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1.0 INTRODUCTION 

P,L~C!~:I~, ij:j{i ;.;! !I.:;: ~:;:~i:<::,r.l.i CENTRE 1.1 THE COASTAL RESOURCES FOLIO PROJECT --... , - i t  L- .. i..._ .-,I:,.+, , 

The purpose  of t h e  C o a s t a l  Resources  F o l i o  P r o j e c t  i s  t o  

p rov ide  a n  i n v e n t o r y  and s y n t h e s i s  of e x i s t i n g  b i o p h y s i c a l  and l a n d l w a t e r  

u s e  in fo rma t ion  i n  a format  u s e f u l  f o r  envi ronmenta l  a s ses smen t s ,  

i n t e g r a t e d  and s i n g l e  purpose  p l ann ing  and management programs, c o a s t -  

w i d e  a n d  r e g i o n a l  r e s o u r c e  a l l o c a t i o n  s t u d i e s ,  and t h e  i d e n t i f i c a t i o n  

of b a s e l i n e  s t u d y  needs.  

The C o a s t a l  Resources  F o l i o  P r o j e c t  w a s  i n i t i a t e d  by the  

Lands D i r e c t o r a t e ,  Environment Canada i n  t h e  f a l l  of  1979. 

T h i s  f o l i o  - C o a s t a l  Resources  F o l i o ;  South Mainland Coas t  - 
i s  t h e  t h i r d  of a s e r i e s  f o r  t h e  B r i t i s h  Columbia C o a s t a l  Zone. 

1 . 2  THE STUDY AREA 

The South Mainland Coast r e s o u r c e s  f o l i o  s tudy  area e x t e n d s  

from Gibsons Landing i n  t h e  s o u t h  t o  t h e  Redonda I s l a n d s  i n  t h e  n o r t h .  

The seaward baundary ex tends  westward t o  t h e  mid-point of t h e  S t r a i t  of 

Georgia .  

The landward boundary ex tends  to approximate ly  t h e  150  metre 

(500 f o o t )  e l e v a t i o n .  

1 .3  METHODOLOGY 

The f o l l o w i n g  s t e p s  are used t o  deve lop  t h e  C o a s t a l  Resources  

F o l i o  : 

- O v e r a l l  purpose ,  approach and c o n t e n t  of  f o l i o  developed;  

- Meetings he ld  w i t h  s e l e c t e d  f e d e r a l ,  p r o v i n c i a l  and l o c a l  a g e n c i e s  
t o  seek  a d v i c e  on p r i o r i t i e s  and t o  l o c a t e  s o u r c e s  of b a s e l i n e  
in fo rma t ion ;  

- I n i t i a l  s e l e c t i o n  of  c r i t e r i a  for  each theme made and t h e  c o l l e c t i o n  

of b a s e l i n e  i n f o r m a t i o n  begun; 
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ij - Contacts w i t h  agency pe r sonne l  made to  o b t a i n  b a s e l i n e  d a t a  
and a d v i c e  on t h e  type of i n fo rma t ion  t h a t  should b e  p r e s e n t e d  
i n  t h e  F o l i o ;  

- In fo rma t ion  t r a n s f e r r e d  to  working maps, t a b l e s  and r e p o r t s ;  

- Limited f i e l d  work suppor ted  by a i r  photo and v i d e o  t a p e  i n t e r -  
p r e t a t i o n  u n d e r t a k e n  t o  f i l l  some d a t a  gaps i n  s h o r e  p r o c e s s  
in fo rma t ion ,  marine v e g e t a t i o n  and l a n d l w a t e r  u s e s ;  

- Documents e d i t e d ,  f i n a l i z e d  and pub l i shed .  

1.4 USE AND LIMITATIONS 

1 . 4 . 1  P o t e n t i a l  Use 

A conce r t ed  e f f o r t  has  been made t o  e n s u r e  t h a t  t h e  d a t a  

p re sen ted  i n  t h e  F o l i o  are t e c h n i c a l l y  c o r r e c t  and a t r u e  r e f l e c t i o n  

of t h e  o r i g i n a l  c o l l e c t e d  in fo rma t ion .  An e f f o r t  has  a l s o  been made t o  

p o r t r a y  in fo rma t ion  i n  i t s  primary - b a s e l i n e  form. The t r a n s f o r m a t i o n  

of t h e  b a s e l i n e  d a t a  i n t o  such i n t e r p r e t a t i o n s  a s  e r o s i o n  haza rds ,  

environmental  s e n s i t i v i t i e s ,  urban s u i t a b i l i t y ,  b i o l o g i c a l  p r o d u c t i v i t y  

and p o t e n t i a l  u s e s  o r  c o n f l i c t s ,  a r e  l e f t  t o  t h e  u s e r  who w i l l  have 

h i s l h e r  own s p e c i f i c  management r e s p o n s i b i l i t i e s ,  c r i t e r i a  and in fo rma t ion  

needs.  

1.4.2 L i m i t a t i o n s  

2. 

3 .  

The fo l lowing  l i m i t a t i o n s  are i n h e r e n t  i n  t h e  Fo l io :  

The F o l i o  is  on ly  as complete  and a c c u r a t e  as t h e  in fo rma t ion  upon 

which i t  is based.  Pr imary d a t a  s o u r c e s  are f r e q u e n t l y  n o t  c o n s i s t e n t  

i n  format ,  q u a l i t y ,  l e v e l  of d e t a i l ,  or d a t e  of c o l l e c t i o n .  I n  o t h e r  

i n s t a n c e s  b a s e l i n e  d a t a  may b e  a b s e n t  or n o t  r e a d i l y  a v a i l a b l e .  

The Land/Water U s e  and S t a t u s  theme maps and t a b l e s ,  because  o f  t h e  

n a t u r e  of t h e  in fo rma t ion  base ,  become q u i c k l y  ou tda ted .  T h i s  is  

p a r t i c u l a r l y  t r u e  of f o r e s h o r e  lease in fo rma t ion .  

The scale of p r e s e n t a t i o n  a t  1:50,000 is  no t  s u i t e d  f o r  s i t e - s p e c i f i c  

i n v e s t i g a t i o n s .  Pockets  of marine v e g e t a t i o n ,  sma l l  pa rks  o r  minor 

land  u s e  zones areas, f o r  example, cannot  b e  d e p i c t e d  a t  t h i s  s c a l e .  

F u r t h e r ,  i n  t h e  t r a n s f e r r i n g  of i n f o r m a t i o n  from one s c a l e  t o  a n o t h e r ,  

e r r o r s  i n  t h e  placement of boundar ies  can  r e s u l t .  For d e t a i l e d  

a n a l y s i s ,  t h e  o r i g i n a l  sou rce  documents should always be  c o n s u l t e d .  

il 
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4. The mar ine  s u b s t r a t e s ,  p h y s i c a l  s h o r e  zone, seaweeds and salt- 

marshes d a t a  w e r e  supplemented by aer ia l  photo and v i d e o  t a p e  

i n t e r p r e t a t i o n s .  V e r i f i c a t i o n  by f i e l d  checks  w a s  l i m i t e d .  

The Lands D i r e c t o r a t e ,  Environment Canada, welcomes comments 

on t h e  u s e  and l i m i t a t i o n s  of  t h e  F o l i o  i n  o r d e r  t h a t  improvements can  

be made t o  subsequent  C o a s t a l  Resources  F o l i o  documents. 

1 . 5  FOLIO CONTENT AND FORMAT 

1 .5 .1  F o l i o  Content  

The C o a s t a l  Resources  F o l i o  c o n t a i n s  t h e  f o l l o w i n g  s e c t i o n s .  

i.0 INTRODUCTION 

The i n t r o d u c t o r y  s e c t i o n  i s  des igned  t o  inform t h e  

r e a d e r  as t o  t h e  purpose,  c o n t e n t  and a v a i l a b i l i t y  of t h e  f o l i o .  

2.0 COASTAL RESOURCES MAP SERIES (1:50,000) 

The i n t e n t  of t h i s  s e c t i o n  i s  t o  p o r t r a y  i n  a s t a n d a r d i z e d  

form, a l l  a v a i l a b l e  and r e l e v a n t  ( s p a t i a l  and/or  p o i n t  sou rce )  

i n fo rma t ion  f o r  each of t h e  1 7  themes. The maps a r e  des igned  t o  

permit  t h e  o v e r l a y  of any combinat ion of two o r  more theme maps. 

Such an  approach w a s  developed i n  r e c o g n i t i o n  of t h e  v a l u e  and 

u s e  of o v e r l a y  a n a l y s i s  t echn iques  t o  r e g i o n a l  p l ann ing ,  i n  

i n i t i a l  a s s e s s m e n t s  of p r o j e c t  p r o p o s a l s ,  and i n  t h e  d e r i v a t i o n  

of secondary i n f o r m a t i o n  based upon t h e  comparison and/or  

combination of d i f f e r e n t  d a t a  sets. 

3.0 TABLES 

T h i s  s e c t i o n  c o n s i s t s  of Land/Water Use and S t a t u s  Tab les  

and p rov ides  d e t a i l e d  d a t a  on such s u b j e c t s  a s :  f o r e s h o r e  leases - 
a r e a s ,  u s e  and l e a s h o l d e r ;  l and  t e n u r e ;  t y p e s  of s e r v i c e s  and number 

of b e r t h s  a t  mar inas ;  

are provided f o r  each 

each t a b l e  and t o p i c .  

and zoning by-laws. D e s c r i p t i v e  h i g h l i g h t s  

base  map and a g l o s s a r y  has  been prepared  f o r  
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4.0 PENDER HARBOUR MAP SERIES (i:io,ooo) 
Due t o  t h e  recognized  b i o l o g i c a l  importance,  and t h e  

i n t e n s i t y  of l and /wa te r  uses a s s o c i a t e d  w i t h  t h e  Pender Harbour a r e a ,  

t h i s  series p r o v i d e s  supplementa l  and more d e t a i l e d  in fo rma t ion .  

5.0 COMPANION REPORT 

The purpose  of t h e  Companion Report  i s  t o  p rov ide  a 

summary of e x i s t i n g  and s e l e c t e d  i n f o r m a t i o n  on c o a s t a l  r e s o u r c e  

v a l u e s ,  u s e s ,  and p rocesses .  The Companion Report  is  a compi l a t ion  

of i n fo rma t ion  on many t o p i c s  and i s  des igned  t o  complement t h o s e  

themes and s u b j e c t s  po r t r ayed  i n  t h e  C o a s t a l  Resources  Map Series. 

6.0 SOURCES 

The Sources  S e c t i o n  p r o v i d e s  a l i s t  of i n f o r m a t i o n  s o u r c e s  

p e r t i n e n t  t o  t h e  s tudy  area. Sources  a r e  organized  under t h e  same 

headings  as t h e  p rev ious  s e c t i o n s .  I n  a d d i t i o n  t o  a b i b l i o g r a p h y ,  

t h e  Sources  S e c t i o n  i n c l u d e s  o t h e r  pr imary d a t a  s o u r c e s  such as 

a e r i a l  photographs,  f i e l d  su rveys ,  computer p r i n t - o u t s ,  zoning 

by-laws, and pe r sona l  communications. 

7.0 GLOSSARY 
T h i s  s e c t i o n  p r o v i d e s  d e f i n i t i o n s  of s e l e c t e d  terms and 

c a t e g o r i e s  con ta ined  e i t h e r  on t h e  map m a n u s c r i p t s  o r  i n  t h e  

Companion Report .  

1.5.2 F o l i o  Format 

The C o a s t a l  Resources  F o l i o  c o n s i s t s  of two documents: 

Volume I is  an  a t l a s  c o n t a i n i n g  S e c t i o n  1 . 0  I n t r o d u c t i o n ,  

S e c t i o n  2.0 C o a s t a l  Resources  Map S e r i e s ,  S e c t i o n  3.0 Tab les ,  

and S e c t i o n  4.0 Pender Harbour Map S e r i e s .  Volume I c o n s i s t s  

of f o u r  s e p a r a t e  f o l i o s  - one f o r  each  of t h e  f o u r  b a s e  map a r e a s .  

Volume I1 i s  a r e p o r t  which a p p l i e s  t o  t h e  e n t i r e  s t u d y  a r e a  

and c o n t a i n s  S e c t i o n  1 .0  I n t r o d u c t i o n ,  S e c t i o n  5.0 Companion 

Repor t ,  S e c t i o n  6.0 Sources ,  and Sec t ior .  7 .0  Glossary .  

P 



1.6.1 Coverage 

The f o l l o w i n g  charts w i l l  ,e of a s s i s t a n c e  i n  o r d e r i n g  t h e  

C o a s t a l  Resources  F o l i o .  

1.6.1.1 A r e a  Coverage 

L o c a t i o n  and b o u n d a r i e s  of s t u d y  a r e a  and f o u r  b a s e  maps. 
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1.6.1.2 Theme Maps ( C o a s t a l  Resources  Map S e r i e s )  il 
h!en o r d e r i n g  1:50,000 theme maps, p l e a s e  q u o t e  y e a r  of 

p u b l i c a t i o n ;  b a s e  maps and theme number, i n  a c c o r d a n c e  w i t h  t h e  

fo l lowing  c h a r t .  

u 
Year Base Maps Theme Map No. and T i t l e  

1, 2, 2,1, 3, 3.lP 4 . 

1, 2; 2..ln 3 ,  3.1, 4 
19 2, 3,  4 
1, 2, 3, 4 
1, 2,  3, 4 
1, 29 3, 4 

-1 Marine  Sediments  

-2 Submarine Topography - . 

-3 P h y s i c a l  Shorezone  

-3 P h y s i c a l  Shorezone  U n i t s  Tab le  

- 4  G e n e r a l i z e d  T e r r a i n  L i m i t a t i o n s  

1983 

1983 

1983 

1983 

1983 

1983 

il 
-5  P h y s i c a l  Oceanography - S t a t i o n  

-6 P h y s i c a l  Oceanography - S t a t i o n  

-7 Water Resources  - D i s c h a r g e ,  Use 

-8 Seaweeds, S a l t m a r s h e s  and Marine 
Mammal s 

-9  Marine  B i rd  Surveys  

-10 F i s h  a n d .  S h e l l f i s h  Resources  

-11 F i s h  Spawning and Rea r ing  Areas  

-12.1 G e n e r a l i z e d  Zoning and Marine 

-12.2 Land/Water Use 

-13 Land/Wafer Use P l a n s  and 

D i s t r i b u t i o n  

Summary T a b l e  

and Con tamina t ion  

F a c i l i t i e s  

P r o p o s a l s  

Boundar i e s  
-14 S e l e c t e d  A d m i n i s t r a t i v e  

-15 Land/Water S t a t u s  

-16 F o r e s t  Cover 

-17  R e c r e a t i o n a l  Areas ,  S p e c i a l  
F e a t u r e s  and Access  

1983 1, 2, 3s 4 

1983 1 s  2s 3, 4 

1983 3, 4 

1983 

1983 

1983 

1983 

3, 

3, 

3, 

3, 

1983 

1983 
3s 

3, 

4 
4 

1983 3, 4 

1983 

1983 

1983 

3s 

3, 

3, 

For example 83-3-1 r e f e r s  t o  b a s e  map number 3, Marine Sediments  pub l i shed  

i n  1983. 
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1.6.1.3 Tables 

The f o l l o w i n g  t a b l e s  are available: 

- Zoning and Marine F a c i l i t i e s  

. - Land Use, P l a n s  and F o r e s t  Cover 

- Land and Water S t a t u s  

When o r d e r i n g ,  p l e a s e  q u o t e  t a b l e  t i t l e  and r e q u i r e d  b a s e  map coverage. 

1.6.1.4 Theme Maps (Pender Harbour S e r i e s )  

The f o l l o w i n g  theme maps have  been p repa red :  

83.1 P h y s i c a l  Shorezone 

83.2 F i s h  and S h e l l f i s h  Resources  

83.3 

83.4 Land/Water S t a t u s  

F i s h  Spawning and Rearing A r e a s  

When o r d e r i n g ,  p l e a s e  quo te  yea r  of p u b l i c a t i o n  and theme map number. 

1 .6 .1 .5  Report  

Volume I1 p r o v i d e s  coverage for t h e  e n t i r e  South Mainland 

Coast (Gibsons Landing t o  Redonda I s l a n d s )  s t u d y  area. 

1.6.2 A v a i l a b i l i t y  

The C o a s t a l  Resources F o l i o  i s  a v a i l a b l e  e i t h e r  from: 
8 

OR MAPS-B. C. Environment Canada - 
P.O. Box 1540, 800 Burrard S t r e e t  Surveys 6 Resources  Mapping Branch 
Vancouver, B.C. B.C. M i n i s t r y  of Environment 
V62 257 Pa r  1 iament Bui ld  i n g  s 

Phone: ( 6 0 4 )  666-5920 
V i c t o r i a ,  B.C. 
V 8 V  1x5 
Phone (604)  387-1441 
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’ Number of Copies  Type of Product  

Volume I - Limited number of Ozal id  (paper  p r i n t )  
A t l a s  s i n g l e  copy theme 

maps or t a b l e s  
F i lms  (d i azo  o r  au to-  

p o s i t i v e s )  

ii 

No charge  

. 
A t  c u r r e n t  r a t e s  
e s t a b l i s h e d  by 

1.6.3 O r d e r s  and Cos t  

Reques ts  should  be p laced  by m a i l .  The Folio can be 

orde red  by base map, r e s o u r c e  theme, or  by s e c t i o n .  

C o a s t a l  Resources  Map S e r i e s  (1:50,000) and S e c t i o n  3.0 Pender 

Harbour S e r i e s  (1:10,000) Manuscr ip ts  can  be ordered  as e i t h e r  o z a l i d s  

(paper  p r i n t s )  o r  as f i l m s  (d i azo  or a u t o - p o s i t i v e s ) .  

S e c t i o n  2.0 

The c o s t  of your o r d e r  w i l l  be In accordance  w i t h  t h e  

fo l lowing  arrangement .  

cate) c o p i e s  of 
theme maps o r  
t a b l e s  

1 e s t a b l i s h e d  by 
l o c a l  p r i n t i n g  
f i r m s  pr by t h e  
P r o v i n c i a l  Map Re- 
productLon Labora- 
t o r y .  D i r e c t  
b i l l i n g  t o  apply .  
E s t i m a t e d  Cost 
(1983 q u o t a t i o n s )  

p e r  p r i n t * .  
$1.05 - $2.00 

Volume I1 Limited number of c o p i e s  a v a i l a b l e  f r e e  of charge.  
Report  

* P r i c e s  s u b j e c t  t o  change. 
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PURPOSE 

The purpose of t h i s  r e p o r t  is  t o  provide complementary information 
t o  t h e  maps and t a b l e s  of t h e  Coas t a l  Resources Fo l io .  

THE STUDY AREA 

The s tudy area extends from Gibsons Landing i n  t h e  sou th  t o  t h e  

The landward boundary extends t o  
Redonda I s l a n d s  i n  t h e  no r th .  The seaward boundary extends westward t o  t h e  
mid-point of t h e  S t r a i t  of Georgia. 
approximately t h e  150-metre e l e v a t i o n .  

5.2 GENERAL SETTING 

5.2.1 POPULATION 

The s tudy area covers  a l l  of t h e  Powell River Regional Dis t r ic t  
and p a r t s  of t h e  Comox-Strathcona and Sunshine Coast Regional d i s t r i c t s .  
Over 35,000 people i n h a b i t  t h e  area (Table 1). 
of B.C., s e t t l emen t  has  occurred i n  a l i n e a r  s t r i p  a long t h e  c o a s t .  The 
Municipal i ty  of Powell River is t h e  l a r g e s t  urban c e n t r e .  

L ike  o t h e r  c o a s t a l  r e g i o n s  

5.2.2 LABOUR FORCE 

The Sunshine Coast Regional District 

H a l l ,  Strong and Assoc ia t e s  (1980), document t h e  Sunshine Coast 
r e g i o n  labour  f o r c e  p r i o r  t o  1980. 
( t h e  p ropor t ion  of t h e  labour  f o r c e  which is working) w a s  low compared 
t o  o t h e r  r e g i o n a l  d i s t r i c t s  throughout t h e  province.  H a l l ,  Strong 
and Assoc ia t e s  (1980) a t t r i b u t e  t h i s  t o  t h e  l a r g e  r e t i r e m e n t  popu la t ion  
and t h e  l a c k  of female employment o p p o r t u n i t i e s .  The seasona l  n a t u r e  
of tourism, f i s h i n g ,  and t h e  semi-ret i red labour  f o r c e  are  a l s o  
thought t o  a f f e c t  employment l e v e l s .  

I n  1979, labour  f o r c e  p a r t i c i p a t i o n  

I n  1981, t h e  Sunshine Coast Regional District labour  f o r c e  w a s  
es t imated a t  6,960. Almost h a l f  of t h e  labour  f o r c e  is  employed i n  
t e r t i a r y  i n d u s t r i e s ,  of which community bus iness  and pe r sona l  services 
provide t h e  most j obs .  
15%. 

Primary and secondary i n d u s t r i e s  employ on ly  

U 
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TABLE 1 

POPULATION OF REGIONAL DISTRICTS u 
1981 

Sunshine Coast Regional Dis t r ic t  Popula t ion  

E l e c t o r a l  area a 1 , 846 

b 2,265 

C 

d 

e 

2 , 690 

1,739 

1,926 

f 

Gibsons 

Sechel  t 

1 , 428 

2 , 609 

1,096 

1 5  , 549 

Powell River Regional Dis t r ic t  

E l e c t o r a l  area a 

b 

C 

d 

e 

Powell River 

TOTAL 

Popula t ion  

1,437 

1,149 

1 , 893 

1 , 146 

316 

13,423 

1 9  , 364 

Comox-Str.athcona Regional Dis t r ic t  

C o r t e s  I s l a n d  E l e c t o r a l  Area I 

Popula t ion  

643 

Redonda Is lands1 100 

r i  
U 

ii 
0 

0 

TOTAL 743 

Source: S t a t i s t i c s  Canada, 1983. Census Data for 1981. 

"Estimated p o p u l a t i o n  g i v e n  by Comox-Strathcona Regional D i s t r i c t .  0 



- 3 -  

Powell River Regional District  

Boyer, Ladre t ,  and G i l l i e s  (1977) provid a n  account  of labour  
f o r c e  c h a r a c t e r i s t i c s  i n  t h e  Powell River r eg ion  p r i o r  t o  1977. 
I n  1981, t h e  r e g i o n a l  d i s t r i c t  l abour  f o r c e  w a s  es t imated  a t  8,990. 
About 40% of t h e  labour  f o r c e  i s  employed i n  t e r t i a r y  i n d u s t r i e s .  
Half of t h e s e  employees are engaged i n  community, bus iness  and 
pe r sona l  service occupat ions.  
employed i n  manufactur ing i n d u s t r i e s .  
employed a t  MacMillan Bloedel ' s  wood process ing  o p e r a t i o n s  a t  
Powell River .  

Another t h i r d  of t h e  labour  f o r c e  is  
The m a j o r i t y  of them are 

5.2.3 FORESTRY 

The Resource Base 

The s tudy  area cove r s  approximately 242 000 h e c t a r e s  of l and ,  of 
which about  220 000 h e c t a r e s  are c l a s s i f i e d  as f o r e s t  l and .  Immature 
t imber accounts  f o r  80% of  t h e  f o r e s t e d  l and ,  mature  t imber accounts  
f o r  15% and poor q u a l i t y  t imber  and s t a n d s  of non-commercial v a l u e  
account  f o r  t h e  remainder (Table  2) .  Crown land  i s  composed of t h e  
S e c h e l t ,  Powell and Toba p r o v i n c i a l  f o r e s t s ,  which are adminis te red  
by t h e  B.C. F o r e s t  Serv ice .  The Se rv ice  a l s o  a d m i n i s t e r s  t imber 
t e n u r e s  i n  t h e  Quadra t imber supply area, which i s  composed of t h e  
Powell River, Seche l t  and Jervis t imber  supply b locks .  MacMillan 
Bloedel  is  t h e  major p r i v a t e  ho lde r ,  o p e r a t i n g  Tree Farm Licence 39 
and Tree Farms 47 and 19. 

The Sunshine Coast 

The B.C. F o r e s t  Se rv ice  (1982) r epor t ed  fou r  shake and s h i n g l e  m i l l s  
and six sawmills i n  ope ra t ion .  The shake and s h i n g l e  m i l l s  produced a n  
es t imated  19.336 thousand board f e e t  (MBM) of shakes  and s h i n g l e s ;  t h e  
sawmills produced 1,859 MBM of lumber. 

Logging o p e r a t i o n s  employ between 330 and 390 people ,  t h e  m a j o r i t y  
(about 300 on average)  are employed by j u s t  f o u r  companies: B.C. F o r e s t  
Products ,  Canadian F o r e s t  Products ,  Weldwood, and O.B. Jervis ( H a l l ,  
Strong and Assoc ia t e s  1983).  

Powell River Regional  Dis t r ic t  

I n  1982, six shake and s h i n g l e  m i l l s  were i n  ope ra t ion ,  fou r  of which 
were r epor t ed  t o  have produced 1750 MBM of shakes and s h i n g l e s .  
sawmills w e r e  i n  ope ra t ion ,  seven of which produced 87,232 MBM of 
lumber. (B.C.F. 1982).  

E ight  

The MacMillan Bloedel pu lp  and paper m i l l  is one of t h e  l a r g e s t  i n  

Also,  83 MBM of lumber w e r e  
North America. 
50,000 tonnes of a i r  d r i e d  pulp  i n  1983. 

The m i l l  produced over  500,000 tonnes of newspr in t ,  and 



TABLE 2 

FOREST COVER CLASSES ( I N  HECTARES) FOR THE SUNSHINE COAST AND POWELL RIVER REGIONS -- 
Base Immature X Mature % Residual  % 'N.S.R. % N.C. X T o t a l  Non-Forest Total Land 
Maps F o r e s t  

No. 1 45 413 80.4 7 313 15.1 438 .7 1 979 3.5 1 214 2.1 56 468 5 043 61 511 

No, 2 26 648 77.7 5 531 16.1 1-063 30 1 034 30 29 .08 34 305 3 452 37 757 

No. 3 49 934 88.2 5 130 9.0 9 39 1.7 605 1.1 7 
No. 4 54 104 74.3 15 632 21.5 2 284 3.1 819 

.01 56 615 

1.1 - 7 2  839 7 220 80 059 

242 026 T o t a l  176 099 80.0 33 717 15.3 4 724 2.1 4 437 2.0 1 250 .56 220 227 21 799 

Source: B.C. F o r e s t  Se rv ice ,  1983. Burnaby. 
I 

fc 

I 
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c u t  and dressed.  
(MacMillan Bloedel, pers .  comm. 1983). 

The m i l l  employs approximately 2,200 people. 

Canadian Fores t  Products and Weldwood of Canada a r e  t h e  two 
main logging opera tors  i n  t h e  area; both companies, when active, 
employ about 80 people. (Marshall, Macklin, Monaghan, 1983). 

FISHERIES 

I n  1980,' 286 commercial f i s h i n g  v e s s e l s  were r e g i s t e r e d  i n  t h e  
study a r e a  ( F i s h e r i e s  and Oceans, 1983). A t o t a l  of 504 fishermen were 
employed on board these  ves se l s .  I n  1981, t h e r e  were n i n e  f i s h  
processing p l a n t s  i n  opera t ion  (Table 3).  
wholesale va lue  of sea foods produced i n  t h e  Sunshine Coast region. 

Table 4 l is ts  t h e  1981 

AGRICULTURE 

I n  1981, 122 farms were operat ing and had a t o t a l  c a p i t a l  v a l u e  of 
$24,719,186. 
t h e  majori ty  of t h e  farms sold less than $10,000 of produce, and w e r e  small 
holdings (under 28 h e c t a r e s ) ,  t h a t  supplied l o c a l  markets. (See Table 5b). 

(see Table 5a) ,  with sales of $792,950. i n  produce. Ind iv idua l ly ,  

By Apr i l  1, 1980, 4 332 hec tares  of land i n  t h e  Sunshine Coast 
Regional District and 10 813 hec tares  i n  t h e  Powell River Regional District 
had been designated as Agr icu l tura l  Land Reserve. (B.C. Agricul ture ,  1980). 

