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South ceocast of Vancouver

1.0 INTRODUCTION _ c.1 v vi bagy Ve

1.1 THEVCOASTAL RESOURCES FCLIO PROJECT

The purpose of the Coastal Resources Folio FProject
is to provide an inventory and synethesis of existing biophy-
sical and land/water use information in a format useful for
environmental assessménts, integrated and single purpose
planning and management programs, coast-wide and regional
resource allocation studies, and the identification of
baseline study needs. ' : '

The Coastal Resources Folio Project was initiated by
the Lands Directorate, Environment Canada in the fall of
1979. The first product - Coastal Resources Folio:East Coast
of Vancouver Island (Race Point to Hatch Point and adjacent

islands) was published in November 1981. The east coast of

Vancouver Island study provided the opportunity to develop

methods and approaches for collecting, analyzing and present-
ing data, as well as to obtain feedback from agencies involved
in coastal research, inventory planning and management '
programs. : :

This follo - Coastal Resources Folio; South Coast of
Vancouver Island - is the second of an on- going series for the
British Columbia Coastal Zone. : :

1.2 THE STUDY AREA

- The south Vancouver Island resources folio study
area extends from Hatch Point, south of Duncan to Ledinghanm
Creek, west of San Simon Point. The seaward boundary in Haro
and Juan de Fuca Straits is the international border between
Canada and the United States of America.

The 1andmark boundary extends to approximately the
150 metre (500 foot) elevation.

1.3 METHODOLOGY

The following steps are used to develop the Coastal
ReSOurces Folio:

-~ Overall purpose, approach and content of folio.deeel—
oped; :

-~ 'Meetings held with selected federal, provincial and
local agencies to seek advise on priorities and to lo-
cate sources of baseline information;

MINISTRY OF ENVIRONMENT, LANDS AND PARKS

MINISTRY LIBRARY
PO BOX 9348 STN PROV GOVT

VICTORIA BC VW 9Mi



- 1Initial selectilon of criteria fpr‘each‘theme made and.-

the collection of baseline information begun;

-~ Contacts with agency_pé;sonnel madelto ébtaih:baseliﬁe
"data and advice on the type ‘of 1nformation”that:shou1d
be*presented.in_the Folioj '

- Ihformation'transfe:red to—wdtkingu@aps, tabies'and.
‘reports; ' : ' '

— Limited field work supported by air photo and video tape
‘interpretation undertaken toO £ill some data gaps Iin

"'shore process information, marine vegetation. and land/
waber uses; ' :

-~ Documents edited, finalized and_pubiiéhed}-

1.4 -USE AND LIMITATIONS

1.4.1 Potential'Use

A concerted effort has been made to ensure that the
data presented in the Folio are technically correct and a true
reflection of the original collected-informatioﬁ, An éffott
has also been made to portray {nformation in its primary - '
baseline form. The transformation of the baseline data into .
such interpretations as erosion hazards, environmental sensi-
tivities, urban suitability,.biological‘productivity and po-
tential uses or conflicts, are left to the user who will have
his/her own specific management responsibilities, criteria and
information needs. : S ‘

1.4.,2 Limitations
The fellowing limitarions are inherent in the Folio:

1. The Folio is only as complete and accurate as the informa-
tion upon which it is based. Primary data sources arTe
frequently-not:consistent-inrformat, quality, -level of
detail, or date of collection. In other instances base-
line data may be absent or not readily available.

2. The Land/Water Use and Status them maps and tables, be-
cause of the nature of the information base, become
quickly outdated. This is . particularly true of foreshore
lease ‘information. — : '




3. The scale of presentation at 1:50,000 is not suited for
site-specific investigations. Pockets of marine vegeta-
tion, small parks or minor land use zones areas, for ex-—
ample cannot be depicted at this scale. Further, in
the transferring of information from one scale to another,
errors in the placement of boundaries can result. For de-
tailed analysis, the original source documents should al-
ways be consulted.

4. The marine substrates, physical shore zone, secaweeds.
and saltmarshes data were supplemented by aerial photo
and video tape interpretations. Verification by field
checks was 1limited.

The Lands Directorate, Department of the
Environment, welcomes comments on the use and limitations of
the Folio in order that jmprovements can be made to subsequent .
Cocastal Resources "Folio documents.

1.5 FOLIO CONTENT AND FORMAT

1.5.1 Folio Content

The Coastal Resources Folio contains the follow1ng
six separate sections.

Section 1.0 INTRODUCTION
.1 The Coastal Resources Folio Project
.2 The Study Areas
-3 Methedology
4 Use and Limitations
.5 Folio Content and Format
.6 Availability and Coverage
Section 2.0 COASTAL RESOURCES MAP SERIES (1:50,000)
.1 Marine Sediments
.2 Physical Shorezone
“:%7,2‘ Physical Shorezome Units Table
.3 Generalized Terrain Limitations ‘
b Oceanography - Temperature and Salinity
¢S5 Water Resources: Discharge, Use and
: Contamination
.6 Seaweeds, Saltmarshes and Marine
Mammals '
.7 Marine Bird Surveys

.8  Fish and Shellfish Resources
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6.1
I6..2
_.6;3

L
Voo W

-

_Generalized Zoning and Marine Facili~
ties

Land/Water Use Plans and Proposals
Selected Adminlstrative Boundaries
Land/Water Status

‘Recreational Areas, Speeial"Feaﬁﬁres

and Access

fLAND/WATER USE AND S5TATUS TABLES.

Regional and Local Zoning

Marinas, Bulk 0il Storage Facilitjes
and Sewage Systems and Treatment'
Land Use Plans and Proposals

Heavy Industrial Zones

'Land Water Status

'COMPANION REPORT

Introduction

The -Southeast -Coast EconOmy
General Setting

Tourism

Agriculture

The Forest Industry

The Fishing Industry .
General Physical Features
Physiography

Geology

Soils

Cllmate_

Phy51cal Oceanography

Water Resources _
Biological Resources
Terrestrial Vegetation
Seaweeds and Saltmarshes
Marine Mammals

Marine Birds ..

Fish ‘and Shellfish Resources
Rec:eatlonal Resources
Competition for Space and Resources
Access ' '
Pollution

Physical Process and Energy

Regional Wave Climate
Circulation
Sedjmentatipn, .
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6.4 Atmospheric Mixing.
6.5 Seismicity B
.7 ~ Factors of Biological Productivity
1 The Area
2 The Physical/Chemical Environment
.7.3 Primary Production - Phytoplankton
4 Primary Production - Seaweeds and
Saltmarshes. '
.8 The Administration and Hanagement of
Coastal Resources '
Introduction
The Administration of Coastal Land
Water Management
Local Planning

[ 2w oRe o o}
- w

Section 5.0 SCURCES
.1 Introduction
.2 Coastal Resources Map Series (1:50, 000)
.3 Land/Water Use Tables
<4 Companion Report

1.5.2 Intent of Foiio Sectionst

1.0 INTRODUCTION

The introductory_sectidn is designed to inform the
reader as to the purpose, content and availability of the
folio. : ' ' i

2.0 COASTAL RESQURCES MAP SERIES (1:50,000)"

The intent of this sectiom is to portray in a stand-
ardized form, all available and relevant (spat1al and/or point
source) information for each of the 13 themes. The maps are
designed to permit the overlay of any combination of two or
more theme maps. Such an approach was developed in recogni-
tion of the value and use of overlay analysis techniques to
regional planning, in initial assessments of project propo-
sals, and in the derivation of secondaty information based
upon the comparison and/or combination of different data sets.

3.0 LAND/WATER USE AND STATUS TABLES

This tabular information along with descriptiﬁe _
highlights, provides quantitative and deétailed data on such’

'subJects as areas of foreshore leases, the present use and
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and ownershlp of industrial zones and the services provided at
marinas.

4.0 'COMPANION REPORT

The purpose of the Companlon Report is to provide a
summary of existing and selected information on coastal
resource values uses, and processes. The Companion Report is
a compllatlon of information on. many topics and is designed to
complement those themes and, subjects portrayed in the Coastal
Resources Map’ ‘Series.

5.0 SOURCES

The Sources Sectlon prov1des a 115t of information
sources pertinent to the study area. Sources are organlzed
under the same headings as the prev1ous sections. 1In addition
to a bibliography, the Sources Section includes other primary
data sources such as agerial photographs, field surveys, com-~
puter print-outs, zonlng by laws, and personal communications.

1.5.1 TFolio Format

The Coastal Resources Folio consists of two
documents:

Volume .I is am Atlas containing Section 1.0
Introductlon Section 2.0 Coastal Resources Map Series .
(1:50, 000) and Section 3.0 Land/Water Use and Status Tables.
Volume I consists of three separate folios - one for each of
the three base maps areas. :

Volume II, which applles to the entire study area is
a Treport containing -Section 1.0 Introduction, Section 4.0
Companlqn Report and Segtlon 5.0 Sources.

1.6 AVAILABILITY AND COVERAGE

1.6.1 Availability

The.C&aétglrRésbtrqes_ﬁolio‘is.availabls either from:

Lands Directorate a COR Msps Librsry

Environment Canada : - . Surwveys & Resources
#904 - 1001 West Pender St. - -Mapping Branch
Vancouver B.c. = . L . B.C. Ministry of Environment
VGE 2M7 ' ' 765 Broughton Street
' Victoria, B.C.
V8W 1EZ

Phone: (604) 666-3162 Phone: (604) 387-4441

3

e
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1.6.2 Orders and Cost

Requests shculd be placed by mail. The Folio can
be ordered by base map, resource theme, or by section.
Further, Sections 2.0 Coastal Resources Map Series (1: 50,000)
Manuscripts can be ordered as either ozalids (paper pr1nt3)
or as films (diazo, auto-positive or coloured mylars).

The cost of your order will be in accordance with
the following arrangement.

Request Cost

Type of Product

Document

NumBerrof‘Coﬁies

Limited number of No Charge
single copy theme

maps or tables

Volume I -
Atlas

Ozalid (paper print)

At current
rates esta-
blished by
local print-
ing firms or
by the Provin-
cial Map
Reproduction
Laboratory.
Direct bil-
ling to apply.

£films (diazo or auto-
positives)

At cost by spe-
cial arrange-
‘ment through
Lands Direc-
torate

film (colour-keyed
mylars by map theme)

VMul;iple (dupli- Ozalids (paper prints)| At current rates

cate) copoles of
theme maps or
tables

established by
local printing
firms or by the
Provincial Map
Reproduction
Laboratory.
Direct billing
to apply.
Estimated Cost
(1982 quota-

tions) :
$§1.05 - $2.00
per print%*

Volume IIc

Report

lelted number: of coples available free of

charge.-”

* Prices subject to change.
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. The following charts will be of assistance in
ordering the Coastal Resources Folio. : ~

......

1.6.2.1 Area Coverage

-, Location and boundaries of,sﬁudy area and three base

.....
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" o 1.6.2.2° Theme Maps (Coastal Résoérces'MiE;ggiies).

When ordering 1 : 50,000 theme maps, please quote
year of publication; base maps and theme number, in accordance
" with the following chart. ' ' ' B '

1)

Base Maps

Year ' 1 2 3 _ Theme Map No. & Title
81 1 0 0 | 0 .lfMafine_Sediments

81 : 0 0 0 -2 Physical Shorezone
81 o 0 0 +2 Physical Shorezone

Units Table

81 0 0 0 .3 Géneralized Terrain
' ' ‘ Limitations

81 7 0. [ o .4 Oceanography - Temp-
o ' : : E ‘ R erature- and Salinity

81 ' 0 _ 0 X . .5 Water Resources -
' . Discharge, Use and
Contamination

81 0 ‘ 0 0 ‘ .6 Seaweeds, Saltmarsh-

: ' . es and Marine Manmmals

81 0 _ o 0 '~ <7 Marine Bird Surveys

81 - 0 0 0 | - .8 Fish and Shellfish

: Resources

81 0 0 - 0 ' - +«9 Generalized Zoning

: : - and Marine Facili-

ties

81 0 o | x .10 Land/Water Use
Plans .and Proposals

81 0 0 X .11 Selected Adminis-
trative Boundaries

81 0 0 ] .12 Land/Water Status

81 0 ' 0 0 .13 Recreational Areas,

Special Features
and Access

Coverage:. O - available
' X - not available

For example 81.3.1 refers to base map number 3, Marine
Sediments published in 1981. :
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'%.6.2.3 Tables (Landﬁwatér'Usefand”Statﬁs)

Table and Topic Coverage Ey Base Map

Table Topic Baée Map Coverage
: T . . : 5 3
1 Regional'and Locél Zoning 0 0 0
2 | Marinas, Bulk 0il Storage’?acilitiés
and Sewage Systems and Treatment 0 0 ]
3 Land Use Plans and Pfoposals 0 0 X
4 Heavy Industrial'Zones #] 0 0
5 . Lénd and Water Status 0] 0

When ordering, please quote required table number

accordance with the following chart.

and teopic in




SECTION 4: COMPANION REPORT

PREPARED BY

M.W. Dunn
D.M. Moore
D.A. Wolif

“ T.J. Bummers

WITH CONTRIBUTIONS FROM

D.G. Schaefer
M. Lashmar

COMPILED AND EDITED
BY

M.J. Romaine

LANDS DIRECTORATE
ENVIRONMENT CANADA
VANCOUVER, B.C.

December, 1982
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4.1 INTRODUCTION

4.1.1 PURPOSE

The purpose of this report is to prdvide complementary information

to the maps and tables of the Coastal Resources Folio.

4.1.2 THE STUDY AREA

The South Vancouver Island Resources Folio study area extends from
Hatch .Point, south of Duncan to Ledingham Creek, west of San Simon Point. The
seaward boundary in Haro and Juan de Fuca Straits is the international border .
between Canada and the United States of America.

The landward boundary extends ﬁo approximately the 150 metre‘(SOO fodt)'
elevation,

4.2 THE SOUTH COAST ECONOMY

4,2.1 GENERAL SETTING

Vancouver Island's south coast provides a variety of shore environments -
from inlets (Saanich, Gorge); harbours (Victoria, Esquimalt, Sooke); and lagoons
(Esquimalt, Witty's) - to exposed coastal areas within the Juan de Fuca Strait. -

: The population of the study area is about 240,000 (Ministry of Economic
Development, 1978). The majority (231,000) lives within .the Capital Regional
District, an area which can be further divided into the western community (Colwood,
Langford and Metchosin); the urban core (Victoria, Saanich, Oak Bay, Esquimalt
and View Royal); and the peninsula (Sidney, North Saanich and Central Saanich).

It is predicted that the population of the Capital Regional District will reach
360,000 by the turn of the century (Capital Regional District, undated). The
remaining population, 99,000, lives within the Sooke-Port Renfrew ares. '

The major sources of employment and inéome in the Capital Region are
derived from tourism, governmment and industry (Capital Regional District, 1977).
Table 1 provides the composition of employment and income for the metropolitan
Victoria area during 1976.

The Sooke-Port Renfrew area is-primarily a residential suburb of Victoria.
The forest industry provides the major source of local employment (Ministry of
Econemic Development 1978), Table 1 identifies the experienced labour force by
sector. : : ' :
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TABLE 1 COMPOSITION OF EMPLOYMENT.WITHIN METROPOLITAN VICTORIA

(1976)

Employment Supporting EﬁpléymEﬂt Suppotting

_ Total Sales to Local Sales to Other
Sector of Economy Employment- : Residents . - . | Regions
Government o ' T " ‘ : ;

Federal 8,970 2,050 6,920
Provincial 9,890 5,436 4,454
Local: - =+ 7 . 2,550 2,550 : SR
Manufacturing 7,236 1,881 5,355
Construction ' 5,278 oo 1,726. o 3,552
Transportation : 5,902 2,485 3,417
Wholesale Trade 2,514 1,430 _ 1,034
Retail Trade = 11,100 7,315 o 3,785
Finance, Insurénce \ L . _- .._;. o .  ; -
and Real Estate 4,216 3,364 ' 852
Community, Business a s T : S

and Personal Service 24,363 9,940 14,423

Total 7 s2,019 - 38,177 - L 43,842
82,019 _ 1 .87

Notes: 1. Base Multiplier = 43 .8k2

(Total Employment/Base Eﬂplqyment)
For every job created in our economy te support'sales of goéds'énd'
.services to other regions, 1.87 net- total jobg will be created in
the total economy. : :

2. Response rate in the Business Survey was too low from the primary
sector to permit estimation of employment supporting sales to other
regions, as well as sales to local residents.

Source: Capital Regional Distriet, Economic Advisory Committee, 1977. The
Challenge...Managing the Capital Region's Economy. Viectorid, B.C.



TABLE 2 EXPERIENCED LABOUR FORCE FOR SOOKE-PORT RENFREW AREA (1971)

I Sector . . | _ ' ' -Labour Force
i Agriculture : S _ - 45
[ Forestry - : _ ' 405
L. Fishing and Trapping _ 65
P Mines and Quarries _ ' | 25
é . Manufacturing. _ S : _ o 245
Construction : ' ' _ ' ' 125
Transﬁoftation, Communication and other Utiiities 110
Trade _ _ - B 130
; Finance, Insurance and'Reai Estate : SRR 55
; Community, Business and Personal Service 305
Public Administration and Defence _ 120
Unspecified or Undefined ' ' 7 145
Total Experienced Labour Force : 1,665

Source: Adapted from Ministry of Economic Development., 1978. British
Colymbia Regional Index. Province of British Columbia. Page 430.
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4.2.2 TOURISM

The Victoria Metropolitan Area attracts more than two million
visitors each year (Nixon, 1982 pers. comm.).

"In 1981, tourism generated $230 million dollars in revenue (Nixon,
1982 pers. comm.)., The tourist industry is seasonal, but is a major emplovyer
during the summer months when in.an average year more than 2,000 workers can
be employed In the accommodation sector alone (Ministry of Ecconomic Develop-
ment, 1978;.

4.2.3 AGRICULTURE

The Saanich Peninsula is the prime agricultural area within the study
area, producing such diversified crops as tree fruits, berries, vegetgbles and
specialty crops ~ i.e. holly, flowers, seeds, and bulbs.

(Ministry of Economic Development, 1978).

Beef and dairy operations contribute 45 percent of the total value of
agricultural preduction within the Capital Region Census Division (Wood, 1979).
Table 3 provides a breakdown of agricultural preoduction by type and census ©
division.

In recent years urban pressures have forcéd a number of farnms cut of
operation (Ministry of Ecomomic Development, 1978). Table 4 shows the change of
farm size and value over a five-year period, 1971-1976. A ' '

Within the Socke-Port Renfrew area, agriculture is primarily oriented
towards beef and poultry production. In 1976, there were 24 farms (.4 hectares

(1 acre) more in size with sales exceeding $1,200.} in operation, covering a total
area of 1 253 hectares-(B,QOﬁ_acres) (Minist;y of Economic Deyelopment, 1978) .

4.2.4 YFORESTRY

4.,2.4.,1 Capital Regionmal District

The manufacturing of forest produects - lumber, shakes, shingles and
plywood - employed 1,600 persons in 1976 (Ministry of Economic Development, 1978),

There are two major sawmills in the area; Plumper Bay Sawmill, located
~in Esquimalt, and British Columbia Yorest Products (B.C.F.P.) in Victoria.

The B.C.F.P. mill produces an estimated 141,000 board feet (Mfbm)
of lumber in an average year, while Plumper Bay Sawmill (until it went into
receivership)produced 40,000 Mfbm of lumber per year (Whybrow, 1982 pers.
comm. ) . -



TABLE 3 VALUE OF_AGRICULTURAL PRODUCTION IN PERCENTAGE

Census Divyision

- Vancouver British

Type , Alberni Capitall Courtenay Cowichan Nanaimo Island. Columhia
Livestock - 35 . 34 48 44 44 41 B2
Dairy 55 11 41 41 5. 37 18
Eggs 4 13 3 10 6 7 7
Greenhouses - ' R
and Nurseries 2 24 2 1 - 10 8 . 4
Potatoes and P | -
Vegetables 2. 12 5 3 3 5 .. 5
Tree Fruits 1 0 0 0 1 -8
Forage 1 1 1 1 1 1 1
Grain 0 0 0 0 0 0 2
Totals 100 100 100 100 - 100 100 100

The Capital Regicn Census D1v151on encompasses an area larger than the Coastal

Resources Folio study area.

Source: C.J.B. Woed. 1979. Agriculture in Vancouver Island Land of Contrast
Western Geographlcal Series, Volume 17, page 168



TABLE 4 CAPITAL REGIONAL DISTRICT
Farm Capital and Value of Products

© (1971 and 1976)%

| 1971 S _ lgzé
Total Number of Farms S 683 358
Economic Class (number Sf farms):
Value of Products Sold: .
Under $2,500 " 431 114
$ 2,500 - $4,999 - - 69 ' 80
$ 5,000 - $24,999 : 103 ' 78
$25,000 - $39,999 ' L 36 .23
$50,000 ‘and over ' : 39 - 62
Capital: _ : , . :
Total Capital Value - $_63,542,000 o §_90,1§7,779‘
© Value of Land and Buildings 56,686,800 81,642,678
"ﬁalué of ﬂaéﬁinéfy &.Eqﬁipﬁént | 4,583,500 | . 6,625,359_
Value of Livestock and Poultry . 2,566,690 o 1;389;742

1It should he noted that this information is for the entire Capital Regicnal
District rather than the Victoria Metropolitan Area.

