ecology of the Ancient and Marbled Murrelets 

near Langara Island, British Columbia. Can. J. Zool. 53:418-433. 
Sealy, S.G. 1975b. Aspects of the breeding biology of the Marbled Murrelets 

in British Columbia. Bird-Banding 46:141-154. 
Sealy, S.G. 1976. Biology of nesting Ancient Murrelets. Condor 78:294-306. 
Simenstad, CA., W.J. Kinney and B.S. Miller. 1980. Epibenthic zooplankton 

assemblages at selected sites along the Strait of Juan de Fuca. NOAA 
Technical Memorandum ERL MESA-46. 

Simenstad, C.A., B.S. Miller, CF. Nyblade, K. Thomburgh and L.J. Bledsoe. 
1979. Food web relationships of northern Puget Sound and the Strait of 
Juan de Fuca, a synthesis of available knowledge. Prepared by MESA Puget 
Sound Project, Seattle, Wash., for U.S. E.P.A., Washington, D.C. 335 p. 

Smith, G.F. and H.H. Webber. 1978. A biological sajipling program of inter
tidal habitats of northern Puget Sound. Prepared by Western Washington 
U. for Washington State Oil Baseline Program. 311 p. 

Smith, H.D. 1972. Juvenile salmon and trout in the Nanaimo River and estuary 
in relation to the proposed assembly wharf expansion. Fish. Res. Bd. 
Can, M.S. Rep. Ser. 1190:13 p. 

Smith, I, 1969, The sea otter: a fresh start. Western Fish and Game, 
4(6):26-28,48,50-52, 

Smith, I,D, 1972, Sea lions wintering along the outer coast of Vancouver 
Island, J, Fish, Res, Bd. Can. 29:1764-1766. 



Smith, I.D. and D.A. Blood. 1972. Native swans wintering on Vancouver 
Island over the period 1969-1971. Can. Field-Nat. 86:213-216. 

Smith, J.E. 1976. Catch and effort statistics of the Canadian groundfish 
fishery on the Pacific Coast in 1975. Fish, and Mar. Serv. Tech. Rep. 
657: 73 p. 

Smith, J. 1977. Catch and effort statistics of the Canadian groundfish 
fishery on the Pacific coast in 1976. Fish, and Mar. Serv. Tech. Rep. 
736: 83 p. 

Sowls, A.L., S.A. Hatch and C.J. Lensink. 1978. Catalog of Alaskan sea-
bird colonies. U.S. Fish. Wildlife Serv., Biol. Serv. Program FWS/OBS 
-78/78. 

Spalding, P.J. 1964. Conparative feeding habits of the fur seal, sea 
lion and harbour seal on the B.C. coast. Fish. Res. Bd. Can. Bull. 
No. 146. 52 p. 

Spencer, G.J. 1932. The commercial crab. Cancer magister Dana, in 
Clayoquot Sound, Vancouver Island. Biological Board of Canada, Bull. 
No. XXX. 
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