TABLE 3 

FISH PROCESSING PLANTS 
SUNSHINE COAST - POWELL RIVER REGION 

(1981) 

Name  I Location I Products 

Suncoast Salmon Ltd. 
Sunshine Coast Oyster 
Tyee Products Ltd. 
Totem Oyster Co. 
Harmony Sea Foods Ltd. 
Seaman Hope F i s h e r i e s  
Westview F i s h e r i e s  Ltd. 
Sliammon Indian Seafoods 

Sechel t  
S echel  t 
S echel  t 
Egmont 
Egmont 
Egmont 
Powell River 
Powell River 

Tida l  Rush Marine Farms Ltd. I Powyll River 

Salmon 
Oysters 
Ba i t  
Oysters 
Oysters and clams 
Oysters,  C l a m s ,  mussels 
Salmon, groundfish,  prawns, geoducks 
Salmon, he r r ing ,  groundfish,  o y s t e r s ,  

clams 
Salmon 

SOURCE: B r i t i s h  Columbia, Minis t ry  of t h e  Environment, Marine Resources Branch. 
1982. Trevor Proverbs, personal  communication. 



TABLE 4 

WHOLESALE VALUE OF SEAFOOD PRODUCTION I N  COMPARISON TO PROVINCIAL TOTALS 

Vancouver Vancouver I s l a n d  S u n s h i n e  C o a s t  C e n t r a l  & North  Coast T o t a l  B.C.  1 

P r o d u c t  .$ V a l u e  . X o f  B.C. .$ V a l u e  % of  B . C .  $ V a l u e  % of B .C .  $ V a l u e  % of  B . C .  $ V a l u e  

F r e s h  D r e s s e d  
Salmon 

L i t t l e  Neck 
Clams 

Oys te rs - - f  rest 

Prawns ( f r o z e n )  

Geoduck Clams 
meat--frozen 

Geoduck C l a m s  
neck m e a t  

Horse C l a m s  

Herr ing--bai  t 
f r e s h  6 f r o z e ]  

H e r r i n g  Roe 
m a t u r e  

TOTAL 

4,858,309 

73 ,203 

- 
640,215 

15 ,923  

1 ,570,414 

1 9 , 0 2 4  

389,028 

42 ,408,998 

To t a l .  F i s h  T o t a l  F i s h  
V a l u e  

74.4  

21.4 

- 
59.9  

97.6 

60.4 

43 .0  

26.3 

61 .02  

49 ,975 ,114  60 .3  

1 ,238 ,729  

256,048 

1 , 0 8 9 , 6 8 2  

12 ,552  
- 

934,781 

15 ,286  

641,429 

7 , 3 8 3 , 2 4 5  

1 1 , 5 7 1 , 7 5 2  

Value  

1 8 . 9  

7 5 .  

84 .6  

1 . 2  
- 

36.0 

34.6 

43.3 

1 0 . 6  

13.9 

292,424 

12 ,078  

197 ,473  

371,314 

382  

92 ,626  

9 ,909 

67,143 

21 ,350 

1 ,064 ,703  

T o t a l  F i s h  T o t a l  Fish 
V a l u e  

4.4  

3 .5  

1 5 . 3  

34.7 

2.3 

3 .6  

22.4 

4 .5  

3 .0  

1 . 3  

141 ,373  

- 

- 
44,401 
- 

- 

- 
382,758 

19 ,682 ,348  

20 ,250,880 

V a l u e  

2.2  

- 
- 

4 . 1  
- 

- 

- 
25.8 

28.3 

6 ,530 ,835 .  

341 ,329 .  

1 ,287 ,155 .  

1 ,068 ,482  . 
1 6 , 3 0 5 .  ' 

m 
I 

2,597,821.  

44 ,219.  

1 , 4 8 0 , 3 6 2 .  

69 ,495 ,941 .  

24.4 82 ,862,449 

1. The Sunshine  C o a s t  r e g i o n  i n c o r p o r a t e s  t h e  S u n s h i n e  C o a s t  and Powel l  R i v e r  r e g i o n a l  d i s t r i c t s  p l u s  p a r t  of 
t h e  Comox-Strathcona R e g i o n a l  D i s t r i c t .  

Source :  B . C .  M i n i s t r y  of t h e  Environment ,  M a r i n e  R e s o u r c e s  Branch. 1982 .  
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T o t a l  number of farms 

To ta l  c a p i t a l  va lue  

Farm Revenue 
L 

I 1 
Powelil River  i Sunshine Coast 

I 
66 56 

$13,493.748. $11,325,438. 

$ 433,535. $ 359,415. 0 

Under 3 a c r e s  (1.2 ha)  

3-9 acres(1.2-3.6 ha) 

improved 

improved 

il 

21 

19  

TABLE 5b 

FARM SIZE 

R 

u 
U 

Sunshine Coast 
~~ 

11 

27 

1 5  

3 

Source: S t a t i s t i c s  Canada. 1983. A g r i c u l t u r a l  Census of Canada - 
Catalogue 96-911. 

T o t a l  

32 

46 

40 

4 
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5.2.6 MINING 

u 
Lj 

Cons t ruc t ion  Aggregates Ltd.  and Canadian F o r e s t  Products  are t h e  
two main o p e r a t o r s  i n  t h e  area: Cons t ruc t ion  Aggregates e x p o r t s  most ly  t o  
t h e  Lower Mainland and sends  smaller q u a n t i t i e s  t o  Vancouver I s l a n d ,  t h e  
North Coast and Alaska (Ha l l ,  S t rong  and A s s o c i a t e s ,  1980).  

Four l imes tone  q u a r r i e s  were i n  o p e r a t i o n  on Texada I s l a n d  i n  1982, 
These q u a r r i e s  produce about  t h r e e  m i l l i o n  employing a t o t a l  of 111 persons .  

tonnes  annua l ly ,  and are cons idered  t o  be  t h e  l a r g e s t  and most impor tan t  i n  
t h e  province  (Marshall ,  Macklin and Monaghan, 1983).  

5.2.7 TOURISM 

The Sunshine Coast i s  a popular v a c a t i o n  area of B r i t i s h  Colunbia 
due t o  i ts s c e n i c  beauty and outdoor r e c r e a t i o n  o p p o r t u n i t i e s .  The Powell 
River area n o t  on ly  p rov ides  a v a r i e t y  of r e c r e a t i o n  r e s o u r c e s ,  b u t  a l s o  serves 
as a gateway f o r  many b o a t e r s  t r a v e l l i n g  t o  n o r t h e r n  l o c a t i o n s ;  Deso la t ion  
Sound and a d j a c e n t  i s l a n d s  and i n l e t s  are f a v o u r i t e  d e s t i n a t i o n s .  

5.3 PHYSICAL FEATURES 

5.3.1 PHYSIOGRAPHY 

The s tudy  area's physiography i s  t h e  r e s u l t  of r epea ted  g l a c i a l  
and i n t e r g l a c i a l  even t s  of t h e  Wisconsin pe r iod ;  t h e  most r e c e n t  of which w a s  
t h e  Fraser G l a c i a t i o n  (see F igure  1). 
submerged f o r  most of t h i s  per iod  (Nora and Basham, 1980).  Upon d e g l a c i a t i o n ,  
t h e  l and  r o s e  r e l a t i v e  t o  t h e  sea which, f o r  t h e  s tudy  area, meant an  e l e v a t i o n  
change of up t o  180 metres. 
o v e r l a p  and e l e v a t i o n  change f o r  c o a s t a l  B r i t i s h  Columbia. The c o a s t a l  lowlands 
border ing  t h e  S t r a i t  of Georgia are c l e a r l y  ev iden t  i n  F igu re  2.  

The lowlands of t h e  s tudy  area w e r e  

F i g u r e s  2 and 3 summarize t h e  areas of marine 

More s p e c i f i c a l l y ,  t h e  s tudy  area f a l l s  w i t h i n  t h e  e a s t e r n  s e c t i o n  of 
t h e  Georgia Depression, a n  e x t e n s i v e  nor thwes t -southeas t  c o a s t a l  t rough 
s t r e t c h i n g  from Alaska t o  t h e  Gulf of C a l i f o r n i a  (Barker,  1974).  The mar ine  
component is rep resen ted  by t h e  S t r a i t  of Georgia and cont iguous  channels .  
The terrestrial component is  rep resen ted  by t h e  Georgia Lowland and a d j a c e n t  
Coast Mountains. 

The S t r a i t  of Georgia and Adjacent Channels 

The S t r a i t  of Georqia is  a semi-enclosed body of water approximately 
220 k i l o m e t r e s  (ian)'Pong w i t h  a n  ave rage  wid th  of 33 km. Its mean dep th  
is  157 metres (m) w i t h  a.maximum dep th  of 425 m nea r  Texada I s l a n d .  

ii 
11 
w 
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CORDILLERAN 
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SOURCE: J.J. C l a g u e ,  J . R .  H a r p e r ,  R . J .  Hebda and  D . E .  Howes, 1982 .  Later Q u a t e r n a r y  
Sea  L e v e l s  and  C r u s t a l  Movements,  C o a s t a l  B r i t i s h  Columbia .  C a n a d i a n  J o u r n a l  
of E a r t h  S c i e n c e s ,  1 9 ( 3 ) .  O t t a w a .  
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SOURCE: J .  J .  C lague ,  1981. 
P a r t  2 - Summary and D i s c u s s i o n  of Radio  Carbon-Dated Q u a t e r n a r y  H i s t o r y .  GSC 
Paper  80-35.  Canada,  Department  o f  Energy,  Mines and Resources .  Ot tawa.  

L a t e  Q u a t e r n a r y  Geology and Geochronology of B r i t i s h  Columbia:  
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The submarine topography of t he  e a s t e r n  s t r a i t ,  a series of 

shallow banks and r i d g e s  separated by deep bas ins  and troughs, i s  
gene ra l ly  p a r a l l e l  t o  t h e  s t r a i t  ax i s .  These bottom c h a r a c t e r i s t i c s  
are a r e s u l t  of t h e  g l a c i a l  h i s t o r y  and recent  depos i t i on  processes of 
t h e  reg ion  (Clague, 1975). See a l s o  t h e  Submarine Topography 
(1:50,000) map series of t h i s  f o l i o .  

The channels of t h e  study area, while sub jec t  t o  t h e  same processes,  
e x h i b i t  f e a t u r e s  c h a r a c t e r i s t i c  of f j o r d s ;  

a )  They are narrow, commonly under f i v e  k i lomet res  i n  width; 
b) They are steep-walled; 
c) They are ve ry  deep wi th  maximums of g r e a t e r  than 700 metres; 
d )  They have, i n  some ins t ances ,  r e l a t i v e l y  shallow s i l ls  i n  t h e i r  

lower reaches. 

The Georgia Lowland 

The Georgia Lowland is  of v a r i a b l e  width, 5 t o  20 km, extending from 
Sayward south t o  t h e  F rase r  Lowland (Leaming, 1968). It inc ludes  Quadra, 
Texada, Cortes,  Lasquet i ,  Nelson, and t h e  smaller i s l a n d s  of t h e  eas t e rn  
S t r a i t  of Georgia. 
marine processes and are charac te r ized  by gen t ly  s lop ing ,  low su r face  
r e l i e f .  The in land  boundary approximates the  600 m contour (Clague 
and Bornhold, 1980). 

The lowland f e a t u r e s  are a r e s u l t  of g l a c i a l  and 
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5.3.2 GEOLOGY 

The g l a c i e r s  of t h e  last  major ice advance began r e t r e a t i n g  about 
15,000 yea r s  be fo re  present  (B.P.) and reached t h e i r  p resent  ex ten t  by about 
9500 years  B.P. (Clague, 1981). Above 300 m e l eva t ion ,  ba re  bedrock o r  veneers 
of g l a c i a l  d e p o s i t s  were l e f t ,  whi le  below t h a t  e l eva t ion  t h i c k  depos i t s  of 
materials derived from g l a c i a l ,  glacio-marine, marine and f l u v i a l  processes 
occur (McCammon, 1977). 

Bedrock 

The study area is  p r imar i ly  p lu ton ic  rock (metamorphic) of unknown 
age. Granodior i te  and qua r t z  d i o r i t e  dominate t h i s  complex. Notable 
exceptions are Texada and Lasquet i  i s l a n d s ,  which are  pr imar i ly  b a s a l t s  
and l avas  of t h e  Upper Triassic period. Of economic i n t e r e s t  are t h e  
Triassic l imestone rocks on Texada Is land .  

The most r ecen t  genera l ized  mapping of t h e  bedrock geology is 
found i n  Roddick et a1 (1979). -- 
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Surf i c i a l  Geology 

The unconsolidated s u r f i c i a l  materials are pr imar i ly  of g l a c i a l  
or i n t e r - g l a c i a l  o r i g i n ,  some of t h e s e  have been f u r t h e r  modified by 
such marine and f l u v i a l  processes  as sea-level changes and g l a c i a l  
meltwater. Modern sediments i n  t h e  s tudy area are represented by 
channel,  f loodpla in ,  a l l u v i a l  fan,  d e l t a i c  and beach deposi ts .  
Col luvia l ,  l a n d s l i d e ,  and t i l l  veneer d e p o s i t s  dominate t h e  mountainous 
and steep-sloped p a r t s  of t h e  study a r e a ,  while  organic  d e p o s i t s  have 
developed i n  poorly drained depress iona l  areas and a t  l a k e  margins. 
The Georgia Lowland is extensively over la in  by g l a c i a l  t i l l  of v a r i a b l e  
t ex tu re ,  depth and sur face  expression. Below 180 m e l eva t ion ,  t h e  
s u r f a c e  has  been reworked and modified by marine and glaciomarine 
processes.  

Glac iof luvia l  land forms, such as terraces, abandoned channels and 
ice-contact f ans  are  a l s o  present ,  though more abundant i n  t h e  southern 
p a r t  of t h e  s tudy area. 

Spectacular eroding c o a s t a l  b l u f f s  wi th in  t h e  reg ion  are predominantly 
exposures of t h e  i n t e r g l a c i a l  outwash depos i t  c a l l e d  Quadra sand. It is 
genera l ly  over la in  by a t i l l  l a y e r  with a marine depos i t  a t  t h e  surface.  
Notable examples of t hese  b luf f  formations are found on North Thormanby, 
Savary, Hernando and Marina i s l ands .  

Accounts of t h e  g l a c i a l  h i s t o r y ,  s t r a t i g r a p h y  and t e x t u r e s  of sur- 
f i c i a l  d e p o s i t s  can be  found i n  Clague (1976) and (1981); s u r f i c i a l  
geology and s t r a t i g r a p h y  has  been mapped by McCammon (1977) and Clague 
(1976) ; and t e x t u r a l  a n a l y s i s  and observed s t r a t i g r a p h y  are a v a i l a b l e  
i n  Learning (1966), McCammon (1977), and Hora and Basham (1980). 
Reconnaissance t e r r a i n  inventory mapping has been done f o r  t h e  study 
area by t h e  B r i t i s h  Columbia Minis t ry  of Environment (1980). 

5.3.3 SOILS 

S o i l s  of t h e  s tudy region are  predominantly those of t h e  Brunosolic 
and Podzolic orders .  

Dystr ic  Brunisol s o i l s  are found pr imar i ly  i n  t h e  south (Gibson's 
Landing t o  Seche l t ) .  
and a r e  thought t o  be  i n  a t r a n s i t i o n a l  s t a g e  of development. 
e r a t u r e  c l a s s  i s  mild mesic with a semi-arid moisture  regime. 
moisture d e f i c i t ,  d r y  summer and warm temperatures of t h e  reg ion  lead t o  l i t t l e  
chemical t ransformation which is c h a r a c t e r i s t i c  of r a p i d l y  drained soils.  
Vegetation provides a th i ck ,  poorly decomposed sur face  l a y e r  wi th  l i t t l e  
incorporat ion of organic matter i n t o  t h e  mineral  s o i l .  

These s o i l s  occur on r e l a t i v e l y  young geologic sediments 
The s o i l  temp- 
The high 
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North of Sechel t ,  humo-ferric podzols predominate. These s o i l s  

The s o i l  temperature i s  mild mesic cool  borea l ,  wi th  a 
have developed on permeable, coarse-textured g l a c i a l  t i l l  o r  colluvium 
parent  materials. 
humid s o i l  moisture  regime. Similar  t o  Dys t r ic  Brunisols ,  vege ta t ion  
provides a th i ck  organic  sur face  l aye r  t h a t  i s  a c i d i c  and poorly decomposed. 

Steep s lopes  tend t o  have shallow, coarse  textured and r ap id ly  
drained s o i l s ;  bedrock outcrops are common. Less s t eep  t e r r a i n  has sandy t o  
grave l ly  s o i l s  with rap id  t o  imperfect drainage. Gently s lop ing ,  low-lying 
pos i t i ons  have medium t o  f i n e  textured s o i l s  sub jec t  t o  water t a b l e  f luc tua-  
t ions .  Depressional o r  level areas genera l ly  have organic  depos i t s .  Glacio- 
marine and g l ac io - f luv ia l  depos i t s  ( e spec ia l ly  t e r r a c e s )  have coarse  tex tured ,  
and very r ap id ly  drained s o i l s  on moderate s lopes  (Frank, 1980). 

There appears  t o  be no mapped s o i l s  information f o r  t h e  study area. 
For a genera l  account see Valent ine,  e t  a1  (1978). 

5.3.4 CLIMATE 

Temperature and P r e c i p i t a t i o n  

The Georgia Lowland and ad jacent  i s l a n d s  f a l l  wi th in  a r e l a t i v e l y  
homogeneous c l ima t i c  zone. 
a t  Powell River a i r p o r t  t o  10.5OC a t  Merry I s land .  
range between -18' t o  - l l ° C  f o r  lows, while  t h e  extreme highs are between 
300 and 36OC (Atmospheric Environment Service,  1983). Ra in fa l l  i s  v a r i a b l e  
throughout t h e  region with a maximum observed mean annual t o t a l  of 1359 mm 
a t  Gower Poin t  whi le  t he  minimum observed mean annual t o t a l  w a s  929 mm on 
the  northwest coas t  of Texada Is land.  Increased va lues  would be expected 
f o r  higher e l eva t ions  o r  more inland loca t ions .  Por t  Mellon, s l i g h t l y  
inland of t h e  study area, has  a n  annual average of 3110 mm. The majori ty  
of t h i s  p r e c i p i t a t i o n  occurs  during l a t e  f a l l  and winter  months. 

Annual mean temperatures ran$e from 8.8Oc 
Temperature extremes 

Wind P a t t e r n s  

Wind p a t t e r n s  f o r  t he  area are  con t ro l l ed  by two major f a c t o r s :  

a )  the  seasonal ly  dominant atmospheric pressure  systems; 
b) t h e  major topographic f e a t u r e s  of southwestern B r i t i s h  Columbia; 

The northwest-southeast  o r i e n t a t i o n  of t h e  Vancouver I s land  and 
Coast Mountains fo rces  sur face  winds t o  blow i n  e i t h e r  of t hese  
two d i r ec t ions .  I n  win ter ,  t h e  Aleut ian Low dominates atmospheric 
c i r c u l a t i o n  over t h e  nor theas te rn  P a c i f i c  Ocean, sou theas t e r ly  
winds p reva i l .  An Arct ic  High i n  t h e  I n t e r i o r  of t h e  province,  
however, r e s u l t s  i n  s t rong  no r theas t e r ly  outf low winds down t h e  
i n l e t s  and v a l l e y s  t o  t h e  coas t .  I n  summer the  P a c i f i c  High 
dominates. Consequently, t h e  p reva i l i ng  winds are wes ter ly  t o  
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northwester ly .  The summer p a t t e r n  i s  complicated by 
onshore-offshore winds c rea ted  by d i u r n a l  temperature 
g rad ien t s  between t h e  land and water (Schaefer,  1983 
pers .  comm.). 

5.3.5 PHYSICAL OCEANOGRAPHY 

Tides 

The t i d a l  wave e n t e r s  t he  S t r a i t  of Georgia v i a  Juan d e  Fuca S t r a i t  
and r e f l e c t s  of f  t h e  nor th  end of t h e  s t r a i t ,  producing a s tanding 
wave and a south t o  nor th  increase  i n  t i d a l  range (Thomson, 1981). 
The t i d e s  range from a 3-metre maximum and a 2 -me t re  mean i n  southern 
waters t o  more than a 5-metre maximum and a 4-metre mean i n  nor thern  
waters. 
ponding t i d a l  he ights  a t  any poin t  and Point  Atkinson never exceeds 
30 minutes. Tides  are mixed, mainly semi-diurnal. 

I n  the  S t r a i t  of Georgia, t he  t i m e  d i f f e rence  between corres-  

Flood t i d e s  from the  nor th  take  about t h r e e  hours longer t o  en te r  
t h e  northern S t r a i t  of Georgia than do the  southern t i d a l  cu r ren t s .  
This  can create d i f f e rences  i n  water e l eva t ion  i n  passages of up t o  
one metre, thus  generat ing s t rong  cu r ren t s  (Giovando, 1977). 

Currents  

Waldichuk (1957) divided the  S t r a i t  of Georgia i n t o  nor thern ,  

Northern 

The northern region extends t o  the  southern t i p s  of Texada and 

c e n t r a l  and southern areas based on su r face  cu r ren t  regime. 

Lasquet i  i s lands .  
va r i ab le .  Speeds r a r e l y  exceed one knot, al though they may be  f a s t e r  i n  
some channels.  Wind-driven cu r ren t s  are  a l s o  weak, even during s t rong  
winter  winds, due t o  t h e  absence of s t r a t i f i c a t i o n .  A counter clockwise 
d r i f t  around t h e  nor thern  p a r t  of t h e  S t r a i t  has  been pos tu la ted .  

The t i d a l  c u r r e n t s  are  weak ( t o  1 0  cm/sec), and highly 

Central  

The c e n t r a l  region s t r e t c h e s  from Texada and Lasquet i  i s l a n d s  south 
t o  a l i n e  jo in ing  Point  Roberts and t h e  Saanich Peninsula.  

The t i d a l  cu r ren t s  are s t ronger  and have a d i s t i n c t  southeast-  
northwest ebb and f lood respec t ive ly .  The Fraser  River,  e spec ia l ly  during 
peak run-off,  s t rongly  inf luences  t h i s  s ec t ion  of t he  S t r a i t .  The upper 
l a y e r  e x h i b i t s  complex movements under t h e  inf luence  of wind, t i d e s  and 
C o r i o l i s  force .  

Southern 

The t i d a l  cu r ren t s  are s t ronger  and t y p i c a l l y  g r e a t e r  than one knot. 
The narrow passages al low t i d a l  mixing. 
can t  during summer months when t h e  Fraser  River plume extends t o  t h i s  area. 

Wind dr iven  cu r ren t s  are s i g n i f i -  
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Waves 

The S t r a i t  of Georgia i s  f e t c h  and wind du ra t ion  l imi t ed  f o r  
developing l a r g e  sea waves (McCann and Hale, 1980). During storm 
s i t u a t i o n s ,  though, f e t c h  and width l i m i t a t i o n s  would be t h e  
p r i n c i p a l  c o n t r o l l i n g  f a c t o r s  (Hale and McCann, 1982). Winds blowing 
along t h e  a x i s  of t h e  s t r a i t  can genera te  waves up t o  3 m i n  open 
w a t e r  (Owens, 1977 ,  Hale and McCann, 1982). There i s  a higher 
p r o b a b i l i t y  of t h i s  occurring during win ter  months than a t  any o the r  
t i m e  of t h e  year .  

5 . 3 . 6  WATER RESOURCES 

Hydrology 

The study area has a number of freshwater r i v e r s ,  l akes ,  and wetlands. 
Most, however, are c h a r a c t e r i s t i c a l l y  small ,  Although a snow pack 
accumulates i n  t h e  mountain ranges during win ter ;  p r e c i p i t a t i o n  i n  t h e  
Georgia Lowland region f a l l s  mainly as r a i n .  Consequently, f r e s h e t  occurs 
i n  mid-winter (December and January) when r a i n f a l l  i s  g r e a t e s t .  Hydro- 
graphs f o r  Lang and Roberts c reeks  e x h i b i t  t h i s  t rend  (Figures 4 and 5 ) .  
Rivers t h a t  are a l s o  fed by snowmelt streams e x h i b i t  a second peak d i s -  
charge i n  l a t e  spr ing .  
September when some streams are  dry  o r  have sub-surface o r  base flows. 

The low flow period occurs during l a t e  August and 

The Georgia Lowland region experiences annual moisture d e f i c i t s  of  
between 122 mm t o  170 mm (see  F igures  6 ,  7 ,  and 8 ) .  

Water Qual i ty  

Domestic sewage and i n d u s t r i a l  e f f l u e n t s  are  t h e  major contaminants of 
marine and f reshwaters  of t h e  study region. Sewage o u t f a l l s ,  s e p t i c  tanks ,  
and wastes from vessel contribute n u t r i e n t s  and coliform b a c t e r i a ,  whi le  
s e v e r a l  i n d u s t r i a l  and ,commercial o u t f a l l s  add poisons, meta ls ,  and hea t .  
Although most marine waters are r e l a t i v e l y  w e l l  f lushed by t i d a l  a c t i o n ,  
water q u a l i t y  i n  many nearshore areas is ,  o r  i s  suspected t o  be,  below 
t h e  s tandards  set f o r  s h e l l f i s h  harves t ing  and water con tac t  r ec rea t ion .  
Ce r t a in  land use  and waste d i s p o s a l  p r a c t i c e s  ad jacent  t o  e s t u a r i e s ,  
c o a s t a l  freshwater l a k e s  and r i v e r s  s i m i l a r l y  con t r ibu te  t o  t h e  reduced 
q u a l i t y  of t h e s e  water bodies. 
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FIGURE :HYDROGRAPH FOR LANG CREEK 
4 STATION Mo. O S B O 0 7  

REGULATED 1 

SOURCE: Canada, Department of Environment, 1981. H i s t o r i c a l  Streamflow 
Summaries. Inland Waters Direc tora te .  O t t a w a .  
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Figure 6 Moisture Balance for 
Cortes Island 

MOISTURE DEFICIT 
MOISTURE SURPLUS 

J F M A M J J A S O N D  

MEAN ANNUALTEMPERATURE lo.& - MEAN ANNUAL PRECIPITATION 883mm 
MOISTURE DEFICIT 17omm 
MOISTURE SURPLUS 395mm 

7 

- - - - 
- 

Figure 8 Moisture Balance for 
Powell River 

MEAN ANNUAL TEMEERATURE l0.5"c 
MEAN ANNUAL PRECIPITATION 1017mn 
MOISTURE DEFICIT 145mn 

51 4 mn 
- MOISTURE SURPLUS - 
- 
- 

J F M A M J J A S O N D  

SOURCE: Canada, Depar tment  of  Envi ronment ,  1983. M o i s t u r e  Ba lance  Data .  Atmospher ic  
Environment S e r v i c e .  Vancouver.  
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5.4 BIOLOGICAL RESOURCES 

5.4.1 TERRESTRIAL VEGETATION 

0 
W 

The b iogeoc l ima t i c  u n i t s  of B r i t i s h  Columbia, de r ived  by 
Kra j ina  (1969),  i nc lude  f o u r  format ions ,  seven r e g i o n s ,  and e leven  zones.  
Of t h e s e ,  t h e  s tudy  area f a l l s  w i t h i n  t h e  Mesothermal Formation; t h e  P a c i f i c  
Coast  Mesothermal F o r e s t  Region', and t h e  Coas t a l  Douglas F i r  and C o a s t a l  
Western Hemlock zones.  Both zones a re  f u r t h e r  subdivided by Kra j ina :  

. Coas ta l  Douglas F i r  Zone - d r y  subzone (Carry oak - Douglas f i r )  

. Coas ta l  Western Hemlock Zone - d r i e r  subzone (Douglas f i r -wes te rn  Hemlock) 

- w e t  subzone (Madrona-Douglas f i r )  

- wetter subzone ( P a c i f i c  s i l v e r  f i r -wes te rn  
Hemlock) 

The b iogeoc l ima t i c  mapping of Klinka,  Nuszdorfer ,  and Skoda (1979) 
f o r  t h e  c e n t r a l  s e c t i o n  of t h e  s tudy  a r e a  (F igure  9)  r e f i n e s  f u r t h e r  t h e  bio- 
geoc l ima t i c  boundaries .  The zones,  subzones,  and v a r i a n t s  inc lude :  

. Coas ta l  Douglas F i r  Zone - Drier Maritime - Nanaimo + Georgia Drier 
Coas t a l  Douglas F i r  

- Wetter Maritime - Nanaimo + Georgia Wetter 
Coas t a l  Douglas F i r  Maritime 

. Coas ta l  Western Hemlock Zone - Drier M a r i t i m e  C o a s t a l  - P a c i f i c  Ranges 
Western Hemlock Maritime Coas ta l  

Western Hemlock 

- Wetter M a r i t i m e  C o a s t a l  - P a c i f i c  Ranges Montane 
Western Hemlock Wetter Maritime 

Coas ta l  Western Hemlock 

. Montane Hemlock Zone - Maritime Fores ted  & - P a c i f i c  Ranges Maritime 
Parkland Montane Hemlock Fores ted  & Parkland Montane 

Hemlock 

The c l imat ic  d e s c r i p t i o n ,  c h a r a c t e r i s t i c  combinat ions of s p e c i e s ,  
and a schematic  p r o f i l e  of t h e  e a s t e r n  S t r a i t  of  Georgia a r e  i l l u s t r a t e d  i n  
Tables  6 ,  7 ,  and F igu re  1 0  r e s p e c t i v e l y .  A synops is  of some components of t h e s e  
b iogeoc l ima t i c  zones i s  a l s o  provided by Kra j ina ,  Klinka,  and Worral l  (1982) 
(Table 8 a ) ;  and t h e i r  c l i m a t i c  d a t a ,  f o r  comparat ive purposes ,  a re  l i s t e d  i n  
Tables  8b and c. F u r t h e r  d a t a  provided by t h e s e  r e s e a r c h e r s  i n d i c a t e  t h a t  t h i s  
r eg ion  e x h i b i t s  one of t h e  h i g h e s t  t r ee  spec ies  d i v e r s i t y  (25 t o  34 s p e c i e s )  
found anywhere w i t h i n  t h e  province .  



biogeoclimatic zone biogeoclimatic subzone 

Alpine Tundra 
(AT) 

Coastal 
Alpine Tundra 

Mountain 
H e m l o c k  
( M H I  

Coastal 
Douglas- f i r  

(CDFI 

Coastal 
W e s t e r n  
Hemlock 
( C W H I  

Mar i t ime 
Forested 
and Parkland 
Mountain 
Hemlock 

Drier Mar i t ime 
Coastal Douglas- ... 
Wetter  Mar i t ime 
Coastal Douglas-fir 

I I 

Drier 
Mar i t ime IW CWHa3 

Coastal Western 
Hemlock 

~~ "...."... 