Source: Regional Economic Expansion and Ministry of Agriculture and Foeod, 1980.
Agriculture Region Report - South Coast Agricultural Region. Canada
B.C. Subsidiary Agreement on Agriculture and Rural Development.
Victoria. Page 51.

pomctsin
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Logs for the mills come primarily from other parts of the province, -
due to the fact that local forest stands are owned by companies with processing
. faeilities located out51de of the Capital Region (Mlnlstry of Econcmlc Develope_
'ﬁ' ment, 1978). :

4.2.4.2 Sooke-Port Renfrew Area

RV —

~ Timber is harvested From Tree Farm Licence Number 22 which. 15 ‘held by
B.C. Forest Products Ltd., and from Tree Farm Licence Numher 25 which is held '
by Rayonnier Canada (B.C.) Ltd. There are also some private holdings. Sooke
. Forest Products Ltd. is the major mill in the area, producing an annual average
L of 54,000 M fbm of lumber (Whybrow, 1982 pers. comm, ) :

In 1976 557 people were employed in the forest 1ndustry (Ministry of
Econonic Development 1978). '

4.2.5 THE FISHING INDUSTRY

e
I
!
I

Within the Greater Victoria area, the commercial fishing industry
generated over 21 million of net inéome in 1977 and provided employment for
2,287 people. Fishing accounted for approximately eighty percent of thlS 1ncome,
P while fish processing provided the balance.

The sport fishing industry generates an estxmated net income of $18
million (Van Westen and Associates, 1979).

'In 1977, the commercial fishery in the Sooke-Port Renfrew .area involved.
95 commercial fishing vessels and employed 148 people (Mlnlstry of Economlc
Development, 1978).

In terms of catch, well over half of the commercial pink and coho salmon
and flatfish of the entire Juan de Fuca-Strait of Georgia system (Fishéries
Statistical Areas 13-20, 22, 29) are caught in the study area (Moore, 1982 pers.
comm.). A complete summary of fish catch statistics is prov1ded in the Treport
section — Fish and Shellflsh Resources._ :

4.3 GENERAL PHYSICAL FEATURES. -

4.3.1 PHYSIOGRAPHY

The study area falls partly within the Georgla Depression which is a
section of the northwest-southeast trough stretching from Alaska to the Gulf of
California (Barker, 1974) . More specifically, on the marine side, the eastern.
section of the study area lies within Haro Strait, while the southern and western
sections are within the Juan de Fuca Strait, The upland 11es within the
Nanaimo Lowland region. '
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4.3.1.1._ The Nanaimo.Lowland. - e .. R r

. The Lowland is a relatlvely narrow (30 k1lometre (km) strlp of
land,’ below 600 metres (m) elevatlon,'extendlng from Johnstone Strait to’
approx1mately Sheringham Point.

The section within the study area is characterized by frequeat bedrock
outcrops interspersed with pockets of unconsolidated materials of glacial and
marine origin. Locally, the dlfferentlal erosion of bedrock has produced a
highly 1ndented coastllne. '

4.3:1;2' Haro'Strait:"

The Strait is a deep. channel leadlng from the eastern boundary of
Juan de Fuca Strdit. Maximum depths are greater than 300 m. Physxcally, the
Strait is bounded on the west by a shallow shelf of up to 12 km in width. The
eastern bounds are much steeper, reaching 100 m in less .than 1 km. o

4.3.1.3 Juan-de Fuca Stralt

‘The Stralt is a long, narrow submarlne valley whose allgnment is
thought to be closely associated with a number of large geologlc structures
(Mayers and Bennett, 1973)

Repeated glac1at10ns have given the Stralt 1ts present bottom charac--
teristics. East of a line between Jordan River and Pillar Point, Washlngton,
the Strait exhibits the U-shaped profile of glaciated valleys (Thomson, 1981).
A suspected terminal moraine has been identified in an area lying. between
Victoria and Green Point, Washington (Anderson, 1967). The extreme eastern extent
of the Strait is characterlzed by relatlvely shallow banks cut by several channels.

West of the Jordan Rlver Plllar P01nt 11ne, the Stralt resembles a.
mature r1ver valley with its V—shaped proflle (Thomson, 1981, Mayers and Bennett
1973 and Anderson, 1967) . The Juan de Fuca Strait ranges in width from 18 km to
40 km and depths vary from about 250 m at its entrance to about 55 m over the-
5ill (Thomson, 1981). Mayers and Bennett (1973) interpreted mound-like profiles
of .5 to 1 km in width and 50-100 m long as possible drumlins or moraines. They
appear to be concentrated between 124° 40'w and 123° 40'w.

4.3.2 GEQLOGY

~ The area has been subjected to downfolding; subsidence, uplift, glacial
scouring and erosion. These processes have ‘continued to modify ‘the area from
Mesozoic times (>150 x 106 years B,P,). ‘The most éxtensive period of ‘mass
erosion occurred during repeated glaclatlons and the 1nterglac1al periods of the
Pleistocene era (Armstrong, 1975). SR :
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4,3.2.1 Bedrock

The bedrock of the area is a complex of volcanic focks (basalts,
dacite, breccia), sedimentary rocks (sandstone, shale, conglomerate) and
plutonic rocks (granodiorite, gneiss diorite, amphibolite), The ages of these

rocks vary from the late galeozoic Period (> 300x10 years to the late =~
Tertiary Period (> 7 x 10° years B.P.}. Mayers and Bemnett (1973) provide a

summary .of the geological history of the study area. A map of the region by
Muller (1971) has been updated by Roddick et al (1979).

4,3.2.2 Surficial

The unconsolidated surficial materials are glacial in origin, but
have also been modified by marine and fluyial pProcesses as a result of sea-level
changes and the retreat of the glaciers. Modern sediments (Holocene) are
represented by channel, floodplain, alluvial fan, deltaic, and beach (marine and
lacustrine) deposits, The Nanaimo Lowland is extensively overlain by glacial
tills of various textures, depths and surface expressions. They tend to be
compact mixtures of stones, sand, silt and clay and locally may exceed tens of
metres in thickness. The deposits tend to be shallower in the more hilly areas
of the study area.(Fyles, 1963). o

Glacio-fluvial land forms (i.e. terraces, abandoned channels and ice~"
contact alluvial fans) are also present (Fyles, 1963), ' : '

Much of the surface of the study area below 100 m elevation is composed
of marine sediments which vary in texture from gravels to clay, and in thickness
from less than 1 m to several metres in depth. The veneers tend to be on slopes
and represent coarser deposits. The deepest and finest deposits are found in
depressions and low-lying areas.

Colluvial deposits of post-glacial origin are common where the hed—
rock is at or near the surface. .Colluvial deposits vary in thickness from centi-
metres to metres, the deeper deposits found as talus cones at cliff bases.

Organic deposits occupy poorly drained depressional areas overlying
impermeable tills; bedrock, or fine textured marine deposits. '

Accounts of the glacial history of the study area and résulting
deposition of sediments can be found in Fyles, 1963; Mayers and Bennett,.1973;
Foster, 1976; and Greer, 1979. Mapped surficial geology or stratigraphy can
be. found in Stanley-Jones and Benson (1973} ; Eis et al (1976); Foster (1976):
Greer (1979); Eis and Craigdallie (1980); and Howes (n.d.). Terrain inventory
maps have been done for the study area {(excluding the Saanich Peninsula-Victoria
area) by the British Columbia Ministry of Environment. Engineering suitability
and erosion hazards for the Saanich Péndinsula—Victoria area can be found in
Stanley-Jones and Bemson (1973). '
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4:3.3 soms R S S

Steep slopes tend to have shallow, coarse textured and rapldly
dfainéd 30115*-bedrock outcrops are common Less steep tertain has gdndy tg - oy
gravelly soilé with tapid to 1mperfect dralnage.; Gently sloplng lOW*lylng . ii
p051t10ns have fiedium to fine téxtured soils. subject to water table fluctuations. s
Depre851onal orf level areag generally ‘have organic. déposits: Gla01o—mar1ne
and glac1o fluvial depos1ts (especidlly terraces) have coarse textured, and very
rapidly drdined soils on moderate slopes :

This area is currently belng remapped by tHe Bfitish Columbia Mlnlstry of
Envifonment. Co . ‘ : .

The soils of the study area have been mapped by Day; &t al. 1959; .

43,4 CLIMATE

430601 résﬁefatufe;andrPféciﬁitaﬁion1

A homogeneous temperature regime prevalls over the lowland of the
study area due to the presence of surroundlng watar masses. Afinugl fean tempera—
tures ratige from about 9 to 109¢ with highest values. 1n thHé . Vlctorla—Gulf Islands
aréa: Mean annual prec1p1tatlon ranges f{rom 650 wmillimeties (wih) to 900 mm over
much of the coastal lowlards and islafids from Victofia northward, Amounts increase
rapldly to the west along the Juan de Fuea shoreline: Jordan River réceives
almost 2,000 mii and evén greater amourits occur on highef ground just to the north
(Schaefer, 1982)

4.3:4.2 Wind Patterns

Wind patterns are strongly controlled by.. Juan de Fuca and Hatro Stralts
and the topography of the surrounding land massés: Seasonally domifiant pressuré
systems .also . 1nf1uence wind patterns. In summer, the Pac1f1c High produces a
strong -and per51stent westerly inflow wind through the straits: 1In wirnter; north-
easterly winds féed the outflow to offshore low ptessuré systems; this dlstrlbutlon

is altered with occasional westetrlies (Schaefer, 1982).

4.3:5 PHYSICAL OCEANOGRAPHY

4.3:5.1 Tldes

. The study area has a. relatlvely complex t1dal regime. ‘West of Race
Rocks; the tides are mlxed and malnly semidiurnal, East.of Race Rocks the tides
are mlxed arid Mainly diutnal (see Figuré 1): :
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FIGURE 1 CHANGE IN TYPE OF TIDES ALONG JUAN DE FUCA STRAIT

e J
wixen, 8
MAMLY SEMIDIUHNAL

,
~ - "WIXED, 4
T TMAINLY DIUAHAL £,

(7 s

Note: Lines'give values of ratio of diurnal tides to semidiurnal tides.
Source: R.G. Thomson, 1981. Oceanography of the British Columbia Coast.
Fisheries and Oceans Canada, Canadian Special Publication of

Fisheries and Aquatic¢ Sciences 56. p.192. Ottawa, Ont.

Tidal ranges also vary with a maximum range of 2.5 m in the west,
1.8 m at Victoria, and about 2.4 m at the northern end of Haro Strait (Thomson, -
1981), '

4.3.5.2 Currents

4.3.5.2.1 Tidal Currents

Due to the Juan de Fuca Strait's general uniform morphology (i.e.
basin Configuration), regular shoreline, and relative absence of freshwater
discharges, tidal currents are fairly uncomplicated compared to Georgia Strait.
Nonetheless the currents are modified both by the oceanic influences to the west,
and the strong tidal streams originating from the narrow channels to the east. '

At the western end of the Juan de Fuca Strait the maximum tidal currents
(ebb and flood) tend to lag behind the actual tide by 1 to 1% hours. At Race
Rocks there is only a small lag, while east of this point the tide lags behind the
current by as much as three hours (Thomson, 1981).

Maximum flood tidal currents of 1.4 to 2.5 knots (kn ) are possible on
large spring tides. Speeds of 3.5 kn can occur at approaches to channels (Haro
Strait, for instance). In areas where tidal streams are constricted, such as at
Race Rocks, currents reach extremes of 5 kn. Haro Strait receives the largest -
volume of tidal flood water - that is 50% of the inflow of Juan de Fuca Strait
water, while Rosario Strait and Middle Channel receive 5% and 20% respectively.
Admiralty Inlet directs the remaining 25% of tidal flood water into Puget Sound
{Thomson, 1981}). '



Maximum ebb currents, in'most cases, flow in. the opposite direction
to the flood currents. Within the top 100m, ebb currents are significantly
stronger and longer~lasting than flood currents. Conversely, below 100m, currents
are dominated by the flood. This phenomenon is evidently caused by the seaward
flow of salt water entrained by surface freshwater coupled with the inward drift
of sea water at depth to replace the water carried to the Pac1f1c Ocean within
the surface layer (Thompson, 1981).

4,3.5.2.2 YWon-Tidal Currents

Non-tidal surface currents ‘appear to flow .seaward or westerly in the
Juan de Fuca Strait. In the northern channels of the eastern portion of the
study area, currents move southerly at speeds ranging from .2 to .4 kn
(Thomson, 1981), Non-tidal currents are highly variable, and subject to fresh-
water run-off and weather cornditions. . : '

4.3.5.3 Waves
The eastern and southern sections of the study area are influenced by
locally generated wind waves, whereas the western area is influenced both by

locally generated wind and ocean swell waves.

Average wave heigﬁts range froﬁ'about 2 m in thé west {Thomson, 1981)
to .5 m in sheltered eastern areas (Owens, 1977 and Holden, 1979).

4.3,6 WATER RESOURCES

4.3.6.1 Hydrology

The study area has a number of freshwater rivers, lakes, and wetlands.
Most, however, are small. Precipitation in the region falls mainly as rain.
Consequently, freshet generally occurs in mid-winter (December to March) = the
period of maximum rainfall. Hydrographs for the Sooke and Colquitz rivers
exhibit this trend (figures 2 and 3). It is possible that rivers have a second
‘peak discharge in late spring similar to other rivers of Vancouver Island's
east coast; however, there are no data to substantiate this. The low-flow perlod
is in late August and September when some streams are dry or are llmlted te sub-
surface or base flows. Annual precipitation, moisture deficit and moisture
surplus vary considerably throughout the study area as evidenced by Figure 4.

4.3.6.2 Water Quality

; Domestic sewage and industrial effluents are the major contributors
of marine and fresh waters contaminants. River and marine outfalls, septic tanks,
v and wastes from vessels. contribute nutrients and coliform bdcteria, while
industrial and commercial outfalls add poisons, metals, and heat. Although the
marine waters are relatively well flushed by tidal and wind-driven currents,
water quality in many areas is, or is suspected to be, below: the standards set

for shellfish harvesting -and water contact recreation. :
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FIGURE. 2 ' HYDROGRAPH FOR.THE SOOKE- RIVER NEAR SOOKE LAKE - SIN,(08HAOQS

~

T 1
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H

Monthly Mean Discharge {cms)
Y

Soufée! Canada Department of the Environment, 1970. Historical
0 Streamflow Summary - British Columbia, Inland Waters
"~ Directorate, (ttawa, Ont. :
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FIGURE 3 HYDROGRAPH FOR THE COLQUITZ RIVER AT HYACINTH ROAD - STN.08HA037:
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Monthly Mean Discharge (cms)

Source: Canada Department of the Enviromment. 1980. Historical
Streamflow Summary - British Columbia, Inland Waters
Directorate, Ottawa, Ont.
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PRECIPITATION (mm)

-~ FIGURE 4

VICTORIA INTERNATIONAL AIRPORT

VICTORIA GONZALES . HEIGHTS

. ZOHmH.CWm.. BALANCE FOR THREE STATIONS WITHEIN THE STUDY AREA

RIVER JORDAN
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4. 4 BIOLOGICAL RESOURCES

4.4.1 TERRESTRIAL VEGETATION

_According to the date of Jomes and Annas: (1978), the study area lies !
predominantly within the Coastal Douglas Fir biogeoclimatic zone. This zone P
is comprised of wet and dry subzones, In drier areas Garry oak :and arbutus are

~common while assorted coniferous species accompany Douglas fir in the wet sub-
zone. Douglas fir is the primary climatic climax species on mesic sites.

‘West of the Sooke Basin the area lies within the Coastal Western Hemlock -
zone, which is the wettest and most productive forest zone in British Columbia *
(Jones and Annas,; 1978). It is also. comprlsed of a wet and dry subzone where
amabilis fir and Douglas fir may accompany Western hemlock respectively.

4.4.2 SEAWEEDS AND SALTMARSHES

There are in excess of 500 spe01es of attachéd marine algae in British
 Co1umb1a (Scagel, 1978). The classification of algae is based partly on pig-
‘mentation; hence the algal groups are Chlorophyceae (green algae), Phaecophyceae
(brown algae), and Rhodophyceae (red algae). A fourth group of plants, the sea-
.grasses, have two genera occurring in British Columbia - Zostera and Phyllospadix.
“Saltmarsh species include the genera Salicornia, Distlchlls, and Triglochin.
Several. genera (1 e. Scirpus, Typha, Carex) aré better adapted to brackish waters,
‘while others (1 e, Festuca, Juncus," Hordeum) 1nhabit coastal (freshwater) wetlands,

» A consplcuous feature of most coastlines is the zonation of seaweeds.
“Seaweeds occur’ as horizontal bands, theoretlcally at least, as a function of their
receptivity to different wavelengths of the ‘light ’spectrum, and the differential
attenuation of wavelengths with increasing water depth.- Consequently, green algae,
brown algae, and red algae should inhabit the-upper, middle, and lowermost zones
respectively.. But other biological and physical factors play a large part in the
distribution of seaweeds.: 4 species' tolerance to the factors of dessication
'(temperature , wind _and humidity) and- to- ultrav1olet light are important in
setting the- upper limits of growth while the lower limits are determined by the
1compet1t10n between species, or herbivary.“ Further, preferences for a particular
substrate, the wave energy environment and seawater temperatures are important in
defining the vertical and horizontal limits of species, - Druehl (1967), for
instance,’ found that the horizontal distributions of two forms of Laminaria
groenlandlca could be explained on the basis of temperature, salinity gradients,
and tolerance to wave shock. De Wreede (1978) speculates that Sargassum muticum
and Zostera marina L. will not compete .due to different preferences of substrate,
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Vadas (1972) indicates that the upper limits for Nereoscystis Leutkeana
are determined hy the competition for light, while the lower limitg are o
set by light attenuation, Both Foreman (1977) and Mann (1977) have documented
a reduction of algal populations at their lower limits and a succession of

species resulting from herbivore grazing,

The intertidal zona'ion of species on seacoasts has been documented by
numerous researchers (Kozlaff;71973; Ricketts and Calvin, 1968; Carefoot, 1977
Stephenson ana Stepnenson, 1972)., Un rucky coasts, tne uppermost zone - the
supralittoral fringe - is affected only by the higher tides and wave splash.-
This band may contain lichens (g. Verrucaria), and where fresh water seepage
occurs the green algae g. Enteromorpha is often -found. The upper mid-littoral
zone usually harbours the brown algae Fucus distichus, (with which the barnacles
are closely associated), the red Endocladia muricata,_Cumagloiaiandersonii,
Bangia furcopurpurea, and Porphyra spp. and the green algae Ulva as the major
seaweeds. The lower mid-littoral and sub-tidal zones contain numerous genera,
but the most common are Ulva, Spongomorpha coalita {(green algae); Hedophyllum
sessile, Fucus and Leathesia difformis, (brown algae); and Halosaccion
glandiforme (red algae). In the Infralittoral region are found the surfgrass
Phyllospadix, many Laminarians (e.g. Laminaria setchellii), Egregia menziesii,
Pterygophora californica, Alaria marginata, Nerocystig luetkeana, Sargassum
muticum; the green algae Codium fragile; the red algae Gigartina'éxasperata
and Iridaea cordata.

Estuarine areas and quiescent mud/sand shores characteristically-
exhibit Enteromorpha in the upper zone where freshwater seepage is prevélent,
scattered Ulva in the lower intertidai where substrate for holdfasts are avail-
able, ‘and, subtidal beds of Zostera marina (eelgrass). With the growth of eel-
grass in the summer months, numerous algal species (such as the red algae

Smithora naiadum) colonize the leaves while others inhabit the surface muds

- around the base. The generation of detritus from numerous plant species within

eelgrass beds, and its subsequent invasion by bacteria, forms one of the most
productive ecosystems known. ' '

Salicornia virgihica and §. europaea commonly known as saltyort. Parasitizing

Salicornia is the flowering plant Cuscuta salina and growing beneath it on the

substrate are diatoms, blue, and blue-green algal mats, The saltgrass
Districhlis spicata and arrowgrass Triglochin maritimum are'commbnly associated
with Salicornia spp. Moving progressively inland towards a freshwater influence,
one encounters Scirpus, Typya, Carex, and Juncus communities.

4.4.3 MARINE MAMMALS

The marine mammals of the Strait of Georgia and Juan de Fuca include
sixteen genera of. the order Cetdcean (whales. and délphins) and two families of
pinnipeds - Otariidae (the eared seals) and Phocidae (the earless seals -

Table 5). Within the study area Orcinus orca (killer whale) is the largest
resident species,
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TABLE 8 - CETACEANS OCCURRING IN WASHINGTON STATE AND BRITISH COLUMBIA

Order Cetacean--whales and dolphins

Oeeiirrence -

Suborder Mysticeti--whalebone whales
Family Eschrichtiidae~-gray whales o
Eschrichtius robustus Li11jeberg, gray whale
Family Balaenopteridae--furrow-throated whales
Balaenoptera physalus L]nnaeus, fin or finback whale
- B« -borealis lesson,; peri whadle

B. acutorostrata lacepede Tittle piked wha]e minke whale

B. musculus Linnaeus, blue whale
Megaptera novaeangliae Borowski, humpback wha]e
Family Balenidae-=smooth-throated whales
Balena glacialis Muller, northern or black right whale:

Suborder Odontocet1--toothed whales and do]ph1ns
Fam11y Ziphiidae~-beaked whales
Berardius bairdii Stejneger, Baird's beaker whale
Meésoplodon stejnegeri True Stejneger beaked whale
M. carlhubbsi Moore, Hubbs' beaked whale _
Ziphius cavirostris Cuvier, Cuvier's beaked whale
Family Physeteridae~-sperm whaies :
Physeter catodon Linnaeus,; sperim whale
Kogia breviceps Blainville, pygmy sperm whale
Family Delphinidae--ocean’ doTph1ns
Stenella sp., spotted dolphin
Delphinus delphis Linnaeus, Pacific common doTph1n

Lissodelphis borealis Peale, northern right-whale dolphin :
Lagenorhynchus obliguidens Gill, Pacific white-sided dolphin

Orcinus orca Linnaeus, killer wha]e or orca .

Grampus _griseus Cuvier, gray grampus or Rissé's. do]ph1n
- Globicephala macrorhyncha, shortfin pilot whale

Phocoena phocoena Linnaeus, Pacific harbour porpoise

PhocoenOTdes dalli True, Dal] porp01se _

NG
NE
NG -

= .
i T - T T

=

Note: A= abundant, C= common, NC= not common, R= rare.