Wet ter  
Mar i t ime 
Coastal Western 
Hemlock 

Ecosystems were mapped at  the level of biOgeOClim8tiC 
variant. Mapping units may have up to 15% of their ere8 
composed of adjacent biogeoclimatic variants. Due to 
the pattern of distribution and relatively Small map 
scale. subzones of the Mountain Hemlock Zone and 

West Vancouver Island Maritime 
Forested and Parkland Mountain Hemlock 

East Vancouver Island Maritime 
Forested and Parkland Mountain Hemlock 

Pacific Ranges Maritime Forested and 
Parkland Mountain Hemlock 

Nanaimo and Georgia 
Drier Maritime Coastal Douglas-fir 

Nanaimo and Georgia 
Wetter Maritime Coastal Douglas-fir 

West Vancouver Island Drier 
Maritime Coastal Western Hemlock 

East Vancouver Island Drier 
Maritime Coastal Western Hemlock 

Pacific Ranges Drier 
Maritime Coastal Western Hemlock 
Estevan and West Vancouver Island 

h d l  iciSne Loastal Western Hemlock 
West Vancouver Island Montane Wetter 
Maritime Coastal Western Hemlock 

East Vancouver Island Submontane 
Wetter Maritime Coastal Western Hemlock 

East Vancouver Island Montane Wetter 
Maritime Coastal Western Hemlock 

Pacific Ranges Montane Wetter 
Maritime Coastal Western Hemlock 

cr - - _  Wetter 

Wetter iytaritime Coastal Western Hemlock 
variants were mapped as composite 
mapping units 

the Estevan and the West Vancouver Island Submontane 



Table 6: 
CLIMATIC CHARACTERISTICS ' ' I  

Means (upper figures) and standard deviations (lower figures) of differentiating climatic characteristics.for subzones and variants of the CDF, CWH and MH zones 

Maritime Parkland 
Mountain Hemlock[z1 

Drier Maritime 
Coastal Dougles-fir131 

Wetter Maritime 
Coastal Douglas-fir 

Drier Maritime Coastal 
Western Hemlock12t 

I- 

- 
coldsr I 3358 I 5.0 ' I I  39500 155 8.9 280 139 I 1 8  ' 532 1 7  0:3- 5.1 3081 288 

Dlc 1435 1-2.0 8 1590 391 1.5 133 25 48 200 0.5 0.5 0.8 1409 6 , 0.4 i 138 0.5 1 22 1 19 2 10 

drior 901 3.2 1 1  45100 214 17.1 1753 253 22 152 10.0 5.8 0.0 543 288 4 0  ! 0.9 0.2 1 832 384 58 311 
Cab 140 0 1  3 2510 52 1.0 131 31 8 24 0.4 0.5 0.0 I l l  70 0.1 I 2.0 0 4  ~ 38 j 42 9 48 

wntlor , 1202 2.0 13 43000 219 , 18.8 1678 211 28 I 191 8.1 5.2 0 0  188 181 3.4 I 10 1.0 583 405 I 89 358 
Csb 233 1 1 . 1  I 4 1430 I 52 1 1 . 1  185 24 1 1 4 3  0.7 0.7 0.0 223 I 35 1 0 . 1  I 1  I O  1 19 I 38 i 5 40 

drier I881 14 I5 40800 488 17.3 1700 211 48 281 8.4 5.4 00 1383 72 1.8 I9 1.4 5 5 8  ' 483 81 ! 440 
Clb 39 

3 I 0.2 I 381 I 8.4-1.---212 -;- 289 I 99' 

269 1 0 9  1 5 2030 1 88 1 1 . 1  205 18 1 1  1 5 4  0.8 , 0.5 0.0 , 218 I 41 1 0 1  i 1 1  1 I O  i 20 1 41 1 8 
t 

L- 

P ~ L I I I C  Rang01 
Oiler Mdrtlbrne 
C o d r i a l  W ~ s i o r n  Hemlock 

Wetter Marittme oast81 
Western HernlockfF' 

biogeoclimatic units 

milder 3339 -3.3 9 40100 182 9.9 392 121 I15 522 3.2 1 . 1  4.5 Maritime Forested 
Mountain Hemlock"l Olc 1248 1.8 8 1180 342 1.9 198 I8 188 112  0.5 1.0 0.8 

1 7 5  1788' 218 50 1 207 8 7  5 8  00 1218 45 1 6  I2 I O  ' 5 5 1  1 505 92 458 
08 I84 1 11 IO 4 0  0 6  0 5  0 0  214 28 I O 8  I IO 08 I 8  I 28 5 , 30 I 

3 1  488 455  83 428 
53 

I 1 8  

Mllu 3038 0 8  8 40200 113 129 938 193 14 481 8 1  3 4  0 8  2535 35 
Clb/r 1 1048 2 8  

1 4  i 39800 1 4;; 

1 I 1490 1 282 I 9  338 I 4 2  

1 0 8  4 I 1580 

30 130 1 1  I 1  12 8 8 1  5 1  I y :  1 : y  I 25 38 1 85 I I  

I 
m m  

2998 
1239 

- 

(2) Differentiaring climatic char6ctarirtics ara not (3)A r m g k  v6riant her been recognized 
Presented lor tha West Vancouver Island Drier Mart 
rime Coastal War rarn Hemlock. Pacific Ranges Mon 
rana Wetter Maritima Coastal Western Hemlock and 
Pacific Ranges Maritima Forested Mountain Hemlock 
varients due to the lack of climatic data 

m each of these t w o  rubzonar on this 
map #heat. The differ6ntietinp climeric 
ch6ract6rlrticr for the rubroner. therefore. 
also differentiate between the varianrs 

SOURCE: K. Klinka, F.C. Nuszdorfer and L.  Skoda, 1979. Biogeoclimatic Uni t s  of Central  and Southern 
Vancouver I s l and ,  B r i t i s h  Columbia, Minis t ry  of Fores t ry .  V ic to r i a .  



Table 7: 
CHARACTERISTIC COMBINATIONS OF SPECIES 

' 

(Pseudotsuga menziesii) Pacific Ranger, ., , ' 

Geullherie s hellon 
Mehonie nervosa 

. D r i e r  Mar i t ime~! : : :~ *4 '~~~~~ ,~ , , : : .  
Coastal Western b n l o c k  c ,  

Alpine 
Tundra 

.: 3 I "  

MountaiQ 
Hemlock 

'I 
. *  

This variant lacks a distinct characteristic cornbination 
of species. It 1s therefore characterized bv the sub- 
zonal combination 01 species and the absence of the 
species for the other variants in the subzone 

' : .  . .  
Coastal 
Douglas- 
f i r  

'\ 

. .  
-- ~" 

_____.____ 
Pacific Ranges 

. Montane Wetter Mar i t ime lVeccinium ovelifoliurn) 
(Clintonia unitlore) Coastal Western Hemlock 

zone : 2 ,  I .,;r&: 
I 

On this sheet a single subzone is recognized in this 
zone Thus. the characteristic combination of spe 
cies for the subzone is identical t o  that for the zona 

- -___- 
Cherneacyp8rrr nootksranris (Vecctntu% membranaceum'l 
(Tsuge merlensiene') (Rhizomntum nudum') 
(Sorbus StlchenStS) (Rhyftdiopsts robusle) 

Abies emebilts 
ChemRRcyp8riS noolkalensis 
Tsuge merlenstane 
Menziesta farruginen 
1 Veccinium membrenaceum)'3' 
Athyriurn distenttfolium' 0 1  
(L ycopodium ennormum) 
(Polysttchum lonchilts*I 
(Rubus pedalus) 
Orlhoceulis floerkii 
Pseudoleskee barley1 
Rhylidtopsis robusta 

Abies grendis (Rose gymnocarpa) 
Arbutus menztesti Symphoricerpor mollis 
Cornus nuttellti ( Vaccinium pervitolturn) 
Pseudotsoge menziesit Air8 ceryophyllee ' 
(Arnelenchter elni folie) Allolrope vtrgele 
(Apocynum Boschniekte hookert 
endroseemtfoltum*) Cempenula scouleri 
Arclosraph ylos columbtene' Dalphtntum rnenztesit 
Geullharta shellon Moehrtngte mecrophylla 
Holodtscus discolor Neverrrlta squarrose' 
(Juniperus scopulorum') Plab Irtlts congesle' 
Mahonia equtfolturn' Rhylidtadelphus lrtquelru 
Mahonia nervose Slokestelle oregene 
Oemlerte cerastformts Trechybryum megepltlum 
Ribes lobbit 

Tsuge helerophylle 
(Menziesie terruginee) 
(Oplopansx horridus') 
Blechnum sptcenl 
Cornus canadensis 
Dryopterts euslrtece 
Bazzanta ambigue 
Bazzenie denudere 
Bezzents trtcrenafe 
Isoplerygium elegens 
lsolhectum slolontferum 
Plngrotheoum undulelum 
Rhyttdtedelphus loraus 
Scepenie bolendert 
Loberta oregene 
Usnea mollis 

SOURCE: w. Table 6. 

CUSSIO~R tetragone Lycopodium alptnum Ceirerie subalpine 
Lutseleurte procumbens L ycopodiurn strchense 

1 

Forested 
Mountain, 
Hemlock 

Maritime 

# Z X Y n  emlock 

Drier 
Merltime 
Coastal 
Dougles-fir 

Wetter 
Maritime 
Coaltel  
Douglae-fir 

.:' - 
Maritime 
Coe*tel 
Western 
Hemlock 

Drle,  +&'; : 

( Tsuge helaroph ylle) 

(Hlechnurn spicenl) 

(Streplopus slreplopoides) , 

(Tieralla untfoliale 'I 
Oicranum pelltdiselurn 
Rhtzomnium nudum 

Veccinium alaskeense - ,  - . ---.-~yl 
Cladolhemnus pyroliflorur (Callhe bitlore') 

( Clin I onie uni flora) ,. Pacific Ranges Maritime (Lonicere ,,tehensjs*) 
' Forested Mountain Hemlock (Rhododendron elbi,lorum *) _.___ _._.I_ -. . . ._ ... 

Veccinium deliciosurn 

Coliinsia grenditlore Poe bulbosa' 

Denthonie Dodecalheon californice' hendersonii 
Eryrhronium oregonurn Vulpia mtcroslachys 

Carex nigricens ' 

Galium eperine 
Lo me rium utricule turn 

Sir Senicule yrinchiurn crassicaulis douglesii ' 

- (Cessiope I merlensiene) (Rhododendron elbillorurn) Luelkee pectineta 

Gdullheria hurnifuse 
(t'h yllodoce ernpelri formis) 

Ouercus gerryane' 
Lunicere hispidule 
Brodtaea Coronerla* 
Brornus cerinerus 
Camasria leichllinii ' 
Camasria quemesh' 
Carex pens ylvanice' Mimulus elrinoides* 
Claytonin perfoliate Nemophila perviflora 

I %uge heleroph ylle) 
lPexislirne myrsiniles) (Ltsrare COtdRlR) 

IChimephila menziesii) ISmilacina s lellale) 
Hsmrlornes congeslum 

1.' cer rnec~ophyllum) 
I .  .rbutus menziesit 7 

A single variant is recognized in each 
subzone of the CDF Zone on this map 
sheet. Therefore, characteristic 
combination6 of spbcier for the variantr 
are identical to those for the subzones 

- 
IHypopityr monorropa) 

(Carex rossii') (Pyrola picla) 

.- .. .. . - 

I 
N 
h) 

I 

I 1  1 The selected plant species are errenged elphebelicelly in lhe Order of IreeZ shrubs, herbs. mosses (including 

111 Chereclertslic combination of species for a subzone elso includes species lisled for Ihe corresponding.zone. 
liverworts) end lichens 

Characleris l i e  coinbination ol species listed lor a vertanl also includes species l is led for the corresponding 
zone and Ihe subzone 

occurring in a particular combinelion. Species marked with an erlerirk occur 
I31 Plan1 species lisled in perRnlheSis are l#Ss cheracleristic or lass frequently 

etlher on drier. wefler, poorer or richer sotlr lhan rhose in zonal ecosysIeml 



1 U n U 

D r i e r  M a r i t i m e  

Nanaimo b Georgia 
~~ . 

12 

n 

- . 

r n  
W e t t e r  M a r i t i m e  

Nanaimo b Georgia 
_ _  - - -_- 

13 

M a r i t i m e  M a r i t i m e  
~ ~ ~ ~ ~ t ~ d  park land  Coas ta l  Alpine Tundra 

_ _  - _ _ _ _ -  ____. 

- -  --)I D r i e r  W e t t e r  
M a r i t i m e  M a r i t i m e  - __ - - .- . - - - - 

Pacific Pacilic Ranges Pacific 
Ranges Montane Ranges 

14 15 16 17 

I 
18 

.- 1 -- G E ~ R G I A  LOWLAND 1 PACIFIC RANGES S T R ~ I T  _- OF GEORGIA 1 1 
I 

FOREST 

11.13 12 14 15 16 17 18 
Rhvlidiadolphu: - 
Oval.laavod 

Pink b 
Martens’ 
Mountain Haather 
on 
shnllow 
s k e l i t a l  
R e p o d :  or 
Podzols 
w i th  
mor humus 

Hylocomium - b Alaskan . Alatkan b Black . Whiio 
Rhylidiadilphus - -  Bluabsrry - BluabOfrv - Rhododandron - 

Wostarn Hamlock Wastarn Hamlock Mountain Hamlock 
on 
Humo.Farric Humo.Ftrric farro.Husic :hallow 
Podzol w i th  - 
I r iabla 
mor humus - 

Orapon Grape - 
Sala l  - 
Ooug las~ l l r  Douplo:.lir - Amibili: Fir - - on 
Eluvial Id 
O v s i r i c  Urunisol 
01 Humo.hr r i c  
Po6rol  wi th  
inodrr or 
l r i i b l n  
mor humus - 

Orapon Grapa - . 
Salal - 
0ouplaI . l l r  - 
on 
0y:iric B r u n i s d  - 
w i th  
modtr  humus 

Amabilis Fir - - Black Blwberry -- 
Mountain Hamlock 
on on 

Fnrro.Hunic Podiol 

Podzol wilh wi th 

c o m p s e l d  c o m p I c t I d 

mycalisl niyct l ia l  

mot humus mar humus 

on 

01 Farro.Humic 
Podiol w i th  . 

compacted 
m y c 8 l i i l  
mor humu: 

A HORIZON C HORIZON - mineral horizon comparatively unaffected 
e -eluviat ion of clay, Fe, AI or organic matter 
h - enrichment wi th  organic matter (also i n  B horizons) 

Figure 10: SCHEMATIC SEQUENCE and 
f -enrichment wi th  AI and Fe combined wi th  organic 

m -sl ight alteration by hydrolysis, oxidation or solution. RELATIONSHIP of BIOGEO- 
f j  - soma accumulation of pyrophosphate-extractable C L I M A T I C  VARIANTS REP- 

RESENTED by ZONAL ECO- 
SYSTEMS. 

by pedogenic processes 
R -  consolidated bedrock that is  too hard to break w i th  

the hands or to  d ig  wi th  a spade when moist and . 
does not meet the reauirements of a C horizon 

SOIL PROFILE SYMBOLS 
ORGANIC HORIZON - accumulation of organic matter 
mainly derived f r o m  leaves, twigs and woody material: 

d i f f icu l t  to  recognize 

L - original structures easily discernible 
F - materiel part ly decomposed, original structure 

H - 
matter 

or combination of al l  three processes 

AI+Fe but not enough to  meet the l imit6 of Bf horizon 

d e c o ~ p o ~ e d ,  original 61ructure indiscernible 

SOURCE: I b i d .  Table  6 .  



Biogeoclimatic zone Clouds Elevation 
Name and symbol (m) 

( 2 )  Mountain i n o s t  conillmi North: 300 - !)Oo 
: Hemlock esp. in  winter; Soutlt: 8.50 - 1500 OII \\,indw;irtl side 

the least in 
summer o r  spring 

900 - 1800 ~ I I  lec\viirtl side 

Major soils Major pedogenic 
processes 

Major zonal 
subdivision 

~ 

b. 
Absolute 

months months range of maximum 
' Biogeoclimntic Number of Mean annual January July Number of Number of Annual 
1 zone h.ostfm? temperntun mema mean 
1 &YS monthly monthly above 10°C under 0°C temperature 
j I Nameandsymbol ea ("C) ("C) ("c) ("C) 

' (2) Mountain 
24 - 30 j Hemlock 105 - 210 2 -  7 -10 - -1  1 1  - 1 4  1 - 4  1 - 5  16 - 24 

280 - 354 9 -  11 0 - 4  1 5 - 1 9  5 - 6  0 -  1 6 -  1 1  31 - 4 1  
G ! Douglas-fir 

' (CDF) * 

(12) Coastal 
. Western 

Hemlock 
(CWW 

170 - 344 4 -  I I  -10- 5 1s-I9 4 - 7  0 - 3  9-225 26 - 43 

SOURCE: V . J .  K ra j ina ,  K. K l i n k a ,  and J. Worra l l ,  1982. 
of Trees and Shrubs of B r i t i s h  Columbia. 
Columbia. Vancouver. 

D i s t r i b u t i o n  and Ecologica l  C h a r a c t e r i s t i c s  
Facu l ty  of Fo res t ry ,  Un ive r s i ty  of B r i t i s h  

I 

N c. 
I 
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ii 
U 
U 
u 
0 
0 
0 
I] 

0 
0 
0 
0 

_. ~ _ _  - .--_ - - .  ac.  
Driest Driest 

Biogeoclimatic Absolute Annual A M U ~  Snowfall month month 
_c- 

zone minimum meantotal mean in % of (in monthly (in monthly seasonal Occurrence 
precipitation snowfall A.M.T.P. precipitation) precipitation) 

Name and symbol 
__-- . - - - _.__I--- - _. - - .  

305 - 475 N o d :  wet - autumn (30-3596) 
Hemlock dry-summer(10-15%) 

South wet  - winter (30-4096) 
(MH) dry - spnng or summei 

e) Mountain -43 - -22 1780 - 4400 280 - 3000 16 - 70 33 - 88 

(10-15%) 

(11) cnasd -25 - -12 657 - 1741 25 - 162 2 - 10 I3 - 4 8  I15 - 270 wet - winter (4045%) 
h u g h - f i r  dry - summer (5-10%) 
KDF) 

(12) Coartal -45--12 737-6655 18-792 1-41 15- 162 61- 1161 North.wet-autumn(30-4096) 
Western dry - summer (IO-15X) 
Hemlock South. wet - winter (3045%) 
(CWH) dry - summer (7-15%) 

-- - - - _ _  - ._ - _  - - 

SOURCE: I b i d .  Table  8a,b.  

5 . 4 . 2  SEAWEEDS AND SALTMARSHES 

There are i n  excess of 500 s p e c i e s  of a t t a c h e d  marine a l g a e  i n  B r i t i s h  
Columbia (Scagel ,  1978). The c l a s s i f i c a t i o n  of a l g a e  i s  based p a r t l y  on pig- 
mentat ion;  hence t h e  a l g a l  groups are  Chlorophyceae (green  a l g a e ) ,  Phaeophyceae 
(brown a l g a e ) ,  and Rhodophyceae ( r ed  a l g a e ) .  A f o u r t h  group of p l a n t s ,  t h e  sea- 
g r a s s e s ,  have two genera o c c u r r i n g  i n  B r i t i s h  Columbia - Zostera  and Phyl lospadix.  
Sal tmarsh s p e c i e s  i n c l u d e  t h e  genera S a l i c o r n i a ,  D i s t i c h l i s ,  and Tr ig lochin .  
Several genera ( i . e .  Sc i rpus ,  Typha, Carex) a re  b e t t e r  adapted t o  b r a c k i s h  
waters, w h i l e  o t h e r s  ( i . e .  Festuca,  Juncus,  Hordeum) i n h a b i t  c o a s t a l  wet lands.  

A conspicuous f e a t u r e  of most c o a s t l i n e s  i s  t h e  zonat ion  of seaweeds. 
Seaweeds occur as h o r i z o n t a l  bands,  t h e o r e t i c a l l y  a t  l eas t ,  as a f u n c t i o n  of 
t h e i r  r e c e p t i v i t y  t o  d i f f e r e n t  wavelengths of t h e  l i g h t  spectrum, and t h e  
d i f f e r e n t i a l  a t t e n u a t i o n  of wavelengths w i t h  i n c r e a s i n g  water depth.  
g reen  a l g a e ,  brown a l g a e ,  and r e d  a l g a e  should i n h a b i t  t h e  upper,  middle ,  and 
lowermost zones r e s p e c t i v e l y .  
l a r g e  p a r t  i n  t h e  d i s t r i b u t i o n  of seaweeds. A s p e c i e s '  t o l e r a n c e  t o  t h e  f a c t o r s  of 
d e s s i c a t i o n  ( temperature ,  wind, and humidity) and u l t r a v i o l e t  l i g h t  are important  
i n  s e t t i n g  t h e  upper l i m i t s  of growth w h i l e  t h e  lower l i m i t s  may b e  determined by 
t h e  competi t ion between s p e c i e s .  F u r t h e r ,  p r e f e r e n c e s  f o r  a p a r t i c u l a r  s u b s t r a t e ,  
t h e  wave energy environment and seawater temperatures  are important  i n  d e f i n i n g  
t h e  ve r t i ca l  and h o r i z o n t a l  limits of s p e c i e s .  Druehl (1967), f o r  i n s t a n c e ,  found 
t h a t  t h e  h o r i z o n t a l  d i s t r i b u t i o n s  of two forms of Laminaria groenlandica  could 
be  explained on t h e  b a s i s  of temperature ,  s a l i n i t y  g r a d i e n t s ,  and t o l e r a n c e  t o  

Consequently,  

But o t h e r  b i o l o g i c a l  and p h y s i c a l  f a c t o r s  p l a y  a 
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wave shock. D e  Wreede (1978)speculates  t h a t  Sargassum muticum and Zos tera  
marina L.  w i l l  n o t  compete due t o  d i f f e r e n t  p r e f e r e n c e s  of s u b s t r a t e ,  w h i l e  
Vadas (1972) h a s  determined t h a t  t h e  upper l i m i t s  f o r  Nereoscys t i s  leu tkeana  
are  determined by t h e  competi t ion f o r  l i g h t ;  t h e  lower l i m i t s  a r e  set  by 
l i g h t  a t t e n u a t i o n .  Both Foreman (1977) and Mann (1977) have documented a 
r e d u c t i o n  of a l g a l  p o p u l a t i o n s  a t  t h e i r  lower l i m i t s  and a success ion  of s p e c i e s  
r e s u l t i n g  from h e r b i v o r e  graz ing .  

The i n t e r t i d a l  zonat ion  of s p e c i e s  on s e a c o a s t s  i s  documented by 
numerous workers ( R i c k e t t s  and Calv in ,  1968; Stephenson and Stephenson, 1 9 7 2 ) ,  
Kos lof f ,  1973; Carefoot ,  1977).  On rocky c o a s t s ,  t h e  uppermost zone - t h e  
s u p r a - l i t t o r a l  f r i n g e  - is  a f f e c t e d  o n l y  by t h e  h igher  t i d e s  and wave s p l a s h .  
This  band may c o n t a i n  l i c h e n s  (g. V e r r u c a r i a ) ,  and where f r e s h  water seepage 
occurs ,  t h e  green  a l g a e  g. Enteromorpha i s  o f t e n  found. The upper m i d - l i t t o r a l  
zone u s u a l l y  harbours  t h e  brown a l g a e  Fucus d i s t i c h u s ,  (with which t h e  b a r n a c l e s  
a re  c l o s e l y  a s s o c i a t e d ) ,  t h e  r ed  Endocladia mur ica ta ,  Cumagloia a n d e r s o n i i ,  
Bangia fuscopurpurea,  and Porphyra spp. and t h e  green  a l g a e  Ulva as  t h e  major 
seaweeds. The lower m i d - l i t t o r a l  and s u b - t i d a l  zones c o n t a i n  numerous genera ,  
bu t  t h e  most common are  Ulva, Spongomorpha c o a l i t a  (green a l g a e ) ;  Hedophyllum 
sessile, Fucus and L e a t h e s i a  d i f f o r m i s  (brown a l g a e ) ;  and Halosaccion glandiforme 
( r ed  a l g a e ) .  
many Laminarians (e.g.  Laminaria s e t c h e l l i i ) ,  Egregia m e n z i e s i i ,  Pterygophora 
c a l i f o r n i c a ,  Alaria marginata ,  Nereocys t i s lue tkeana ,  Sargassum muticum; t h e  green 
a l g a e  Codium f r a g i l e ,  and t h e  r z  a l g a e  G i m x a s p e r a t a  a n m e a  corda ta .  

I n  t h e  i n f r a l i t t o r a l  r e g i o n  are found t h e  s u r f g r a s s  Phyl lospadix ,  
- ---- 

E s t u a r i n e  areas and q u i e s c e n t  mud/sand s h o r e s  c h a r a c t e r i s t i c a l l y  
e x h i b i t  Enteromorpha i n  t h e  upper zone where f reshwater  seepage i s  p r e v a l e n t ,  
s c a t t e r e d  Ulva i n  t h e  lower i n t e r t i d a l  where s u b s t r a t e  f o r  h o l d f a s t s  i s  a v a i l a b l e ,  
and sub t id , a l  beds of Zos te ra  marina ( e e l g r a s s ) .  With t h e  growth of e e l g r a s s  i n  
t h e  summer months, numerous a l g a e  s p e c i e s  (such as t h e  r e d  a l g a e  Smithora 
naiadum) c o l o n i z e  t h e  leaves whi le  o t h e r s ,  t h e  s u r f a c e  muds around t h e  base.  
The g e n e r a t i o n  of d e t r i t u s  from numerous p l a n t  s p e c i e s  w i t h i n  e e l g r a s s  beds,  and 
i t s  subsequent invas ion  by b a c t e r i a ,  forms one of t h e  most product ive  ecosystems 
known. 

Sal tmarshes e x h i b i t  zona t ion  from t h e  sea landward a l though t h e  
c r i t i c a l  f a c t o r  t h a t  de te rmines  band width  is  t h e  t o l e r a n c e  of s p e c i e s  t o  sa l t -  
water. C l o s e s t  t o  s a l i n e  c o n d i t i o n s  i n  a p r i m a r i l y  mud s u b s t r a t e  is  found 
S a l i c o r n i a  v i r g i n i c a  and S. europaea commonly known as s a l t w o r t .  P a r a s i t i z i n g  
S a l i c o r n i a  i s  t h e  f lower ing  p l a n t  Cuscuta s a l i n a  and growing beneath i t  on t h e  
s u b s t r a t e  are diatoms,  b lue ,  and b luegreen  a l g a l  mats. The s a l t g r a s s  D i s t r i c h l i s  
s p i c a t a  and ar rowgrass  T r i g l o c h i n  m a r i t i m u m  are  commonly a s s o c i a t e d  wi th  S a l i c o r n i a  
spp .  Moving p r o g r e s s i v e l y  i n l a n d  towards a f reshwater  i n f l u e n c e ,  one encounters  
Sc i rpus ,  Carex, Typha, and Juncus communities. 
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The e c o l o g i c a l  importance of seaweeds and sa l tmarshes  is  documented 
i n  t h e  l i t e r a tu re  (Pe rk ins ,  1974; Cushing and Walsh, 1976; Carefoot,,  1977; and 
Harr i son ,  1980).  Seaweeds provide  food f o r  g r a z e r s ,  s h e l t e r  f o r  numerous 
organisms inc lud ing  f i s h ,  and s u b s t r a t e  f o r  r ep roduc t ion  (e.g.  h e r r i n g  spawn). 
F u r t h e r ,  some seaweed and s e a g r a s s  s p e c i e s  are extremely impor tan t  i n  n u t r i e n t  
cyc l ing  w i t h i n  c o a s t a l  waters. 
shock they a l low n u t r i e n t - r i c h  sediments and p a r t i c u l a t e  matter t o  se t t le  o u t ,  
t h u s  en r i ch ing  t h e  s u b s t r a t e  f o r  b e n t h i c  fauna. Marshes a re  i n v a l u a b l e  as 
n u t r i e n t  r e s e r v e s  w i t h i n  e s t u a r i e s ,  as upland m a m m a l  and r e p t i l e  h a b i t a t ,  and 
as marine and shoreb i rd  h a b i t a t .  Geese, widgeon, and p i n t a i l s  eat  t h e  sa l t -  
marsh p l a n t  S a l i c o r n i a ,  w h i l e  e e l g r a s s  is a n  important food source  f o r  b r a n t .  

By reducing  water c u r r e n t  v e l o c i t i e s  and wave 

The economic importance of seaweeds i s  i d e n t i f i e d  by Greenius (1967) 
and Carefoot  (1977). 
car rageenan ,  and a l g i n .  They a r e  used i n  myriad commercial p roduc t s  from food 
t o  soaps ,  paper p roduc t s ,  and pharmaceut ica ls .  The genera  G i g a r t i n a ,  I r i d a e a ,  
Nereocys t i s ,  Macrocys t i s ,  Gracilaria and G r a c i l a r i o p s i s  are e s p e c i a l l y  impor tan t  
f o r  t h e s e  purposes. 

The n a t u r a l  p roduc t s  of r ed  and brown a l g a e  i n c l u d e  a g a r ,  

5.4.3 MARINE MAMMALS 

The mar ine  mammals of t h e  S t r a i t  of Georgia and Juan d e  Fuca S t r a i t  
i nc lude  s i x t e e n  genera  of t h e  o r d e r  Cetacean (whales and do lph ins )  and two 
f a m i l i e s  of p innipeds  - O t a r i i d a e  ( t h e  eared  s e a l s )  and Phocidae ( t h e  earless 
seals - Table  9 ) .  Within t h e  s tudy  area Orcinus - o r c a  ( k i l l e r  whale) is  t h e  
l a r g e s t  r e s i d e n t  s p e c i e s .  Three fami ly  groups of 80 i n d i v i d u a l s  are r e s i d e n t  
a l l  yea r  and a re  o c c a s i o n a l l y  j o i n e d  by about t h i r t y  t r a n s i e n t  i n d i v i d u a l s .  
The range  of t h e  k i l l e r  whale i n  t h e  s tudy  area i s  about  200 n a u t i c a l  m i l e s ,  
a l though t h e  n o r t h e r n  pods from Johns tone  S t r a i t  do n o t  mix wi th  t h e  sou the rn  
pods (Bigg, 1981, pe r sona l  communication). The area immediately n o r t h  of Cape 
Lazo r e p r e s e n t s  t h e  southern  l i m i t  of t h e  n o r t h e r n  pods' range  and t h e  n o r t h e r n  
l i m i t  of t h e  sou the rn  pods'  range .  C o i n c i d e n t a l l y ,  a meeting of t h e  f lood  t i d e s  
from Johnstone and Juan d e  Fuca straits occur s  i n  t h i s  area. 

K i l l e r  whales are  nomadic, c r u i s i n g  a t  3-4 knots .  The i r  migra tory  
r o u t e s  are commonly between one and t h r e e  m i l e s  o f f s h o r e  where they  are thought 
t o  prey p r i m a r i l y  on salmon and o t h e r  f i s h .  
Sound and t h e  S t r a i t  of Juan d e  Fuca (Simenstad e t  a1  1979) sugges t ,  however, 
t h a t  p rey  from several t r o p h i c  l e v e l s  are  taken (Table l o ) .  Although a p r e f e r r e d  
h a b i t a t  of k i l l e r  whales i s  i d e n t i f i e d  n o r t h  of t h e  c u r r e n t  s tudy  area (Robson 
B igh t ) ,  no such areas are known w i t h i n  t h i s  r eg ion .  

Publ i shed  d a t a  f o r  n o r t h e r n  Puget 
-- 

The harbour seals of t h e  s tudy  area are permanent r e s i d e n t s ,  a l though 
they  roam between hau lou t s .  They f r e q u e n t  e s t u a r i e s ,  r i v e r  d e l t a s ,  t i d a l  rocks  
and sha l low s u b l i t t o r a l  waters w i t h i n  t h e  r eg ion .  
haul ing  o u t  du r ing  low t i d e s  whi le  du r ing  h igh  t i d e s  they d i s p e r s e  over s e v e r a l  
m i l e s  t o  feed .  
by p r e d a t o r s .  
foods  are  taken. (Table 10 ) .  

The i r  d a i l y  movements i n c l u d e  

Harbour s e a l s  g e n e r a l l y  u s e  hau lou t s  t h a t  are  no t  e a s i l y  approached 
S e a l s  prey  mainly on l i t t o r a l  f i s h ,  a l though a number of o t h e r  
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TABLE 9 - CETACEANS OCCURRING I N  WASHINGTON STATE AND B R I T I S H  COLUMBIA 

(Taxonomic Classes a f t e r  Watson (1981)) 

Cetacea - whales and dolphins  B r i t i s h  Columbia 

Order Mysticeti--whalebone.whales 
Family Eschricht i idae--grey whales 

E s c h r i c h t i u s  robus tus ,  g rey  whale 
Family Balaenopteridae--furrow-throated whales 

Balaenoptera  physa lus ,  f i n  o r  f inback  whale 
B. b o r e a l i s ,  p e r i  whale 
B. a c u t o r o s t r a t a ,  l i t t l e  piked whale,  minke whale 
B. musculus, b l u e  whale 
Megaptera novaeangl iae ,  humpback whale 

Balena g l a c i a l i s ,  n o r t h e r n  o r  b l a c k  r i g h t  whale 
Family Balenidae--smooth-throated whales 

Order Odontoceti--toothed whales and d o l p h i n s  
Family Ziphiidae--beaked whales 

Berard ius  b a i r d i i ,  B a i r d ' s  beaked whale 
Mesoplodon s t e j n e g e r i ,  S te jneger  beaked whale 
M. c a r l h u b b s i ,  Hubbs' beaked whale 
Ziphius  c a v i r o s t r i s ,  C u v i e r ' s  beaked whale 

Physeter  catodon,  sperm whale 
Kogia brev iceps ,  pygmy sperm whale 

Family Delphinidae--ocean d o l p h i n s  
S t e n e l l a  sp . ,  s p o t t e d  dolphin  
Delphinus delphi.s ,  P a c i f i c  common dolphin  
L i s s o d e l p h i s  b o r e a l i s ,  n o r t h e r n  r i g h k w h a l e  dolphin  
Lagenorhynchus obl iguidens ,  P a c i f i c  whtte-sided dolphin  
Grampus g r i s e u s ,  g ray  grampus o r  R i s s o ' s  do lphin  

Phocoena phocoena, P a c i f i c  harbour porpoise  
Phocoenoides d a l l i ,  Dal l ' s  porpose 

Globicephala macrorhyncha, s h o r t f i n  p i l o t  whale 
Orcinus o r c a ,  k i l l e r  whale 

Family Physeteridae--sperm whales 

Family Phocoenidae--porpoises 

Family Globicephal idae--pi lot  and k i l l e r  whales 

C 

C 
C 

.N C 
NC 
NC 

C 
R 
R 
R 

C 
NC 

R 
R 
R 
C 
-R 

A 
C 

NC 
A 

Note: A= abundant,  C- common, NC- n o t  common, R= rare .  

SOURCE: Adapted from: C.A.  Simenstad e t  a 1  (1979). Food web r e l a t i o n s h i p s  of -- 
n o r t h e r n  Puget Sound and t h e  S t r a i t  of Juan d e  Fuca. U.S. Environmental 
P r o t e c t i o n  Agency, Washington, D . C .  p.262-264. 
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Nearstwe 0 1  igate piscivore krthern sea 1 ion Pacific t h i n g  (C. harengus pa llasi) 
Cal ifomia sea 1 ion Pacific sand lance (A. hexaptens) 
Pacific hartmu- seal k l l ~  pllock (T. chalcogrm) 
tiarbour porpoise Salmon (Oncorhynchus sp.) 

Starry flolnder (Platichthys stellatus) 
Pacific tumd (Microgadus pacificus) 
Rockfish (Sebastes sp.) 
Skate (Rajiidae) 
Pacific cud (Gadus mcmphalus) 
Pacific hake (M. productus) 
Spiny dogfish (Sqwlus acanthias) 
Plainfin midshipnan (PoricMhys notatus) 
Green1 ing (Hexagrmidae) 
Shiner perch (Cptogaster aggregata) 
Shrimp 
Crab (Cancer $.) 
OCtoFus  pus $4 

Facultative k a  (killer hale) California sea lion (Zalophus californianus) 
carnavm Fbrthern sea lion (Ewetopias jubatus) 

Harbour seal @hoca vitul i 3 )  
Ele@ant seal (Mirwnga californianus) 
Harbor prpise  (Phocoena phocoena) 
Dall porpoise (Phoecoenoides dalli) 
Minke ha1 e (Bal aenoptera acutorostrata) 
Nursing calves of hun@ack (Megaptera 

novaengl i ae) , finback ( Bal aenoptera 
physalus), and grqy hale (Eschrichtius 
robustus) 

Lingcod (0. elmgatus) 
salmon (Om~unchus sp.) 
Steel head trout (Salmo gairdneri) 
Pacific ha1 ibut (Hippoglossus stenolepis) 
Pacific herring (C. harwgus pa llasi)? 

0 SOLRCE: Mafled fraTl: C.A.Simenstad -- e t  a l .  1979. Feod web relationships of northern 
Puget Sound a n d  the S t r a i t  o f  Juan de Fuca. U . S .  Environmental Protection 
Agency, Washington, D.C. p.262-264. 
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Sea l i o n s ,  S t e l l a r  and C a l i f o r n i a ,  are r e s i d e n t  i n  t h e  s tudy  area 

dur ing  t h e  win te r  months from November t o  March. During t h e  summer, 
C a l i f o r n i a  sea l i o n s  mig ra t e  south  wh i l e  t h e  S t e l l a r  sea l i o n s  move t o  r o o k e r i e s  
on n o r t h  Vancouver I s l a n d  and t h e  Queen C h a r l o t t e  I s l a n d s .  

I n  t h e  s tudy  area t h e  two s p e c i e s  in t e rmix  on t i d a l  rocks .  These 
sites are o f t e n  chosen i n  good f eed ing  areas near  deep w a t e r ,  i s o l a t e d  from 
terrestrial  p reda to r s .  Sea  l i o n s  a re  n o c t u r n a l  f e e d e r s  and prey  p r i m a r i l y  
on f i s h  a l though ,  as documented i n  t h e  Puget Sound area, many o t h e r  foods  are  
ea t en .  (Table 10 ) .  

5.4.4 MARINE BIRDS 

Ecology 

The S t r a i t  of Georgia p rov ides  a major r e s t i n g  and overwinter ing  
environment f o r  mig ra t ing  b i r d s  on t h e  P a c i f i c  flyway. The environmental  
advantages of t h e  r e g i o n  i n c l u d e  a r e l a t i v e l y  mild win te r  c l i m a t e ,  abundant 
food, and a r e l a t i v e l y  s h e l t e r e d  c o a s t l i n e .  Myriad h a b i t a t  t ypes  are found 
i n  t h e  e s t u a r i e s ,  i n l e t s ,  c o a s t a l  embayments and waters f o r  t h e  many 
s p e c i e s  t h a t  v i s i t  here .  Reasons why t h e  S t r a i t  of Georgia has  no t  become 
a major breeding  area f o r  most s p e c i e s  are somewhat obscure ,  a l though  food 
a v a i l a b i l i t y  dur ing  summer and  p r e f e r r e d  nes t i t ig  h a b i t a t  may be s i g n i f i c a n t  
l i m i t i n g  f a c t o r s .  

Many sea b i r d s  s u r v i v e  by adap t ing  one o r  a l l  of t h e i r  f u n c t i o n s  (e.g.  
r ep roduc t ion )  t o  t h e  behavior of a prey  s p e c i e s  (e.g.  h e r r i n g  spawn). A s  
t h e  popu la t ions  of prey  s p e c i e s  are  s u b j e c t  t o  f l u c t u a t i o n s  and s h i f t s  i n  
l o c a t i o n ,  expected behavior  o r  occur rence  may n o t  m a t e r i a l i z e .  The con- 
sequences may be  c a t a s t r o p h i c  t o  sea b i r d  popu la t ions  i n  t h e  form of re- 
p roduc t ive  f a i l u r e s  and h igh  aduxt m o r t a l i t y .  
become ch ron ic  because of n a t u r a l  o r  human p e r t u r b a t i o n s ,  t h e  e x i s t e n c e  
of a colony o r  popu la t ion  i s  th rea t ened .  Adult enumerations,  however, may 
n o t  r e v e a l  bhe s e r i o u s n e s s  of t h e  event  f o r  some time; compl ica t ing  n a t u r a l  
f a c t o r s  t h a t  p l a y  impor tan t  r o l e s  i n  t h e  dynamics of s e a b i r d  popu la t ions  
may b e  missed. Th i s  l e a d s  t o  e r roneous  conc lus ions  about  t h e  r easons  f o r  
colony e x t i n c t i o n .  There i s  s t i l l  c o n s i d e r a b l e  r e s e a r c h  r e q u i r e d  concerning 
t h e  c y c l i c a l  phenomena of s e a b i r d  popu la t ions .  

When r ep roduc t ive  f a i l u r e s  

Sea b i r d s  prey  on a d i v e r s e  a r r a y  of marine organisms (Table 11) from 
s e v e r a l  t r o p h i c  levels. The i r  method of f eed ing  (Table 12)  is  a consequence 
of t h e i r  ana tomica l  des ign ,  wh i l e  t h e  l o c a t i o n  of t h e i r  f eed ing  h a b i t a t  
i s  determined by t h e  d i s t r i b u t i o n  of t h e i r  p r e f e r r e d  prey. S i m i l a r l y ,  
n e s t i n g  h a b i t a t  (Table 13)  f o r  l o c a l  breeding  s p e c i e s  d i f f e r s  s i g n i f i c a n t l y  
among s p e c i e s  and almost always i s  a s s o c i a t e d  wi th  an  immediate sou rce  of 
food. It  is  i n t t h i s  s ense  t h a t  t h e  sa l tmarshes ,  e e l g r a s s ,  and ke lp  beds 
are extremely important w i t h i n  t h e  s tudy  r eg ion  f o r  they c o n t a i n ,  o r  
suppor t ,  t h e  food i t e m s  t h a t  p e r m i t  overwinter ing  s u r v i v a l  and r ep roduc t ive  
success .  
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Table 11 - FUNCTIONAL FEEDING GROUPS AND REPRESENTATIVE PREY TAXA OF MARINE AND SHORE BIRDS COMMON TO 
NORTHERN PUGET SOUND AND THE STRAIT OF JUAN DE FUCA 

~ ~- ~- ~~ 

H a b i t a t  Trophic p o s i t  i o n  P r e d a t o r  s p e c i e s  Prey t axa 

Offshore  n e r i t i c  Ob l i g a t e  p i s  c i v o r e  Common murre Northern anchovy 
B lack-legged k i t  tiwake 
Cormnon t e r n  P a c i f i c  h e r r i n g  
Rhinoceros a u k l e t  P a c i f i c  sand l ance  

E u l ach  on 

. Western grebe  Juv. r o c k f i s h  
Juv. P a c i f i c  salmon 
Surf smelt 
Night smelt 
Walleye pol lock  
Threespine s t i c k l e b a c k  

F a c u l t a t i v e  p i s c i v o r e  Tuf ted  puf f  t n  
Marbled m u r r e l e t  
Ancient murre l e t  

Ob l iga t e  p l a n k t i v o r e  Cass ins  a u k l e t  

F a c u l t a t i v e  p l a k t i v o r e  Mew g u l l  
Bonapar te ' s  g u l l  

P ar asi t e Paras i t ic  j a e g e r  

P a c i f i c  sand lance 
P a c i f i c  h e r r i n g  
Surf s m e l t  
Northern anchovy 
Rockfish 
Sh ine r  perch 
Juv . r o c k f i s h  
Sea  u rch ins  
Biva lve  molluscs 
Euphausiids 

Calanoid copepods 
Hyper i id  amphipods 
Euphausiids 

Euphausi i d s  
Hyper i id  amphipods 
P a c i f i c  h e r r i n g  ( l a r v a e ? )  
P a c i f i c  sand l ance  ( l a r v a e ? )  

Foods of g u l l s  and t e r n s  
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Nearshore k e l p  beds F a c u l t a t i v e  av ivore  Bald e a g l e  

Ob l iga t e  p i s c i v o r e  Brandt 's cormorant 

F a c u l t a t i v e  p i s c i v o r e  Heermann ' s g u l l  

Inshore rocky Obl iga t e  ben th ivo re  Black o y s t e r c a t c h e r  
l i t t o r a l  Whimbrel 

Black t u r n s t o n e  

Inshore  sand-gravel  Ob l iga t e  ben th ivo re  
beaches 

Nearshore sha l low Obl iga t e  p i s c i v o r e  
s u b l i t t o r a l  

Spo t t ed  sandpiper  
S u r f b i r d  
Least sandpiper  
S ande r l i n g  

Gul l s  
Pigeon gu i  l lemo t s 
Cormor a n t  s 
Puff i n s  
P a c i f i c  h e r r i n g  
P a c i f i c  salmon 
Dolly Varden 
Cu t th roa t  t r o u t  
F l a t f i s h e s  
Scu lp ins  
Sea u rch ins  
Crabs 

R e d t a i l  su r fpe rch  
K e l p  g reen l ing  
Black r o c k f i s h  
Cabezon 
P a c i f i c  sand lance  

P a c i f i c  h e r r i n g  . 

P a c i f i c  sand l ance  

Limpets 
Chi tons 
Biva lve  molluscs  
Barnacles  
Polychae te  a n n e l i d s  

Polychae te  anne l ids  
Amph i p ods 
Bivalve molluscs  
Univalve molluscs  

Double-cres t e d  cormorant Penpoint  gunnel 
Red-necked grebe Crescent  gunnel 
Common merganser P a c i f i c  sand lance  

Shiner  perch 
Snake p r i ck leback  
Staghorn s c u l p i n  
P a c i f i c  h e r r i n g  
Juv.  P a c i f i c  salmon 
Northern anchovy 
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F a c u l t a t i v e  p i s c i v o r e  Arct ic  loon Cres c e n t  gunne 1 
Common loon P a c i f i c  sand lance  
Red-throated loon Penpoin t  gunnel 
P e l a g i c  cormorant S taghorn  s c u l p i n  
Pigeon gu i l l emot  Nor thern  c l i n g f i s h  
Red b r e a s t e d  merganser 
Caspian t e r n  P a c i f i c  h e r r i n g  

Snake p r i  ck leb  ack 

Surf s m e l t  
Black p r i ck leback  
Threespine  p r i c k l e b  ack 
Juv .  f l a t f i s h  
Shrimp 
Crabs 

Ob l iga t e  p l a n k t i v o r e  Eared grebe 

F a c u l t a t i v e  ben th ivo re  Lesser scaup 
Common goldeneye 
Buff lehead  
Oldsquaw 
Surf s c o t e r  

In shore ,  s a l tmarsh  
and mudf la t s  Ob l iga t e  he rb ivo re  Canada goose 

B 1 ack b r a n t  
Snow goose 
American coot 

Omnivore, , Mallard  
F a c u l t a t i v e  he rb ivo re  P i n t a i l  

Nor thern  shove le r  
American widgeon 

Omnivore Dunlin 
Knot 
Western sandp ipe r  

Mysids 
Amphipods 

Biva lve  mol luscs  
Crus taceans  
Fish 
P a c i f i c  h e r r i n g  eggs 
E e l g r a s s  

E e l g r a s s  
Sa l tmarsh  p l a n t s  

E e l g r a s s  
Saltmarah p l a n t s ,  seeds  
Amphipods 
I n s e c t  larvae 

Sal tmarsh  p l a n t s ,  s eeds  , 

Amphipods 
Polychae te  a n n e l i d s  
Ol igochae tes  
Biva lve  molluscs 
Tanaids 
Nematodes 

I 

u u 
I 



Universa l  

... , 

Obl iga te  p i s c i v o r e  

Ob l i g a t e  ben th ivo re  

Great b l u e  heron 

Shor t -b i l l ed  dowitcher  
Long-billed dowitcher  

F a c u l t a t i v e  ben th ivo re  Greater ye l lowlegs  

F a c u l t a t i v e  ben th ivo re  Glaucous-winged g u l l  
Western g u l l  

Staghorn s c u l p i n  
S t a r r y  f lounder  
Sh ine r  perch 
Penp o i n  t gunne 1 

Polychae te  anne l ids  
Univalve molluscs  
Bivalve molluscs  
Crabs 
Shrimp 
Isopods 
Amphipods 

Molluscs 
Crustaceans 
F i sh  

Chitons 
S t a r f i s h  
Sea  cucumbers 
Sea u rch ins  
Crabs 
Bivalve molluscs  
Polychae te  anne l ids  
P a c i f i c  h e r r i n g  
Northern anchovy 
Surf  s m e  It 
P a c i f i c  h e r r i n g  eggs 
Cormorant f l e d g l i n g s  
Murre f l e d g l i n g s  

I 
w c. 
I 

Source: Adapted from: C.A. Simenstad, B.C. Miller, C.F. Nyblade, K.  Thornburgh, and L . J .  Bledsoe. 1979. 
Food web r e l a t i o n s h i p s  of no r the rn  Puget Sound and t h e  S t r a i t  of Juan de Fuca. 
U.S .  Environmental  P r o t e c t i o n  Agency, Washington. pp. 218-224. 
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TABLE 12 - SIZE RELATIONSHIPS AND FEEDING METHODS OF 
MAJOR SPECIES I N  THE EASTERN NORTH PACIFIC 
AND BERING SEA (D-dive, SS-surface s e i z e ,  
PP=pursuit  plunge, Di=dip,  P=plunge, T = t i p ,  
x=eats s e a b i r d s ,  A=piracy, SP=shallow plunge) 

Spec ie s  Body l e n g t h  B i l l  l e n g t h  Feeding method 
( 4  

Gavia immer 
G. a r c t i c a  

Pod i c  ep s g r  i segena  
P. n i g r i c o l l i s  

Aechmophorus o c c i d e n t a l i s  

Oceanodroma f u r c a t a  
0. leucorhoa  

Branta spp. ( b e r n i c l a )  

Anas spp. 

Clangula hyemalis 

H i s t r i o n i c u s  h i s t r i o n i c u s  

Melan i t t a  d e g l a n d i  
M. p e r s p i c i l l a t a  
M. n i g r a  

Mergus s e r r a t o r  

H a l i a e e t u s  leucocephalus  

Fa lco  pe reg r inus  

S t e r c o r a r i u s  p a r a s i t i c u s  

Larus hyperbor eus 
L. g laucescens  
L. o c c i d e n t a l i s  
L.  a r g e n t a t u s  
L. c a l i f o r n i c u s  
L. canus 

Uria a a l g e  
U. lomvia 

Lunda c i r r h a t a  

Cerorhinca monocerata 

Cepphus columba 

Brachyramphus marmoratus 

Synthliboramphus a n t i q u u s  

61.0 
45.7 

33.0 
22.9 

45.7 

19.0 
19.0 

43.5 

40.0 

38.1 

30.5 

35.6 
40.3 
35.6 

40.3 

80.0 

37.5 

40.3 

61.0 
55.9 
53.0 
50.8 
43.5 
35.6 

35.6 
35.6 

31.8 

29.2 

26.7 

20.3 

20.3 

80-82 
51-52 

48-50 
24- 26 

65-76 

1 5  
1 6  

33-36 

32-35 

25-27 

25-28 

41-44 
ca. 40 
42-47 

45-54 

52-54 

21-25 

32 

55-60 
54=58 
54-57 
4 8- 54 
4 5- 50 
34-36 

43-47 
39-42 

57-60 

34-35 

32-33 

15 

1 3  

D 
D 

D 
D 

D 

DiSS 
DiSS 

T 

T 

D 

D 

D 
D 
D 

D 

X 

X 

SS ,A 

ss 
ss 
SS,Di 
SS,Di 
SS , D i  
SS , D i  

D 
D 

D 

D 

D 

D 

D 

Ptychoramphus a l e u t i c u s  17 .8  19  D 

SOURCE: Adapted from Ainley ,  D.G. and G.A. Sanger, 1979. "Trophic R e l a t i o n s  of 
Seab i rds  i n  t h e  Nor theas t e rn  P a c i f i c  Ocean and Bering S e a "  In :  Conserva t ion  
of Marine B i rds  of Northern North America. J . C .  Bartonek and D.N. 
N e t t l e s h i p  ( eds . ) .  U.S. Department of I n t e r i o r ,  F i s h  and W i l d l i f e  Se rv ice ,  
W i l d l i f e  Se rv ice ,  W i l d l i f e  Research Report  11, Washington. 



- 36 - u 
TABLE 13  - NEST-SITE PREFERENCE FOR SEABIRDS BREEDING FROM 

CAPE FAIRWEATHER, ALASKA, TO THE COLUMBIA R I V E R ,  
WASHINGTON 

Nest- s i t  e t y p e  Bird s p e c i e s  

Burrow-rock c r e v i c e  
Diurna l  Pigeon gui l lemot  

Horned puff i n  
Tufted puff i n  

Nocturnal 

Open n e s t s  
F l a t  o r  s l o p e  

C l i f f  f a c e  

Fork- t a  il ed s torm-pe t r  e l  
Leach 's  s torm-pet re l  
K i t t l i t z ' s  m u r r e l e t  
Anc i e n t  murr e l  e t 
C a s s i n ' s  a u k l e t  
Rhinoceros a u k l e t  

Double-crested cormorant 
B r a n d t ' s  cormorant 
G 1 au c ou s -w i ng ed g u l  1 
Herr ing g u l l  
Western g u l l  
Black o y s t e r c a t c h e r  

P e l a g i c  cormorant 
Common murre 
Black-legged k i t t i w a k e  

Tree branch Marbled m u r r e l e t  

Source: D . A .  Manuwal and R.W. Campbell (1979). " S t a t u s  and D i s t r i b u t i o n  
of Breeding Seabi rds  of Southeas te rn  Alaska,  B r i t i s h  Columbia, 
and Washington". I n :  Conservat ion of Marine Birds  of Northern 
North America", J . C .  Bartonek and D . N .  N e t t l e s h i p  ( e d s . ) ,  U.S. 
Department of I n t e r i o r ,  F i s h  adn. W i l d l i f e  S e r v i c e ,  W i l d l i f e  
Research Report 11, Washington. 