Source: Adapted from.3.C. Pike and I.A. MacAskie 1969, cited in

C.A. Simenstad, B.S. Miller, C.F+ Nyblade, K. Thronburgh, and L.J.

Bledsoe, 1979. Food web re]ataonsh1ps of northern Puget Sound and
the Strait of Juan de Fuca. U.S. Environmental Protection Agency,

Washington. p. 260.
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Killer whales are nomadic, cruising at 3=4 kn, Their migratory )
routes are commonly between one and three miles offshore where they are thought
to prey primarily on salmon and other fish, Published data for northern Puget
Sound and the Strait of Juan de Fuca (Simenstad et al, 1979) suggest, however,

B ——

that prey from several trophic levels are taken (Table 6).

- The harbour seal populations of the study area are permanent
residents although they are nomadie between haulouts, They frequent estuaries, .
river deltas, tidal rocks and shallow sublittoral waters within rhe region.
Their daily movements include hauling out during low tides while during high
tides they disperse over several miles to feed. Harbour seals genmerally use
haulouts that are not easily approached by predators. Seals prey mainly on
littoral fish, although a numbher of other species are taken., (Table 6).

Sea lions, Stellar and California, are resident in the study area
during the winter months from November to March. During the summer, California
sea lions migrate south while the Stellar sea lions move to rookeries on north
Vancouver Island and the Queen Charlotte Islands. In the study area the two
species intermix on tidal rocks. .These sites are often chosen in good feeding
areas near deep water isolated from terrestrial predators, Sea llons are
nocturnal feeders, leaving the water during the daytime. They prey primarily
on fish, although, as documented, in the Puget Sound area many other species
are eaten (Table 6). '

4.4.4 MARINE BIRDS

The estuaries and coastal waters of the region are major resting
sites for migrating birds on the Pacific flyway, and overwintering areas for
a large population of .marine birds. The environmental advantages of this region
during the winter months include a relatively mild winter climate, abundant food,
and a relatively sheltered coastline. During the summer months the marine bird
population is low. The paucity of breeding species at this time is thought to
be a response to the general variability of environmental factors such as ocean
currents and meteorology (Myres, 1979) in spite of the success that wintering
populations have found. The Canada Land Inventory rates the study area, except
for developed areas, as important for wintering migratory birds. It is con-
sidered less important for waterfowl production.

Seabirds are at the top of marine food webs. They eat a variety of
organisms and feed in a range of environments. Table 7 presents seabird prey
taxa for major species sampled in northern Puget Sound and the Strait of Juan
de Fuca. It is evident that saltmarsh and marine plants play an important role
in providing food for marine hirds. Indeed, many of their prey spend some, if
not all, of their life cycle within the protection of algal communities.
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TBLE 6 -

FUNCTIONAL FEEDING GROUPS AND REPRESENTATIVE PREY TAXA ﬂF MRINE MAMALS KNOWN OR . : -
SUSPECTED TO OCCR IN NORTH PUGET SOUND AND THE STRAIT OF JUAN D& FUCA '
Habitat  Feeding Group Predator Species | Representative Prey Taxa

Nearshore. Cbhgate piscivore Narthern seg. ]1on
Cal ifornia 'sea lion
Pacific harbour seal
Harbour porpoise

Pacific Herring (C. harengus pallasi)
Pacific sand lance (A. hexapterus)
Walleye pollock (T.. chalcogramma) -
Salmon {Oncorhynchus sp.} :
Starry flounder (Platichthys stellatus)
Pacific tamcod (Microgadus. pamﬁcus)

‘Rockfish (Sebastes Sp.)

Skate (Rajiidae)

- Pacifi¢ cod (Gadus macrocepha'lus)

Facultative

Orté {(killer vhale) -
camivore ' '

" Pacific hake (M. productus)

Spiny dogfish (Squalus acantmas)
Plainfin midshipnan (Porichthys notatus)
Greenling (Hexagrammidae)

Shiner perch (Cymatogaster aggregata)
Shrimp

Crab (Cancer Sp.)

Octopus (Octopus Sp. )‘ |

-California sea 1ion {Zalophus cahfomwnus)
Northern sea Tion (Euretopias jubatus)

* Harbour seal (phoca 'vitulina)

 Elephant seal (Mirounga californianus)

Harbor porpoise (Phocoena phocoena)

-Dall porpoise (Phoecoenoides dalli)

Minke whale (Balaenoptera acutorostrata)
Nursing calves of hunpback (Megaptera

novaengha e), finback (Balaenoptera

physalus), and gray whale (Eschrichtius
robustus) .

| 'ngcod 0. eTor@_ .tus)
- Salmon (Oncorhunchus sp.)

Steelhead trout (Salmo gairdneri)
Pacific halibut (Hippoglossus stenolepis)
Pacific herring {C. harengus pallasi)?

Sources Mapted fran: C.A. Simenstad. et al.

bashington. P. 262-264.

1979..
Sound and the Strait of Juan de Fuca.

Food web retlationshins of northern Puget
U.S. Environmental Frotection Acency,
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Several major breeding colonies are found in the Gulf Islands _

(Rodway and Campbell, 1976) although, relative to breeding grounds north of
the study area, the populations are small. Reasons why the area has not
become a major breeding ground are obscure, although food availability and
preferred nesting habitat may be significant limiting factors. The popula— .
tions of seabird prey species are themselves subject to fluctyation and
shifts in geography. Many seabirds have survived by adapting one or more of
their functions (i.e. reproduction) to the hehavior of a prey species (i.e,
herring spawn). When the expected behavior of a prey species fails to
materialize, catastrophic- results may occur to the seabird population in

the form of reproductive failures or adult mortality. When reproductive
failures become chronic because of natural or human perturbations, - .
the existence of a colony or population is threatened, although an adult: °
o enumeration may not reveal the seriousness of the event for some time.

| Complicating natural factors that play important roles in the dynamics of
seabird populations may be missed, leading to erroneous conclusions about the:
reasons for colony extinction., Very little is known about the cyclical
phenomena of seabird populations. . : L

Stress and mortality within seabird populations result from a
variety of natural and human perturbations. .Increased commercial and recrea-—
tional boat traffic disrupts their behavioral patterns related to feeding and
seeking shelter during bad weather; shoreline developments destroy habitat or
[ disturb breeding times leading to higher mortalities of the young; and predators
‘ introduced to isolated islands significantly reduce the reproductive success
of breeding populations. Breeding colony disturbances by recreationists results
in the temporary abandonment of nests and predation .of the: young by other birds.
Seabirds are drowned as a result of entanglement in commercial fishing nets. 0il
spills and chemical pollution from transpertation activities pose additional threats
to the integrity of seabird populations. ' ' :

4.4.5 TFISH AND SHELLFISH RESOURCES

4.4.5.1 Introduction

4.4.5.1;1 The Nature of.Marine Resources

The geographical spread of a species is its range, but not everywhere
in its range is a species evenly distributed. Yor the purpose of coastal
resource management and the assessment of environmental impacts, the appropriate
interpretation.of environmental and biotic data requires a solid understanding
of the local species distribution patterns. :

Marine populations, except for birds, some marine mammals, and certain
intertidal organisms, are basically out of sight. Almost everything known about
distribution is based on some form of indirect observation or sample of sea
life., Population-oriented investigations are few. It is often difficult to set
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distribution Boundaries‘with the information at hand and, particularly in
the case of mobile fish, the lines on the map are not representatlve of
population-limits, but rather of areas of known concentratlon.

Because fish are seasonal in their habits and distribution patterns -
in the wild.are diffuse: and shifting, thE'undeIstanding of fish distribution
is largely limited to' certain times of the year when the adults of important
species congregate to spawn in areas convenlent to man,

In a restrlcted“sense; the:exp101tat10n patterns of our fisheries may
be taken as a rough guide to .the actual distribution of the species. Exploit-
ation patterns heavily favour areas of stock abundance - subject to other
factors such as location, seasonality, and econcmic and recreational vittues of
each fishery:- but the real extent of the population may remain unclear.

Fish. habits. change with'age,-from larva to adult, and little is kiown
about the life and distribution of the young in the-wild, the mighty salmon
included. The' relationship between the young of resource species and the

coastal system that supports them - the physical environment and the availability

of larval food - largely determines the size of future resource populations.

Although our level:of understanding of fish is related to their
economic value, there is increasing.awareness that future critical problems in
the management- of the sea may occur at lower levels of the food chaifi where at
least equal effort will need to bé devoted to lnvestlgatlng the structure and
dynamics of the marine ecosystem.. -

4!4;5.1{21 Importanee of the Study Area-

The study area 1ncludes the estuarine and coastal waters of south
Vancouver Island from Saanich Inlet to Jordan River. '

These waters, which form an integral part of the Juan de Fuca Strait
system and the southern approaches to the Strait of Georgia, are important
producers of saimon, groundfish, and shellfish which are exploited by both the
commercial and recreational fishers. The study area is also an important
migration route for the vast salmon and herring stocks which propagate to the
north in the Strait of Georgia system.

Much of what is recorded concerning fisheries catches and other
aspects of resource abundance and yield is organized by Statistical Areéas (see
Figure 5).  The south coast study area includes Statistical Areas 19 aund 20.

Saanich Inlet is sub-categorized as Area 19A the remalnder of Area 19 belng
referred to as Area 19B.




- 27 -

FIGURE 5 FISHERIES STATISTICAL AREAS FOR THE
SOUTH COAST . OF VANCOUVER ISLAND
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The importance of fish and shellfish resources in the study area,
relative to the entire Juan .de Fuca-Strait of Georgia system (fisheries
Statistical Areas 13-20, 28, 29), is:summarized in Takle 8.

Salmon are taken only from Area 20, Area 19 being closed to
comrercial salmon activities.  Over twice as many flatfish are captured.in
Area 20 as Area 19. However, Pacific cod and. dogflsh catches in Area 19 :
greatly exceed those of Area 20.

Crabs constitute the highesf propoertion of shellfish taken, although
the shellfish harvest in the study area as a whole is very minor rélative:to
the rest of the inside passage. Herring catches are notably minor, being.
limited to food and bait use (in contrast to the huge roe flshery on sPawnlng
grounds in the. Strait of Georgla)

Tables 9 and 10 1llustrate the economic 1mportance of commerc1al and

sports fisheries within the greater Victoria area which ineludes most of the ’
present study area.-

4.4.5.2 Fisherles (fin fish)

4.4,5.2.1 Salmonids

v

4.4,5.2.1.1 Resourde.i“

A comprehensive review of the salmon fishery in British Columbia
during the period 1951-63 is provided by Aro and Shepard (1967). Traditional
salmon fishing areas include the whole of the present study area, although
present day commercial activities tend to be concentrated in the locations
depicted in the Coastal Resources Map Series (1:50,000) section, Fish and
Shellfish Resources.

A regional perspective of the salmon fishery in the study area
(limited to Area 20 only, by regulation) in terms of average annual ecatch
between 1975 and 1980 is given in Table 11. The study area is a major migration
route to the Strait of Georgia spawning rivers.
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.TA.BLE 8 PERCENTAGE OF FISH AND SHELLFISH . RESOURCES OF SOUTH VANCOUVER
ISLAND, (FISHERTE‘S STATTSTICAL .AREAS 19, 20) RELATIVE TO THE
TOTAL FISHERIES YIELD OF THE JUAN DE FUCA \ STRATT OF GEORGIA
~ SYSTEMS (AREAS 13- 20, 28-29) o

- Area 19 Area 20 Total Study Area

Salmon 2 % _ %
Pink * 65 65
Coho * 60 60
Sockeye * 28 S 28
Chinook * 9 9
Chum # 10 10

Herring : 1 X 1

Flatfish ' 20 50 70

Pacific cod ' 38 9 47

Dogfish _ 29 5 34

Shellfish
 Shrimp/prawm 1 1 2
Clams 1 4 5
Geoduck . 12 * 12
Crabs © 12 4 16
Oysters : * 24 24
Sea urchins 14 1 15

Note: . Calculations are approximate and intended only as a rough guide.
Asterisk (*) indicates negligible or nil.

Source: Fisheries and Oceans Canada, B.C. Catch Statistics (1975-1980) .
Vancouver, B.C. '
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TABLE 9

ECONOMIC IMPACT OF GREATER VICTORIA'S

COMMERCIAL FISHERY (1977 figures)
F:shnng L . .Fish Proce smg o

number of hcensed fishing vessels 521 .number oflicensedplants. .~ - - - . 12
value of licensed fishing vessels " §25, 378 000" fish p:oducls processed - weight ' 8,767,000 Ibs.
landed catch - weight 22,057,000 Ibs. - fish products processed - value $13,443,600
landed catch - value © $12,142,000 o S o
number of direct jobs 1107 number of direct jobs 190
number ol indirect jObS _ 830 number of indirect jobs 160
totaljobs : U 1937 " tolaljobs. i _ 350
eslimated net income to : - estimaled net income to TR

Greater Victoria 15,984,000 - Greater Victoria 5,258,364

ESTIMATED TOTALNET JNCOME TOGREATER VICTORIA $21,242,364
TOTAL JOBS 2287

Source: K. van Westen and Assoc.; 1979.

Fisheries in Greater Victoria. B.C.:

Ministry of Enviromment, Province of British Columbia. Victoria.

TABLE 10 ECONOMIC IMPACT OF GREATER VICTORIA'S SPORT FISHERY
(1978 flgures) .

Resident Anglers

Number 45,000 - R 10,000
Estimaled expenditures for direct goods and s L _

services required for-sport fishing " " $19,968,000 $2,230.000-
Estimated expenditure for majorsport fishing Pt . o

relaled purchases $27,743,000 $1,203,000
Estimated total expenditures $47,711,000 $3,433,000
Estimated portion of 1otal expenditure

made in Grealer Vicloria area

{residents and visilors) $30.,726,000
Estimaled folal net income to

318,000,000

Grealer Vicloria

. Visilor Anglers

REGIONAL EMPLOYMENT MULTIPLIER 1.2
{For each direct job in sport {ishing support
services another .92 jobs are crealed in
other sectors of the regional economy)

Source: K. van Westen and Assoc.,.197.9.
B.C. Méaistry of Environment, Province of British Columbia.

Fisheries in Greater Victoria.
Viggoria.
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TABLE 11 SALMON FISHERY OF SOUTHWEST VANCOUVER TSLAND. REGIONAL _
PERSPECTIVE OF AVERAGE ANNUAL SALMON CATCH (TONNES) IN 1975-1980

Fisheries Statlstlcal Areas

Strait of Georgia-Juan de Fuca Strait'(a)

5.W. Coast . East Coast .. AXL. Area (c)
o - ®) e
pecies Vancouver Is, Vancouver Is. __Areas 7

' ' 19 20 . ‘14, 17-18 13-20, 28, 29 13

Chinook 0 116 347 1,276 204
Coho 0 917 212 1,530 211
Chum 0 242 263 2,377 1,236
Sockeye 0 1,058 - 102 3,739 971
Pink 0 1,666 53 | 2,560 461
All species . 0 3,999 (35%)- 977 (8%) 11,482 (100%) & 3,083 (27%)

Note: - {a) includes entire Strait of Georgia system,rﬁlus fb)-southern Juan de Fuca
Strait and (c) northern Johnstone Strait approaches to the Strait of Georgia.

Source: Fisheries and Oceans Canada. B.C. Catch Statistics.

The Strait of Georgia Head Recovery Program (Fisheries and Oceans,
Canada) had produced a revision of earlier sport catch estimates for the period
1972-76 (Table 12). The sport catch (in numbers of fish) of chinook and coho
combined has been close to three timés greater than the commercial troll fishery
for these same species - or 75% of the total catch - and 1t is believed that the
proportion is probably higher still (Table 13).

The sport catch is concentrated predominantly in the mid- and northern
Vancouver Island coastal zone with only an overall species average of 10% being
taken in the present study area. On the other hand, the commercial catch in the
study area is about four times greater than that of mid- and northern Vancouver
Island. Sport-commercial competition for fish stocks in Areas 19 and 20 is
iikely to be well below that experienced in the adjoining, more northerly areas.

4.4,5.2.1,2 Habitat Requirements

Spawning Escapement

Most salmon return to the freshwater habitat to spawn, although some
chum can be found spawning in intertidal approaches to streams. The average
annual escapements to regularly surveyed streams in the study area in the periods
1967-76 and 1977-81 are glven in Table 14.

On a regional scale there is a lack of suitable spawning streams and as
a consequence many local streams haye not been surveyed.
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TABLE 12 REGIONAL PERSPECTIVE OF AVERAGE ANNUAL SPORT SALMON CATCH
(Number of Fish) in the Strait of Georgia plus Northern
(Area 13) and Southern (Areas 19B, 20) Approaches in the
: Period 1972-75 :

.....

 SPORT CATCH (x 1000 FISH BY AREA)

. Total %

13, 15 18 28 198 All " Study :

_‘Species .14 +l6 7 +193 *29 *20 ~ Areas  Area §
Coho 263 80 47 47 15 18 470 4%
Chlnook 84 44 45 76 38 55 342 16%
':Pink e 1 1 2 1 9 20 . 45%
Total 353 . 125 - 93 125 . 54 82 - 832 10%

Note: 1 Sport Salmon Fishing in Area 13, covering the northern
' - approach. to the Strait of Georgia, is predomlnantly
within the Campbell River region.

2. Includes”mlnor catches of sockeye_éﬁd éhﬁm._:

TABLE 13 A COMPARISON OF SPORT VERSUS -COMMERCIAL CATCH (x 1000 FISH)
: IN THE STRAIT OF GEORGIA REGION FOR THE PERIOD 1972-1975

Species = .Commerbial_(tfoll) Spoft . Total % Sport
Coho™ . 98 470 568 83%
Chinook | 183 343 526 65%
Total 281 . 813 1094  74%

Source: A.W. Argue, J. Coursley and G.D. Harris. 1977.
Preliminary revision of Georgia Strait and Juan ~
de Fuca Strait tidal salmon sport catch statistics,
1972 to 1976. Fisheries and Environment Canada.



- 33 -

‘TABLE 14 AVERAGE SALMON SPAWNING ESCAPEMENT TO SOUTH COAST VANCOUVER
' - ISLANDI'RIVERS 'AND :CREEKE IN THE.PFRIODS 196776 'aND"1977-81

Stream 1967 = 1976 . 1977 - 1981

Area 19 ' _Chinook Coho Chum Chinook Coho - Chum
Ayum Cr. - - -~ 2,130 - 24 . 2,400
Colquitz R. - 49 - -o= 54 *
Craigflower Or. - 125 e e 89 -
Goldstream R. ' 29_ 556 6,000 25 350 20,000
Sandhill Cr. -k - - -
Shawinigan Cr. - n/o  nfo - nfo ‘n/o
Area 20

De Mamiel Cr. - 2,255 13,900 10 1,100 5,620
Jordan r.* _ - - - - - -
Kirby Cr. o 110 - 80 76
Muir Cr. - 28 395 - 44 . 532
Sooké R. | 1,369 110 18,700 20 43 6,500
Tugwell Cr. - 40 o031 - : 73 69

Notes: Asterisk (*) denotes rare and/or sporadic occurrence;
n/o denotes present but not inventories.

+ see text.

Source:. D.E. Marshall, R.F, Brown, V.D. Chahley and D.G. Demontier,
1975. Preliminary Catalogue of salmon streams and spawning
escapements of Statistical Areas 19 and 20 (Sidney-Soocke).
Environment Canada, Vancouver.

D.M. Moore, 1982, Updates from Operations Branch files
1978-1981, Fisheries and Oceans Canada, Vancouver, B.C.
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With one exception, coho and chum are the predominant spawners in
local streams throughout the study area. A total of eleven rivers and creeks ;
are known to support salmon spawning populations and these are surveyed :
annually by district fisheries officers. Jordan River has been rendered sterile
by decades of hydro-electric developments, logging, and mlnlng,'therefore it is
no lenger surveyed (Marshall et al, 1975).

Schmidt et al”(1979) in an éﬁnbtated:bibliography os salmon stream s
envirenments in British Columbia, spec1f1ed the follow1ng four prlmary determinants ;
of spawning stream productivity. ... S . . L

(a), water temperature - the key factor in regulation of . i
bioclogical activity, stress and mortality;

(b) stream hydraulics - water depth, velocity, w1dth 7
channel shape, gradient and bed roughness; ' L

(¢) ' spawning gravel - determining success of egg and
alevin subgravel development; and

(d) downstream migration - interference due to water .
- use conflicts.

Table 15 summarizes field notes of the major physical stream character—
istics and historical features of salmon spawning streams in the study area.

Stream, Estuarine and Nearshore Rearing

Chinook, sockeye, coho sea-run cutthroat and steelhead all utilize
streams or lakes for rearing. Pink and chum hatchlings arrive in the estuary
shortly after emergence from stream spawning gravel. Chinook delay their descent
to the estuary. for three months or ‘a year, while coho and sockeye remain in fresh
water from one. to several years before migrating to sea. :

Although chinook and chum are the main users of estuaries, some stocks .
of coho, pink, and sockeye salmon are alsc known to depend on estuaries in their
early feeding life. Extensive nearshore waters of the study area support the
developing young of all five salmon species.
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TABLE 15 FIELD NOTES OF SALMON SPAWNLING STREAMS {AREAS 19 AND 20) - BRIEF
- SUMMARIES OF STREAM CHARACTERISTICS AND CERTAIN HISTORICAL FEATURES

Area 19

1. Ayum Creek - impassable falls at three—quarters mile upstream
- winter flows have been low (1976) and high (1977)
- years of excess flow caused siltation and damage to
 spawning beds
—~ summer flows partially regulated by makeshlft dam
- coho and chum spawn mostly below railway bridge
- coho escapement low and sporadic’
- some reports of over-spawning in lower reaches
- native harvest about 15% of escapement.

2. Colquitz River -

extensive potential spawn habitat above falls to

Beaver Lake; falls too costly to remove. or bypass

low flows in summer, early fall dué tc many water
licences

suffers from siltation caused by recent land development,
agriculture; also sewage disposal

coho spawn in low numbers throughout lower reaches to
falls; chum rare, sporadic.