S t r e s s  and m o r t a l i t y  w i t h i n  s e a b i r d  popula t ions  r e s u l t  from a v a r i e t y  
of causes ,  b o t h  n a t u r a l  and human. 
boa t  t r a f f i c  i s  d i s r u p t i v e  t o  feeding  and l o a f i n g  a c t i v i t i e s ;  s h o r e l i n e  
developments may d e s t r o y  h a b i t a t  o r  d i s t u r b  breeding t i m e s ,  r e s u l t i n g  i n  h igher  
m o r t a l i t y  of t h e  young;. p r e d a t o r s  in t roduced  t o  i s o l a t e d  i s l a n d s  o f t e n  r e s u l t  
i n  marked r e d u c t i o n s  i n  t h e  breeding popula t ion  and i t s  r e p r o d u c t i v e  success ;  
many d i v i n g  b i r d s  are  drowned i n  t h e  n e t s  of commercial f ishermen; a g r i c u l t u r a l  
chemicals  and s p e n t  l e a d  s h o t  may k i l l  o r  poison b i r d s ;  and o i l  s p i l l s  may 
d e s t r o y  e n t i r e  popula t ions  o r  h a b i t a t .  

FOP -instance,  commercial and r e c r e a t i o n a l  

u 
11 
U 
u 
li 
u 
0 
P 
13 
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u 
11 
D 
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O i l  a f f e c t s  t h e  plumage, physiology, and r ep roduc t ion  of marine b i r d s .  
Contamination of t h e  plumage by o i l  reduces  t h e  i n s u l a t i o n  c h a r a c t e r i s t i c s ,  
thereby  inducing thermal stress. F u r t h e r ,  s o i l e d  plumage w i l l  impair t h e  a b i l i t y  
t o  f l y  o r  f l o a t .  Consequently, a contaminated b i r d  w i l l  be  less s u c c e s s f u l  a t  
f eed ing  o r  escaping p r e d a t o r s .  The i n g e s t i o n  of  o i l  by b i r d s  may r e s u l t  i n  a 
v a r i e t y  of i n t e r n a l  d i s o r d e r s  t h a t  a f f e c t  t h e  f i t n e s s  of t h e  i n d i v i d u a l  as  w e l l  
as i t s  a b i l i t y  t o  reproduce. Contaminated a d u l t  b i r d s  r e t u r n i n g  t o  t h e  n e s t  
i n a d v e r t e n t l y  contaminate t h e  eggs o r  young, thereby  reducing  t h e i r  p r o b a b i l i t y  
of s u r v i v a l .  An o i l  v u l n e r a b i l i t y  index devised  f o r  water b i r d s  p rov ides  some 
i n s i g h t  as t o  t h e  r e l a t i v e  r i s k  t o  r e p r e s e n t a t i v e  s p e c i e s  (Table 14) .  

There are  a l s o  numerous a d d i t i o n a l  human a c t i v i t i e s  which a f f e c t  t h e  
l ives  of marine b i r d  s p e c i e s ,  e s p e c i a l l y  i n  e s t u a r i e s  and lagoons.  These c o a s t a l  
forms are r e l a t i v e l y  f l a t  and commonly become i n  focus  f o r  i n d u s t r i a l ,  a g r i c u l t u r a l ,  
and commercial p r o j e c t s .  A synops i s  of t h e  impacts caused by many a c t i v i t i e s  
found 

5.4.5 

wi th in  e s t u a r i e s  i s  presented  i n  Table  15. 

FISH AND SHELLFISH RESOURCES 

ImDortance of t h e  Studv Area 

The South Mainland Coast s tudy  area is  complex, encompassing u n s h e l t e r e d ,  
open waters, p o r t i o n s  of s e v e r a l  c o a s t a l  f j o r d s ,  and numerous i s l a n d s .  
These marine waters are i n t e g r a l  t o  t h e  S t r a i t  of Georgia-Juan d e  Fuca 
S t r a i t  system, producing s t o c k s  of salmon, groundf ish ,  h e r r i n g  and s h e l l f i s h  
The a d j o i n i n g  f r e s h  waters suppor t  anadromous and r e s i d e n t  f i s h  popu la t ions  
of salmon, t r o u t  and char .  These s t o c k s  a re  t h e  o b j e c t  of commercial, 
r e c r e a t i o n a l  and n a t i v e  Indian  f i s h e r i e s .  

The f e d e r a l  Department of F i s h e r i e s  and Oceans has  d iv ided  B r i t i s h  
Columbia's waters i n t o  t h e  " S t a t i s t i c a l  Areas" shown i n  F igu re  11. Most 
f i s h e r i e s  s t a t i s t i c s  ( l and ings ,  escapements, economic v a l u e s )  are compiled 
accord ing  t o  t h e s e  areas. To i l l u s t r a t e  t h e  l o c a l  and r e g i o n a l  p e r s p e c t i v e ,  
d a t a  a re  organized  by S t a t i s t i c a l  Area, by Coas t a l  Resource F o l i o  s tudy  
area, and by t h e  e n t i r e  S t r a i t  of Georgia-Juan d e  Fuca S t r a i t  r e g i o n  (Areas 
1 3  t o  20, 28, 29). S t a t i s t i c a l  area boundar ies  may va ry  s l i g h t l y  from t h e  
P a c i f i c  F i she ry  Management Areas r e c e n t l y  de f ined  under t h e  P a c i f i c  F i she ry  
Management Area Regula t ions .  

The present s tudy  area inc ludes  S t a t i s t i ca l  Areas 1 5  and 16 ,  p l u s  
p o r t i o n s  of areas 1 3 ,  1 4 ,  1 7 ,  28 and 29. I n  most cases, i t  is  imposs ib le  
t o  a c c u r a t e l y  appor t ion  s t a t i s t i c s  from a s t a t i s t i c a l  area t o  a more 
s p e c i f i c  l o c a l i t y ;  a c t i v i t y  i n  Areas 13 ,  1 4 ,  1 7  and 29 i s  p r i m a r i l y  o u t s i d e  
t h e  South Mainland Coast.  Therefore ,  except  where s u b d i v i s i o n  is p o s s i b l e  
(e .g .  escapements), t h e  s tudy  area w i l l  be  cons ide red ,  f o r  s t a t i s t i c a l  
purposes ,  t o  be  l i m i t e d  t o  Areas 1 5  and 16.  
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TABLE 14 - O I L  VULNERABILITY INDEX (OV1) FOR REPRESENTATIVE 
WATERBIRDS I N  THE NORTHEAST PACIFIC REGION 

Family, common name and s c i e n t i f i c  name 

Gaviidae 
Common loon (Gavia immer) 
A r c t Z c  loon (G. Arctica 

Western g rebe  (Aechmorphorus o c c i d e n t a l i s )  

Leach's s torm-petrel  (Oceanodroma leucohoa) 

Double-crested cormorant (Phalacrocorax a u r i t u s )  
Brandt 's  cormorant (P. p e n i c i l l a t u s )  
P e l a g i c  cormorant (P. pe l ag icus )  

Trumpeter swan (Olorcygnus bucc ina to r )  
Canada goose (Branta canadensis)  
Black b r a n t  (B. n i g r i c a n s )  
Snow goose (Chen hyperborea) 
Mallard (AMS platyrhynchos) 
American widgeon (M. americana) 
Greater scaup (Aythya marila) 
Barrow's goldeneye (Bucephala i s l a n d i c a )  
Bufflehead (B. a l b e o l a )  
Oldsquaw (Clangula hyemalis) 
Harlequin duck ( H i s t r i o n i c u s  h i s t r i o n i c u s )  
Surf s c o t e r  (Melani t ta  deglandi)  
Common merganser (Mergus merganser) 

Bald e a g l e  (Ha l i aee tus  leucocephalus)  

Osprey (Pandion h a l i a e t u s )  

Pe reg r ine  f a l c o n  (Falco pe reg r inus )  

Black o y s t e r c a t c h e r  (Haematopus bachmani) 

Podicipedidae 

Hydro ba t i d a e  

Phalacrocoracidae 

A r  d e i d a e  

A c c  i p i  t r i d a e  

Pand ion idac  

F a 1  conida e 

H a  ema t o  pod i d a  e 

* ov1 

47 
58  

5 6  

63  

52  
57 
6 3  

6 3  
34  
7 0  
32  
36 
36  
52 
56  
52  
66  
60 
7 2  
56  

58  

37 

4 1  

6 5  

ii 

11 

U 
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U 

0 

0 
0 
U 

* 
Family, common name and s c i e n t i f i c  name ovr 

Scolopac i d a e  
Wandering t a t t l e r  (Heterosce lus  incanum) 
Dunlin ( E r o l i a  a l p i n a )  
Western sandpiper  (Eremryrd msu t i )  

Red pha larope  (Phalaropus f u l i c a r i u s )  

P a r a s i t i c  j a e g a r  ( t e r c o r a r i u s  p a r a s i t i c u s )  

Phalaropodidae 

S t er c o r a r  i i d a e  

L a r  i d a e  
Glaucous-winged g u l l  (Larus g laucescens)  
Herring g u l l  (L. a r g e n t a t u s )  
Thayer ' s g u l l  (L. t h a y e r i )  
C a l i f o r n i a  g u l l  (L. c a l i f o r n i c u s )  
Mew g u l l  (L. canus) 

Common murre (Ur ia  a a l g e )  
Pigeon gu i l l emot  (Cepphus columba) 
Marbled m u r r e l e t  (Brachyramphus marmoratus) 
Rhinoceros a u k l e t  (Cerorhinca monocerata) 
Horned p u f f i n  ( F r a t e r c u l a  c o r n i c u l a t a )  
Tufted p u f f i n  (Lunda c i r r h a t a )  

Alc idae  

48 
4 1  
47 

58 

43  

56 
38 
4 2  
38 
4 4  

7 0  
8 2  
8 4  
7 4  
7 2  
7 2  

* The O i l  V u l n e r a b i l i t y  Index is  based on t h e  r a t i n g  of f i v e  c a t e g o r i e s  - 
s p e c i e s  range, popu la t ion ,  h a b i t s ,  m o r t a l i t y  and annual  exposure. The h ighe r  
t h e  O V I  number t h e  more v u l n e r a b l e  t h e  s p e c i e s  would be  t o  o i l  s p i l l s .  

SOURCE: J . G .  King and G.A. Sanger, 1 9 7 9 .  " O i l  V u l n e r a b i l i t y  Index f o r  
Marine Or ien ted  Birds". In:  Conserva t ion  of Marine Bi rds  of 
Northern North America. J . C .  Bartanek and D.N.  N e t t l e s h i p  ( eds . ) .  
U.S. Department of I n t e r i o r ,  F i s h  and W i l d l i f e  Se rv ice ,  W i l d l i f e  
Research Report  11, Washington. 
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A c  t $vi t y  
I 

TABLE 15 A SYNOPSIS OF THE IMPACTS CAUSED BY SELECTED 
ACTIVITIES COMMON WITHIN ESTUARIES 

F i r s t  E f f e c t  

I 
I 

2) Log Sto rage  I - l e a c h a t e s  e n t e r  water 

- bark  and d e b r i s  i n c r e a s e  

- p h y s i c a l  shading of sub- 
strate and water column 

- scour ing  dur ing  low t i d e s  

B.O.D. 

Logging 11) Log Dumping I - d e p o s i t i o n  of ba rk  and wood 

1 2  General - change from s a l i n e  marsh t o  
f r e shwa te r  marsh over  s h o r t  
time per iod  

2) A g r i c u l t u r a l  - l o s s  of b i r d  h a b i t a t  

- u s e  of p e s t i c i d e s ,  
h e r b i c i d e s ,  e t c .  

3) Transport-  - l o s s  of b i r d  h a b i t a t  
a t i o n  

- t o x i c  wastes from i n d u s t r i a 3  

- i nc reased  a i r  and n o i s e  
development 

p o l l u t i o n  
I 

Dyking 

D r  edg i n €  

and S o r t  i,nn - tow boa t  prop wash 
- s c o u r s  sediments  
- l and  requi rements  

General - d e s t r u c t i o n  of ben th ic  

- d e s t r u c t i o n  of seaweed 

- increased  t u r b i d i t y  
- a l t e r a t i o n  of t i d a l  prism 
- i nc reased  B.O.D. 

communities 

s u b s t r a t e  

Second E f f e c t  

- smothers v e g e t a t i o n  
- d i s t u r b s  sediments  
- d e s t r o y s  v e g e t a t i o n  
- d e s t r o y s  s h o r e l i n e  

h a b i t a t  

- t o x i c  subs tances  f o r  
some organisms 

- decreased  d i s so lved  
oxygen 

- lower rate of photo- 
syn t hes  is 

- d e s t r u c t i o n  of v e g e t a t i o n  
- d e s t r u c t i o n  of ben th ic  

communities 

- change i n  v e g e t a t i o n  

- change i n  waterfowl 

- e l i m i n a t i o n  of many b i r d  

s p e c i e s  ( h a b i t a t  type)  

compo sit ion  

s p e c i e s  from area 

- 

- b i r d  m o r t a l i t y  

- e l i m i n a t i o n  of many 
b i r d  s p e c i e s  

- i nc reased  b i r d  m o r t a l i t y  

- e l i m i n a t i o n  of h a b i t a t  
and b i r d  s p e c i e s  

- smothering of a d j a c e n t  
ben th ic  communities 

SOURCE: Adapted from: R.A. Hunter and L.E. Jones ,  1982. Coas t a l  Waterfowl and 
Hab i t a t  Inventory  Program: Summary Report  and Appendices. B r i t i s h  
Columbia, Min i s t ry  of Environment, Terrestrail  S t u d i e s  Branch. V i c t o r i a .  



FIGURE 11 FISHERIES STATISTICAL AREAS OF THE STRAIT OF GEORGIA. rl 
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- NOTE: The s tudy area i n c l u d e s  a l l  of Areas 1 5  and 16  and p o r t i o n s  of 
Areas 1 3 ,  1 4 ,  1 7 ,  28 and 29. 
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Table  1 6  summarizes t h e  c o n t r i b u t i o n  of t h e  South Mainland Coast 
commercial f i s h e r y  t o  t h e  S t r a i t  of Georgia-Juan d e  Fuca S t r a i t  reg ion .  
The s tudy  area s u p p l i e s  on ly  4% of t h e  t o t a l  salmon, 10% of t h e  ground- 
f i s h ,  and a maximum of 4% of t h e  he r r ing .  I n  c o n t r a s t ,  t h e  area 
produces 22% of t h e s h e l l f i s h  (excluding o y s t e r s ) .  The m a j o r i t y  of 
commercial salmon, groundf ish  and h e r r i n g  l and ings  are from Area 16 ,  
wh i l e  Area 15 is  t h e  primary source  of s h e l l f i s h .  

The s p o r t  f i s h e r y  has  g r e a t e r  s i g n i f i c a n c e  i n  t h e  r eg ion  (Table 1 7 ) .  
It accounted f o r  26% of t h e  S t r a i t  of Georgia-Juan d e  Fuca S t r a i t  r e g i o n ' s  
groundf ish  i n  1982, and 22% of t h e  clams, aba lone  and c u t t h r o a t  t r o u t  i n  
1981. 
Table  1 7  a l s o  shows t h a t  75% of t h e  s tudy  area's  Ind ian  food c a t c h  
o r i g i n a t e d  i n  Area 15. 

A s  i n  the commercial f i s h e r y ,  Area 16  w a s  t h e  more active area. 

TABLE 1 6  PERCENTAGE OF STRAIT OF GEORGIA-JUAN DE FUCA STRAIT 
(COMMERCIAL FISH AND SHELLFISH CATCH O R I G I N A T I N G  FROM 

THE SOUTH MAINLAND COAST) 

Spec ies  Area 1 5  Area 1 6  To t a l  

Salmon (1975-1981) 

Chinook 
Coho 
Chum 
Sockeye 
Pink  

A l l  Salmon 

Groundfish (1979-1982) 

P a c i f i c  cod 
Dogfish 
Hake 
Walleye po l lock  
Rockfish 
Ling cod 
S a b l e f i s h  

A l l  Groundfish 

Herr ing (1976-1983) 
r o e  
food and b a i t  

S h e l l f i s h  (1975-1981) 

Shrimps and prawns 
C l a m s  (excludes geoducks) 
Geoduck clam(1977-1981) 
Crabs 
Oys ters  

4 4 8 
2 2 4 
0 0 .1  0.1 
0 6 6 
0 2 2 

1 3 4 

0 0 0 
5 1 4  19 
1 9 10  
0.1 7 7 
3 8 11 
2 1 3 
2 1 3 

4 
0 

2 
30 
19 

0 
7 

8 

0 
0.4 

1 2  
8 

14 
1 
1 

10 

4 
0 . 4  

14 
38 
33 
1 
8 

A l l  Shpllfish (excex, t o y s t e r s )  1 4  a 22 
NOTE: Percentages  c a l c u l a t e d  from Tablel8(salmon),  Tab le26  (g roundf i sh ) ,  

Table  2 9 ( h e r r i n g )  and T a b l e 3 0 a ( s h e l l f i s h ) .  A l l  o r i g i n a l  v a l u e s  i n  
tonnes- except  f o r  o y s t e r s  (U.S. g a l l o n s  shucked) and h e r r i n g  ( s h o r t  t o n s ) .  
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TABLE 17 PERCENTAGE OF STRAIT OF GEORGIA-JUAN DE FUCA STRAIT SPORT 
AND INDIAN FOOD FISHERIES CATCHES ORIGINATING FROM THE 

SOUTH MAINLAND COAST 

Species  Area 15 Area T o t a l  c a t c h  
~~ ~ 

S p o r t  f i s h e r y  

T o t a l  Salmonid (1980-1981) 
T o t a l  Salmon (1982) 
C u t t h r o a t  t r o u t  (1981) 

Groundfish (1982) 

Rockfish 
Ling cod 

A l l  Groundfish 

2 1 4  1 6  
2 14  1 6  
0 22 22 

3 13 27 
3 22 25 

3 23 26 

Herr ing (1981) 0 0 0 

S h e l l f i s h  (1981) 

Shrimp and prawns 
C l a m s  
Abalone 
Crabs 
O y s t e r s  

0 0 0 
2 20 22 
3 1 9  22 
0 5 5 
0.5 20 20 

I n d i a n  s u b s i s t e n c e  food f i s h e r y  (1972-1976) 6 2 8 

NOTE: Percentages  c a l c u l a t e d  from Table  1 8 ( t o t a l  salmonid,  t o t a l  salmon and 
c u t t h r o a t ) ,  Table  -27 (groundfish) ,  text ( h e r r i n g )  and Table  30b ( s h e l l f i s h ) .  
A l l  o r i g i n a l  v a l u e s  i n  a c t u a l  numbers o r  p ieces .  

0 
U 
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Anadromous and Res ident  F i s h  Spec ie s  

Resource 

A comprehensive review of t h e  commercial salmon f i s h e r y  i n  B r i t i s h  
Columbia f o r  t h e  y e a r s  1951 t o  1963 has  been provided by Aro and Shepard 
(1967). Although salmon have been f i s h e d  t r a d i t i o n a l l y  throughout t h e  
s tudy  area, a c t i v i t y  now i s  concen t r a t ed  a t  t h e  l o c a t i o n s  shown on t h e  
Coas t a l  Resources Map SeTies (1:50,000 and 1:10,000) F i s h  and S h e l l f i s h  
Resources. T r o l l i n g  occur s  throughout t h e  s tudy  area, whereas s e i n i n g  
and g i l l n e t t i n g  are conducted i n  a few areas such as nea r  t h e  T r a i l  I s l a n d s  
and t h e  w e s t  s i d e  of Texada I s l a n d .  
salmon c a t c h  f o r  S t a t i s t i c a l  Areas 1 5  and 16  w i t h  t h e  S t r a i t  of Georgia- 
Juan d e  Fuca S t r a i t  c a t c h  f o r  t h e  y e a r s  1975 t o  1981. 
p rov ides  a comparison of c a t c h  s t a t i s t i c s  between t h e  p r e s e n t  f o l i o  area 
and two p rev ious  f o l i o s .  
of t h e  t o t a l  r e g i o n a l  l and ings ;  Area 16 c o n t r i b u t e s  th ree -qua r t e r s  of t h a t  
t o t a l  due t o  t h e  much g r e a t e r  sockeye and p ink  ca t ches .  
caught  on ly  i n c i d e n t a l l y  du r ing  t h e  f i s h e r y .  
of Rec rea t ion  and Conserva t ion ,  1970-71 t o  1980-81). 

Table  18 compares t h e  average  annual  

The t a b l e  a l s o  

The South Mainland Coast accoun t s  f o r  only 4% 

Stee lhead  a re  
( B r i t i s h  Columbia, Min i s t ry  

TABLE 18 SALMONt FISHERY OF SOUTH MAINLAND COAST: 
AVERAGE ANNUAL COMMERCIAL SALMON CATCH 
(NEAREST TONNE) 1975 TO 1981, THE 
GEORGIA STRAIT-JUAN DE FUCA SYSTEM 

South Main- East Coast South Coast T o t a l  A l l  
larid ~ C o a s  t Vancouver Is. Vancouver Is. Areas 

Spec ies  1 5  16 1 3  1 4 ,  1 7 ,  18 19 20 28,  29 

Chinook 50 47 208 351 1 1 4  446 1 , 216 

Chum 0 2 1081 263 213 376 1 , 935 
Sockeye 0 219 1084 55 1028 1554 3,940 

T o t a l  79 363 3298 2872 4556 287 2 1 2  , 082 

Coho 27 27 202 191 884 116 1 , 4 4 7  

P ink  2 68 723 54 2317 380 3 , 544 

(1%) (3%) (28%) (24%) (38%) - (24%) (100%) 

SOURCE: Canada, Department of F i s h e r i e s  and Oceans, 1975-1981. B r i t i s h  Columbia 
c a t c h  s t a t i s t i c s  (annual r e p o r t s ) .  Vancouver, B.C. 

The t i d a l  salmon sport f i s h e r y  occur s  predominantly a long  t h e  more 
populated mainland coast, wi th  r e l a t i v e l y  l i t t l e  a c t i v i t y  i n  m i d - s t r a i t  
o r  t h e  more remote l o c a l i t i e s .  Seve ra l  s t u d i e s  r e l e a s e d  between 1976 
and 1978 sugges t  p rev ious  s p o r t  c a t c h  s t a t i s t i c s  under-estimate t h e  a c t u a l  
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c a t c h  v a l u e s ;  subsequent ly ,  e f f o r t s  have been d i r e c t e d  toward improving 
t h e  e s t i m a t i o n  procedures.  R e s u l t s  of t h e  province-wide T i d a l  Sport-  
f i s h i n g  Diary Program (MacGregor, 1982 and B i j s t ewe ld ,  1983) and t h e  
S t r a i t  of Georgia-oriented program of aer ia l  o v e r f l i g h t s  and l and ing  s i t e  
surveys  (Shardlow, 1983) are  presented  i n  Table  19. Although t h e  
methodologies and survey  pe r iods  d i f f e r  , bo th  d a t a  sets i n d i c a t e  t h a t  
Areas 1 5  and 16  toge the r  account f o r  about 16% of t h e  t o t a l  r e g i o n a l  
c a t c h .  A s  i n  t h e  commercial h a r v e s t ,  most of t h e  s tudy  a r e a  (85-90%) 
l and ings  came from Area 16. 

Chinook r ep resen ted  73 t o  81% of t h e  t o t a l  ca t ch .  These r e s u l t s  are  
c o n s i s t e n t  w i t h  those  of Argue, Coursley and Harris (1977) who r e v i s e d  
s p o r t  c a t c h  estimates based on d a t a  from t h e  1972 t o  1976 S t r a i t  of Georgia 
Head Recovery Program (Table 20).  
t h a t  t h e  combined chinook and coho c a t c h  almost t r i p l e d  t h a t  of t h e  
commercial t r o l l  f i s h e r y  f o r  t h e s e  s p e c i e s .  

The i r  d a t a  a l s o  demonstrated (Table 21) 

Spor t  c a t c h  estimates f o r  sea-run c u t t h r o a t  t r o u t  and s t e e l h e a d  have 
been compiled, r e s p e c t i v e l y ,  du r ing  t h e  1981 Department of F i s h e r i e s  and 
Oceans T i d a l  Diary  Program (Table 1 9 )  and du r ing  t h e  p r o v i n c i a l  F i s h  and 
W i l d l i f e  Branch annual  S tee lhead  Harvest  Analys is  (Table 22). Area 16  
c u t t h r o a t  c a t c h e s  were t h e  second l a r g e s t  of t h e  s t a t i s t i c a l  areas surveyed 
i n  t h e  reg ion .  
Chapman c r e e k s ,  w i th  i n t e r m i t t e n t  success  i n  some smaller streams such as 
Forbes,  Gray and Rober t s  c r eeks .  

Most of t h e  s t e e l h e a d  h a r v e s t  r e t u r n s  come from Lang and 

The South Mainland Coast food f i s h e r y  conducted by t h e  Klahoose (from 
S q u i r r e l  Cove on C o r t e s  I s l a n d )  and t h e  Sliammon and S e c h e l t  Ind ian  bands 
i s  concent ra ted  around S q u i r r e l  Cove, t h e  Sliammon Rive r ,  t h e  e a s t e r n  
s i d e  of Harwood I s l a n d ,  t h e  head of Okeover I n l e t ,  Lang Bay and F r a i l  Bay. 
F r i ed lande r  and Reif (1979) reviewed t h e  p r o v i n c i a l  Ind ian  food f i s h e r y  
wi th  r e s p e c t  t o  salmonid enhancement o p p o r t u n i t i e s .  The average  annual  
s u b s i s t e n c e  c a t c h e s  f o r  S t a t i s t i c a l  Areas 1 5  and 1 6  f o r  1972 t o  1976 are 
compiled i n  Table  23. A s  i n  o t h e r  areas, chum r e p r e s e n t s  t h e  l a r g e s t  per- 
cen tage  (74-90%) o f t h a t  t o t a l .  Unl ike  t h e  commercial and s p o r t  f i s h e r y  
p a t t e r n s ,  Area 1 5  c o n t r i b u t e d  t h e  l a r g e s t  s h a r e  of s tudy  area c a t c h .  

The s tudy  area c o n t a i n s  r e s i d e n t  f i s h  s t o c k s  of Dol ly  Varden cha r ,  
kokanee (land-locked sockeye),  c u t t h r o a t ,  and rainbow t r o u t  (non-migratory 
s t e e l h e a d ) ,  a l l  of which are f i s h e d  r e c r e a t i o n a l l y .  C u t t h r o a t  t r o u t  are 
t h e  most f r e q u e n t l y  ha rves t ed  species. Again, t h e  l e v e l  of f r e shwa te r  
f i s h i n g  a c t i v i t y  i s  r e l a t e d  t o  popu la t ion  d i s t r i b u t i o n ,  a c c e s s i b i l i t y  and 
s t o c k  a v a i l a b i l i t y .  South of Pender Harbour, s p o r t  f i s h i n g  occurs  most 
f r e q u e n t l y  i n  t h e  lower r eaches  of streams nea r  t h e  main highway; t h e  more 
e x t e n s i v e l y  u t i l i z e d  Chapman Creek is  a n  except ion .  
Texada and o t h e r  i s l a n d s ) ,  l a k e  f i s h i n g  predominates.  Loca t ions  o f ,  and 
e s t i m a t e s  of t h e  r e l a t i v e  i n t e n s i t y  o f ,  r e s i d e n t  s p o r t  f i s h i n g  are por- 
t r ayed  on t h e  accompanying Coas t a l  Resource F o l i o  map series. Rec rea t iona l  
c a t c h  s t a t i s t i c s  f o r  t h e  South Mainland Coast are n o t  p r e s e n t l y  a v a i l a b l e .  