3. Craigflower Creek - falls at 2% miles upstream passable at High water

4. Goldstream River

- suffers siltation due to land development, floods

- poor coho escapement in recent years believed due to
siltation and heavy incidental commercial seine
fishery offshore in Juan de Fuca Strait.

- falls impassable at 2 miles upstream; passable falls
occurring at’ 1% miles

- flow controlled by dam

- coho to falls at 2% mileS' 90% chum spawn below
highway bridge '

S - circulation box enhancement fac111t1es

5. Sandhill Creek -~

- some stream clearlng (1981).

impassable dam at 2 miles upstream

coho escapement very low, but spawning may occur through-
out up to dam

stream clearlng by National Parks Board (1975)




Shawinigan Creek. - impassable rockfalls * mile upstream

6.

Area 20

7. De Mamiel Creek

8, Jordan River -

9. Kirby Creek -
10, Muir Creek -

11. Soocke River -
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—very limited spawning area; incomplete field records
- coho, chum spawning in tidal section

- predation pressure by numerous seals in estuary ' 1
— incubation box enhancement facility ' o L .

~'passable falls at 3% and 6 miles upstream
-'problematlc flows exces51vely high or. low some years
" but some regulatlon provided by dam durlng spawning
migration _ _ _
'~ - coho spawn throughout, but_mostly between Robinson
Road and Young lLake. ' '
~ chum spawn in lower % mile
- incubation box enhancement fac111t1es at upper falls,
Mary Vine Creek and Rocky Creek
~ habitat has potentlal to double salmon production

rendered sterile by decades Df hydro—electrlc developments,,
logging and mining
no longer surveyed.

impassable rock falls at 4 miles upstream

partial log jams 1% mlles, some perlodlc cleaning
stable flows

chum spawn in lower % mile

coho spawn mostly between hlghway brldge and 1ogglng

road bridge

incubation for enhancement fac1l1ty on west fork (1977),

'eggs obtained from De Mamiel Creek.

very rocky, large boulderS' falls impassable at 5 miles .
upstream

erratic flows; siltatiom problem due to logglng

chum, coho spawn in lower 3 miles

escapement reduced in 1960's due to heavy net fishery
offshore in Strait of Juan de Fuca

extremely poor escapement late 1970 = early 1980's despite
ideal spawning grounds and flows

excellent enhancement opportunities

impassable falls at 4 miles; rock canyon

dam~controlled flow

chinook spawn throughout upstream to pot holes (below falls)
coho spawn throughout to falls :

chum spawn from 3/4 miles upstream to falls

- estimated 25 miles of valuable coho spawning and rearing

grounds beyond Sooke falls, in main Leech and West Leech rivers
escapement in 1977 worst since 1956, believed due to
intensive net fishery offshore in Juan de Fuca Strait
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12. Tugwell Creek impassable rock canyon cascades at 2 miles upstream,
: falls at -5 miles | o
- coho spawn to 3 miles upstream
"~ chum spawn lower 500 yards BN : co
— escapement in late 1960's affected by heavy net fishery
" offshore in Juan de Fuca Strait o
— incubation box enhancement facility

= capacity for supporting much. larger escapement
P y pPp g arg P :

o Source : D.E. Marshall, R.F. Brown, V.D. Chahley and D.G. Demontier. 1977,
P . Preliminary catalogué of salmon scréam and spawning escapements -

' Statistical Area 19 and 20 (Victoria-Sooke). Fisheries and '
Environment. Canada, Vancouver. '

N

Ll 4.4.5.2.1.3 Salmonid Enhancement Program

A number of minor projects under the auspices of the joint federal-
provineial Salmonid Enhancement Program are located on several streams. Most
facilities are egg incubation boxes plus some stream clearing and spawning
channel improvement. Selected lake trout stocking (see Coastal Resources Map
Series (1:50,000) section, Fish and Shellfish Resources) is undertaken by provincial
authorities. Details concerning the nature and locations of these and other
local projects are available from the Salmonid Enharncement Program, Fisheries and

Oceans Canada, Vancouver and from the Ministry of Environment, Fish and Wildlife
Branch, Province of British Columbia, Victoria.

4.4.5.2.2 Groundfish

4.4.5.2.2.1. Reéource

_ Severél past trend studies of the groundfish trawl fishery in the study
area and throughout the Juan de Fuca-Strait of Georgia system are available elge-
where (Forrester and Ketchen, 1963; Ketchen 1979; Westrheim, 1974, 1977, 1980).

Fisheries statistical area 19, extending from about Sidney to Beacher:
Head near Sooke, has its principal trawling grounds off Victoria. The areas
between Albert and William Head, and Victoria and Esquimalt Harbours are closed
to trawling. Average annual landings of food groundfish from Area 19 were 137
metric tonmes for 1960-77, 75% of which was taken in the winter fishery between
October-March. Principal species were Pacific cod (73%), Ling cod (17%) and
English sole (3%). The Pacific cod fishery is thought to exploit a migrating
stock, :
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Fisheries. statistical area 20, extending from Scoke to Bonilla. . .
Point, has its principal trawling grounds off Port San Juan, The western half
of Area 20, including that around Port. San Juan, 1s not part.of the current
study area. Average annual landings of food groundfish from Area 20 were
184 tonnes: for 1960-77, 69% of which was: taken in the summer fishery between
April-September, Principal species taken were Dover sole (367), Pacific cod
{33%), English sele (10%) -and Ling cod. (7%). - This is the. only area in the
Juan de Fuca-Strait of Georgia system where the trawl fishery operates
principally 1n the summer months.

A small. additional- fishery:captures halibut. from ‘the shelf south of
Victoria. : Catches.have been minimal (1-3 tonmnes) and sporadlc 1n recent years
(1976 only in Area 207 1977-80 An Area 19).

A regional perspective of the trawl fishery of south Vancouver Island
as compared to the remainder of the Juan de Fuca-Strait of Georgia system and
the northern counterpart of approach to the Strait of Georgia (Area 13) is glven
in Table 1}6. Principal species include flatfish, Pacific cod, Ling cod and
dogfish. Secondary species include rockfish and pollock..

4.4,5.2.2.2 Habitat Requirements
' Flatfishes

-Included in the flatfish group are rock sole, English sole, petrale
sole, Dover. sole and turbot. Halibut, a minor species in this study area, is
researched and managed by -the Internationdl Halibut Commission. They are. all:
bottom dwelling species found. in wide depth ranges from shallow (18 m3 10
(fm)) to very deep (366 m; 200 fm) water - halibut being the largest and the -
deepest dwelling species. All spawn during mid-to-late winter months, and, with
the exception of rock sole, produce free-floating eggs. . The planktonic larvae
of these flatfishes undergo metamorphosis, wherein the left eye migrates to the
right side of the body before settling to the bottom, blind side down. 1In
early life Elatfish species are found in the intertidal zone and quite shallow

water, moving into- deeper water as they grow The fish move into shallow water
in spring and deeper water in w1nter. o :

As a group, flatflshes are charactprlzed by moderate growth rates: age
at. first. capture-is generally 2-3 years; age at first maturity is 3-7 years; natural
mortallty rate is relatively 1ow and- life span is 15-40 years.  Several to many
age groups contribute to the catch. each year. .Thus abundance. does not . fluctuate .
as wildly. as that of such species as cod and pollock, although fluctuations in
Individual year—classes are known:to- occur, :

—n
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TABLE 16 GROUNDFISH FISHERY OF SOUTH VANCOUVER ISLAND. . A REGIONAL
PERSPECTIVE OF AVERAGE ANNUAL CATCHES (NEAREST TONNE) RELATIVE
TO THE JUAN DE FUCA-STRAIT OF GEORGIA SYSTEM IN 1960-77 AND 1979-80

Area 19 ' Area 20 " Strait
(Sidney-Sooke) . (Sooke-Bonilla Pt.) of Georgiaa
1960-77°  1979-801  1960-772  1979-807  1960-77°
Pacific cod 101 708 61 219 - 578
e dogfish 6 343 6 92 198
Flatfish® 4 56 gsd 104 201°
‘ Rockfish® = 12 | 52
% : Peollock 14 ' - 12 _
Ling cod’ 55 17 24 6 832
Notes: a) Includes Strait of Juan de Fuca and northern approaches.

b) Mostly Dover sole, English sole plus six or more species.
c) Data for English sole only.

d) Dover sole and English sole only.

e) Two or more species, '

f) Includes line and trawl fisheries.

Sources: . 1. J.E. Smith. 1980. Catch and effort statistics of the Canadian
groundfish fishery on the Pacific coast in 1979. Canadian
Technical Report of Fisheries and Aquatic Sciences No. 961,

2. S.J. Westrheim. 1980. The totsl fishery in the Strait of

Georgia and vicinity, 1945-77. Canadian Manuscript Report
of Fisheries and Aquatic Sciences No. 1563.

3

Flatfishes feed primarily on clams and other molluscs , marine worms,
small crabs, shrimps, and brittle stars. :

Pacific cod

Pacific cod, the long-time mainstay of the domestic trawl fighery is
the only true cod in the Neorth Pacific and is similar in appearance to its more
famous cousin in the North Atlantic, In Canadian waters it is close to the
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southern 11m1t of its range and occuples 1ntermed1ate depths along the
continental shelf. It is fast—grow1ng and short-lived. Pacific cod reach
commercial size as 2-3 year-olds and mature at about the sane age. Few cod
live beyond 5 or 6 years of age as the natural mortality rate is ' 1
relatively high (possibly as much as 50%Z per year). With few age groups, cod '
populations exhibit considerable instability. Targe and almost cyclical
fluctuations in abundance have a profound effect on the annual success of
fishing. As yet these fluctuations cannot be reliably predlcted

Pacific cod spawn in February and March the eggs belng fertilized in
the water column. To date no fertilized eggs have been observed or collected - i
in the sea but laboratory evidence suggests that cod eggs incubate on the bottom. [
Bottom temperatures on.spawning grounds in British Columbia are usually 7-80C.

In general, small cod eat plankton (euphausids and shrimp) and larger
fish eat crabs, shrimp and other fish (mainly herring and sandlance). Cod tend"
to disperse for feeding and to congregate for spawning. -Similarly, they move
into deeper water in autumn and return to shallow water in spring.

Ling cod

The ling cod is widely distributed- along the continental shelf from
Mexico to the western Gulf of Alaska, but the centre of abundance appears to be
off British Columbla _ It occurs from the inter-tidal zone to depths of 366 m
(200 fm). - - -

Ling cod spawn in rocky, current- swept areas - ;
masses in crevices, These egg clusters are defended by the male After a
2-3 month pelagic stage, larval ling cod assume a bottom~dwelllng life. Growth
rate is relatively rapid in the early years of life and entry into the commercial
fishery occurs at 3-5 years of age. The maJorlty of ling cod mature at 4-5 years
of age, or a length of 65-76 cm. They cease to be of significance in commercial
landings beyond the age of 10-12 years, but may live as long as 18 years.

Tagging results'of'adu;;s suggest that the species is relatively non-
migratory, thus it is likely that the resource consists of numerous.local stocks.

Ling cod are fished commercially in Canadian waters primarily by bottom
trawl and handline or troll methods. During 1968-79 ling cod comprised an
average of 11% of the total groundfish landings, excluding halibut. As well as
being of commercial interest, ling cod are also landed by recreatlonal flshermen _
using jig, troll and spear fishing gear. o

Spiny dogfish

The spiny dogfish range is from southern California to the Gulf of
Alaska; it is most abundant from southern Oregon to Dixon Entrance
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Dogfish have been fished commercially for over 100 years, beginning
in the 1870's when the liver and body oils were used as a lubricant and fuel
for lamps. The major fishery occurred between 1937 and 1949 as a result of a
strong market for dogfish livers as a source of Vitamin A. From 1950 to ahout -
1975 the resource remained virtually unexploited. With the development of
foodfish markets abroad, dogfish landings increased from 1976 to 1979, but
decreased in 1980 as a result of a decline in market. conditions. :

Dogfish are characterized by slow grdwth,-a_low birth rate and a long
life-span. The young are born after a uniquely long gestation period of nearly
2 years. Males mature at a length of 62 cm (16 years) while females mature
at 90 cm or in their 25th year. During the 1979 fishery in the Strait of
Georgia, the average size was 84 cm and 102 cm for males and females respectively.
Elsewhere along the coast, especlally in Hecate Strait, the species remains
unexploited and interferes with the pursuits of other commercial fisheries.
The impact of dogfish as a predator on other groundfish and herring is not fully
understood. g ' : :

As the dogfish has a low rate of reproduction, it is extremely
sensitive to overfishing and a ratiomal approach to exploitation requires
careful monitoring of the harvest. .

The young dogfish diet begins with planktonic organisms, yet adults
too have been observed eating planktonic euphausids. Principal foods include
herring, hake, sandlance, and a wide variety of invertebrates such as crabs,
shrimp and octopus. Little evidence exists to indicate that dogfish are serious
predators of salmon.

Rockfish

Rockfish constitute a large and complex portion of west coast bottom-
fish resources. There are more than 30 species of which at least seven are of
importance to the domestic trawl fishery. As a group they are characterized by
slow growth; a prolonged period of immaturity (11-13 years); an even longer time
to become fully recruited to the fishery (13-15 years); an extended life span in
which, depending on species, an age of 50-60 years is not uncommon, and by a
natural mortality rate which in most species is probably less than 5% per annum.

Although composed of many age groups, rockfish stocks are highly
vulnerable to over-exploitation. Indeed, many were decimated during the years
when uncontrolled foreign fleets were present off British Columbia (1965-75) ,
Particularly hard hit were the stocks of Pacifie ocean perch located off Dixon
Entrance, off the west coast of Vancouver Island and in Queen Charlotte Sound.

Rockfishes as a group occupy a wide range of depths, but as individual
species occupy mote restricted ranges from intermediate depths on the continental
shelf (73-110 m; 40-60 fm) to the upper continental slope (183-457 m; 100-250 fm)
They overlap in their distributions with each other, but more importantly with
other species requiring quite different (conflicting) management policies.
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-For most rockfish species the basic biological parameters are not m
well known. (particularly the relationship between spawning stock and recruit-. :
ment) because it was not until recent years that rockfishes other than Pacific
oceéan.perch became of economic importance to Canadian fishermen and hence C -
warranted priority for investigation ~-8uch information as recruiting rates is: :
needed to determine the level of fishing which can be tolerated while Stlll
allowing for a practical rehabllltatlon schedule.

Walleye pollock

. Like the -hake, the walleye pollock is a newcomer to the trawl fishery
for foodfish. It occurs in both midwater and on the bottom at intermediate
depths. There appear to be several stocks in the Canadian zone, but as yet their
interrelationships are not fully understood. For example, it is possible that one
or both of the stocks or populations of adults which spawn (in midwater) in the
Strait of Georgia may make  their way out of the strait to the west coast of
Vancouver Island in spring and summer.

Like Pacific cod, pollock off British Columbia are near the southern
limit of their rdnge. Their 1life span is relatively short; maturity is reached in
2-4 years; there are as few as 3-5-year classes in unexploited stocks; mnatural .
mortality rate is relatively high (45%) and there are substantial variations in
recruitment. These factors produce much instability in the populatlons and thus
make difficult the predlctlon of abundance. : :

4.4.5.2.3 Other Finfish“

4.4,5.2.3.1 Herring

_ In comparison to the Strait of Georgia roe fishery, the herring fishery
for food and bait in the present study area is negligible (about 1%). Herring
are taken during their migration into the Strait of Georgia. - :

Herring spawning and rearing is.limited to a few of the limited number
of inlets in the study area, wheré anchovy also enter from offshore spawning areas
to rear (see Coastal Resources Map Series (1 50,000) section, Fish and Shellfish
Resources). Small as it is,. the local herring population is nevertheless  exploited
by both commercial and recreational fisheries.

4.4.5.2.3.2 Habltat Requlrements

A biclegical phenomenon is the annual convergence of huge schools of He
herring on a limited number of intertidal and shallow subtidal spawning grounds
which are generally scattered throughout the Pacific coast. ¥ew areas throughout
the West Coast appear to offer a suitable spawning habitat, but where’ these occur,
(such as in the present study area), they are heavily utlllzed
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Herring spawn in wlnter and early spring when sallnity and temperature

‘are reduced. Adhesive eggs ave deposited onto. seaweeds, primarily rockweed

(Fucua), Japweed (Sarg.ssum), and eelgrass (Zostera). The deposition of eggs

can range from above low water to 10-15 m below. Egg survival during the in-

cubation period of two to three weeks does not exceed 30% due to predation by

marine birds, 1ntertidal fish, and exposure to storms which dislodge egg-laden
seaweed.

Herring mortality is estimated to reach 99% during the larval phase
and evidence suggests this is chiefly due to larvae being carried offshore by
wind-driven surface currents as well as by lack of larval food (plankton) and
predation. By summer, juveniles school in shallow bays and inlets, typically
near kelp beds, feeding in surface waters at dawn and dusk on small zooplankton
(copepods, euphausids and amphlpods) '

: Near the end of their first summer, herrlng migrate from the Strait of
Georgia by way of the present study area to offshore feeding grounds, mainly of f
the lower west coast of Vancouver Island. A small number of herring remain
behind to form minor resident populations. The fall return migration begins in
their third or fourth year., Strait of Georgia herring remain separate from
stocks elsewhere on the coast during their spawning migrations, so that all
production and recruitment of the fishery stock must come from within the Strait
of Georgia system, particularly the present study area.

A list of the localities within the study area where herring spawning
has been recorded up to the present is available elsewhere (Hourston and Hamer, 1979).
Historical data of spawning intensity, timing,'and local habitat characteristics
are currently being analyzed by, researchers of the Pacific’ Blologlcal Station
(Fisheries and Oceans,_Canada)

On individual herring spawnlng grounds, no clear relationship exists
between spawnlng intensity and the number of spawning days. This is reflected
in the unpredictable nature of local spawning and hence the difficulty in
predicting the timing and abundance of 1nd1v1dual roe herring fisheries at the
local level.

Evidence suggests that changes in preferred spawning grounds are
related to broad-scale variation in envirommental conditions but it is not known
whether such shifts are the result of changes in herring migratory patterns or

- in variable survival rates for different herring spawning grounds. The vari-

ability in dctual timing of spawning from year to year in any locality appears
to be related to local vagaries of the environment rather than to oceanographlc
and climatic patterns. .
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4.4.5.3 Shellfish =~ - , e

Tahle 17 provides a brief regional perspectlve of the south
Vancouver Island shellfish flshery in terms of average anmnual commercial - catch
(1975-80) in the study area, east Vancouver Island and Juan de Fuca-Strait of ~
Georgia system 'as a whole. Overall, the commercial shellfish resource of south
Vancouver Island is minor. The principal species are crabs and geoduck clams.:

4,4,5.3.1 Resourée and Habitat Requirements

4.4.5. 3 1.1 Crab

The Pac1f1c, edlble or Dungeness crab . is generally trapped on firm. :
sand bottoms in less than 38 m (20 fm) of water.. Highest landings are reported.
from the southern Culf Islands (Area 18) where the crab catch is over three
times that of adjoining Area 17. However, as shown in Table 17, south coast

¢atches (Area 19, 20) are comparable to =211 of the east coast Vancouver Island
cdatch. . ‘ :

.. The edible erab lives mainly on firm sand from the low tide mark to
as deep as 190 m (100 .fm). Spawning occurs in late fall or.early winter with
eggs being carried by the female until hatching in the spring. Crab larvae
swim freely among plankten for three or more months before settling to the
bottom. The adult diet dincludes clamg, marine worms and small fish.

4,4.5,3.1.2 Clanms-

Tradltlonally, the clam flshery in the Juan de Fuca-Strait of Georgia
system has been based on three spec1eS' Butter clam, Japanese Littleneck or
Manila clam, and Native Littleneck clam. :Landings of Geoduck clam first reported
in 1977 exceed the average annual landings of the traditional species in the
study area overall. Horse clams were first reported in the commercial fishery
in 1979. - ' SR o ' ' '

Landlngs in Areas 19 and 20 are a small fractlon of those taken from
the east coast of Vancouver Island. Latge tracts of coastline in the present
study area are highly exposed and generally unsuitable for clam populations.

' The Butter clam is found in many types of sediments but is most
abundant in the lower third of the intertidal zome of beaches and bars composed
of a mixture of sand, broken shell and gravel. Manila clams live on mud-gravel
beaches at about the mid-tide mark while its close relative, the Native Littleneck
clam, is typically found in a mixture of fine sand, shell and gravel in the lower
half of the intertidal zone. The main populations of the large Geoduck clam are
found in subtidal sand or mixed sand-mud, but they can also be found in the
lower part of an intertidal beach.



TABLE 17  SHELLFISH FISHERY OF SOUTH VANCOUVER ISLAND. ' REGIONAL

PERSPECTIVE OF AVERAGE ANNUAL CATCHES. OF MAJOR SPECIES
~ 7 IN 1975-80 (NEAREST TONNEI

Strait of Georgia-Juen de FucajStfait

5,W. Coast EaStICoast o All

Species Vancouver Island Vancouver Island Aread
| 19 20 14, 17, 18 13-20, 28, 29

Shrimp & prawns® . . e e
Butter clam | - 4 118 132
Japanese littleneck(Manila) - 11 : 69 R 292
Native littleneck ' - - . 10 54 ' 138
Mixed clams - : _ 5 i R § | ' 9
Geoduck clam (1977-1980) 7 2 349 805
Abalone | : - 4 - 4
Crabs : 52 16 | 59 422
Oysters(b)' ' - 18 ' 50 74
Sea urchins (1979 only) 45 2 - 266 o313

Notess- (a) mostly captured by traps
(b) mnearest 1000 U.S. gallon shucked

Source: Fisherles and Oceans Canada. Anpual Reports, and B.C. Catch Statistics.
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4.4.5.3:1.3 Shrimp

Commerc1al shrlmp are trawléd maInly‘from muddy or sandy bot toms
1n 95-130 m (50-70 fm) of watér; Shrimp are found in a widéer Varlety of
habitats (rock to mud; pelaglc to demersal) than is the edihie crab. A major,
integral part of the mdrine ecosystem in pelagic and demersal waters, shrimp
are pf great value in thé dletS of commercial fish; marine mammals, and large
invértebrates. In turn, shrimp prey upon other crustaceans, many pelagic and
demersal invertebratés, and recycle dead or decaying organlc matter. No e
detailed ecological studiés exist because of difficulties in spécies
1dent1ficat10n.