To t h e  n o r t h  ( inc lud ing  



Species  

TABLE 19 SALMON AND TROUT FISHERY OF SOUTH MAINLAND COAST: SPORT FISHING CATCH (THOUSANDS OF FISH), 
1980 TO 1981, 1982, RELATIVE TO THE GEORGIA STRAIT-JUAN DE FUCA STRAIT SYSTEM 

South East Coast South Coast 
Mainland Coast Vancouver I s l and  Vancouver I s l a n d  
1 5  16  1 3  1 4  1 7  18 19A 19 B+a 28 29 

T o t a l  A l l  Areas 

b J u l y  1980 t o  June 1981 

Chinook 

Coho 

323.7 

15.8 82.3 177.0 124.5 44.8 17.6 31.9 58.9 18.5 22.2 536.8 

17.9 20.3 4.8 32.1 40.1 32.5. 57.8 27.4 8.7 25.4 

T o t a l  Salmonid 

1982' - 
Chinook 

Coho 

T o t a l  Salmon 

1981' - 
Cut th roa t  

2 1 . 1  115.1 219.9 1 61.0 103.4 48.4 41.0 86.9 37.0 43.4 8 7 7 . 2  

20 - 19  - 
1 . 9  15.0 1 4 . 2  19.5 2 1 . 1  18.0 24.5 8.8 10.2 1 2 . 2  145.4 

5.8 62.0 63.6 126.9 58.9 23.9 17.0 1 4 . 2  4 .4  13.4 390.1 

7 . 7  81.0 82.7 149.8 81.8 43.7 43.7 24.1 15.7 28.0 558.2 

3 . 0 :  0 .1  0.1 2.0 0.4 2.8 5.5 13.8 

a NOTE: Area 19B+ d a t a  a l s o  inc ludes  t h a t  p o r t i o n  of Area 20 east of Sheringham Po in t .  

SOURCES: bShardlow, T .  1983. Personal  communication. Data from c r e e l  survey conducted by DPA Consul t ing 
Ltd.  Canada Department of F i s h e r i e s  and Oceans, Nanaimo, B.C.  

B l j s t e r v e l d ,  L .  1983. Personal  communication. T i d a l  s p o r t  f i s h i n g  d i a r y  program da ta .  Canada, 
Department of F i s h e r i e s  and Oceans, Vancouver, B .C .  

C 

I 

f. 
Q\ 

I 
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TABLE 20 SALMON FISHERY OF SOUTH MAINLAND COAST: 
AVERAGE ANNUAL SPORT CATCH (THOUSANDS OF 
FISH), 1972 TO 1976, RELATIVE TO THE 
GEORGIA STRAIT-JUAN DE FUCA STRAIT SYSTEM 

0 
Spec ie s  13 ,  14a 15 ,  16  1 7  18, 19B 28, 29 19B,20 T o t a l  A l l  Areas 

Coho 263 80(17%)b 47 47 1 5  18  470 

Chinook 84 44(13%) 45 76 38 55 34 2 

P inkC 6 1 (5%)  1 2 1 9 20 

To t a l  353 125(15%) 93 125 54 82 832 

a 

bPercentage  of c a t c h  i n  s tudy  area compared t o  t h e  t o t a l  f o r  t h e  system. 

NOTE: Inc ludes  minor c a t c h e s  of sockeye and chum. 

C Spor t  Salmon F i sh ing  i n  A r e a  13 ,  cover ing  t h e  n o r t h e r n  approach t o  the 
S t r a i t  of Georgia,  i s  predominantly w i t h i n  t h e  Campbell River  r eg ion .  

TABLE 21 A COMPARISON OF SPORT VERSUS COMMERCIAL SALMON CATCH 
(THOUSANDS OF FISH) I N  THE STRAIT OF GEORGIA REGION 

FOR THE PERIOD 1972-1975 

Spec ies  Commercial ( t r o l l )  Spor t  To t a l  % Spor t  

Coho 98 470 568 83% 

Chinook 183 34 3 526 65% 

To ta l  281  813 1094 74% 

SOURCE: A.W. Argue, J .  Coursley and G . D .  Harris, 1977. P re l imina ry  r e v i s i o n  
of Georgia S t r a i t  and Juan  d e  Fuca S t r a i t  t i d a l  salmon s p o r t  c a t c h  
s ta t i s t ics ,  1972 t o  1976, based on Georgia S t r a i t  Head Recovery 
Program d a t a .  Technica l  Report  S e r i e s  PAC/T-77-16. Canada, Department 
of F i s h e r i e s  and Environment, F i s h e r i e s  and Marine S e r v i c e ,  Vancouver. 



TABLE 22 ESTIMATED ANNUAL STEELHEAD TROUT CATCH (NUMBERS OF FISH) FOR 
THE SOUTH MAINLAND COAST, 1973-1974 TO 1982-1983 

St ream 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 

Sta t i s t i ca l  Area 15 
Forbes Creek 

? 
S t a t i s t i c a l  Area 1 6  

Gray Creek 
Lang Creek 

S ta t i s t i ca l  Area 28 

Chapman Creek 
Roberts  Creek 
Wilson Creek 

3 

3 3 3 3 
7 92 111 71 20 30 

21 . 49 67 31 12 
6 3 

3 

45 15 8 27 .L 

3 3 2 
61 59 29 3 

T o t a l  Catch & 

I 

70 119 160 141 60 45 109 80 39 58 Q, 

SOURCES: B r i t i s h  Columbia, Min i s t ry  of Recrea t ion  and Conservat ion,  1970-71 t o  1980-81. Steelhead har’vest 
ana lyses .  F i s h  and W i l d l i f e  Branch, V i c t o r i a .  

B i l l i n g s ,  S. 1983. Personal  communication. B r i t i s h  Columbia, Min i s t ry  of Environment, F i sh  and 
W i l d l i f e  Branch, V i c t o r i a .  



0 

E a s t  Coast South Coast 
Vancouver Is. Vancouver Is. South Mainland Coast 

1 5  1 6  13  14,17,18 19 ,  20 28 29 
Spec ies  
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T o t a l  
A l l  

Areas 

Ll 
Chinook 1 7 7  (129) 15(23) 95 2,119 128 451 26 
Chinook 126(129) 61(77) 353 2,574 54 3 2490 927 
Chum 1984(2552) 324(772) 5506 13,280 1823 2932 435 
Sockeye 27(103) 1022 64 1618 
Pink 1 ( 1 )  (32) 725 50 400 25 
Stee lhead  2(2)  2 (3) 30 20 46 5 

T o t a l  2290 429 7701 17,973 2628 6319 3036 

0 1,173 
5,080 

24,824 
2,731 
1,202 

77 

35,087 

0 
0 
0 

0 
0 

0 
0 

0 

TABLE 23 SALMON AND STEELHEAD FISHERIES OF SOUTH MAINLAND COAST: 
AVERAGE ANNUAL NATIVE I N D I A N  SUBSISTENCE CATCH (NUMBERS 

H a b i t a t  Requirements 

Spawning Escapements 

Anadromous f i s h  species such as salmon, s t e e l h e a d  and c o a s t a l  c u t t h r o a t  
t r o u t ,  c h a r a c t e r i s t i c a l l y  spend p a r t s  of t h e i r  l ives  i n  f reshwater  environ- 
ments.  Resident  f i s h  s p e c i e s  i n h a b i t  f r e s h  water throughout t h e i r  l i f e  
h i s t o r y ,  and may r e s t r i c t  t h e i r  movements t o  r e l a t i v e l y  l o c a l i z e d  areas, 
o r  m i g r a t e  long d i s t a n c e s ,  depending on h a b i t a t  a v a i l a b i l i t y  and access. 
The g e n e r a l  b io logy  of anadromous and r e s i d e n t  f i s h e s  i s  descr ibed  i n  
Hart (1973) and S c o t t  and Crossman (1973). 

Successfu l  spawning r e q u i r e s  s p e c i f i c  environmental  c o n d i t i o n s .  Schmidt, 
Graham and McDonald (1979), i n  an annota ted  b ib l iography of t h e  l i t e r a t u r e  
d e s c r i b i n g  B r i t i s h  Columbia salmon and t r o u t  environments,  noted t h e  
fol lowing f o u r  major de te rminants  of stream p r o d u c t i v i t y :  
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a )  w a t e r  temperature ,  which r e g u l a t e s  levels of b i o l o g i c a l  
a c t i v i t y  and may induce stress o r  m o r t a l i t y ;  

b )  stream hydrology, which in f luences  t h e  n a t u r e  and a v a i l a b i l i t y  
of h a b i t a t  through changes i n  water depth ,  v e l o c i t y ,  width,  
channel  conf igu ra t ion ,  g r a d i e n t  and bed roughness;  

development; 

determines s i z e  and v igo r  of a d u l t  popula t ions .  

c )  spawning g rave l ,  which determines egg an$ a l e v i n  subgrave l  

d )  downstream j u v e n i l e  migra t ion ,  t h e  success  of which u l t i m a t e l y  

The major phys i ca l  c h a r a c t e r i s t i c s  of s tudy  area streams and t h e  s p e c i e s  
u t i l i z i n g  them are summarized i n  Table  24. 

The South Mainland Coast c o n t a i n s  31 salmon spawning streams (Table 25); 
most of t h e s e  a l s o  c o n t a i n  sea-run c u t t h r o a t ,  wh i l e  a handfu l  con ta in  
s t ee lhead .  S u i t a b l e  anadromous h a b i t a t  f o r  t h e  ma jo r i ty  of watercourses  
is w i t h i n  t h e  f i r s t  t h r e e  t o  fou r  k i lomet res .  S i x  systems - Sliammon 
Creek, t h e  Theodosia River ,  Pender Harbour Creeks,  t h e  Sakinaw Lakes, Love 
Creek and Chapman Creek - support  anadromous popula t ions  much f a r t h e r  up- 
stream, and a l l  but  t h e  l a s t  two (which c o n t a i n  s t ee lhead)  support  average  
annual  escapements of g r e a t e r  than  5000 spawners. Coho ( t h e  major s p e c i e s  
p r e s e n t ) ,  chum and c o a s t a l  c u t t h r o a t  t r o u t  occur i n  most of t h e  area 
streams, whi l e  t h e  Sakinaw Lakes support  moderate runs  of sockeye. The 
streams n o r t h  of J e r v i s  I n l e t  support  minimal q u a n t i t i e s  of pinks.  

Resident  popu la t ions  of c u t t h r o a t  t r o u t  are present i n  t h e  upper 
r eaches  of watersheds throughout t h e  s tudy  area, wh i l e  rainbow and kokanee 
occur less f r equen t ly .  

Stream, Es tua r ine  and Nearshore Rearing 

Coho, sockeye, chinook, sea-run c u t t h r o a t  and s t ee lhead  a l l  u t i l i z e  
streams o r  l a k e s  f o r  r ea r ing .  Coho and sockeye remain i n  f r e s h  water from 
one t o  s e v e r a l  y e a r s  be fo re  migra t ing  t o  t h e  sea; chinook remain i n  f r e s h  
w a t e r  f o r  t h r e e  months t o  a year .  P inks  and chum j u v e n i l e s  a r r i v e  i n  t h e  
e s t u a r y  s h o r t l y  a f t e r  emergence from t h e  spawning ground. Although chum 
and chinooks are t h e  ch ief  u s e r s  of estuaries, some s t o c k s  of coho, p ink  
and sockeye salmon are a l s o  known t o  depend on e s t u a r i e s  as j u v e n i l e s .  

Salmonid Enhancement Program (SEP) 

Seve ra l  SEP p r o j e c t s  are p r e s e n t l y  being conducted w i t h i n  t h e  s tudy  
area, inc lud ing  a coho, chum and chinook ha tchery  and r e a r i n g  f a c i l i t y  a t  
Seche l t ,  a chum and coho ha tchery  and count ing f ence  on Sliammon Creek, 
and on Lang Creek, a coho incubat ion  t r a y  and r e a r i n g  ponds. Eggs from 
K e l l y  and Whittal c reeks  are a l s o  incubated a t  t h e  la t ter  si te.  I n  
a d d i t i o n ,  a v a r i e t y  of smaller vo lun ta ry  p r o j e c t s  are a l s o  being undertaken 
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UTILIZATION BY INDIVIDUAL FISH SPECIES TABLE 24 INVENTORY OF M A J O R  PHYSICAL CHMUCTERISTICS OF SPAWNING STREAMS AND A CHECKLIST OF 

Drainage Subs t r a t ed  Lake(s) D i scha rge (c f s )e  Extreme flows Water w Licensesf c o m e n t s  Anadromous 
Length Width 

Low High NO. To ta l  Volume SK CH CO CM PK ST ' CT-ANAD CT-RES DV KO RB access(km)h 
(h)= ( d b  area(km2)C % cornposltlon 

13 

EYa"S 1 

Ha"Se"S 2 

15 

Black L 4 

Forbes 5 

E l l i s  Cassel L's 9 

Hague-Gunflint L's 4 

Inland L. 4 

Mouat 7 

Okeover 5 

- 

- 

* *  . .  
2 

10,30,60 ,O ( 0 . 5  * LOWP p o r t i o n  d i v e r t e d  *R(O)  ' R ( 0 )  
S l u i c e  g a t e  

* .  

1 2000g * *  
*S ' S  

Olse" 5 10,4O,SO,O(Z) *U 5 Regulated Flow 
20,30,50,0(4) 

Pendre l l  Sound 

Powell L. 

Refuge Lagoon 

Sllammon 

"Squirrel  Cove" 

Theodasia 

Unvin L 
16 - 
Angus 

"BOatCOYe~' 

B N W  

f .  

8 1,177,454s 3.892~~; Regulated Flow *S " *  t 
S l u i c e  Gate * t  

11.4Mx.O ,028Mn 1 1oo.ooog Ch 6 Co counting f ence  t *  . * *  
. *  

52.7Mx,0.038-0.38Mn f * I  210.000g Regulated flow severe f *S * f f f  'R * 
f l a s h  f loods  heav i ly  logged 

53 

4 

8 

4 

24 

t o  dam 

4 

5 f a l l s  

1 

5 f a l l s  

4 4 

5 4  Upstream 10.7 10,30,60,0(0) 
8 mouth 

2 

4.471 1 6cs . .  * * .  

0.34Mx,OMn 

4 3,500s 2cs; l oa f  

2 

0 f a l l s  
Burnet 5 4 mouth 7.7 10 ,40 ,50 ,0 (0 )  6 21,ooog Ef f luen t  d i scha rges  

90 ,10 ,0 ,0 (0 .5 )  

car1son 11 9 mouth 23.4 20,80,0,0(0) * 
7 a t  3.5km 90,30,70(6) 

Coluin 2 2  3.8 70.30 ,O ,O (0) 

Cranby 3 

Deighton 3 

Gray 15 15 mouth 58.6 0,20,80,0(0) 
10,30,60,0(8) 

Halfmoon 9 8-12 12.1 0,10,70,20(0 1 
20.60.20 .O( 2) 

1 . 5  f a l l s  

1 

2 

1.5 

f 1 f a l l s  20-30 

5 5,ooog 35af 

10 6.000g 

7 406,OOOg Zea; 401.5af 

*R *R 1 f a l l s  

Hailam 

Homesite 

1rVl"e 

J e f f e r d  

Jerge"S 

Kelly 

Kenyon 

Lang 

Lois 

Myrtle 

Paq 

Quar ry  

Pender Harbour 

Rainy day 

Sakinaw L's System 

S a l t e r y  Bay 

S i lve r sands  

Snake Bay 

Trout L. 
west L. 

Whittal  

28 

Chapman 
- 

2 

9 

3 

3 

4 

7 

3 

27 

36 

8 

6 

7 

0 .3  

4 

12 

3 

3 

2 

3 

6 

3 

6 Upstream 15.8 

6 mouth 21.8 
20 middle 

4.4 

8 mouths 

2.3 

50,40,10(3) 

10,40,50 ,O (3 ) 
10 ,10 ,70 ,20 (7 )  

+ v  
0.3 f a l l s  

0 f a l l s  

0 . 3  

0.5 

0 . 5  f a l l s  

0.5 

0 . 3  

01 

0.3 f a l l s  

0.3 

0.3 

3 

0 
20,40,40.0(0) 24 

* 7  

93,ooog 

0 3.600g 0.53ef 

3-4 6.0 10 ,30 ,40 ,20 (0 )  

46.7Mx.0.048-0561Mn 12 

163MxOMn * 3  

12 

42,700g 7af Heavy d e b r i s  below Duck L  

469.000af 1,300~~ 

55,500g 12.laf 

*R 

* S  

*R(O) 0 2 1.6 

2.5 downstream 

30,50,20,0(1) 3 

71.9 

5 

6 12.9 

3.2 

4.6 

6 

3 

*R.S 

3 

0 19 226.900g 1,006af *R 'R,S 

20,60,20,0(0.5) 

0 ,0 ,40 ,60 (0 )  
40,20,60,70.0 

I 

O 

1 f a l l s  

0 f a l l s  

6 

t o  head 
wa te r s  

5 f a l l s  

60,OOOg 40af 

3,OOOg 41.271af 

U 23 13-20 70.1 193Mx,0.034-096Mn * 6  1,325,OOg 7 * *  45af Regulated flaw p a s t  
scouring 

. *  

Ches te r  

Flume 

Hudson 

Malcolm 

Roberts 

Robinson 

Wakefield 

3 3.7 

3 1.4 

4 1 . 2  

2 3.6 

8 2.8 

6 1.2 

4 

8 . 8  

14.0 

5.9 

2.0 

29.0 

6.8 

14.6 

0.35Mx.OMn 14 257.OOg 

0.311 27 13,600g 

l i  

51 

31.1Mx,0.024-0.105Mn 10 7,100g 

p a s t  s cour ing  

'U 

'R *R f 

* *  

2 f a l l s  

1 f a l l s  

1 

0.3 

1 f a l l s  

0.5 f a l l s  

2 f a l l s  

0 Regulated flow 
p a s t  s cour ing  

0.25-0.5i 9 4.800g 

6,500g Regulated flow ' R ( 0 )  * R ( O )  0 7 5 3.000g 3af Incuba t ion  box: * R ( O )  * R ( O )  * R ( O )  * R ( O )  * R ( O )  3.56 
first l adde r  

Wilson 

0 NOTES: 

i n d i c a t e s  presence 

a -measured from topographic map. 

b - From Aquatic S tud ie s  Branch(ASB) b iophys ica l  maps and H a d i n g  and Erickson.(1975) 

c - fmm ASB computer f i l e  

d - % f i n e s ,  gravels, larges, bedrock ( d i s t a n c e  i n  loo upstream from mouth) from ASB b iophys ica l  maps. 

.- 
e - i - Ins t an taneous  va lues  from H a d i n g  and Erickson (1975). MX - maximum value 
f  - g - gallons; a f  - acre f e e t ;  

g - Species:  SK - Sockeye. CH - Chinook. CO - Coho, CM - Chum, PK - Pink ,  ST - s t e e l h e a d ,  

~n - m i n i r n u m  value . 
cs - f t 3 / s e c  - 

CT-ANI\D. CT-RES (*U - CT Unspecified).  DV - Dolly Varden, 

S - Spawning, (0) i n d i c a t e s  a c t i v i t y  a t  mouth o r  e s tua ry .  
KO - Kokanee. RB - Rainbow, R - ~ e a r i n g ,  

h - Upstream l i m i t  from mouth: i f  fal ls  form t h e  b a r r i e r s ;  " f a l l s "  appear w i t h  t h e  d i s t a n c e  upstream. 0 
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TABLE 25 , .> . 

Average Annual Spasirning Escapements (number o f  f i s h )  t o  South Mainland Coast Streams 1967 - 1976 and 1977 - 1981 

Stream 1967-1976 1967-1 976 1977-1 98 1 1977-1981 
* 

CH CO CM SK PK A l l  Spec ies  CH CO CM SK PK A l l  Spec ies  

Evans Creek 

Hanson's Creek 

S t a t i s t i c a l  Area 15 

Forbes Creek 

Okeover 

Pendre l l  Sound Creek 

Refuge Lagoon 

S a l t  Lagoon 

Sliammon Creek 

Smal l  Creek 

Theodosia River  

S t a t i s t i c a l  Area 16 

Angus Creek 

Carlson Creek 

Dayton Creek 

Gray Creek 

J e f f e r d  Creek 

Kelly Creek 

Lang Creek 

Lois River  

Myrtle Creek 

65 

12(8) 

4 

56 

91(8) 

283 

98 

520 

20 1430 

55 

2(9) 

17 

12 

20 

470 

22 

1255 

222 

9 40 
1576 

200 

60 

122 

5060 

267 

6400 

1452 

776 

666(9) 

68 

403 

634 

2355 

216 

352 

1320 

234 

40 984 

1 1633 

5 296 

343 

2 20 

5880 

26 7 

19 7869 

1507 

776 1 

668(9) 

5 703 

415 

6 54 

2825 

2 16 

374 

82(4) 475(4) 

F i l e  unava i l ab le  

8 54 

5 4310 

338(4) 

100 (3) 

1977-0; No Records 

12(4) 12500(4) 

No Records 

420 1770 

5 

4 

9 

No Records 

1 

12 

806 

7 

45 

1156 

704 

1216 

2490 

1006 

2453 

46 5 

930 

557(4) 

8 54 

4315 

338 (4) 

loo( 3) 

1 

cn 

1 

12512(4) N 

18 2208 

4 1161 

709 

1225 

2491 

10 18 

36 3295 

472 

975 



Stream 196 7-1 976 1967-1976 1977-1981 

CH CO CM SK PK A l l  Spec ie s  CH CO CM SK 

~ ~~ ~~~~ 

1977-1981 

PK A l l  Species  

Pender Harbour Creek 

Sakinaw Lake System 

S a l t e r y  Bay Creek 

Snake Bay Creek 

West Lake Creek 

Whi t t a l  Creek 

S t a t i s t i c a l  Area 28 

48 5 

2130 

58 

16 

200( 7 )  

104 

7800 

275 

10440 

191 

329 ( 7 )  

754 

8285 

6820 9225 

10498 

207 

7 ( 7 )  600(7 )  

858 

139 

4644 

47 

2 

44 

66 

5330 

240 4400 

688 

7 10 

2850 23 

Chapman Creek 

Chaster  Creek 

Flume Creek 

Roberts Creek 

Wakefield Creek 

Wilson Creek 

25 

1 

18 1508 

76 

25 (5 )  

1368 

557(7)  

59(7)  

40 

8 

1040 2 

116 

N10 

6 30 

180 

244( 4 )  

546 9 

5684 

6 90 

7 54 

2939 

1082 

124 

6 30 

180 

297 

NOTES : 

(#)  Number of y e a r s  f o r  which average was c a l c u l a t e d  if less than  5 o r  10 y e a r s .  

Escapements averaged f o r  odd p l u s  even y e a r s .  

Steelhead escapements have been r a t e d  f o r  following: 

Chapman(prel976), Wilson (pre1976) .  

SOURCES : 

area streams: Sliammon(l966), Lang, Sakinaw (1968) ,  

Lashmar M .  1983. Updates from Operat ions Branch F i l e s ,  1975 t o  1981. Canada, Department o f  F i s h e r i e s  

and Oceans, Vancouver, B.C and va r ious  au tho r s  ( s e e  sou rces  s e c t i o n ) ,  1976 t o  1977. 

escapements o f  S t a t i s t i c a l  Areas 

13(Campbell R i v e r ) ,  16(Pender  Harbour) ,  15)Powell  R i v e r ) ,  and 28(Howe Sound - Burrard I n l e t ) .  

Technical Report S e r i e s  PAC/D-77-1, PAC/D-76-1,2 and 4 
* CH=Chinook; CO=Coho; CH=Chum; SK=Sockeye; P#=Pinh; 

Marshal l ,  D.E.  P re l imina ry  ca t a logues  of Salmon Streams and Spavping 
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D e t a i l s  concerning t h e  n a t u r e  and l o c a t i o n s  of t h e s e  and o t h e r  
l o c a l  p r o j e c t s  are a v a i l a b l e  from t h e  Salmonid Enhancement Program, 
F i s h e r i e s  and Oceans Canada, Vancouver and from t h e  Min i s t ry  of Environ- 
ment, F i s h  and W i l d l i f e  Branch, Province  of B r i t i s h  Columbia, V i c t o r i a .  

Groundfish 

Resource 

Due t o  closures and a l a c k  of gr30unds s u i t a b l e  for t r awl ing ,  t h e  
South Mainland Coast groundf ish  h a r v e s t  i s  minor compared t o  t h e  remainder 
of t h e  S t r a i t  of Georgia-Juan d e  Fuca S t ra i t  system. S i m i l a r l y ,  t h e  
S t r a i t  of Georgia h a r v e s t  i s  small compared t o  t h e  o f f s h o r e  f i s h e r y .  
Approximately 70% of S t r a i t  of Georgia t r a w l  l and ings  occur  du r ing  t h e  
October t o  March f i s h e r y  (Westrheim, 1980).  Westrheim (1979),  Ketchen 
(1980),  and Stocker  (1981) provide  h i s t o r i c a l  ske t ches  of commercial 
a c t i v i t y  ,and assess s t o c k s ,  w h i l e  F o r r e s t e r  and Ketchen (19631, F o r r e s t e r  
and Smith (1979),  Retchen (1979), and Westrheim (1980) focus  s p e c i f i c a l l y  
on t h e  t r a w l  f i s h e r y .  

Dogfish,  hake (since 1979) and wa l l eye  po l lock  ( s i n c e  1976) are t h e  
major s p e c i e s  harves ted .  
waters between Gower P o i n t  and Lang Bay, and i n  Alge r ine  Passage. Midwater 
hake are trawled o f f  t h e  east and w e s t  s i d e s  of Lasque t i  I s l a n d ,  throughout 
Malaspina S t r a i t  and around n o r t h e r n  Harwood I s l a n d  t o  Mystery Reef;  
po l lock  are trawled i n  t h e  midwaters of no r the rn  Malaspina S t r a i t  and p a s t  
Harwood I s l a n d  t o  Mys,tery Reef. Midwater and bottom t r awl ing  are c losed  
throughout most of t h e  s tudy  area n o r t h  of a l i n e  connect ing S h e l t e r  Po in t  
and Lund, and bottom t r awl ing  i s  p roh ib i t ed  south  and w e s t  of Texada I s l and .  
Rockfish,  l ingcod,  P a c i f i c  cod, and small q u a n t i t i e s  of s a b l e f i s h  are caught  
by long l ine .  Although r o c k f i s h  and l ingcod may b e  taken  wherever s u i t a b l e  
h a b i t a t  exists, most a c t i v i t y  occur s  n o r t h  of Texada I s l a n d .  

Most dogf i sh  are landed by l o n g l i n e  i n  t h e  

Dogfish excepted,  landing  s t a t i s t i c s  f o r  Areas 1 5  and 1 6  ,(''Minor Arleasff 
i n  t h e  groundf ish  f i s h e r y )  f o r  most of t h e  1960"s and 3970's ,are unavai l -  
a b l e  due t o  t h e  gr,ouping of ,the d a t a  by Major o r  Minor Areas (e.g. 12,  13, 
1 5  and 16 ) .  
averages  355.2 tonnes ,  b u t  f l u c t u a t e d  from 5.1 t o  962.2 tonnes pe r  yea r ,  
whereas Area 15 l and ings  ranged from n i l  ( f o r  t h r e e  y e a r s )  t o  a n  average  of 
209.7 tonnes  f o r  t h e  remaining t h r e e  y e a r s  (Saunders,  pe r s .  corn . ) .  I n  
Table  26, 1979 t o  1982 v a l u e s  f o r  t h e  South  Mainland Coast are cornparted wi6h 
t h e  S t r a i t  of Georgia-Juan d e  Fuca S t r a i t  r eg ion  as a whole. Combines, 
Areas 15 and 1 6  accounted f,or 10% of t h e  t o t a l  r e g i o n a l  c a t c h  (cf Westrheim 
(1980) who found , t ha t  Minor A r e a s  12,  13, 15,  1 6  f o r  t h e  1960 t o  1977 y,ears 
accounted f o r  6% of t h e  l and ings  f o r  t h e  S t r a i t  of (Georgia and Juan d e  Fuca) ,  
w i t h  Area 16 a l o n e  cont r5but ing  8%. 
c a t c h e s  by s p e c i e s  f o r  1979 t o  1982 f o r  Areas 15 ,  16 and t h e  Area 29 
Seche l t  l o c a l i t y .  