4;4.5.3.1;4‘ ?taﬁns

" Prawns live on rocky Bottoms. Catches in the study area are primarily
- taken by baited traps from the few large,_sheltered inlets and rocky islet
groups; Saanich Inlet, for example, is closed to all net flSherles, trapping 1s_

used in the rocky’ 1sland areas of Discovery Island and Race Rocks; trapping -and
limited trawling occur in Sooke Basin.

4.4.5.3.1.5 Sea Urchin
_ Limited harvestlng of red sea urchin in the Strait of Georgla began
in 1972. TIin the period 1975-79 oveér three quarters (86/) of the sea urchin
harvest from southern British Columbia came from the east coast of Vantouver
Island with the only other significant landlngs recorded from the present study
area, the southern approach to the Strait of Georgla (Area 19) Harvesting is
done by divers who are limited in theit operations by depth and currents.
Therefore; only the densest populations can econiomically support the fishery.

_ The densest populatlons of red sea urchins are on rocky bottoms in or
near large algae beds, generally 3-5 m below low tide. Populations below 15 m
are limited to small isoliated clusters.

4.4.5.4 Species Names

In this report, common names are used throughout Dut, in order to
avoid confusion, the scientific names are given below. Conmon names of fish are

thoseé of Hart (1973), shrimp of Butler (1980), and clams of Qitaylé and Bourne
(1972).

Salmon

Oncorhyrnichus keta
gzgﬁook 0. tshawytscha
Coho 0. kisutch
Pink 0. gorbuscha
Sockeye _ o O-_ner&a. o
Coastal Cutthroat trout Salmo clarkl clafkl
Steelhead §. gairdneri

Pacific herring Clupea pallasii
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Groundfish/Midwater Fish

Pacific cod
Walleye pollock-
Pacific hake:
Tomcod

Slender sole . .
English {Lemon) sole .
Flathead sole

Rex sole

Rock sole

Dover sole

Sand sole
Arrowtooth flounder
Butter sole

Starry flounder
Speckled sanddab
Pacific halibut
Rockfish a
Spring dogfish

Ling cod

Shellfish

Prawn
Shrimp

Edible (Dungeness) crab
Razor clam
Butter clam _
Manila clam = -
. Littleneck clam
- Horse clam
Geoduck clam

Oyster

' Sea Urchin |
Mussels

Red squid
Opal squid

Octopus
Abalone

' Gadus macrocepbalﬁs

Theragra chalcogramma
Merluccius productus
Mocrogadus proximus

Lyopsetta exilis

Parophys vetulis
Hippoglossoides elassodon
Glytocephalus zachirus
Lepidopsetta bilineata
Microstomus pacificus
Psettichthys melanostictus

. Atheresthes stomias

Isopsetta isolepis
Platichthys stellatus
Citharichthus stigmaeus
Hippoglossus stenclepsis
Scorpaenidae :
Sgqualus ocanthias
Ophiodon elongatus

' Pandalus Platyceros

P, jordani

P. borealis

P. hypsinotus.

P. danae
Pandalopsis dispar

Cancer magister

Siligua patula o
Saxidomus giganteus
Venerupis japonica
Protothaca staminea
-Presus capax

Panope generosa -

“ Crassostrea gigas

Strongylocentrotus franciséanus 

‘Mytilus edulis

Beryteuthis magister
Loligo opanescens

Octopus spp.

Haliotus rufescens
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4,5 RECREATIONAL RESOURCES

: The southern coast provides abundant opportunltles for outdoor
recreation. There are bays, inlets, harbours, scénic shorelines and shore process
features (e.g. spits) to attract recreatlonlsts. Small gand -and '§hell peaches are
common, although large beaches with: good quallty sand are few. Many low lying
areas prov1de easy actess to the shorezone for viewing, walking, nature $tudy and
boating, while the rocky coasts contain a diversity of marine 1ife that attracts
divers. The coastal uplands. provide hiking trails, scenic env1ronments and parks.
 The Canada Land Inventory rates much of the shorezone of thé study area class 1 to
elass 5, signifying that the study coast has a variety of capabllltles for outdoor
recreation. :

4.5.1 COMPETITION.FOR SPACE AND RESOURCES

While many important recreationdl resources are currently protected from
alienation within the coastal zone, some areas currently in use; ds wéll as those
with significant potentlal (1nc1ud1ng scuba diving sites, shore process features;
beaches and backshore camping areds) Yemain unprotected . With ‘the . predlcted ‘
population growth, competition for many of the areas w111 doubtless increase. For
instance, expangion of current usés such as log storage; commerc1al flshlng, shore-
line residential development and commercial and 1ndustrlal constructlon on the
foreshore or backshore zones preempts reécreational use as- effectlvely as numerous
licenced water withdrawals from rivérs ‘prevent river boating or fishing. Beaches
become alienated through overuse (crowding), misuse (vehicular traffic), inapprop-
riate use (excavation), or indirectly by the interruption of longsliore sediment
transport that sustains them. The protection of unlque, recreatlonally valuable
sites must occur relatlvely soon while they still remain, and/or the costs of
acquisition are not prohlbitive

4.5.2 ACCESS

One of the most pressing coastal zone problems of other jurisdictions
(e.g. California, Sweden) is the lack of public aeccess to the shoreline. A
combination of private waterfront ownershlp, heavy forest cover amd rock cliffs
precludes the use of many potential récreational areds by thé non-boating public.
Similarly, marinas with security fences and adjacent commeércial/industrial
developments either physically prevent access or render the site unattractive for
recreational purposes. = In other coastal areas, acceéss to the water ig either un-
marked or inadequate for vehicles and pédestrians. Log booming and storage on
intertidal flats or rocky shorelines similarly prevents their unobstructed
enjoyment while also reducing the habitat of recreational wildlife spécies. Back-—
shore developments and foreshore leases destroy the wildeérness and the aesthetics
of many sections of scenic¢ coast. While many miles of unobstructed shoreline
remain for recreationists wishing to enjoy the scenery and biota of the coastal
zone in solitude and béeyond 51ght of human activities, the issuance of foreshore
leases into new areas could, in time; eliminate all vestiges of 1solat10n in the
study area.
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4.5.3 POLLUTION

Marlne water quallty in the study region currently restricts recrea-
tional activities in local areas. The sewage from urban outfalls is responsible
for shellfish closures along the coast. Boat wastes in waters surrounding marinas
and wharves contribute to lécal shellfish harvesting restrictions. Sewage dis-
charged from recreational vessels in open waters is not yet identified as problem-
atic, although several heavily used anchorages evidence poor visual and aesthetic
water quality.

Water. contact sports (e. g sw1mm1ng) conducted in areas of contamlnatlon

' pose definite health risks to recreationists. Leachates from log booming and

storage, and effluent from coastal industries reduce the recreational value of ad-
jacent coastal waters and .can jeopardize the integrity of local coastal ecosystems.,
The consumptlon of marine and intertidal biota are important recreational activities
in this area; water quality, therefore, is of great concern. In many instances,

the costs of pollution are not borne by the originating sources the resulting
impact belng borne by the recreational communlty and the public at large.

4.6 PHYSICAL PROCESSES AND ENERGY

4.6.1 REGIONAL WAVE CLIMATE

 An understandlng of the potentlal for a Body of water to produce
waves under certain conditions is important from engineering, planning, and’
recreational points of v1ew.'_Eng1neers are concerned with the effect of waves
on coastal structures such as breakwaters or wharves, as well as the sedimen—
tation of harbours. Planners, on the other hand, are concerned with wave effécts
on coastal bluffs, the probability of inundation during storms, and the sensi--
tivity of certain shoreforms, such as spits, to erosion. Recreationists are
concerned about the stability of coastal bluffs (on recreatlonal properties),
marina protection, and the maintenance of sandy beaches.

~ The following discussion does not attempt to cover the current state
of the art in wave theory, but reviews what is known about wave characteristics
in the study area. For further general reading on the subject, Bascom (1980)
provides an excellent layman's text. For works in the field relating to Canadian
conditions, reports by the Associate Committee for Research on Shoreline Erosion
and Sedimentation (ACROSES) (1980) , and McCann (1980) are available. Also,
an excellent series of articles by Thomson (1974—1977) as well as an oceanographlc
text (Thomson, 1981) apply directly to the study area.

4.6.1.1 Wave Heights

In the absence of real wave measurements for the study area (except for
Victoria Harbour), it is necessary to descrlbe what is known about the components
of waves,
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Wave he1ght is a function of the generating w1nd - its trength
(speed), duration (time for‘whlch it has been blow1ng at & partlcular speed),
‘and fetch (the unobstructed length of water over whlch it can blow).

]4[6;1.1;1“ Wind Stfength :'

"Owens (1980) states that the direction of the strongest w1nds is more
s1gn1f1cant to wave generation than prevailing winds. Clague and Bornhold (1980)
identified west and south ‘as directions of the strongest amnual average winds for
Gonzales Heights and Victoria International Alrport, respect1vely. Seasonal N
annual averages” (summer and winter) compiled by the- Atmospherlc Environment
' ‘Service (1980) 1dent1f1ed west at Race Rocks, southwest at Gonzales Heights), ‘and
southeast and northeast at Vlctoria Internatlonal Alrport as d1rect1ons of the
highest averages.

Hale and Greenwood (1980), in their work ‘on storm wave climatology,”
selected 19 km/hour (hr ) to define the lower limit of a storm. Figure 6
displays the percentage frequency of hours with wind speeds greater than 30 km/hr
for a representative area: - Race Rocks. Tt is" evident that the western quadrant
predominates throughout the year. There is, however, a strong easterly component
in the winter; a time when overall velocities are at-a makimum. -Gréer (1979),
his Victoria waterfront sﬂuhn chose southwesterly and southeasterly directions
to calculate the storm wave climate. His speed classes “(with 15 km 1ntervals)
ranged from 0 ‘km/hr to greater than 48 km/hr Holden (1979),_rev1ewed 30
years of wind records for. Whlffnn Spit and 1dentif1ed 115 km/hr from the south—
.west as the extreme value for his wave calculatlons. In comparlson, for the a
Sldney Spit study Holden (1980) chose 80 km/br from the southeast. Thurber
'Consultants (1973) felt winds over 29 km/hr were. slgnlflcant for wave calculau
tlons at Gordon Head

4.6.1.1.2 Wind Duration

There have been a wide range of w1nd duratlon values calculated for
the study area. Hale and Greenwood (1980) chose 6 hrs as the minimum
duration for a storm to fully develop. Thomson (1981) used a 10-hr duration
for his calculatlons at the seaward end of Juan de Fuca Strait. Greer (1979)
used .4 hrs for the Victoria waterfront, while Thurber Consultants (1973)
:Holden (1979) and Harper (1980) felt that a minimum of 1 hr duratlon was
significant. Harper (1980y pers. comm. ) speciflcally noted that 1 hr should
produce significant waves for less exposed sites.

4.6.1.1.3 Fetch
Thomson (1981) used a maximum fetch of 140 km for Juan de Fuca Strait.

Dunn (1982) measured effective fetches of up to 80 km.to the southeast for the
study area. For Whiffin Spit, Holden (1979) calculated just over 29 km to the
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GREATER FOR RACE ROCKS (1970-80) .

" - FIGURE 6: PERCENTAGE FREQUENCY OTF HOURS: WITH WIND SPEEDS. 30" KM/HOUR OR - - .. -
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southwest ‘as the ‘effectiye fetch. Greer‘(l979) measured 50 km to the south-—
east for his Victoria wateriront calculations.

_ In more sheltered eastern locations of the study area, Holden (1980),
Owens (1980) and Harper (1982) all used values of less than. 15 km from the
.. eastern quadrant... .. .. ... _ . o e

4.6.1.1.4 Swell Wayes

S ‘ The western section of the study‘area is subjected to swell wayes.
These waves are independent of local wind conditions and can migrate the full
length. of the Strait. They decrease in height as they move eastward. Swell -

i Haves: tend to 1ncrease the height and steepness of local seas (Thomson, 1981)

4,6.1. 1 5 Sznthe81s

The study area can be broken .dowm into three separate wave reglmes.

- The western section is a mixed wave regimé of both swell and sea waves:
and is relatively exposed. Longest fetches are to the southwest and
southeast, L ' :

- The central section is predominantly inflnenCEd by sea waves and is
relatively exposed. Longest'fetches southeast and southwest.

- The northeast section is influenced by sea waves and is relatively
sheltered. Longest fetches are to the east and southeast.,

Maximum deep water wave helghts in the western sectlon can attain 3 m
but average around 2 m = ‘(Thomson, 1981). Holden (1979) calculated a significant
deep water value of 3. 3 m wh1le his" nearshore calculat1on was - 2 m at: Whiffin Splt.

Tswell Waves, while approachlng 6 m at: the entrance to: the Straltcithan de Fu

(winter value), are reduced as they move eastward. Holden (1979) estimated that
in November 1978 swell waves of .4 m with 12-second periods occurred at Whiffin
Spit.

Greer '(1979) calculated the design waves for the exposed Victoria
waterfont to be approximately 4 m. with 8-second periods. ' Characteristic of
the sheltered locations in the study area, real waves were measured in Victoria
Harbour. These are the only measurements of waves in the study area. The
values are as follows:

Victoria Harbour, Station 4 at —4.6m, March 10, 1976 to March 24, 1977

Largest wave recorded: about 1 m. with a peak period between 3 and 4 seconds.

Greatest percentage wave height and pericd: '94% less than .3 m. with
2-4 second periods.

Exceedance: 10% probable maximum exceedance of .4 m.

Victoria Harbour, Station 95, at -3.7 m, December 3, 1975 to July 28 1976

Largest wave recorded: .75 m with peak perlod of 4 seconds.




7 Greatest percentage wave height and period: ' 94%Z less than ,Bm with -

2-4 second perilods.
Exceedance: 10% probable maximum exceedance of .4m.

Significant wave heights identified for the northeast coast of the
study area showed great variability, Harper (1982) calculated maximums of
; about 2 m with 4.5 to 5.5 second periods from the east for Saani h Peninsula.
- Holden (1980}, calculated a maximum value of 1,5 m with 5-second periods
from the southeast for Sidney Spit. Owens (1979, 1980) noted that wave heights
greater than 1 m would be rare in channels adjacent to Saltspring Island,
while in sheltered locations wvalues would not exceed .5 m. -

4.6.1.2 Wave_Energz

Wave energy is a function of wave height, wave period and nearshore’
slope. An important end product on the shore is the generation of a littoral
current. Table 17, developed by Thomson (1981) shows the relationship between
factors which determine waves and their energy. Thomson (1981) also provides
a graphic illustration of the relationship between wave periods and wave energy
(see Figure 7).

FIGURE 7 POWER SPECTRUM OF RELATIVE AMOUNT OF ENERGY CONTAINED BY WAVES
OVER A RANGE OF WAVE PERIODS :
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Note: Broken lines show overlap of wave types. :
Tidal energy is concentrated within a narrow band of periods near
diurnal and semi-diurnal periods. (After Kinsman, 1965).

Source: R.E. Thomson, 1981. Oceanography of the British Columbia Coast.
Canadian Special Publication of Fisheries and Aquatic Sciences 56.
Fisheries and Oceans Canada. Ottawa. p.89.



TABLE 18 MINIMUM FETCH AND DURATLON TO PRODUCE FULLY DEVELOPED SEAS 
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- OF VARIOUS WIND -SPEEDS

Wind Speed (knots) . | 10
"Fetch (kilometres) 19
Duration (hours) 24
Avéragé_Height:(metresj 0.3

Significant Heightl(metres) .4

.“Average of the hlghest lO/ .6

(metres)

Period having the greatest
concentration of energy

{seconds) 4

15

63

1.1

.1.5 .

20

139

10

1.5
2.4

3.1

296

16

2.7

4.3

5.5

10

30 40 50

518 1315 2530

23 42 69

5.3 8.5 14.6

6.7 13.4 23.8

8.4 17.430.2

12 16 20

! The Significant Height is the average height of the highest 1/3 of the

existing waves. The maximum wave height is about 1.8 times the

significant height.

Source: R.E. Thomson, 198l. Oceanography of the British Columbia Coast.
Canadian Special Publication of Fisheries and Aquatic Sciences 56,

Fisheries and Oceans Canada.

L4 .

Ottawa.
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Bornhold and Clague (1980) note that for Juan de Fuca Strait and

- -the ' Strait of Georgia wave energy is fetch~dependent. Owens {1980) states’

that wave energies generally correspond to the seasonal variation in wind -
velocities and wave helights. The winter months (October to April) produce. :

. the higher values.

; Wave energy-studieSrhave Béén doﬁé'for three sites within the
study -area. T s

4.6.1.2.1 Whiffin Spit

. Holden (1979), using wave refraction diagrams, found that wave
energy is generally reduced along the spit. He did note, however, that waves
from the southwest and west were not reduced by trefraction and therefore had
more available energy. This concentration of energy was at the migrating zome
of the spit neck (see Figure 8). Areas of concentrated wave energy due to
refraction~aré=indicated by the more closely spaced_orthdgonals,1‘ '

4.6.1.2:2“ Victoria Waterfrodt'

- Greer (1979) used the same type of analysis and found that the :
highest wave energy levels .on'the shoreline varied with wind direction. Wave
energy was concentrated bétween Finlayson and Clover points during west-—
southwest winds, Brotchie Ledgée was found to focus energy on the shore between
Ogden,and'Holland-points-duriﬁg southwest and south-southwest winds, East-

southeast winds concentrated wave energy on the eastern side of Clover Point.

Greer (1979) noted, with interest, that waves from this direction dissipated

their energy further to the west in the study area.

‘ff? 4;6§i;2;3" Saéﬁich Péniﬁsuia

-Hérperﬁ(l982);-usihg a-wave ¢limate model, calculated wave energy}'

. -levels for fifteen stations. He found that total annual energy levels appeared

to be higher on-the west coast of the peninsula than on the more exposed east

coast; this 1s attributed to the moderate persistent westerlies. Seasonal

variations of energy showed some interesting values. East coast values peak

. in December, while west coast values peak in March and June. The winter wave

energy levels for theeast coast of the peninsula were almost an order of
magnitude larger than the summer values. On the west coast, energy levels
remain high through the seasons with the ‘summer peak only twice the minimum.’
Harper (1982) qualifies these findings by noting that equations used in this

~model are uncalibrated for the Saanich Peninsula and some uncertainty in

predictions exists.
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FIGURE 8 WHITFIN SPIT WAVE REFRACTION (WAVE PERIOD 10 SECONDS FROM .
THE SOUTHWEST)

\

1
- S188123ABM

Source: B.J. Holden, 1979, Whiffin Spit. B.C. Ministry of Lands, Parks and
Housing. Province of British Columbia. Victoria. |
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Another factor which contributes to the amount of wave energy
available is water leyel. Owens (1980) notes that as tidal range increases,
available waye energy'di351pates pver a larger vertical area, This agrees-
with Greer (1979) and Holden (1979). Maximum tidal ranges in the study area
wvary from 2.5 m. in the west, 1.8 m at Victoria and 2.4 m in Haro Strait. The
most energy affecting the backshore would he when strong -winds occur with a:
high tide. Greer (1979) calculated that this event could happen for about 34
"hrs per year for winds in the southern quadrant.: . -

A combination of strong winds and high tides can cause storm surges
which can exceed high tide levels by as much as Q. 5m (Holden, 1979, Owens,
1980). Storm surges of this magnitude have a 50 te lOO-yr return
probability (Holden, 1979).

4,6,.1.3 Littoral Currents

Littoral currents are generated by waves striking the shoreline at
an angle. Thomson (1977) states that short period waves produce stronger
currents than long period waves as they are less susceptible to refraction.
Clague and Bornhold (1980) note the consistent northward trend of the spits
on James-and Sidney. islands.. Harper (1980) observed that seasonal changes of
wind direction in restricted fetches may produce seasonal reversals of littoral
drift. On Saanich Peninsula he found a small southerly drift in summer and a
larger northerly drift in winter: Jdn general, there was an accretional
phase in summer and an erosional phase in winter; also there was a
net northerly drift of sediments on the east coast of the peninsula ending at
Cordova Spit which is accreting at .2 m per year.

' Harper (1982) also estimated the maximum depth of bottom disturbance
of sand-sized sediments due to wave-induced currents. Table 19 provides these
estimates by station and Figure 9 identifies the location of these stations.
In terms of frequency of disturbarce, Harper (1982) cautions that the maximum
values may be reached less than ‘one percent of the time. A smaller value may
be more frequent. Figure 1l shows a typical sample profile.
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TABLE 19 MAXTMUM DEPTH OF SEDIMENT (SAND-SIZED) DISTURBANCE DUE TO WAVES

Station SPO1  SPO2  SPO4 SPO5  SPO7 < §PO9  SP10  SPIl . SP13

Maximum Depth : G PR T
of Disturbance (m) 12.3 13.2  12:2 ~ 17.5 . 21.7 22,5 :21.4 22,7 20.9
SP19 SP21 SP22 SP33 SP40  SP43

7.6 7.8 8.6 8.1 8,1 7.6

FICURE 9 LOCATION OF SAMPLE STATIONS

Peninsula

JUAN DE FUCA
STRAIT

Source: J.R. Harper, 1982. Geologic Applications of a Wave Climate Model with
Examples from the Saanich Peninsula. Paper presented at Western Region

Workshop, Associate Committee for Research on Shoreline Erosion and
Sedimentation, Simon Fraser University.

o Ly
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FIGURE 10 ANNUAL PERCENT FREQUENCY OF BOTTOM SEDIMENT DISTURBANCE
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1'4
T
-
o
W
o
<o
e
o
S
Shore Station :SP40 - -
9% - T 1
0 10 20 . 30 - 40 . 50
ANNUAL PERCENT DISTURBANCE BY SURFACE WAVES
Source: - J.R. Harper, 1982. Geologic Applications of a Wave Climate Model with

Examples from the ‘Saanich Peninsula. Paper presented at Western: Réglon
Workshop, Associate Committee for Research on Shorellne Erosion and
Sedimentation. Simon Fraser University.
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4.6.2 CIRCULATION -~ . - -~ -~ - o oo e E N e ey

4.6.2.1 Overall Patterns

The south coast is exposed to generally turbulent open coastal
waters, having a small number of major inlets of fjord-like origins with
relatively small river discharges at their heads. In one notable case, namely
Saanich Inlet, the primary source of the estuarine structure of the surface [
waters is through the influx of brackish waters arriving from elsewhere i
(Cowichan and Fraser Rivers) - a so-called "negative' estuary. The remaining
principal inletsy Vietoria Harbour, the Gorge, Portage Inlet and Sooke Inlet -
are much smaller, with a poorly developed estuarine structure in summer and .
localized estuarine circulation appearing in the rainy season.

Resource productive regions tend to be those with high primary .
(phytoplankton) production which in turn requires a high degree of stability in
the surface waters. Shelter from turbulent mixing and surface stratification
caused by rising temperatures and spring runoff signal the seasonal onset of .- :
primary production blooms inside the inlets. On the other hand, most of the:
outer coastline lies in regions of strong tidal mixing which effectively :
destroys surface stability. Consequently, these regions are relatively low in -
primary productivity. Some surface layering may occur during the summer Fraser
River freshet but remains localized and short-lived.

The net circulation of coastal waters is seaward, resulting from ebb |
and flood tidal excursions in concert with the estuarine influence of Strait-
of Georgia waters. Localized circulation gyres are at times evident in the region.
off Victoria and in eastern Juan de Fuca Strait. The flood tends to be strongest
in southern and eastern regions of the strait (U.S.A.), the ebh being strongest
in northern and western regions (Canada). Consequently, the overall pattern of
surface circulation in the southern Strait of Georgia-Juan de Fuca system is:
anticlockwise or seaward. '

4.6.2.2 Factor Influencing the Movement of 0il Spills

Knowledge of the oceanography of the coastal waters is of critical
importance in the evaluation of marine resources at risk from oil spills. Oil-
pollution is a threat because of existing and potential additional oil tanker
traffic through Juan de Fuca Strait.

" Surface water currents are the major determinant in the movement of
a spill when winds are negligible., Tidal currents affect the range of Impact,
depending at what state of the tide the spill occurred.

Wind-generated surface currents as well as direct effects of wind
friction can also be critical factors in the movement of a spill, However,
-waves created by wind can also contribute to a lessening of impacts of the spill
'by increasing the. attrition of oil by Weatherlng processes - evaporation,
emu181f1cat10n or sinking, ‘




o

- 61 -

. Most probable impact zones following an oil spill in the Juan de
Fuca Strait-Puget Sound system are provided hy.a recent report (Wolferstan, *
1981). All of parts of the study area are likely to he impacted, depending on the
location of the spill. ' - : Coe

Thé most vulnerable habitats are those which occur in the most

protected waters of estuaries and inlets where finer sediments and shallow
waters support a wide variety of saltmarsh and estuarine marine 1ife.

4.6.3 SEDIMENTATION

There ié'general agreement that nearshore Sediments originate primarily
from unconsolidated coastal bluffs within the study area. (Foster, 1976; '
Holden, 1979, 1980; Greer, 1979; and Clague and Bornhold, 1980).

Rates of sedimentation are unknown although Foster (1976) did an
extensive survey of coastal recession. The rate of sediments available to
littoral currents is influenced by such factors as wave action and texture of
materials. Owens (1980) states that the presence of log debris in the upper

tidal area stabilized underlying sediments,

Harper (1980) measured the seasonal volumes of materials removed and
added within the sweep zone of waves for two areas - Juan de Fuca Strait from
Whiffin Spit west to San Simon Point - and the Saanich Peninsula from Cordova
Bay to Patrjcia Bay. For the Juan de Fuca study, net volumetric changes ranged
from -2.2 m¥ to +13.2 m3, while for the Saanich Peninsula area Values ranged
from ~20.2 m3 to + 4.8 m3

4.6.4 ATMOSPHERIC MIXING

The following information is provided by Schaefer (1981). The
capacity of the atmosphere to disperse airborne pellutants is determined by the
combined effect of horizontal transport and vertical mixing. Horizental transport
is a function of wind speed and direction; vertical mixing is a function of the
stability of the lower atmosphere. Conditions which inhibit vertical mixing
and/or horizontal transport are ground based inversions and light surface winds.

An estimate of the seasonal frequency of persistent light winds (speeds
less than 12 km/hour, is presented in Figure 11. . These values. are based on a
Canadian study by Shaw, Hirt and Tilley (1972). : '

Buring fall and winter, statidnary or slow moving high pressure
centres produce significant light wind episodes with those persisting 48 hrs
or more less common than those persisting only 24-47 hrs. Calms are most
frequent in the hours around sunrise and sunset, when reversals in the land and
sea breeze circulations take place. : Persistent westerly inflow in Juan de Fuca

Strait reduces the frequency of calm or persistent light winds during summer
months. -



Inver51ons prevent cenvective mixing and limit the wvertical.
dlspersal of pollutants. Inversions are most commonly caused by nocturnal
~cooling of the earth's surface. In such cases, afterncon heating normally
restores convective mixing. In the study area, however, several factors
lead to more persistent inversions which may last throughout the day. These
include: overrunning warm air from more southerly parts of the Paecific Ocean,
particularly in fall and winter; coollng effects of the sea breeze in late
spring and summer; and ‘the occasional presence of cold Arctic air from the
mainland during winter months.

Estimates of the diurmnal and seasonal percentage frequencies of ground-
based inversions for the study are provided in Figure 12, Values are based on
a national study by Munn, Tomlain, and Titus (1970}, a regional study by Emslie
(1979) and considerations ef local faétors._ ‘Considerable variation from the
indicated values can be expected due to the local influences of water bodies
and topography. :

A measure of the ‘dispersive capability of ‘thé lower atmosphere termed
the ventilation coefficient can be calculated as the product of the height of
the convectively mixed layer and the mean horizontal wind speed in ‘that layer.
Portelli's (1977) study of these factors indicates that, for the British Columbia
‘coast, mean afternoon values of ‘the ventilation coefficient peak sharply in 1
spring (April), decline throughout the summer and persist at low levels during
fall and winter.' Problems of pollutant buildup are generally limited to periods
of calm or light winds which coincide with persistent ground-based inversioms.
buring the wet season, pollutants are partlally removed from the lower atmosphere
by rain.

4.6.5 SEISMICITY

The B.C. coast has a 1 in 100 probability of an earthquake exceeding
a horizontal acceleration of 6% of gravity. Horizontal acceleration is an
accepted index of ground motion for engineering purposes.  Witham and Miine
(1972) note that earthquake damage is a function of earthquake magnitude, its ~
depth of focus and mechanism, soil type, distance, and the quality of bulldlng
construction. . . _ .

4, 6 5.1 Magnltude

A common measure of earthquake magnltude is the Richter gystem;
earthquake iIntensities are also descrihed by the Modified:Mercalli scale,
Table 20 provides a comparison of the two methods of measurement,

The threshold for:significant damage during earthquakes is -set at
magnitude 5 on the Richter scale. - Milne, Rigers, Riddihough, McMechan and

Hyndman (1978) calculated a frequency of one in ten years for potentially dama- -

ging earthquakes. Figure 13 provides a comparison hetween the continental and
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.TABLE . 20 MODIFIED MERCALLI SCALE OF EARTHQUAKE INTENSITIES
WITH CORRESPONDING RICHTER MAGNITUDES ST e e

 Intensity . B ' Magnitude Approximately

(Modified f . _ S Correspanding to
Mercalli . L : ' : Highest- Intens1ty
Scale) Description of Characteristic Effects Reached :

| ; Instrumental: detected only by se15mography
IT Feeble: noticed only by sensitive people 3.5
111 . Slight: 1like the vibrations due to a passing to
— heavy truck; felt by people at rest R 4,2
o especially on upper floors e e
IV . . Moderate: felt by people while walking;
' rocking of loose objects, including =~~~ 4.3
standing vehicles to
) Rather Strong: felt generally; most s]eepers 4.8
are woken and bells ring C
vi . ; Strong: trees sway and all suspended obJects 4.9 to 5.4

"~ swing; damage by overturning and_fa111ng
of loose objects -

VII Very Strong: general alarm, walls crack and 5.5 to 6.1
_ plaster falls '
Viilm - Destructive: car drivers seriously disturbed; 6.2
masonry fissured; chimneys fall; poorly to
. constructed buildings damaged - . - 6.9
IX -~ - Ruinous: some houses collapse where ground
begins to crack; pipes break open; o

X B Disastrous: ground cracks badly; many buildings - 7.0 to 7.3
' ‘ destroyed and railway lines bent; land-
_ s1ides on steep slopes
X1 ' Very Disastrous: few bui]dings remain standing 7.4 to 8.1
- ' bridges destroyed; all services {railway, .
pipes, cables) out of act10n, great 1and-~‘
s1ides and floods. o : = :
XIT  Catastrophic: total destruction; obJects thrown 8.1+
into air; ground rises and falls in waves o

#

nard 1979.- Terra1n Capab111ty for Res1dent1a1 Sett]ements: Summary

Source: °por{ Resource Analys1s Branch Victoria. 61 p.
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Figure 13. STRAIN RELEASE AS' A FUNCTION. OF TIME
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Source: Milne, W.G., G.C. Rogers, R.P. Riddihough, G.A. McMechan, and R.D. Hyndman,
1978. -"Seismicity of Western Canada'. Canadian Journal of Earth Sciences,

vol. 15. pp.1170-1193,
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offshore areas. Note that the offshore graph shows a relatively smooth

slope with few large releases of strain. The continental area ‘graph, however,
shows large steps which. are indicative of high strain release during large
earthquakes. The straight lines represent an estimate of the strain
accumylation rate (Milne et al, 1978)., From this graph, the authors postulate
that if the historical seismicity pattern for the continental area continues,

a major part of the present accumulated strain could be released in a 51gnif1cant
earthquake within the next decade.

A study cited in Foster (1976} by Milne and Davenport dealt with
earthquakes occurring between 1899 and 1960 in western Canada. They assigned
a peak horizontal acceleration of 10.7 percent gravity for Victoria, This:
would have a hundred-year return probability which corresponds to an intensity
of VIII on the Modified Mercalli scale.- These values refer to firm soil
conditions. o

4.6.5.2 Depth of Focus and Mechanism

. ~ The maximum recorded depth of earthquakes‘ih:the region is about
70 km. By comparison, depths’ of up to 700 ki are’ common in" 31m11ar areas of
the world (Milne et al, 1978). :

The primary mechanisms of earthquakes in this region are strike-
slip and normal faulting (Milne et al, 1978; Rogers et al, 1978).

4, 6 5 3 8011 TXE

The type of materlal upon which structures are built directly
influences the amplification of earthquakes. Wuorinen (1976) developed a
seismic micro-zonation map for the Victoria area which consists of tliree zomes
(Table 2}). By comparison, Table 22 provides amplification factors ‘for various
geological materials and represents the minimum design requirements recommended
under the National Building ‘Code. .

TABLE 21 ZONES IN VICTORIA MICROZONATION

Zone Related Ground Iype ' intensity Increment -

A Bedrock within 3 metres _ -1
Other than A or C 0
Fill or former swamp. -~ . 41
Source: V. Wuorinen, 1976. ~Seismic microzonation of Vlctoria. A social

response to risk., . Int. Victoria: Physical environment: and development.
Western Geographlcal Series, 12, University of Victoria, Victoria, B.C.
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TABLE 22 SEISMIC AMPLIFICATION FACTORS FOR DIFFERENT GEOLOGICAL MATERIALS

TYPE AND DEPTH OF MATERIAL = ‘ S | ~ AMPLIFICATION FACTOR.

1. Rock, dense and very dense coarse-grained sediments,
ver}“étiff'and'hard;ﬁinefgrained sediments, compact -
coarse-grained sediments and firm and stiff fine- R
grained sediments from 0 to 15 m deep «veuvrenn... ‘;;Q;;,..L.....l.o

z. Compacf coarse-grained sediments, firm and stiff
f1ne-gra1ned sediments with a depth of greater than
15 m very loose coarse- gra1ned sediments and very
soft and soft fine- grained sediments from 0 to
15 m deep svvvrnneeenans erereaaes -....{....,.;:;;,;;.;....l,...1.3

3. Very loose and loose coarse- grained:sedihénts and
very soft and soft fine-grained sed1nents with
depths gr'Eater than 15 m ......-‘:'.'_...V."_._-'._"-.--A-...;....-....;;:'..:....-1-5

Note: Phépared by the Associate Comhiﬁfee'of.fhe Natfona] Budeing Code 1977b

Source:"b' Maynard, 1979.- Terra1n Capab111ty for Res1dent1a1 Settlements
‘ Summary Report, Resource Ana1y51s Branch V1ctor1a 61 p. :
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4.6.5.4 Distance

- Earthquake 'damage diminishes with distancé from'the epicentre

(Whitman and Smith, 1970)}. Active faults in recent geological time are the

San Juan and Leech River faults. Milne et al (1978) report that the more active
earthquake areas correspond to the boundaries of major tectonic plates on the
coast. The Strait of Georgia and Puget Sound are specifically influenced by

the contact of the Juan de Fuca and America plates., Figure 14 shows the dis-
_tribution of strain release for the continental area for the years 1951-1975. . .
It shows that strain released since 1951 is concentrated in the Gulf Islands -
Puget Sound area south of 499, This led Milne et al (1970) to postulate that
this is evidence of a tectonic feature in the area.

FIGURE 14 ‘'CONTINENTAL' AREA REGIONAL DISTRIBUTION OF STRAIN RELEASE SINCE 1951

1

50°

/ , '_,';480
_ N oIV [

)

Note: Contours are equivalent number of magnitude 5 earthquakes per 100 years/lOOkmz'

Source: W.G. Milne, G.C. Rogers, R.P. Riddihough, G.A. McMechan and R.O. Hyndman ,
1978, Seismicity of Western Canada. Canadian Journal of Earth Sciences.

15: 1170-1192.
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4.6.5.5 'Quélity.of Building Construction

Studies undertaken by Foster and Carey (1976) and Wuorinen (1976)
for the Victoria area give accounts of the types of ‘structures susceptible to
eattkﬁmke damage. They also note that the severity. of damage can be lessened
or magnified by the type of foundation condition. Structures believed to he
the most susceptible were unreinforced masonry and concrete structures, wood
frame structures under four storeys with poor lateral force bracing at’
foundation level and most structures on poor foundation materials (Foster and
Carey, 1978). In terms of Victoria, almost all of the Central Business District
was considered to have the highest damage potential. '

4.6.5.6 Secondary Effects

The secondary effects of earthquakes include tsunami and landslides.
The probability of a damaging tsunami in the region is less than the probability
of a damaging earthquake. The probability of landslides from seismic activity
in the region is highest in areas of unconsolidated deposits and jointed bed-
rock. Steeply sloped coastal bluffs, and incised river valleys are most :
vulnerable to failure. Liquefaction of saturated, fine-~grained sediments could
also be hazardous in built-up areas.

4.7 TFACTORS OF BIOLOGICAL PRODUCTIVITY
4.7.1 THE AREA

_ The southern shorezone of Vancouver Island offers a variety of land-
scapes, shore processes, and habitats. Geological processes and wave energy have .
modified the coastline to create a range of geomorphic forms, from low backshore
with gently sloping sand beaches to vertical rock cliffs dropping deeply into the
sea. Because of the size and configuration of the Straits of Georgia and Juan de
Fuca, a range of energy environments exists,

A classification system that describes this envifonment and is com-
plementary to that of Ricketts and Calvin (1968) would include (a) estuaries,
(b) protected shorelines, (c) channels and protected inner coasts, and (d) un-
protected coasts. Within these environments, differences in substrate,
wave energy, and the physical/chemical environment are revealed by the differences
in the indigenous biota. ' '

4.7.2 THE PHYSICAL/CHEMICAL ENVIRONMENT

Water temperature, salinity, light penetration, and nutrient, and
dissolved oxygen contents are major factors influencing primary production in
the sea, Many of the physiological functions (i.e. reproduction, cell growth,

respiration) of marine organisms are temperature regulated, occurring only within
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a narrow temperature range. Similarly, organisms that are unable to regulate. —
their internal enyironment in response to changes within their external medium, :
must remain within a relatively narrow range of salinities for survival, Light
penetration is mecessary for photosynthesis by plants, and aids in determining
the efficiency of "wvisual" predators. Nutrients are required by all marine
life forms; and dissolved oxygen is, of course, necessary for respiration to
occur. ' o o

Water temperatures within a column of seswater in the study area are -
relatlvely homogeneous during -the winter, autumn, and spring.. During the summer
months, however, the upper layer of water - perbaps 30 m deep — becomes warmer
as solar radiation increases. The resultant temperature gradient inhibits
mixing with the deeper water by virtue of the density gradient that accompanies
a temperature change. Mixing by wind action continues, however, within this
upper layer, thus malntalnlng a . relative unlform temperature w1th1n it.

The salinity of seawater varies with the quantity and rate of pre-
cipitation, evaporation, and river discharge. Precipitation and river discharge
dilute marine surface waters, while evaporation increases the salinity.  As fresh
water is less dense than salt water, the salinity of the water column increases
with depth. Also, the salinity of surface waters increases with increasing
distance from river inflows.

The penetration of light into the water column is a function of tur-
bidity.  Turbidity results from suspended particulate matter and dissolved organic
substances that scatter and absorb incident light. Coastal waters typically
receive little light below 30 m.; the depth to which 1% light tramsmission occurs
(which demarcates the lower limit of plant growth) is characterlstlcally 10 m
(Sumichy 1976) :

The dlstrlbutlon of dlssolved oxygen within surface waters is usually
homogeneous because of wind-induced mixing. Minor variations may be evident.
Dissolved oxygen concentrationms in areas of good tidal exchange are normally
adequate for all organisms.

_ The avallablllty of nutrlents for growtb w1th1n surface waters decllnes
during the growing season as plant production increases. Regions of upwelling
result in a replenlshment of nutrients from the lower strata. River discharges
and nutrient regeneration from shallow muds also contribute to the nutrient
pool. Tidal and wind currents further redistribute nutrient rich water within
the coastal zone.

4.7.3 PRIMARY PRODUCTION — PHYTOPLANKTON

Primary production is the creation of organic material from carbon
dioxide, water, and nutrients at the expense of solar energy. Gross primary
production refers to the total amount of organic material produced by photo-
synthesis; net primary production refers to the amount of organic material
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available to other levels of the food chain after losses to respiration,

— reproduction, and mortality are considered: Primary production is usually

i reported in grams of carbon fixed. by photosynthesis within a: square metre per
unit of time (gC/m2 year) .

"""" . Data relevant to the. study area (Flgure 15) reveal relatlvely high
rates of ‘primary product1v1ty along the sheltered coastllnes, but relatlvely
low rates in exposed aress. L :

FIGURE 15 -GENERALIZED PATTERN OF PRIMARY (PHYTOPLANKTON) PRODUCTION IN |
- -THE STRAIT OF GEORGIA
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Source: J.G. Stockner,iD.D;'Qliff.and_K.R'S Shortread, 1979. Phytbplankton
' Ecology of the Strait of Georgia, British Columbla. Journal of
Fisheries Research Board of Canada. 36: 657-666.



- With the exception of estuaries, the areas of highest productivity
occur :where temperature stratification is well developed, salinity is '
consistently high, and other factors of the physical/chemical. environment,
described earlier, are in abundant supply. Where this occurs, primary pro-
duction is limited primarily hy the grazing activities of organisms higher on
the food web. When the supply of one or more factors exceeds the tolerance
limits of phytoplankton species, however, growth of the individual and the
population is curtailed. Primary productivity is also limited by the factor
in least supply. Figure 16 illustrates the importance of each of the factors
of growth in maintaining high productivity, -For example, a reduction in
the "quantity” of one factor (e.g. nutrients) results in diminished
primary productivity which sequentially limits the energy transmitted
. to, and populations sustained at, higher levels of the food web. Simply _
stated, a low phytoplankton crop supports a low zooplankton crop which in turn
supports fewer juvenile salmon, '

4.7.4 PRIMARY PRODUCTION — SEAWEEDS AND SALTMARSHES .-

The productivity of seaweed and saltmarsﬁ communities is impressive
(Figure 17). Seaweed studies from Nova Scotia indicate that Laminaria
longieururis on a rock substrate will produce up to 20 times the initial weight
of the blade over a two-year pefiod,_even though 35 to 40%Z of the gross pro-
duction is liberated as dissolved organic matter during  the same period
(Carefoot, 1977). Such high rates of production result ‘from adequate temper-
ature and light, and the constant provision of nutrients to the leaves by currents.
In estuaries, detrital based eelgrass ecosystems are also highly productive.
Their productivity derives from the interaction of numerous species that have
evolved complex symbiotic relationships within these communities.