Annual Area 1 6  d o g f i s h  c a t c h e s  f o r  1973 t o  1978 i n c l u s i v e  

Table  27 p r e s e n t s  t h e  average  annual  
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TABLE 26 GROUNDFISH FISHERY OF SOUTH MAINLAND COAST: ANNUAL 
COMMERCIAL CATCH (TONNES), 1979 t o  1982, RELATIVE 

TO STRAIT OF GEORGIA-JUAN DE WCA STRAIT SYSTEM 

South Main-, East Coast * South Coast * T o t a l  A l l  
l and  Coast Vancouver Is. Vancouver Is. Areas 

Year 1 5  16 1 3  . 1 4  , 17,18 19, 20 28 29 

1979 251.6 459.5 120.0 3,846.6 1,413.3 58.5 1 ,475 .1  7,624.6 

1980 120.6 388.4 180.8 2,393.3 1 , 550.6 63.3 701.2 5,398.2 

1981 23.0 449.0 158.8 1,538.3 1 ,603 .3  14 .5  1,858.8 5,645.7 

1982 81.4 660.7 169.7 3,221.9 1,012.3 22.4 174.2 5,342.6 

I] 

0 
0 

u 

119.2 489.4 157.3 2,750.0 1,394.9 39.7 1,052.3 6,002.8 

NOTES : Inc ludes  t r a w l ,  l o n g l i n e  and t r a p  l and ings  of s p e c i e s  found on ly  i n  
Areas 1 5  and 16 ,  less misce l l aneous  s p e c i e s ;  does not i n c l u d e  
hand l ine  and t r o l l .  

* Other f o l i o  areas included f o r  comparison. 

SOURCES; Smith, J . E . ,  1982; Leaman, J . E . ,  1979-1981. Catch and effort 
s t a t i s t i c s  of t h e  Canadian groundf ish  f i s h e r y  on t h e  Pac i f ic  
c o a s t  i n  1978-1981 (annual r e p o r t s ) .  Technica l  Report nos.  891, 
961, 1032, and 1124. Canada, Department of F i s h e r i e s  and Oceans, 
Resource Se rv ices  Branch, Nanaimo. 

Leaman, J . E . ,  1983. Pe r sona l  communication. Canada, Department of 
F i s h e r i e s  and Oceans, Resource Se rv ices  Branch, Nanaimo. 



TABLE 27 GROUNDFISH FISHERY OF SOUTH MAINLAND COAST: ANNUAL COMMERCIAL CATCH~(TONNES) ,  
1979 TO 1982, RELATIVE TO THE STRAIT OF GEORGIA-JUAN DE FUCA STRAIT SYSTEM 

- T o t a l  A l l  Areas - 16 - 1 5  
Spec ies  1979 1980 1981 1982 x 1979 1980 1981 1982 x 1979 1980 1981 1982 X 

0.2 0.9 1184.9 1607.3 1 7 4 4 . 2  1008.7 1386.3 P a c i f i c  cod -- 0.1 -- 0.2 -- 1 .0  1 . 3  -- 
Dogfish 245.7 116.1 1 1 . 4  36.5 102.4 410.8 276.5 165.5 297.7 287.6 4325.9 2100.0 763.5 1240.4 2107.4 

Hake 0 .3  15.2 35.3 12.7 24.5 100.0 98.5 355.6 145.9 516.3 508.4 2408.6 2823.8 1564.3 

Walleye pol lock  3.8 1 .0  2.5 178.2 11.4 50.9 1339.3 1055.7 566.1 100.1 765.3 

Roc kf i s  hb 4 .7  3.3 1 . 6  3.0 3.2 15 .1  8 .7  4 .0  5 . 1  8.2 185.8 76.8 83.1 74.6 105 .1  , 

C C C C 

Lingcod 0.2 0.6 0 .1  2 .7  0.9 0 .1  0.2 2.7 0.8 36.1 39.3 70;2 84.4 57.5 g 
9.6 10.5 16 .3  I S a b l e f i s h  1.0 -- 0.3 0.4 0.6 0.2 34.4 10.6 

T o t a l  251.6 120.5 28.3 81.5 120.5 459.4 388.4 448.9 670.0 491.7 7622.7 5398.1 5645.3 5342.5 6002.2 

NOTES8 a .  Spec ie s  trawled - hake, po l lock ,  d o g f i s h ,  P a c i f i c  cod. A l l  species caught by l o n g l i n e  except hake and po l lock .  
Spec ie s  trapped - s a b l e f i s h ,  l ingcod and rockf i sh .  
Table  i n c l u d e s  t r a w l ,  l o n g l i n e  and t r a p  landings  of s p e c i e s  found only  i n  Areas 15  and 16 ,  less misce l laneous  
species. A p o r t i o n  of Area 29, d o g f i s h  l and ings  are caught  w i t h i n  s tudy  area (Seche l t  l o c a l i t y  - 1979 - 127.0 t ,  
1980 - 52.7 t ,  1981 - 1 2 2 . 2  t ,  1982 - 112.0 t ,  1979-1982 - 103.5 t .  Walleye po l lock  1979-1982 l and ings  - 10.9 t .  
(1980). 

b .  i n c l u d e s  two o r  more s p e c i e s .  c .  --'<.1. 

SOURCES: Smith, J . E .  1979-1981; Leaman, J . E .  1982. Catch and e f f o r t  s t a t i s t i c s  of t h e  Canadian groundf ish  f i s h e r y  on t h e  
P a c i f i c  c o a s t  i n  1979-1981 (annual r e p o r t s )  Technica l  Report Nos. 891, 961, 1032, and 1 1 2 4 .  Canada, Department of 
F i s h e r i e s  and Oceans, Resource S e r v i c e s  Branch, Nanaimo. 

Saunders,  M. 1983. Personal  communication. Canada, Department of  F i s h e r i e s  and Oceans, Resource Se rv ices  
Branch, Nanaimo. 
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R e c r e a t i o n a l  groundf ish  h a r v e s t i n g  is  d i r e c t e d  p r i m a r i l y  
toward r o c k f i s h  and l ingcod.  Although both  s p e c i e s  are p r e s e n t  
throughout t h e  s tudy  area, most of t h e  r o c k f i s h  h a r v e s t i n g  o c c u r s  
n o r t h  of Texada I s l a n d ,  whi le  l ingcod f i s h i n g  o c c u r s  as f a r  s o u t h  
as L a s q u e t i  I s l a n d .  R e l i a b l e  r e c r e a t i o n a l  groundf ish  c a t c h  
estimates a r e  now a v a i l a b l e  from t h e  T i d a l  S p o r t f i s h i n g  Diary Program 
( B i j s t e r v e l d ,  1983, MacGregor, 1982). Table  2 8  s u g g e s t s  t h a t ,  i n  
1982, 26% of t h e  t o t a l  S t r a i t  of Georgia and Juan d e  Fuca l ingcod 
and r o c k f i s h  landings  o r i g i n a t e d  from Areas 1 5  and 16, w i t h  t h e  
l a t t e r  c o n t r i b u t i n g  25% of t h e  r e g i o q a l  t o t a l .  

TABLE 28 GROUNDFISH FISHERY SOUTH MAINLAND COAST: SPORT CATCH 
(NOS. OF FISH) FOR 1982 RELATIVE TO THE STRAIT OF 

GEORGIA-JUAN DE F'UCA STRAIT SYSTEM 

South Main- East Coast* S. Coast 
land  Coast  Vancouver Vancouver 

I s l a n d  Is land 
Spec ies  15** 1 6  1 3  14,17,18 19,20 28 29 T o t a l  A l l  Areas 

Lingcod 3,372 29,975 22,024 51,925 14,940 8,279 4,389 134,904 

Rockfish 8,208 61,936 26,814 92,681 34,224 25,289 9,107 258,759 

T o t a l  11,580 91,911 48,838 144,606 49,664 33,568 13,496 393,663 

* Other f o l i o  a r e a s  f o r  comparison. 

** Fishery  S t a t i s t i c a l  Areas. 

Source: B i j s t e r v e l d ,  L .  1983. Pereonal  communication. T i d a l  s p o r t f i s h i n g  
d i a r y  program d a t a .  
Vancouver. 

Canada, Department of F i s h e r i e s  and Oceans, 

H a b i t a t  Requirements 

P a c i f i c  cod 

P a c i f i c  cod, t h e  long-time mainstay of t h e  domestic trawl f i s h e r y ,  
i s  t h e  o n l y  t r u e  cod i n  t h e  North P a c i f i c  and is similar i n  appearance 
t o  i t s  more famous cous in  i n  t h e  North A t l a n t i c .  I n  Canadian waters 
i t  i s  c l o s e  t o  t h e  southern  l i m i t  of i ts  range and occupies  i n t e r -  
mediate  depths  a long t h e  c o n t i n e n t a l  s h e l f .  I t  is fast-growing and 
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shor t - l i ved .  P a c i f i c  cod r each  commercial s i z e  as  2-3 year -o lds  
and mature a t  about  t h e  same age .  Few cod l i v e  beyond 5 or 6 
y e a r s  of age  as t h e  n a t u r a l  m o r t a l i t y  r a t e  is  r e l a t i v e l y  h igh  
( p o s s i b l y  as much as 50% p e r  y e a r ) .  With few age  groups,  cod 
popu la t ions  e x h i b i t  c o n s i d e r a b l e  i n s t a b i l i t y .  Large and a lmost  
c y c l i c a l  f l u c t u a t i o n s  i n  abundance have a profound e f f e c t  on t h e  
annual  success  of f i s h i n g .  A s  y e t  t h e s e  f l u c t u a t i o n s  cannot be 
r e l i a b l y  p r e d i c t e d .  

P a c i f i c  cod spawn i n  February and March, t h e  eggs being f e r t i l i z e d  
i n  t h e  water column. To d a t e  no f e r t i l i z e d  eggs have been observed 
o r  c o l l e c t e d  i n  t h e  sea bu t  l a b o r a t o r y  evidence sugges t s  t h a t  cod 
eggs incuba te  on t h e  bottom. 
i n  B r i t i s h  Columbia are u s u a l l y  7-8OC. 

Bottom tempera tures  on spawning grounds 

I n  g e n e r a l ,  small cod eat p lankton  (euphausids and shrimp) and 

Cod tend t o  d i s p e r s e  f o r  feeding  and t o  congrega te  f o r  
l a r g e r  f i s h  ea t  c r a b s ,  shrimp and o t h e r  f i s h  (mainly h e r r i n g  and 
sand lance ) .  
spawning. S i m i l a r l y ,  they  move i n t o  deeper  water i n  autumn and 
r e t u r n  t o  sha l low water i n  s p r i n g .  

Lingcod 

The l ingcod is  widely d i s t r i b u t e d  a long  t h e  c o n t i n e n t a l  s h e l f  
from Mexico t o  t h e  wes tern  Gulf of Alaska, bu t  t h e  c e n t r e  of abundance 
appea r s  t o  be  o f f  B r i t i s h  Columbia. 
zone t o  d e p t h s  of 366 m ( 2 0 0  fm). Adult  t agging  programs sugges t  
t h a t  l ingcod are  r e l a t i v e l y  non-migratory, forming numerous l a r g e ,  
l o c a l i z e d  s t o c k s .  Other s t u d i e s  sugges t  t h a t  pre-spawning aggrega- 
t i o n ,  spawning a c t i v i t y ,  and incuba t ion  occur from November t o  A p r i l .  

I t  occur s  from t h e  i n t e r - t i d a l  

Lingcod spawn i n  rocky, current-swept areas, d e p o s i t i n g  t h e i r  
egg masses i n  c r e v i c e s .  These egg c l u s t e r s  are defended by t h e  male. 
A f t e r  a 2-3 month p e l a g i c  s t a g e ,  l a r v a l  l ingcod assume a bottom- 
dwel l ing  l i f e .  Growth rate is  r e l a t i v e l y  r a p i d  i n  t h e  e a r l y  years of 
l i f e ,  so t h a t  commercial s i z e  is reached a t  3-5 y e a r s  of age.  
m a j o r i t y  of l ingcod mature a t  4-5 y e a r s  of age ,  o r  a l e n g t h  of 
65-76 cm. 
beyond t h e  age  of 10-12 y e a r s ,  bu t  may l i v e  as  long as 18 yea r s .  

The 

They cease t o  be  of s i g n i f i c a n c e  i n  commercial l and ings  

Lingcod are f i s h e d  commercially i n  Canadian waters p r i m a r i l y  by 
bottom t r a w l  and hand l ine  or t r o l l  methods. During 1968-79, l ingcod 
comprised an average  of 11% of t h e  t o t a l  g roundf i sh  l and ings ,  ex- 
c lud ing  h a l i b u t .  A s  w e l l  a s  being of commercial i n t e r e s t ,  l ingcod 
are a l s o  landed by r e c r e a t i o n a l  f ishermen us ing  j i g ,  t r o l l  and spea r  
f i s h i n g  gea r .  
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Spiny Dogfish 

The sp iny  dogf i sh  range  extends from southern  C a l i f o r n i a  t o  
t h e  Gulf of Alaska; i t  is  most abundant between southern  Oregon 
and Dixon Entrance.  Dogfish are c h a r a c t e r i z e d  by slow growth, a 
low b i r t h  rate and a long l i f e  span. The young are born a f t e r  a 
uniquely long g e s t a t i o n  per iod  of n e a r l y  two yea r s .  
dogf i sh  d i e t  begins  w i t h  p l ank ton ic  organisms, y e t  a d u l t s  t oo  have 
been observed e a t i n g  p l ank ton ic  euphausiids. P r i n c i p a l  foods  in-  
c lude  h e r r i n g ,  hake, sandlance ,  and a wide v a r i e t y  of i n v e r t e b r a t e s  
such as  c r a b s ,  shrimp and octopus.  Males mature a t  a l e n g t h  of 
62 c m  o r  i n  t h e i r  25th yea r .  During t h e  1979 S t r a i t  of Georgia 
f i s h e r y ,  t h e  average  s i z e  w a s  84 c m  and 102 c m  f o r  m a l e s  and 
females  r e s p e c t i v e l y .  
p a r t i c u l a r l y  s e n s i t i v e  t o  ove r f i sh ing ,  t h u s  t h e  h a r v e s t  must b e  
c a r e f u l l y  monitored. 

The young 

The d o g f i s h ' s  low rep roduc t ive  rate makes i t  

Dogfish have been f i s h e d  commercially f o r  over  100 yea r s ,  
beginning i n  t h e  1870's when t h e  l i v e r  and body o i l s  were used as a 
l u b r i c a n t  and f u e l  f o r  lamps. The major f i s h e r y  occurred between 
1937 and 1949 as  a r e s u l t  of a s t r o n g  market f o r  dogf i sh  livers as 
a source  of Vitamin A. From 1950 t o  about  1975 t h e  r e source  remained 
v i r t u a l l y  unexplo i ted .  New f o o d f i s h  markets  abroad,  i nc reased  dog- 
f i s h  l and ings  b r i e f l y  from 1976 t o  1979, b u t  poor 1980 markets  
reduced t h e  l and ings  once aga in .  Although a s i g n i f i c a n t  f i s h e r y  
s t i l l  occurs  w i t h i n  t h e  S t r a i t  of Georgia,  e lsewhere a long  t h e  c o a s t ,  
e s p e c i a l l y  i n  Hecate S t r a i t ,  t h e  s p e c i e s  remains unexplo i ted  and 
i n t e r f e r e s  w i t h  o t h e r  commercial E i she r i e s .  The impact of dogf i sh  
as a p reda to r  on o t h e r  groundf ish  and h e r r i n g  i s  no t  f u l l y  understood. 
L i t t l e  evidence exists t o  i n d i c a t e  t h a t  they a re  s e r i o u s  p r e d a t o r s  
of salmon. 

Rockfish 

Rockfish c o n s t i t u t e  a l a r g e ,  complex p o r t i o n  of w e s t  c o a s t  bottom- 
f i s h  r e sources .  
seven are of importance t o  t h e  domest ic  t r a w l  f i s h e r y .  A s  a group 
they are c h a r a c t e r i z e d  by slow growth; a prolonged per iod  of immatur- 
i t y  (11-13 y e a r s ) ;  an even longer  time t o  become commercially v i a b l e  
(13-15 y e a r s ) ;  an  extended l i f e  span i n  which, depending on s p e c i e s ,  
an age  of 50-60 y e a r s  i s  n o t  uncommon; and a n a t u r a l  m o r t a l i t y  rate 
which i n  most s p e c i e s  i s  probably less  than  5% pe r  annum. 

There are more than  30 s p e c i e s  of which a t  least 

Rockfish occupy a wide range  of dep ths ,  bu t  i n d i v i d u a l  s p e c i e s  
occupy more r e s t r i c t e d  ranges  from intex'mediate depths  on t h e  con- 
t i n e n t a l  s h e l f  (73-110 m) t o  t h e  upper c d n t i n e n t a l  s l o p e  (183-457 m). 
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The f r e q u e n t  o v e r l a p  of t h e i r  d i s t r i b u t i o n s  o f t e n  r e s u l t s  i n  
c o n f l i c t i n g  management p o l i c i e s  f o r  d i f f e r e n t  s p e c i e s .  The 
b a s i c  b i o l o g i c a l  parameters  of most r o c k f i s h  s p e c i e s  are  n o t  
w e l l  known, p a r t i c u l a r l y  t h e  r e l a t i o n s h i p  between spawning s t o c k  
and recru i tment .  It w a s  on ly  r e c e n t l y  t h a t  r o c k f i s h  (except  
P a c i f i c  ocean perch) warranted s t u d y  because of increased  economic 
importance t o  Canadian f ishermen).  Although composed of many age 
groups,  r o c k f i s h  s t o c k s  are  h i g h l y  v u l n e r a b l e  t o  o v e r - e x p l o i t a t i o n .  
Indeed, many were decimated dur ing  t h e  y e a r s  when uncont ro l led  
f o r e i g n  f l e e t s  w e r e  p r e s e n t  o f f  B r i t i s h  Columbia (1965-1976). 
P a r t i c u l a r l y  hard h i t  were t h e  s t o c k s  of P a c i f i c  ocean perch l o c a t e d  
o f f  Dixon Entrance,  o f f  t h e  w e s t  c o a s t  of Vancouver I s l a n d  and i n  
Queen C h a r l o t t e  Sound. C r i t i c a l  in format ion  on r e c r u i t i n g  r a t e s  
t o  determine t h e  s u s t a i n e d  l e v e l  of f i s h i n g  t o l e r a b l e  i s  s t i l l  
needed. 

P a c i f i c  Hake 

P a c i f i c  hake have o n l y  r e c e n t l y  (1979) begun t o  be  e x p l o i t e d  i n  
t h e  S t r a i t  of Georgia t o  meet t h e  demand f o r  less expensive white- 
f l e s h e d  f i s h .  Common a long  t h e  west c o a s t  of North America, s t u d i e s  
sugges t  t h e  e x i s t e n c e  of t h r e e  major s t o c k s  - one i n  t h e  S t r a i t  of 
Georgia,  a second i n  Puget Sound and t h e  t h i r d  i n  t h e  o f f s h o r e  
c o a s t a l  waters between t h e  Gulf of C a l i f o r n i a  and t h e  Gulf of Alaska 

Within t h e  S t r a i t  of Georgia,  hake spawn between March and May 
i n  t h e  deep w a t e r s  between Gabr io la  and Texada i s l a n d s  ( t h e  r e c e n t  
S t r a i t  of Georgia f i s h e r y  occurs  a t  t h i s  t ime) .  A f t e r  about e i g h t  
days,  t h e  p e l a g i c  eggs ha tch .  Most of t h e  l a r v a e  rear i n  t h e  
c e n t r a l  s t r a i t ,  feeding  on copepods o r  copepod eggs by e a r l y  summer. 
J u v e n i l e s  mature a t  f o u r  y e a r s ,  spawn, congrega te  b r i e f l y  i n  schools  
and then d i s p e r s e  by f a l l .  

Offshore ,  spawning o c c u r s  o f f  C a l i f o r n i a ,  a l though t h e  appearance 
of one and two year-olds  s u g g e s t s  t h e  p o s s i b i l i t y  of a l o c a l  s t o c k  
o f f  t h e  B.C. c o a s t .  Older ,  l a r g e r  i n d i v i d u a l s  ( f o u r  t o  s ix-year  + 
c l a s s e s )  predominate i n  t h e  n o r t h e r n  p o r t i o n s  of t h e  range. Eggs 
h a t c h  a f t e r  t h r e e  days and l a r v a l  feeding  commences by s p r i n g .  The 
a d u l t  d i e t  c o n s i s t s  c h i e f l y  of euphaus i ids  and sand l a n c e ,  bu t  may 
a l s o  i n c l u d e  h e r r i n g ,  smelt, anchovy and shrimp. Hake a re  be l ieved  
t o  b e  e s s e n t i a l l y  n o c t u r n a l  f e e d e r s .  

Adul t s  i n h a b i t  d e p t h s  from t h e  s u r f a c e  t o  900 metres, b u t  seem t o  
p r e f e r  t h e  midwaters i n  a s s o c i a t i o n  w i t h  d o g f i s h ,  t h e i r  major 
p r e d a t o r ,  and wal leye  pol lock .  
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Walleye po l lock  is a r e c e n t  foodf i sh .  I t  occurs  i n  both  mid- 
water and on t h e  bottom a t  in t e rmed ia t e  depths .  There appear  t o  
be  several s t o c k s  i n  t h e  Canadian zone, bu t  as y e t  t h e i r  i n t e r -  
r e l a t i o n s h i p s  are no t  f u l l y  understood. It i s  p o s s i b l e  t h a t  t h e  
a d u l t s ,  which spawn ( i n  midwater) i n  t h e  S t r a i t  of Georgia may 
make t h e i r  way ou t  of t h e  strait t o  t h e  w e s t  c o a s t  of Vancouver 
I s l a n d  i n  s p r i n g  and summer. Georgia S t r a i t  ag ing  r e s u l t s  
sugges t  t h e  e x i s t e n c e  of one s t o c k  from Texada t o  Po in t  Rober t s ,  
b u t  w i th  d i f f e r e n t  age  groups being harves ted  i n  t h a t  area. 

Like P a c i f i c  cod, po l lock  o f f  B r i t i s h  Columbia are nea r  t h e  
southern  l i m i t  of t h e i r  range.  Thei r  l i f e  span i s  r e l a t i v e l y  
s h o r t ;  m a t u r i t y  is  reached i n  2-4 yea r s ;  t h e r e  are as few as 3-5- 
year  c l a s s e s  i n  unexplo i ted  s t o c k s ;  n a t u r a l  m o r t a l i t y  rate is 
r e l a t i v e l y  high (45%) and t h e r e  a re  s u b s t a n t i a l  v a r i a t i o n s  i n  
recru i tment .  These f a c t o r s  produce much i n s t a b i l i t y  i n  t h e  popu- 
l a t i o n s ;  p r e d i c t i o n s  of abundance are d i f f i c u l t .  

Other F i n f i s h  

Herr ing 

Hourston 's  ex tens ive  1977 and 1982 b i b l i o g r a p h i e s  r e f e r e n c e  
r e p o r t s  d e s c r i b i n g  v a r i o u s  a s p e c t s  of t h e  B r i t i s h  Columbia h e r r i n g  
f i s h e r y ;  Hourston and Haegele (1980) d e s c r i b e  both  h e r r i n g - b i o l o g y  
and t h e  p a s t  and p r e s e n t  f i s h e r i e s .  
found i n  t h e  Sources s e c t i o n .  

Se lec t ed  r e f e r e n c e s  can b e  

The reopening of t h e  h e r r i n g  f i s h e r y  i n  1971 fo l lowing  t h e  l a t e  
1960 ' s  c o l l a p s e  brought  a changeover from reduc t ion  process ing  t o  
f o r e i g n  market ing of h e r r i n g  roe .  Herr ing ,  which have been tra- 
d i t i o n a l l y  i n t e r c e p t e d  on t h e i r  f a l l  mig ra t ion  r o u t e s  and hold ing  
grounds,  are now taken i n  win ter  o r  e a r l y  sp r ing  on t h e  immediate 
approaches t o  t h e i r  spawning grounds. Due t o  t h e  d i f f i c u l t y  i n  
t iming  t h e  h a r v e s t  t o  ensure  q u a l i t y  r o e  p l u s  t h e  e f f i c i e n c y  of 
t h e  f i s h e r y ,  a ve ry  s h o r t  bu t  ex tens ive  h a r v e s t  has  developed. The 
winter S t r a i t  of Georgia food f i s h e r y  focuses  on h e r r i n g  migra t ing  
t o  t h e  spawning grounds,  wh i l e  t h e  b a i t  f i s h e r y  co inc ides  wi th  t h e  
l o n g l i n e  food f i s h e r y .  As Table 29 i l l u s t r a t e s ,  commercial h e r r i n g  
f i s h i n g  on t h e  South Mainland Coast has  been i n i t i a l l y  non-exis ten t  
s i n c e  1977-78, w i th  only  minor prev ious  landings .  A n o t a b l e  ex- 
c e p t i o n  occurred dur ing  t h e  1983 Area 15 r o e  h e r r i n g  h a r v e s t ,  when 
3200 tons  were landed. The Copeland Islands-Lund area, Blubber Bay, 
t h e  Secret Cove v i c i n i t y  and Quarry, Green, Vananda and Blind bays 
have a l l  experienced p a s t  a c t i v i t y .  
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TABLE 29 HERRING FISHERY OF SOUTH MAINLAND COAST: ANNUAL (SHORT TONS) 
COMMERCIAL FISHERY CATCH, 1974 TO 1983 RELATIVE TO THE STRAIT 

OF GEORGIA-JUAN DE FUCA STRAIT SYSTEM 

* 
South Mah land  E a s t  Coast South Coast 

Coast Vancouver Is. Vancouver Is. 

Year I 5  1 6  13 1 7 , 1 7 , 1 8  19 ,  20 A l l  Areas 

Food and B a i t  F i she ry  ( s a l e s  +p l and ings )  

1975-76 10 141 1,018 4,270 
1976-77 39 539 4,953 
1977-78 29 4,055 10,654 
1978-79 1,831 11,719 
1979-80 2,300 2,114 

1981-82 100 6,074 
1982-83 50 1,288 

198 0- 8 1 100 5,995 

5,339 
1 0  5,541 

14,738 
13,550 

6,095 
6,174 
1,438 

5,525 

7,301 
- 
X 1 26 1,249 6,035 1 

Roe Herr ing  F i s h e r y  (sales slip l and ings /ha i l ed  

1974 2 69 
1975 49 4 91 
19.7 61 65 1 
1977 
1978 5 9% 17 
1979 
1980 
1981 
1982 
1983 3,200 

472 3,713 
367 5,834 
166 7,64317306 

12,723/12,004 
11,84711 2,812 

7,53715,500 
4,047 
9 , 907 
9,400 

12,233 

tonnages) 

4. 

7 , 306 
12,004 
12,812 
5 , 500 
4,047 
9 , 907 
9,400 

15,433 

'(1983- X 
Imiled~ 0 0 9,151 0 9 , 551 

land  ing  s 

* 
Other c o a s t a l  f o l i o  s t u d 3  areas f o r  comparfson. 
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The r e c r e a t i o n a l  h e r r i n g  f i s h e r y  c o n s i s t s  of two ac t iv i t i e s  - 
t h e  food h a r v e s t ,  and t h e  b a i t  f i s h e r y .  The food h a r v e s t  occu r s  
mainly du r ing  March o r  A p r i l  when t h e  h e r r i n g  congrega te  t o  spawn; 
50% of t h e  s p o r t  c a t c h  may be taken  a t  t h i s  t i m e .  The b a i t  
f i s h e r y  occur s  du r ing  t h e  remainder of t h e  yea r .  The fo l lowing  
1981 h e r r i n g  s p o r t  c a t c h  s ta t is t ics  (numbers of f i s h )  from t h e  
T i d a l  S p o r t f i s h i n g  Diary Program (Bi j s teweld ,  pe r s .  corn . ) ,  sugges t  
t h a t  t h e  South Mainland Coas t ' s  c o n t r i b u t i o n  is  minor. 

* 
South Mainland East Coast South Coast 

Coast Vancouver Is. Vancouver Is. 

15 16  1 3  14 ,  1 7 ,  18 19 ,  20 28, 29 A l l  Areas 

0 0 36,008 101,869 2,072 0 139,949 

* 
Other c o a s t a l  f o l i o  s tudy  areas f o r  comparison. 