Estuaries are transitional areas, and as such, contain a significantly
high proportion of brackish water = water of intermediate salinity. Numerous
classifications of brackish water exist although a common standard is 0.2°/o0oc to
30.0°/00 (Remaine and Schlieper, 1971). Brackish water originates when salt
water is mixed with fresh water. Particulate matter such as plankton, detritus,
or sediment uplifted from the substrate by wave or current action, or discharged
by rivers, will diminish light penetration and may reduce plant growth.
Normally, brackish water is poor in species diversity relative to fresh and salt
waters; however the populations of species present are usually larger (Remaine
and Schlieper, 1971).. For instance, the lowest number of species occurs at the
5-79/00 salinity level (Figure 18). In addition, a smaller size is attained
by organisms living in brackish conditions, although species that migrate to sea
water (i.e. salmonids) generally attain rapid growth thereafter. 4n important
seagrass in the ecology of estuaries is Zostera marina. It is acclimated to
brackish water conditions and survives to the 30/o00 salt concentration level. .
The estuarine phase is an extremely important part of the life cycle for many
organisms (i.e. salmonids, shrimp) as it prepares them for survival in the open
sea. :

S

I

[e—
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FIGURE 16 - SCHEMATIC OF ENERGY TRANSFER BETWEEN TROPHIC LEVELS IN
UNLIMITED (A) AND LIMITED (B} ECOSYSTEMS
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FIGURE 17  AVERAGE ANNUAL RATE OF NET PLANT PRODUCTION FOR SELECTED
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FIGURE 18: NUMBER OF SPECIES IN RELATION TO SALINITY LEVEL (°/oo)
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Source: A. Remaine, and C. Schlieper, 1971. Biology of Brackish Water.
~John Wiley and Sons, Inc. '
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The ecological. importance of seaweeds and saltmarshes'is.documented:
" in the literature (Perkins, 1974; Carefoot, 1977; Cushing and Walsh, 1976, and
Harrison, 1980). Seaweeds provide food for grazers, shelter for numerous
organisms including fish, and substrate for reproduction (e.g. herring spawn).
Further, some seaweed and seagrass species are extremely important in nutrient
cycling within coastal waters. By reducing water current velocities and wave
shock, they allow nutrient-rich sediments and particulate matter to settle out,
thus enriching the substrate for benthic fauna. Marshes are invaluable as
nutrient reserves for estuaries, as upland mammal and reptile habitat, and as
marine and shorebitrd habitat. Geese, widgeon, and pintails eat the saltmarsh
plant Salicornia while eelgrass is an important food source for brant.

The economic importance of seaweeds are identified by Greenius (1967)
and Carefoot (1977). The natural products of red and brown algae include agar,

carrageen, and algin. - They are used in a myriad of commercial products from food

to soaps, paper products, and pharmaceuticals. The genera Gigartina, Iridaea,

Nereocystis, Macroycystls Gracilaria and Gracilariopsis are eéspecially important

for these purposes.

4.8 THE ADMINISTRATION AND MANAGEMENT OF COASTAL RESOURCES

4,8.1 TINTRODUCTION

Numerous agencies administer and manage coastal resources. The
Coastal Zone Resources: Subcommittee publication (1978} identifies agency roles
and responsibilities. In 1980 the Land Use Planning section of the Ministry of
Lands, Parks and Housing prepared a discussion paper entitled "The Ministry of
Lands, Parks and Housing's Role in Foreshore Administration”. This document

identifies agency mandates, planning programs, and responsibilities for foreshore

administration. The publication "Land Use Law" by Ince (1977) provides an over-—
view of the legislation governing land use in British Columbia..

4.8.2 THE ADMINISTRATION OF COASTAL LAND

4.8,2.1 Crown Land :=~ Provincial

The Ministry of Lands, Parks and Housing is a key management
and administrative agency in the coastal zone. The Ministry may transfer its
management responsibilitv to other prov1nc1al agenc1es {(i.e. Marine Resources
Branch) that indicate their particular_ interest in an area or a resource (i.e.
oyster growing areas). The Ministry remains, however, the authority for the
issuance of foreshore leases.

The application process for foreshore leases varies according to the
type of lease, and the area in which it is lccated. Log storage lease applica-
tions undergo a complex review process through various levels of government
(Mlnlstry of Lands, Parks ‘and Housing, 1980), On the other hand a commercial
foreshore lease application may obtain approval -at a reglonal offlce the same
day it is submitted. 1In areas where management committees and a management
plan exist, individual lease applications are reviewed for conformity.
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_ In terms of foreshore regulation the Ministry of Lands, Parks
and Housing monitors and enforces its own policies be it a trespass on Crown
foreshore or fulfillment of terms and conditions of a foreshore lease, The
Ministry is also responsihle for area management plans; an example of such a
plan is the Socke Harbour and Basin Crown Foreshore Plan (Ministry of Lands,
Parks and Housing, 1980). : ' : o -

While the Ministry of Lands, Parks, and Housing is the primary
agency with responsibilities in the coastal zone, direct responsibilities are
also held by the Ministries of Environment, Forests, Energy, Mines and
Petroleum Resources, and Transportation and Highways.

4.8.2.2 Crown Landé'—”Federal'

The Small Craft Harbours Branch of the Department of Fisheries snd
Oceans controls and adminisrers wharves and piers constructed on federal
property or with federal funds. The Canadian Wildlife Service may establish
reserves ‘for migratory birds. Transport Canada administers public harbours -
and navigation facilities.  The Department of‘National_Defence administers
military reserves. .

Under the Indian Act, the band Council, the Cabinet and the federal
government (Department of Indian and Northern Affairs) are responsible for
land use on Indian Reserves. While the Council may divide the reserve into zones
of permitted use, the federal cabinet exercises ultimate control in major land
use decisions. : ' - ' o

4,8.2.3 Private and Other Pﬁblic Lands

‘ The Regional Parks Act of 1965 allows the regibnal'districts"to acquire,
develop and manage regional parks. The Capital Regional District has acquired
ten regional parks in the study area, ranging in size from Cole's Bay Park
(3.7 hectares) to East Sooke Park (1 423 hectares}) (Forward, 1979).

, Tree farms are privately owned land. The owner agrees to follow good
forest management practices, in return for which the land is valued by the B.C.
Assessment Authority on the basis of the harvest yields predicted from an ‘
approved plan of forest management. '

Timberland refers to those forest lands where fee-simple ownership
is held by forest companies. There are no cut stipulations. Such lands were
obtained through Crown grants made early in the history of the province. ,
Ownership of this type of forest land provides greater freedom to the owner to -
use and develop the land and forest resources than is the case with Crown =
forest tenure. : '

A tree farm licence is an amalgamation of Crown and private lénds'
formed under an agreement between the Crown and the owner to combine private' 
lands with unencumbered Crown land to form self-contained sustained yield ;
management units. This combination:-of ‘lands allow for efficient forest ménégé— '
ment practices which otherwise would not be possible with divided ownership.
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“Private lands arefreoorded:on the B.C, Aesessment Authority s
taxation assessment rolls. The lots, thelr area and boundatries; are recorded
on cadastral maps. '

4.8.3 WATER MANAGEMENT

4.8.3.1 Water Supply and Licencing

4.8.3.1.1 Federel Respoheibilitieé

M&JOI federal legislatien dealing with water supply 1ncludes the
Canada Water Act and the Fisheries Act. The Canada Water Act permits the
federal government to operate a network of streamflow, water level, aid sediment
stations, to develop flood damage reduction programs, to undertake flood control
measures, to undertake shoreline and water resource management prograns, and to
conduct research on surface and groundwater hydrology The Fisheries Act allows -
the Department of Fisheries and Ocearns to influéncé flow regimes of .regulated . -
rivers in order to protect the mlgratlon and spawning habitat of salmon stocks:

4.8.3.1.2 Provincial Responsgibilities

_ The Ministry of Environment'managesifreshwater supplies by cofitrolling
the issuance of water licences, .conducts ground and surface water research, and -
engages in river and flood control programs. Under the Muniecipal Act, local and
regional administrations are responsible for water supply and distribution
functions.

The right to withdraw and uge surface water in the province is granted
by water licence. Water licences are issued by the Ministry of Environment,
Water Management Branch, for domestlc, waterworks, nineral trading, irfigation,
mining, industrial power generdtion, hydraulicking, storage, conservation, .
fluming, conveying and land improvement purposes. Within the study region,
domestic, waterworks, irrigation, industrial power generation, and comservation
- purposes require major allocatioms of fresh water. Water licences have precedence
according te the date of issuance so that in low flow situaticns some tisers .
may be denled their allocatlon. Currently, groundwater may be diverted without
licence. : :

Studies of watershed characteristics upen which to determine optimal
patterns of development and. resource allocations are not yet available. Streams
can be licenced for diversions in excess of the recorded minimum daily discharge.
Although not all users divert the maximum licenced gquantities, it is possible
that under extreme conditions, shortfalls in water supplies could result for'
some users, ' :

Ar interagency referral system currently used in British Coumbia
is designed to account for the stream resource flow requirements of all users -
in order to avoid conflicts, or situations where users are lost, - For instance,:
for the surv1val migration, and spawning. of fish a ecertain dlscharge is
required, Spawning_habrtat increases:or_deqreases_with_greater or lesger flows:
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migration is restricted or blocked at extremely high or low flows; and survival
is possible only at certain water temperatures which, in small streams, depends
greatly on the discharge. Similarly, recreational use (e.g. canoeing) is
possible only within a given range of discharges. .

4.5.3.2 Water Quality and Waste Management
Water quality comes under the purview of the provincial and federal
governments. While numerous acts deal with specific environmental issues,

only the major legislation is reviewed here.

4.8.3.2.1 Federal Legislation

The Canada Water Act and the Fisheries Act are important federal
statutes. Under the provisions of the Canada Water Act, the federal government
sets national effluent standards and co-operates with the provinces in
controlling pollution of specified water bodies. Part one of the Act allows
the federal government (on federally owned water bodies) or the federal and
provincial governments, to designate a water body as a watex management area,
thus bringing into force regulations against effluent discharges. Part two
of the Act deals with the problem of eutrophication by regulating the concen-
tration of nutrients in cleaning agents that are imported into Canada. The
Fisheries Act prohibits the discharge of deleterious substances in any waters
frequented by fish. This includes logging debris, obstacles to migration,
and activities within the watershed that lead to erosion, stream siltation,
or the loss of fish, fish eggs, and other marine organisms, )

The- Ganada Shipping“Act“and the Ocean DumﬁingJCOHtrol Act aré”importaht
statutes, respectively regulating pollutant discharges from ships and the dumping
of substances into marine waters.

4.8.3.2,2 Provincial Legislation

The Pollution Control Act prohibits the direct or indirect discharge of
contaminants into any water body without a permit. A referral system requires
the Comptroller of Water Righrs, the Ministry of Agriculture, and the Ministry
of Health, to be notified and sent copies of applications to discharge wastes.
The federal Department of Fisheries and Oceans usually co-operates in the setting
of terms or permits in order to protect fishery concemrns. Pollution control
objectives are published for forest products, municipal discharges, food processing,
mining, and chemical and petroleum products. They are used primarily as guidelines
and have minimal legal force. Landfill sites are also regulated by permit.

The Health Act establishes local Boards of Health comprised of the muni-
cipal council. The boards have relatively wide powers to deal with nuisances

‘that relate to public health. An official notice to terminate a nuisance is

required before action can be taken under the Act, The discretionary power is
held by the Minister and the local board. The Municipal Act deals with
nuisances that may not directly involve the public health.

4.8.4 LOCAL PLANNING

Local governments, i.e. regional districts and muni cipalities, may
regulate the use of the foreshore by designating waterfront zomes. The
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Corporation'of the DiStrict of-Central:Saanich,_the Cowichan Valley Regional el
District, the Corporation of the District of Qak Bay, the District of North
Saanich and the Town of Sidney have adopted such zones. 7 ;

Another means of controlling waterfront development is through the
establishment of development control areas. These areas are.established to )
ensure that spec1a1 precautions and/or protectlon are provided. Development i
control areas are based upon Section 717 {Development Permits) of the Municipal
Act which states in part that "Permits may reguire the preservation or dedication
of natural water courses and the construction of works to preserve amd beautify
them in accordance with the terms and COndltions spec1fled in the permit and
require that an area of land specified in the_permlt above fthe natural_boundafy
of streams, rivers, lakes or the ocean remain free of development except as
specified in the permit". {Province of British Columbia, 1980).

- In the formulation of regional, settlement and community plans, local
governments provide policies and measures to protect or conserve sensitive
environmental areas. The Coastal Resources Folio Land/Water Use and Status
Tables section, Plans and Proposals, provide a listlng'of existing land. use
plans for the study area. The following, however, is a brief account of selected
local governments' coastal zone management efforts.

4.8.4.1 Capital Régiohal Distriet

The Capltal Regional District has developed management pOllCleS for the
Western Community and. Metchosin coastal areas. These policies will eventually be
incorporated into a Regional Shoreland Management Plan {Donnelly, 1982 pers. comm.).

ArGapital Regional.District pilot:sbudy is currently determining the
feasibility of a computerized coastal zone data base. The data base is intended
to provide shore zone information in a form suitable for both short-term decision-
making such as the processing of development applicatioms, as well as for long-
range planning - that is, vegional settlement and community plans. '

4.8.4.1.1 The Western Community

_ The Western Communlty Settlement Plan provides special protective.
measures for areas of inherent envirenmental sensitivity. These areas are
designated either environmental conservation or environmental assessment areas.
Conservation areas are either uplands that have poor drainage, unstable soils,.
steep slopes or rare biotic communities or marine shorelands (rocky shores, beaches,
and lagoons). The plam permits only those uses which w1ll not interfere with’
natural environmental processes. Managenent strategies, guidelines and protective
measures are provided for each type :(Capital Regiomal District, 1979).  Environ-
mental assessment area designations may apply to lands that ‘have a "high capability
for supporting fish or wildlife populations, rare plant communities, hillsides,
‘high hydrolegical significance, archaeological sites and significant recreational
value: and which " may be adversely affected by excavation, the placing or .dumping
of fill, the construction of huildings or structures or areas with potential '
air pollutlon problems” (Capital Retional District, 1979).
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4.8.4.1.2 Metchosin

The Metchosin Settlement Plan also prescribes protective measures
for such sensitive environmental areas as lakes, ecreeks and streams, inland -
wetlands, marine shorelands, wildlife habitat, unique vegetation, unstable
soils, lands with erosion potential, and historic man-made environments such
as archaeological sites. (Capital Regional District, 1979). Protective measures
for sensitive exvirommental areas include the option of requesting an environmmental
impact assessment of proposed developments of th se areas considered "against
the public interest”,

4.8.4.2 Saanich

The District of Saanich has formulated shoreland conservation and
recreation policy and protection recommendations. These recommendations reguest
that provisions be established under the Municipal Act to protect coastal areas
from degradation and alienation. Further, site specific protective measures
for the various shorezone units are recommended, including: restoration and
protection of shoreline; prevention of further disturbance to estuarine eco-
systems; clearance and rehabilitation of public beach access; protection of
habitat for rare and endangered bird life; prevention of cutting of timber
and clearing of land; the establishment of ecological reserves, control of
pollution, visual protection and the prevention of interference with the backshore.
(Slater, 1978). '

These recommendations are incorportated in the Saanich Community Plan
which also designates all marine shoreline as conservation areas (District of
Saanich, 1979).

This report is only'part of the documentation available: Other
“sections of the Coastal Resources Folio; South Coast of Vancouver
Island (Hatch Point to Ledingham Creek) British Columbia include
Introduction, Coastal Resources Map Series (1:50,000), Land/Water Use
and Status Tables, and Scurces.
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ont., p. 339-380. '
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Els, 5. and Craigdallie,
1980: Shore and landscape analy51s of the western section of the Capltal
. Regional District of British Columbia. Report BC- X~208.
Env1ronment Canada, Canadlan Forestry Serv1ce, Vlctorla B.C.

ey

Enviromment Canada, Environmental Protection Service.
1976: . 0il and chemical spill countermeasures series: Physical base,
" land and water use. 1:50, 000 map sheets for Jordan River, San.
Juan, Sooke and Vlctoria.. Vancouver, B.C.

Foster, H.D. _ _ o -
1976, Coastal erosion: A”natural_hazard of the Saanich Peninsula,
' Vancouver Island. 1In: Victoria: Physical environment and
development. Western Geographical Series 12, University of
Victoria, Victoria, B.C. p. 101-184.

Glllles, R.D. :
Morphodynamlcs and sediments of Victoria Clty beaches. Pacific

n.d. Geoscience Centre, Marine Geology Sectlon Sldney, B.C.
Unpubllshed B
Greer, M.E. ‘
1979- Coastal erosion study along Dallas Road Vlctorla British

Columbia. Queen’s University, Department of Geologlcal Sciences,
Kingston, Ont. B.Sc. the51s.

Harper, J.R.

1980: Seasonal changes in beach morphology along the British Columbia
coast. In: Canadian Coastal Conference, 1980 Proceedings.:
" National Research Council, Ottawa, Ont. p. 136-150.

1981: Coastal landform,lnventory of the West Coast Trail, Pacific Rim
National Park. Prepared for Parks Canada. Woodward-Clyde
Consultants, Victoria, B.C.

1982: Geologic applications of a wave climate model with examples from
the Saanich Peninsula, British Columbia. Presented at: Western
Region Workshop, Associate Committee for Research on. Shoreline
.l Erosion and Sedlmentatlon. Slmon Fraser Unlver51ty, Burnaby, B.C.

Holden, B.J. . . o _
1979: Whiffin Spit. B.C. Ministry of Lands, Parks and Housing, Victoria,
' B.C. ' ' - N ‘

1980: Si&ney Splt: An investigation of erosion. B.C. Ministry of Lands,
Parks and Housing, Victoria, B.C.

Howes, D.E. _ _
1979: Shorezone units of Saanich Penlnsula B.C. Ministry of Environment,
’ Terrestrlal:Studles Branch, Victoria, B.C. Unpublished.

Howes, D.E. and E.H. Owens

Descriptive terminology and definitions of terms for shorezone
classification. B.C. Ministry of Enviromment, Terrestrial Studies
Branch and Woodward-Clyde Consultants, Victoria, B.C.

n.d.:
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- Muller, J.E.

1971: Geological reconnaissance map 6f Vancouver Island-and Gulf
Islands. Open file. Energy, Mines and Resources Canada,
Geologlcal Survey of Canada Ottawa, Ont

Owens, B.H. : : . :
1979 Physical shorezone analysis of North Saanlch Prepared for

District of North Saanich. Woodward-Clyde Consultants,
Victoria, B.C. ' I

Owens, E.H. and Harper, J.R.

1981: Pacific coast spill response manual pllot study: Esquimalt to-
Bamfield. Prepared for Environment Canada, Environmental
Protectlon Serv1ce. Ottawa, Ont.

7 Staal, I.M.

1980 Hindsight evaluation of the Mount Douglas Park bank stabilizatlon
) program. University of Waterloo, Faculty of Environmental
Studies, Waterloo, Ont. B.E.S. thesis.

Thurber Consultants, Ltd.
1973: ‘A pre-design sewer study for north Gordon Head Prepared for
" Municipality of Saanich. Saanich, B.C.

 Aerial Photographs

Provincial |
BC 80078 July 1979 1:20.000 . Bsw
BCC 248 July 1980 : 1:20,000. Colour_
Federal |
A31202 June 1978 1:10,000 Colou;_

Video Tapes (3/4 inch)

B.C. Ministry of Environment,. Terrestrial Studies Branch.
June, Saanich Peninsula. Victoria, B.C..

1979: o
Environment Canada,-Environmantal Protection Service. /

June, Bamfield to Fisgard Light. Vancouver, B.C.

1980:

Environment Canada, Lands Directorate. ‘
Oct., =~ Parts of Victoria waterfront to Cow1chan Head. Vancouver, B.C.
1679:

Aug., Part of Gulf Islands, VancouVer, B.C. .
1981: : ' :
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5.2.3 Generalized Terrain Limitations_ ' _ _'_ I . i

Reports, Maps and SurVeys -
B.C. Mlnlstry of Env1ronment Resource Ana1y31s Branch.
1972: Terrain analysis maps: Shawnigan, Sooke, San Juan, Carmanah
1975:  River Jordan. 1:50,000. Kelowna B. C.

’ .

P

Canada, bepartment-of Agriculture. SR '
Surficial materials: Sidney - Victoria mapsheets. 1:50,000.
1973;: : - '
Vancouver, B.C. .

Day, J.H.; Farstad, L. and Laird,; D.G. ‘ - '
1959; - S0il survey of southeast Vancouver Island and Gulf Islands, :
' ’ British Columbia. Research Report 6. Canada, Department of i
Agriculture, Ottawa, Ont.

Eis, 8, and Craigdallie, D.. : . SRR
1980: Shore and landscape analysis of the western . section of the
’ Capital Regional District of British Columbia. Report BC-X-208.
Env1ronment Canada, Canadian Forestry Servlce, Vlctorla B. C.

Eis, S.; Craigdallle, D. and Oswald, E.T.

1976: Western Community: A landscape analysis for urban development
’ Report BC-X-153. Environment Canada, Canadian Forestry Service,
Victoria, B.C. : '

Foster, H.D. :
1976+ Coastal erosion: A natural hazard of the Saanich Peoinsula,
: Vancouver Island. Im: Victoria: Physical environment and
development. Western Geographical Series 12, University of
Victoria, Victoria, B.C. p. 101-184,

Greer, M.E.

1979: Coastal erosion study along Dallas Road, Victoria, British
Columbia. Queen's University, Department of Geological Sciences,
Kingston, Ont. B.Sc. thesis. :

Halstead, E.C. :
1966: Surficial geology of Duncan and Shawnigan map areas, Vancouver
Island, British Columbia. Paper 65-24. Energy, Mines and
Resources Canada, Geologlcal Survey of Canada, Ottawa, Ont.

Howes, D.E. _
1981 : Terrain inventory and geological hazards: Northern Vancouver

Isiand. APD Bulletin 5. B.C. Mlnistry of Env1ronment Terrestrial
Studies Branch, Victoria, B.C.

McMinn, R.G.; Eis, S.; Hirvonen, E.T.; Oswald, E,.T. and Senyk, J.P. ‘
1976: Native vegetation in British Columbia's Capital Region, Report
' BC-X-140. Environment Canada, Canadian Forestry Service, .
Victoria, B.C.

Muller, J.E.
1971: Geological reconnaissance map of Vancouver Island and Gulf Islands.
Open file. Energy, Mines and Resources Canada, Geological Survey
of Canada, Ottawa, Ont.
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Faulf Lines

" B.C. Hydro and Power Author1ty, Gas Englneering Division.:

Vancouver Island natural gas system; corridor and route
1980- .
nomination. Atlas volume. Vancouver, B.C.

Foster, H.D. and Carey, R.F.
1976 The simulation of earthquake damage. -In: Victoria: Physical
" environment and development. Western Geographical Series 12. .
University of Victoria, Victoria, B.C. p. 221-246.

Mayers,.IaR. and Bennett, L.C., Jr. :
1973; Geology of the Strait of Juan de Fuca. Marine Geology 15: 89-117.

Muller, J.E.
1971: '~ Geological reconnaissance map of Vancouver Island and Gulf Islands.
Open file. Energy, Mines and Resources Canada Geological Survey
of Canada, Ottawa, Ont.

Roddick, J. A., Muller, J.E. and 0kul1tch AV, o
197g. Fraser River: British Columbia - Washington. Geological Atlas,’
sheet 92.. Map 1386A. Energy, Mines and Resources Canada,
. Geological Survey of Canada, Ottawa, Ont,

Wourinen, V. :

1976 Seismic microzonation of Victoria: A social response to risk.
In: Victoria: Physical enviromment and development. Western
Geographical Series 12, University of Victoria, Victoria, B.C.
p. 185-219,.

5.2.4 Oceanography - Temperature and Saiinity

Reports and Surveys

Balch, N.; Warles, E.; Ellis, D. and Littlepage, J. _ _
1972: Macauley Point outfall monitoring program. Annual Report 1971-1972.
: University of Victoria, Department of Biology, Victoria, B.C.

Crean, P.B. _ o
1978, A numerical model of baratropic mixed tides between Vancouver
Island and the mainland and its relation to studies of the
estuarine circulation. In: Hydrodynamics of Estuaries and Fiords,
J.X.J. Nihoul, ed. Elsevier Scientific Publlshlng Company,
Amsterdam. p. 283 313.

Elliot, J.A. - _ , :
1969: A synoptic study of Sooke Basin. Manuscript Report 22. University
of British Columbia, Institute of'Oceanography, Vancouver, B.C.

Ellis, D.V. and Littlepage, J.L.

1972 Clover Point, 1971, an investigation of 'the accumulated effects;
’ of the Clover Point sewer on the local marine ecosystem; including
the shoreline. Report submitted to the Minister of Lands, Forests
and Water Resources of the Province of British Columbia. University
of Victoria, Department of Biology, Victoria, B.C. " Available for
reference in B.C. Ministry of Enviromment, Waste Management Library,
810 Blanchard St.; :Victoria, B.C. and Capital Regional District,
'Engineering Department Library, Victoria, B.C.



Fulten, J.S.; Kennedy, 0.D.; Seki, H. and Stephens, K. . : ?
1969 Blologlcal chemical and physlcal observatlons in Saanlch Inlet o
Vancouver Island, British Columbia. Manuscript Report 1018: —
Fisheries Research Board of Canada.* ' ' o '

Giovande, L.F. .
1977 . The coastal waters of. Brltish Columbla - some general aspects of

their physical oceanography. Environment Canada, _Ocean and
Aquatlc Sciences, Vancouver, B.C. Unpublished.

Herllnveaux, R.H.

1962+ Oceanography of Saanlch Inlet in Vancouver Island, Brltlsh
) Columbia. Journal of the Fisheries Research Board of Canada 19(1}:
 1=37.% .

1972: Oceanographic features.of.Saanichllniet!_IQ May - 2 Jnly, 1968,
* Technical Report 300. Fisheries Research Board of Canada.=*

Herlinveaux R.H. and Giovando, L.F.
1969: - Some oceanographlc features of the inside passage between
Vancouver Island and the mainland of British Columbla.: Technical
Report 142. Fisheries Research Board of Canada.¥*

Herlinveaux, R.H. and Tully, J.P. _ _
Some oceanographlc features of Juan de Fuca Strait. Journal of

;QQlt ' the Fisheries Research Board of Canada 18: 1027- -1071.%*
Qwens, E.H.
1977: Coastal enviromments of Canada: the impact and clean-up of oil

- spills. Economic and Technical Review Report EPS-3-EC-77-13.
Fisheries and Environment Canada, Envlronmental Protectlon Service,
Ottawa, Ont.

- Thomson, R.E.
1974as The tides - the. phy81cal oceanography of the British Columbia
' coast - part 1. PalelC Yachting 9(2): 14-18, 72-73.

1974b:  Tidal currents - the physical oceanography of the Brltlsh Columbla
‘tcoast - part.2. Pacific Yachting 9(3) 32-37, 66-68.

1975a; JCurrents in the Stralt of Georgla - the phy51cal oceanography of
the British Columbia coast - part 5. Pacific Yachting 9(6):
58-61, 78-80.

1975b: Surface currents in the Strait of Georgia - the phy51ca1
.oceanography of the British Columbia coast -~ part 6. Pac1f1c
Yachting 10(1): 62~ 67 96-97.

Waldichuk, M.
1957+ Physical oceanography of the Strait of Georgla, Brltlsh Columbla.
“7"*" . Journal of the Flsherles Research Board of Canada 4(3) 321-486.%

Waldichuk, M. 3 Melkle, . H. and Hyslop, WoF. R
1968 Victorla Harbour, the Gorge and Portage Inlet: Physical and
" . Chemical oceanographic data, -1965-~1966. Manuscript Report 938.
Fisheries Research Board .of Canada.* : : :
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; Waldichuk, M.; Melkle J.H. and Markert, J.R.

1968 Physical and chemical oceanographic data from the east coast of

- ' Vancouver Island, 1954~1966. Manuscript Report 989. . Fisheries

i Research Board of Canada.* : e

Webster, J. ) o _ :
i 1977: A physical oceanographic study of Haro Strait: a data’ summary and
: preliminary analysis. Contractor Report Series 77-3. Institute

of Ocean Sciences, Sidney, B.C.

T

.Wolferstan, W.H. _ :

1981: 0il tanker trafflc. Assessing the risks for the southern coast
' of British Columbia. A.I.D. Bulletin 9 B.C. Ministry of
Environment, V1ctoria, B.C.

* Avallable for reference in Canada Department of Fisheries and Oceans
libraries. .

I

5.2.5 . Water Resources: Discharge, Use and Contamination

(L River Discharges‘

Environment Canada, Inland Waters Dlrectorate Water Resources Branch,
1979: Water Survey of Canada.
' Surface water data reference index. Ottawa, Ont. .

P 1980: Historical'streamflow'summary to 1979. Oftawa, Ont.

Water Licences

B.C. Ministry of Environment, Water Management Branch.
1979; Computer printout to December, 1979. Victoria, B.C.

Marine/River OQutfalls and Landfill Sites

B.C. Ministry of Environment, Waste Management Branch.
n.d.: Unpublished maps. Victoria, B.C.

Shellfish Sanitary Surveye

Arney, D.B. and Gaertner, M.K. :
1975: Shellfish growing water sanitary survey of Sooke Harbour and Sooke
Basin, British Columbia. Report EPS-PR-75-8. Environment Canada,
Environmental Protection Service, Vancouver, B.C.

Shellfish Closure Areas

Fisheries and Oceans Canada.

varied: Departmental Acts and Regulations Manual. Section 105-1. Pacific
~ Shellfish Regulations. Vancouver, B.C. '

Personal Communications (1981)

Mclaren, D. ) B.C. Ministry of Environment Waste Wanagement Branch,
Morgan, C. ) Victoria, B.C.
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5.2.6 Seaweeds, Saltmarshes, Sand Dune Ecology and Marlne Mammals--

Marlue Vegetation

Foreman, R.E. and Root, J, _
1975 Macrophyte studies in the Strait of Georgia. BERP Report 75-=2.
"T070  University of British Columbla Department of Botany, Vancouver,
B.C. : :

Summers, T. 3.
1980: Interpretatlon of colour aerial photographs (1:10, 000)

Environment . Canada, Lands Directorate, Vancouver, ‘B. C.

1981: Air photo 1nterpretation and fleld surveys. Env1ronment Canada,
Lands Directorate, Vancouver, B.C. Unpubllshed

Marine Mammals

Bigg, M.

Unpublished data. .’ Fisheries and Oceans Canada Pac1f1c Blologlcal
n.d.:
Station, Nanaimo, B.C.

‘Saltmarshes and Sand Dune Ecology
Summers, T.J, - S
1981: Air photo interpretation and fleld SUrveys. 'EnvirOnmant Canada,
o Lands Dlreqtprate~_Vancouver, B.C. Unpublished. :

Personal Communication (1981)

Coon, M. .C. Ministry of Enviromment, Marine Regources. BraECh,.Victuria!
c _ _ : ) -3 S ‘ e

B
B.(

5.2.7 Marine Bird Surveys

Waterfowl Survqys

B.C. Ministry of Enviromment, Terrestrlal Studles Branch Victoria, B.C.
B.C. Provincial Museum, Victoria, B.C.

. Ducks Unlimitgé, Delta, B.C.
Environment Canada, Cangdiaﬁ.Wildlife Service, Delta, B.C.

Bald Eagle Survey

Enviromment Canada, Canadian Wildlife Service, Delta} B.C.

Critical Marine Bird'Rgokeriea_

Rodway, M.S. and Campbell, R.W. : T
1977 Natural history theme study of marine bird and mammal habitats
'~ in the Gulf Islands, British Columbla._ Parks Canada, Ottawa, Ont.

sy

J—
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. " Personal Communications (1981)

- Cémpbell; W; B.C. Provincial Museum, Victofia;.B.C. _ _ 7

&ﬁ Hunter; R. B.C. Ministry of Environment;uTerrestrial Studies Bfanch,
) . Victoria,.B;C. ' ) B :

[ ' Kaiser, G. Environment Canada, Canadian Wildlife Service, Delta, B.C.

Summers,'K._ Ducks Unlimited, Delta, B.C.

5.2.8 Fish and Shellfish Resources

[ ——,

Note: The Coastal Resources map series (1:50,000), Fish and Shellfish
Resources, are based on the pooled professional knowledge and _
judgment of a number of specialists in government, university and
private agencies whose contributions ranged from site~specfic

I data and local knowledge to region-wide surveys and direction to

: " the relevant literature.

pe ey

Fisheries studies'and report are provided in the Companion Répért
Sources. (See 4.5.4.6.4.)

Personal Communications (1981) -

Bourne, N, )
Butler, T. ) .
Haegle, C. ). . Fisheries and Oceans Canada, Pacific Biological
Healey, M. ) Station, Nanaimo, B.C.

Ketchen, K, )} S R

Westrheim, J. )

Fields, T. D) Fisheries and Oceans Canada; District Fisheries
- Officer, Duncan, B.C.

5.2.9 Generalized Zoning and Marine Facilities

Zoning and Marine Facilities

(See 5.3.1 and 5.3.2.)

Marine Parks

B.C. Ministry of Recreation and Conservation, Provincial Parks Branch.
1975: Map of provincial pa:ks_on Vancouver Island. Victoria, B.C.

Ports

Pacific Pilotage Authority.
1975: Port traffic volume statistics. Vancouver, B.C.
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5.2.10 Land/Water Use Plans and Proposals =

Land Use Plans

' B.C. Ministry of Lands, Parks and Housing, Lands and Housing Regional
Operations, Vancouver Island Region.’ 7
Sooke Harbour. and basin crown foreshore plam. Victoria, B.C:

1980:

B.C. Ministry of Municipal Affairs.

1979: . Victoria, B.C.

Technical guide for the preparatlon of off1c1al settlement plans.

Province of Brltlsh Columbla Mun1cipa1 Act, RSBC 1979 Chapter 290

.1980:  Queen' s Prlnter Victoria, B. C .

o Agricﬁltural Land Reserves.

Capital Regional District.

1981: . Agricultural land reserve plans.

Cowichan Valley Regional District.

1981: Agricultural land reserve plams.

Proposals

1:50,000 maps. Victeria, B.C.

1:50,000 maps. . Duncan, B.C.

Proposed Natural Gas Pipeline

B.C. Hydro and Power Authority, Gas Englneerlng DlVlSlon.

1980: Part II: Route selection.

5.2.11 Selected Administrative Boundaries

{(See 5.3.)

5.2.12 Land/Water Status

(See 5.3.)

Vancouver Island natural gas system corridor and route n0m1nat10n.
Vancouver, B.C.

5.2.13 Recreational Areas, Special Features and Access

Parks and Reserves .

B.C. Miniétry'of Lands, Parks and Houéiﬁg,‘Pafks'Branéh,"
1980: Provincial parks on Vancouver Island. Victoria, B.C.

Capital Regional District.

1980: Capital Regional District parks.

Environment Canada, Parks Canada.

1980: National parks. Calgary, Alta.

'Vicﬁbria,'B,C; 
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Ecological Reserves

- B.C. Ministry of Lands, Parks and Housing, Ecological Reserves Unit,
L Vietoria, B.C. ‘ :

Wildlife Areas

B.C. Ministry of Environment, Fish and Wildlife Branch, Victoria, B.C.
[ Environment Cénada, Canadian Wildlife Sefvice,-Delta,_B.C.
National Second Century Fund, Park Royal, West Vancouver, B.C.

Archaeological Sites

- B.C. Ministry of Provincial Secretary and Government Services, Heritage
i Conservation Branch, Victoria, B.C.

Recreational Shellfishing Areas

i : B.C. Ministry of Enviromment, Marine Resources Branch, Victoria, B.C.

Hiking Trails

B.C. Ministry of Lands, Parks and Housing, Parks Branch,.Victoria, B.C.

Anchorages

Fisheries and Oceans Canada, Institute of Qcean Sciencés,'Canadian
Hydrographic Services.
Hydrographic charts. Ottawa, Ont.

1973:  3310: sheets 1 and 2 Marine Sciences Directorate

1978: ° 3422: Race Rocks to Discovery Island, 1:40,000
3430: ' Plans Juan de Fuca, various scales _
3448: Juan de Fuca Strait, Eastern Portion, 1:80,000
3607: Juan de Fuca Strait, 1:58,088 :

1979: 3415: Victoria Harbour, 1:6,000
3417: Esquimalt Harbour, 1:8,000 .
3452: Haro Strait to Stuart Channel, 1:40,000
3455: Sidney to Swartz Bay, 1:12,000

1980:  3423: Trial Island to Cadboro Bay, 1:12,000 .
Available from: Institute of Ocean Sciences, Sidney, B.C.
Summers, T.J.

1981: Aerial reconnaissance. Environment Canada, Lands Directorate,
Vancouver, B.C. '
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Wolferstan, W H. ' ' S el _
Cruising guide to the Gulf Islands Agency Press Ltd.,
1976: -
Vancouver, B. C. : . . S ‘ o

Scuba PRiving Site

Pratt-Johnson, B.
1977: 141 dives in the protected waters of Washington and British
‘ Columbia. Gordon Soules Book Publlshers, Vancouver, B.C.

Shoreline Process Features

Summers, T.J.

1981: Aerial reconnaissance and air photo 1nterpretat10n. Environment
‘Canada, Lands Directorate, Vancouver, B.C. Unpublished.

Recreation Areas and Activities

Outdoor Recreation Council of British Columbia. . :
1977: British Columbia's trails, rivers and shorellnes. A status report.

A report submitted.to the Minister of Recreation and -Conservation.
Vancouver, B.C.

Summers, T.J.
1981: ‘“Aerial reconnaissance. Envireonment Canada, Lands Directorate,
Vancouver, B.C.

Beaches

Bauer, W.

1977: Shore resources inventory for southeast Vancouver_Island.
Department of Recreation and Conservation, Victoria, B.C.

Environment Canada, Lands Directorate.
1982 Physicai shorezone 1:50,000 map series. In: Vol. 1: Ceastal
resources folic; south coast of Vancouver Island (Hatch Point to
_ Ledlngham.Creek) British Columbia. Vancouver, B.C. 1In press.

Publlc Access

Canada, Department of Transport. St i o
1978: World Aeromautical chart E-16. Ottawa, Ont.
Environment Canada, Environmental Protectiofi Service.
1976: 0il and chemical spill countermeasures serles. Access and land

status.  Vancouver, B.C.

Related Readings

Shaffer, M.; Hale, R. and Lyle, J. :
1977: The economic impact of recreatiomal boating in Brltlsh Columbia.
Fisheries and Marine Service, Small Craft Harbours Branch,
Vancouver, B.C.

Task Force Technical Working Group.

National marine parks - Straits of Georgia and Juan de Fuca. A
report to The Interdepartmental Task Force on Mational Marine
Parks. Parks Canada, Ottawa, Ont. Unpublished.

n.d.:



- 15 -

Taylor, M.C. . . _ _ e

1978,  Land capability for outdoor recreation. Summary Report. The
i Canada Land Inventory Report #14. Environment Canada, Lands
~ Directorate, Ottawa, Ont.

Wise, P.L.; Kotas, G.F. and Horas, W.S. . . . 7
1978: Coping with the coast. Proceedings of Fourth Annual Conference,
) Burlington, Ont. The Coastal Society, Arlington, Virginia.

[ ' Personal Communication (1981)

Block, J. B.C. Ministry of Lands, Parks and. Housing, Parks Branch,
Victoria, B.C.

i’ 5.3 LAND/WATER USE AND STATUS TABLES

'5.3.1 Regional and Local Zoning

Regional Districts

.Capital Regional District.
1980: Sooke electoral area. Zoming by-law no. 282.%

n.d.: Langford, Colwood and Metchosin electoral areas. . Zoﬁing
regulation 20/67.% '

n.d.: The Town of Sidney.' Zoning by-law no. 345.%
n.d.: View Royal electoral area. Zoning by-law no. 599.%
* Available from: Capital Regional District, Victoria, B.C.
Cowichan Valley Regional District. .
1974: Cowichan Valley Regional District electoral area. Zoning by-law
no. 145.% .
1977; Cobble Hill electoral area. Zoning by—laﬁ no. 295.%

* Available from: Cowichan Valley Regional District, Duncan, B.C.

Municipalities

City of Victofia.
1981: Zoning by-law no. 89-159,

Corporation of the District of Central Saanich.
1981: Zoning by~law no. 465.

Corporation of the District of Saanich.
1978: Zoning by-law no. 4190.



District of North Saanich. : T
. Zoning by-law no. 194, S S o o i

1976:

Municipality of Esquimalt. S e T e -V_ . ~

1977:

Municipality of Oak Bay.

1974

5.3.2 Marinas, Bulk 0il Storage Facilities and Sewage Systems and Treatment

- 16 -

Zoning by-law no. 1957. ' o B : LS

Zoﬁing_by—iaw no. 3066,

Marinas

B.C. Ministry of Enviromment. B ' ‘ - L

n.d.:

An ocean around you ~how to make the most of Victoria's water
environment. Victoria, B.C.

Capital Regional District.

1980;

Boating facilities within the Capital Reglonal District.
Background Report. Victoria, B.C.

Eby, P. and Associates Ltd.

1979:

Fisheries
1978:

Recreational boating facility requlrements to 1985 in British
Columbia. Prepared for Fisheries and Oceans Canada, Small
Craft Harbours Branch, Vancouver, B.C. o '

and Environment Canada. o _

Guide to federal fishing and recreational harbours of British
Columbia. Prepared for Canadian Hydrographic Service, Small
Craft Harbours Branch, Sidney, B.C.

Bulk Storage Facilities

Beach, F.G.; Betts, 0.A. and Sherwood, R.L.

1979;

West coast oil spill countermeasures study year 1. Regional
Program Report 79-28, Enviromment Canada, Environmental
Protection Service, Vancouver, B.C. '

5.3.3 Land Use Plans and Proposals

Regional Distiicts

Capital Regional District.

1976:
1979:
1979:
1979:

1980:

1982:

Sooke official settlement plan.*

Metchosin official settlement plan. By-law no. 436.*_

Sooke Village plan.*

Western Community official séttlemént_planf By—law_ﬁé. 339;*

Official regional plan for the Vlctorla Metropolltan area.
By-law no. 190.%

Sooke draft official settlement plan.#*

* Available from: Capital Regional District, Victoria, B.C.
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.COW1chan Valley Reglonal Dlstrict;
1978: Mill Bay-Malahat official settlement plan.
1980:  Shawnigan official settlement plan. By-law mno. 512.*-::
1981:  Cobble Hill official settlement plan. By-law no. 570.%
% Available fromf' Cowichan Valley Regional Distficf, Dunéaﬁ; B.C.

Municipalities

Corporation c¢f the District of Central Sdanich.
1979: Official community plan. By-law no. 544.

- Corporation of the District of Saanich.
1977: Official community plan. By-law no. 4262.

Corporation of the Township of Esquimalt,
1977: Community plan.

Town of Sidney and District. .
1980: 0Official community plan. By-law no. 651,

5.3.4 Heavy Industrial Zones

Capital Regional Dlstrlct.

. Industrial land inventory Victoria Metropolltan Area. "Planning
1977:
Department, Victoria, B.C.

1980: Industrial land inventdry Victoria Metropolitan'Area. Planning
Department, Victoria, B.C.

5.3.5 Land and Water Status

Provincial Crown Land

Vacant Crown Land

B.C. Ministry of Enviromment, Surveys and. Mapping Brénch

British Columbia reference - crown land status. 1:100,000 map.
1979:
Victoria, B.C.

Provincial Parks

B.C. Mlnlstry of Lands, Parks and Hou31ng, Parks Branch.
1980: Provincial parks on Vancouver Island. Victorla, B. C.

Provincial Reserves

B.C. Ministry of Enviromment, Surveys and Mapping Branch.
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