H a b i t a t  Requirements 

Herr ing  spawning occurs  on a l i m i t e d  number of i n t e r t i d a l  and I :  

sha l low s u b t i d a l  areas s c a t t e r e d  throughout t h e  P a c i f i c  c o a s t .  
few areas appear t o  provide  s u i t a b l e  spawning h a b i t a t ,  t h o s e  which 
do are h e a v i l y  u t i l i z e d .  Herring spawn i n  win te r  and e a r l y  s p r i n g  
when s a l i n i t y  and tempera ture  are reduced. Adhesive eggs are e 
depos i t ed  onto  seaweeds, p r i m a r i l y  rockweed (Fucus),  Japweed 
(Sargassum), and e e l g r a s s  (Zos te ra ) .  The d e p o s i t i o n  of eggs can 
range  from above low water t o  10-15 m below. Due t o  p r e d a t i o n  by 
marine b i r d s  and i n t e r t i d a l  f i s h ,  and t o  t h e  d i s l o d g i n g  of egg-laden 
seaweed dur ing  s torms ,  egg s u r v i v a l  du r ing  t h e  two t o  three-week 
incuba t ion  per iod  does n o t  exceed 30%. 

While 

During t h e  larval phase,  m o r t a l i t y  i s  es t imated  t o  r each  99%. 
Evidence sugges t s  t h i s  i s  c h i e f l y  due t o  l a r v a e  being c a r r i e d  o f f -  
s h o r e  by s u r f a c e  c u r r e n t s ,  t h e  l a c k  of food (p lankton) ,  and p reda t ion .  
By summer, j u v e n i l e s  school  i n  shallow bays and i n l e t s ,  t y p i c a l l y  
n e a r  ke lp  beds ,  f eed ing  i n  s u r f a c e  waters a t  dawn and dusk on small 
zooplankton (copepods, euphaus i ids  add-amphipods). 

Near t h e  end of t h e i r  f i r s t  summer, h e r r i n g  m i g r a t e  from t h e  S t r a i t  
of Georgia v i a  t h e  Juan d e  Fuca S t r a i t  t o  o f f s h o r e  feeding  grounds,  
mainly o f f  t h e  lower w e s t  c o a s t  of Vancouver I s l a n d .  A s m a l l  number 
of h e r r i n g  remain behind t o  form minor r e s i d e n t  popula t ions .  The 
f a l l  r e t u r n  mig ra t ion  beg ins  i n  t h e i r  t h i r d  o r  f o u r t h  year .  S t r a i t  
of Georgia h e r r i n g  remain s e p a r a t e  from s t o c k s  elsewhere on t h e  
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c o a s t  dur ing  t h e i r  spawning migra t ions .  
r ec ru i tmen t  of t h e  f i s h e r y  s t o c k  must come from w i t h i n  t h e  
S t r a i t  system. 

Thus a l l  product ion  and 

Hourston and Leaman (1979) l i s t  t h e  l o c a l i t i e s  where h e r r i n g  
spawning has  been recorded t o  t h e  p re sen t .  
(pers .  corn . )  has  produced a series of maps and c h a r t s  d e p i c t i n g  
spawning ground u t i l i z a t i o n  by yea r s .  
Rearing S e r i e s  of t h e  Coas t a l  Resource F o l i o  shows those  South 
Mainland Coast areas more r e c e n t l y  u t i l i z e d .  
spawning i n t e n s i t y ,  t iming,  and l o c a l  h a b i t a t  c h a r a c t e r i s t i c s  are  
c u r r e n t l y  being analyzed by r e s e a r c h e r s  of t h e  P a c i f i c  B io log ica l  
S t a t i o n  ( F i s h e r i e s  and Oceans Canada). 

S i m i l a r l y ,  Haegele 

The F i s h  Spawning and 

H i s t o r i c a l  d a t a  of 

On i n d i v i d u a l  h e r r i n g  spawning grounds,  no clear r e l a t i o n s h i p  
exists between spawning i n t e n s i t y  and t h e  number of spawning days.  
Th i s  makes t h e  p r e d i c t i o n  of t h e  t iming and abundance of l o c a l ,  
i n d i v i d u a l  r o e  h e r r i n g  f i s h e r i e s  d i f f i c u l t .  

It is suggested t h a t  changes i n  p r e f e r r e d  spawning grounds are 
r e l a t e d  t o  broad-scale  v a r i a t i o n s  i n  environmental  cond i t ions .  It 
i s  n o t  known, however, i f  such s h i f t s  are t h e  r e s u l t  of changes i n  
h e r r i n g  migra tory  p a t t e r n s  o r  i n  v a r i a b l e  s u r v i v a l  rates f o r  
d i f f e r e n t  spawning grounds. 
from year  t o  year  appear  t o  b e  r e l a t e d  more t o  l o c a l  r a t h e r  than  
r e g i o n a l  environmental  cond i t ions .  

The d i f f e r e n c e s  i n  t i m e s  of spawning 

S h e l l f i s h  

Resource 

Bernard (1982) and F r a l i c k  and Ti l lapough (1979) review t h e  
c u r r e n t  p r o v i n c i a l  s h e l l f i s h  s t o c k s ,  f i s h e r y  and m a r i c u l t u r e  indus t ry .  
The South Mainland Coast suppor t s  a v a r i e t y  of s h e l l f i s h ,  i nc lud ing  
o y s t e r s ,  geoducks and o t h e r  clams, shrimps, prawns, and c rabs .  
Geoducks, o y s t e r s ,  and o t h e r  clams i n h a b i t  t h e  i n t e r -  or s u b t i d a l  
zones of v i r t u a l l y  a l l  t h e  s tudy  area i s l a n d s .  

Commercial a c t i v i t y  is  d iv ided  between t h e  less i n t e n s i v e  h a r v e s t  
of wi ld  s tocks  and i n t e n s i v e  m a r i c u l t u r e  concent ra ted  most ly  i n  
Okeover I n l e t .  P e n d r e l l  Sound has  been set a s i d e  as a r e s e r v e  f o r  
o y s t e r  s p a t  product ion  f o r  t h e  m a r i c u l t u r e  indus t ry .  The commercial 
c a t c h  s ta t i s t ics  f o r  1975 t o  1981 summarized i n  Table  30a show t h a t  
geoduck clams landed i n  t h e  s tudy  area composed 33% of t h e  r e g i o n a l  
t o t a l ,  wh i l e  a l l  o t h e r  clams landed composed 38% of t h e  t o t a l .  
c o n t r a s t ,  8% of t h e  o y s t e r s  shucked (both wi ld  and c u l t u r e d  o y s t e r s )  
i n  t h e  S t r a i t  of Georgia-Juan d e  Fuca S t r a i t  r eg ion  o r i g i n a t e d  from 
t h e  South Mainland Coast.  

I n  
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S h e l l f i s h  are  more commonly ha rves t ed  r e c r e a t i o n a l l y  nea r  
popu la t ion  c e n t r e s  o r  more a c c e s s i b l e  l o c a t i o n s .  
t i o n a l  s h e l l f i s h  l and ings  r e c e n t l y  have become a v a i l a b l e  through 
t h e  T i d a l  S p o r t f i s h i n g  Diary  Program (MacGregor, 1982; B i j s t e r w e l d ,  
1983). During 1981, 20 t o  22% of t h e  r e g i o n ' s  r e c r e a t i o n  clam, 
aba lone  and o y s t e r  l a n d i n g s  o r i g i n a t e d  from S t a t i s t i c a l  Areas 15 
and 1 6  (Table 30b). 

R e l i a b l e  r ec rea -  

Hab i t a t  Requirements 

Shrimps and Prawns 

F ive  shrimp and one prawn s p e c i e s  a re  f i s h e d  commercially i n  
B r i t i s h  Columbia waters. Although shrimp are found i n  a wide v a r i e t y  
of h a b i t a t s ,  from rock  t o  mud and p e l a g i c  t o  demersa l ,  they  a re  
a s s o c i a t e d  more f r e q u e n t l y  w i t h  t h e  s o f t e r  s u b s t r a t e s .  Shrimp are of 
g r e a t  v a l u e  t o  t h e  d i e t s  of commercial f i s h ,  marine m a m m a l s ,  and 
l a r g e  i n v e r t e b r a t e s .  I n  t u r n ,  shrimp prey  upon o t h e r  c r u s t a c e a n s ,  
many types  of i n v e r t e b r a t e s ,  and r e c y c l e  dead o r  decaying o rgan ic  
matter. No d e t a i l e d  e c o l o g i c a l  s t u d i e s  exist  because of d i f f i c u l t i e s  
i n  s p e c i e s  i d e n t i f i c a t i o n .  

Commercial shrimp are  f i s h e d  mainly by trawls over  muddy o r  sandy 
bottoms i n  95 t o  135 metres of water, whereas prawns are taken  a lmost  
e x c l u s i v e l y  by t r a p s .  Both shrimps and prawns a re  f i s h e d  throughout 
t h e  y e a r ,  a l t hough  t h e i r  r e s p e c t i v e  h a r v e s t s  peak i n  summer and s p r i n g .  
Within t h e  South Mainland Coas t ,  shrimp t r awl ing  is  confined t o  t h e  
waters n o r t h e a s t  of Savary and Hernando i s l a n d s .  I n  c o n t r a s t ,  prawns 
a re  trapped throughout t h e  s tudy  area. S ince  1976, prawn t r a p  v e r s u s  
shrimp t r a w l  l and ings  p r o v i n c i a l l y  have inc reased  from 2% t o  54% of 
t h e  t o t a l  l and ings .  
l and ings  a r e  from Area 16. Rec rea t iona l  h a r v e s t i n g  i n  A r e a s  15 and 1 6  
f o r  1981 ( t h e  on ly  year  f o r  which d a t a  a r e  a v a i l a b l e )  w a s  minimal. 

The m a j o r i t y  of t h e  area shrimp and prawn 

C l a m s  

The manila clam l i v e s  on mud-gravel beaches a t  about t h e  mid-tide 
mark wh i l e  i t s  c l o s e  r e l a t i v e ,  t h e  n a t i v e  l i t t l e n e c k  c l a m ,  i s  
t y p i c a l l y  found i n  a mix tu re  of f i n e  sand, s h e l l  and g r a v e l  i n  t h e  
lower h a l f  of t h e  i n t e r t i d a l  zone. The main popu la t ions  of t h e  l a r g e  
geoduck c l a m  are found i n  s u b t i d a l  sand o r  mixed sand-mud, b u t  can 
a l s o  b e  found i n  t h e  lower p a r t  of a n  i n t e r t i d a l  beach. The b u t t e r  
clam i s  found i n  many types  of sediments b u t  is  most abundant i n  t h e  
lower t h i r d  of t h e  i n t e r t i d a l  zone of beaches and b a r s  composed of 
a mix tu re  of sand, broken s h e l l  and g r a v e l .  

Considered e i t h e r  as a group o r  by s p e c i e s ,  t h e  commercial clam 
h a r v e s t  of t h e  South Mainland Coast c o n t r i b u t e s  33% of t h e  geoducks, 
53% of t h e  Japanese  l i t t l e n e c k  o r  manila clams, and 64% of "mixed" 
clams (Table 30a) t o  t h e  r e g i o n a l  t o t a l .  Returns  from t h e  recrea- 
t i o n a l  f i s h e r y  dur ing  1981 (Table 30b) t o t a l l e d  22% of t h e  r e g i o n a l  
ca t ch .  
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Crab 

The edib-2 c r a b  l i v e s  on f i r m  sanl from t h e  low t i d e  mark t o  as 
deep as 190 metres. Spawning occurs  i n  la te  f a l l  o r  e a r l y  win ter  
w i th  eggs be ing  c a r r i e d  by t h e  female u n t i l  ha tch ing  i n  t h e  sp r ing .  
Crab larvae s w i m  f r e e l y  among p lankton  f o r  t h r e e  o r  more months 
b e f o r e  s e t t l i n g  t o  t h e  bottom. The a d u l t  d i e t  i nc ludes  clams, 
marine worms and small f i s h .  The P a c i f i c ,  e d i b l e  o r  Dungeness 
c r a b  is g e n e r a l l y  t rapped on t h e  bottom i n  less than  38 m of water. 

Limited c r a b  h a b i t a t  exists w i t h i n  t h e  s tudy  area. Although 
h i s t o r i c  c o n c e n t r a t i o n s  have been r epor t ed  i n  t h e  Thormanby I s l a n d s  
area, Porpo i se  Bay i s  t h e  only  commercial h a r v e s t  area. Tables  30a 
and 30b record  t h e  commercial and r e c r e a t i o n a l  l and ings  from a 
l o c a l  and r e g i o n a l  pe r spec t ive .  

Oys ters  

P a c i f i c  o y s t e r s  normally i n h a b i t  i n t e r t i d a l  f l a t s  of f i r m  mud, 
sand,  o r  g r a v e l ,  a l though they  are o f t e n  grown commercially a t  t h e  
lowes t  t i d a l  levels. Oys te r s  r e q u i r e  r e l a t i v e l y  s h e l t e r e d  surround- 
i n g s  t o  prevent  being d is lodged  o r  bur ied  i n  t h e  sediment.  
Following r ep roduc t ion ,  t h e  microscopic  larvae o r  s p a t  ( e s s e n t i a l l y  
m i n i a t u r e  unshe l led  a d u l t s )  se t t le  on t o  s u i t a b l e  s u r f a c e s  (a  p rocess  
known as s p a t f a l l ) .  P e n d r e l l  Sound has  t h e  on ly  c o n s i s t e n t l y  l a r g e  
s p a t f a l l  i n  t h e  s tudy  area and has ,  t h e r e f o r e ,  been des igna ted  as  
a S h e l l f i s h  Reserve. 

Commercial permit  h a r v e s t i n g  of wi ld  s t o c k s  (o the r  than  in 
P e n d r e l l  Sound) is l i m i t e d  t o  s c a t t e r e d  popu la t ions  s u s t a i n e d  through 
l o c a l  s p a t f a l l s .  Most wi ld  s t o c k s  are r e se rved  f o r  t h e  r e c r e a t i o n a l  
h a r v e s t  . 

The commercial s h e l l f i s h  i n d u s t r y ,  t h e r e f o r e  c o n c e n t r a t e s  on 
a r t i f i c i a l  p ropagat ion  o r  m a r i c u l t u r e  which provides  a v a r i e t y  of 
s u r f a c e s  (o r  c u l t c h )  on which s p a t  from P e n d r e l l  Sound can  s e t t l e  
and grow. Commercial p roduct ion  f o r  1975 t o  1980 and r e c r e a t i o n a l  
l and ings  f o r  1981 are presented  i n  Tables  30a and 30b r e s p e c t i v e l y .  
Area 15 l and ings  dominated t h e  commercial h a r v e s t ,  probably r e f l e c t i n g  
t h e  d i s t r i b u t i o n  of m a r i c u l t u r e  leases, whereas Area 1 6  l and ings  
dominated t h e  r e c r e a t i o n a l  h a r v e s t ,  l i k e l y  r e f l e c t i n g  t h e  d i s -  
t r i b u t i o n .  Foreshore leases f o r  m a r i c u l t u r e  are shown on t h e  
accompanying Land/Water S t a t u s  Map series. 



TABLE 3Oa SHELLFISH FISAERY OF SOUTH MAINLAND COAST: AVERAGE ANNUAL COMMERCIAL CATCH (NEAREST TONNE) 
OF MAJOR SPECIES, 1975 TO 1981, RELATIVE TO THE STRAIT OF GEORGIA-JUAN DE FUCA STRAIT SYSTEMS 

* 
South East Coast South Coast  

Species  
Mainland Coast Vancouver Is. Vancouver Is. 

15 16  1 3  14,17,18 19 ,  20 28 29 T o t a l  A l l  Areas 

4 31  1 2  62 9 66 70 2 54 
a Shrimp and prawns 

But te r  clam 2 1 7 115 5 
Japanese l i t t l eneck(Mani1a)  138 16  44 82 1 2  
Nat ive  l i t t l e n e c k  20 14  43 50 1 0  
Mixed clamsc 39 23 19  1 2  5 

130 
292 
137 

98 

To ta l  C l a m s  199 54 113 321 3 2  66 70  

Geoduck clam (1977-1981) 14 2 108 64 359 86 

Abalone 1 4 

Crabs 3 2 58 74 33 249 

Oysters  (1975-1980) 5 1 51 1 8  b 

Sea urchins  (1979 only)  266 47 

657 

7 59 

5 

419 

75 

313 

NOTES: a 

b 

C 

* 

captured p r imar i ly  by t r a p  

1981 d a t a  unava i l ab le  by S t a t i s t i c a l  Area. Catch expressed i n  n e a r e s t  1000 U.S. g a l l o n s  shucked. 
Inc ludes  both  c u l t u r e d  (from leases) and wild o y s t e r s  (from permi ts ) .  

Inc ludes  a l l  o t h e r  spec ie s .  

Other c o a s t a l  f o l i o  s tudy  areas f o r  comparison. 

SOURCE: Canada, Department of F i s h e r i e s  and Oceans. 1975-1981. B r i t i s h  Columbia ca t ch  s ta t i s t ics  (annual 
r e p o r t s ) .  Vancouver. 



TABLE 30b RECREATIONAL SHELLFISH FISHERY OF SOUTH MAINLAND COAST (NUMBERS) FOR 1981 RELATIVE TO 
THE STRAIT OF GEORGIA-JUAN DE FUCA STRAIT SYSTEM 

East Coast* . South Coast  
South Mainland Coast Vancouver Is. Vancouver I s .  - - .  

S p e c i e s  1 5  1 6  13 14,17,18 19 ,  20 28, 29 To ta l  A l l  Areas 

Shrimps and prawns 4,260 19,132 5,477 28,869 

C l a m s  8,327 69,903 17,151 238,544 14,342 1,043 349,310 

Abalone 274 2,125 7,953 691 11,043 

Crabs 

Oysters  

6,037 5,719 58,976 31,753 27,240 129 , 725 

1,556 63,666 20,585 234,731 5,454 7 , 546 333,538 

Other 274 2,058 46,461 48,793 

* 
Other c o a s t a l  r e source  f o l i o  s tudy  areas f o r  comparison. 

SOURCE: B i j s t e r v e l d ,  L. 1983. Personal  communication. T ida l  s p o r t  f i s h i n g  d i a r y  program d a t a .  
Canada, Department of F i s h e r i e s  and Oceans, Vancouver. 
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I n  t h i s  r e p o r t ,  common names are used throughout  but ,  i n  o r d e r  t o  
avoid confus ion ,  t h e  s c i e n t i f i c  names a r e  g iven  below. Common names of f i s h  are  
t h c s e  of Hart  ( 1 9 7 3 ) ,  shr5mp of Butler ( 1 9 8 0 ) ,  and clams of Quayle and Bourne 
( 1 9 7 2 ) .  

Sa lnon 

Ch urn Oncorhynchus keta 
Chinook 0. tshawytscha 

Coho 
Pink  0. gorbuscha 
Sockeye 0. nerka 
C o a s t a l  C u t t h r o a t  trout 
S t e e l h e a d  S. gairdneri 

P a c i f i c  h e r r i n g  

0. kisutch 

S a l m  clarki clarki 

C1 upea p a l  1 a s i  i 

Groundfish/Mi dwater Fish  

P a c i f i c  cod 
Walleye p o l l o c k  
P a c i f i c  hake 
Tomcod 

S l e n d e r  s o l e  
E n g l i s h  (Lemon) so l e  
F l a t h e a d  s o l e  
Rex s o l e  
Rock s o l e  
Dover s o l e  
Sand s o l e  
Arrowtooth f l o u n d e r  
B u t t e r  s o l e  
S t a r r y  f l o u n d e r  
Speckled sanddab 
P a c i f i c  h a l i b u t  
Rockfish 
Spiny Dogfish 
Ling cod 

Gadus macrocephalus 
Theragra chal cogramna 
Nerl ucci us product us 
Mocrogadus proximus 

Lyopsetta exilis 
Parophys vetulis 
Hippoglossoides elzssodon 
G1 ytocephal us zachirus 
Lepidopsetta bilineata 
Microstomus pacificus 
Psettichthys me1 anostictus 
Atheresthes stomias 
Isopset ta i sol epi s 
Platichthys stellatus 
Ci tha ri ch t hus  s t i p a  e us 
Hippogl ossus st enole psis 
Scorpaeni dae 
Squal us ocanthi as 
Ophi odon el onga t us 
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S h e l l f i s h  

Prawn 
Shrimp 

E d i b l e  (Dungeness) c r a b  

Razor clam 
B u t t e r  clam 
Nani la  clam 
L i t t l e n e c k  clam 
Horse clam 
Geoduck clam 

Oyster 

Sea l j r ch in  

Mussels 

Red s q u i d  
Opal s q u i d  

oc topus  

Ab a l o n e  

P a n d a l u s  P l a t y c e r o s  
P .  j o r d a n i  
P, b o r e a l i s  
P .  h y p s i n o t u s  
P .  d a n a e  

Panda1  opsis d i  s p a r  

C a n c s r  m a g i s t e r  

S i l i q u a  p a t u l a  
S a x i d o n u s  g i g a n t e u s  
V e n e r u p i s  j a p o n i c a  
P r o t  o t h a c a  s t a m i  n e a  
T r e s u s  c a p a x  
P a n o p e  g s n e r o s a  

C r a s s o s t r e a  g i g a s  

S t r o n g y l  ocent rotus f r a n c i s c a n u s  

M y t i l  u s  e d u l  i s  

a e r y  t e u t h i  s magi st er 
Loligo o p a n e s c e n s  

o c t o p u s  spp -  

H a l i o t u s  r u f e s c e n s  

U 
0 
U 
U 
U 
u 
u 
u 
U 
0 
0 
0 
U 
0 
U 
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5.5 RECREATIONAL RESOURCES 

P 
0 
P 

0 
U 
0 

0 
D 
O 

The Sunshine Coast provides  abundant o p p o r t u n i t i e s  f o r  outdoor 
r e c r e a t i o n .  There are numerous bays,  ha rbour s ,  s c e n i c  s h o r e l i n e s ,  sho re  p rocess  
f e a t u r e s  and wi lde rness  areas t o  a t t r a c t  r e c r e a t i o n a l i s t s .  Although n o t  
abundant, t h e r e  are  l a r g e  sandy beaches w i t h i n  t h e  s tudy  area t h a t  are h e a v i l y  
used dur ing  t h e  summer months. The backshore c l e a r i n g s  are important f o r  camping 
and upland a c t i v i t i e s  f o r  b o a t e r s  and are, i n  some areas, t h e  only  means of 
a c c e s s  t o  t h e  shorezone. The major harbours  are  developed b u t  s t i l l  provide  a 
s u i t a b l e  environment f o r  viewing, n a t u r e  a p p r e c i a t i o n ,  and boa t ing ;  f u r t h e r ,  
many of t h e  rocky c o a s t s  c o n t a i n  a d i v e r s i t y  of marine l i f e  t h a t  a t t r ac t s  d i v e r s .  
Most of t h i s  c o a s t  i s  r a t e d  by t h e  Canada Land Inventory  a s  having moderate t o  
ve ry  high c a p a b i l i t y  f o r  outdoor r e c r e a t i o n  (Canada, Department of Environment, 
1978). 

5 .5 .1  COMPETITION FOR SPACE AND RESOURCES 

Competing f o r  t h e  r e s o u r c e s  of t h e  s tudy  area a r e  r e c r e a t i o n a l i s t s  
from l o c a l  communities, Greater Vancouver, and t h e  i n f l u x  of t o u r i s t s .  Cur ren t ly ,  
tour i sm w i t h i n  t h e  S t r a i t  of Georgia r e g i o n  adds almost two m i l l i o n  people  
annua l ly .  I n  1979, about 83 thousand households w i t h i n  t h e  r e g i o n  owned one o r  
more r e c r e a t i o n a l  boa t s ;  a l s o  i n  1973, n e a r l y  t e n  thousand t o u r i s t  b o a t e r s  
v i s i t e d  t h e  c o a s t a l  waters of t h e  S t r a i t .  By 1985, t h e  b o a t e r  popu la t ion  i s  
expected t o  i n c r e a s e  by 32% (Eby, 1979);  t h e  demand f o r  boa t ing  f a c i l i t i e s  and 
a s s o c i a t e d  c o a s t a l  r e c r e a t i o n  areas may be  equa l ly  h igh  i n  view of t h e  p r o j e c t e d  
popu la t ion  growth. 

Doubt less ,  compet i t ion  f o r  r e sources  w i l l  be  mani fes ted  a t  t h r e e  
l e v e l s :  a )  between major c l a s s e s  of a c t i v i t i e s  ( i . e .  r e c r e a t i o n a l  u se  of shore- 
l i n e s  v s  i n d u s t r i a l  development), b )  between sub-groups w i t h i n  one a c t i v i t y  
( i . e .  r e c r e a t i o n a l  boa t  n o i s e  v s  s h o r e l i n e  r e c r e a t i o n a l  c o t t a g e  a r e a s ) ,  and c )  
between i n d i v i d u a l s  w i t h i n  one sub-group ( i . e .  crowding a t  campsi tes  o r  beaches) .  
E f f o r t s  t o  accommodate t h e  i n c r e a s e  i n  r e c r e a t i o n  demands may i n c l u d e  myriad 
forms of management approaches,  b u t  as  evidence from o t h e r  j u r i s d i c t i o n s  shows, 
on ly  by r e s e r v i n g  a range  of r e c r e a t i o n a l  areas, (from v i r g i n  wi ld  land  t o  high- 
u s e  si tes managed accord ing  t o  m u l t i p l e  o r  compatible-use p r i n c i p l e s ) ,  w i l l  a l l  
r e c r e a t i o n a l  needs be s a t i s f i e d .  

The compet i t ion  f o r  space  and r e sources  i s  c u r r e n t l y  most a c u t e  
i n  s e v e r a l  of t h e  n a t u r a l  harbours.  I n d u s t r i a l  developments, commercial 
o p e r a t i o n s  and r e s i d e n t i a l  developments are  o f t e n  a t t r a c t e d  t o  t h e s e  areas 
because of t h e  degree  of c o a s t a l  p r o t e c t i o n  provided ,  and by t h e  economics of 
c o n s t r u c t i o n .  While much of t h e  f o r e s h o r e  of t h e  s tudy  c o a s t l i n e  remains un- 
a l i e n a t e d ,  numerous au tho r i zed  and unauthor ized  s t r u c t u r e s  have been cons t ruc t ed .  
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These s t r u c t u r e s  i n c l u d e  c o n c r e t e  ramps f o r  boa t  launching ,  wharves, f l o a t s ,  
and f l o a t i n g  b u i l d i n g s  t i e d  t o  t h e  fo re shore .  Occas iona l ly ,  evidence of 
excavat ion  and l e v e l l i n g  by machines is  found i n  t h e  i n t e r t i d a l  areas. These 
occurrences  may b e  i n c i d e n t a l  t o  backshore c o n s t r u c t i o n  p r o j e c t s ,  o r  t h e  
r e s u l t  of p r i v a t e  i n d i v i d u a l s  us ing  i n t e r t i d a l  materials f o r  p e r s o n a l  p r o j e c t s .  

While many impor tan t  r e c r e a t i o n a l - r e s o u r c e s  a r e  c u r r e n t l y  p r o t e c t e d  
from a l i e n a t i o n  w i t h i n  t h e  c o a s t a l  zone, u n o f f i c i a l  areas c u r r e n t l y  i n  use ,  
as w e l l  as t h o s e  w i t h  s i g n i f i c a n t  p o t e n t i a l  ( i nc lud ing  scuba d i v i n g  sites, 
s h o r e  p rocess  f e a t u r e s ,  beaches,  backshore camping areas, and r e c r e a t i o n a l  
r i v e r s ) ,  remain unpro tec ted .  With t h e  p r e d i c t e d  popu la t ion  growth, compet i t ion  
f o r  many of t h e  areas w i l l  d o u b t l e s s  i n c r e a s e .  For i n s t a n c e ,  expansion of 
c u r r e n t  u s e s  such as l o g  s t o r a g e ,  commercial f i s h i n g ,  s h o r e l i n e  r e s i d e n t i a l  
development, and commercial and i n d u s t r i a l  c o n s t r i c t i o n  on t h e  f o r e s h o r e  o r  
backshore zones preempts r e c r e a t i o n a l  u s e  as e f f e c t i v e l y  as  numerous l i cenced  
water withdrawals from r i v e r s  p reven t  r i v e r  boa t ing  o r  f i s h i n g .  Beaches become 
a l i e n a t e d  through overuse  (crowding), misuse (veh icu la r  t r a f f i c )  , i n a p p r o p r i a t e  
u s e  ( excava t ion ) ,  o r  i n d i r e c t l y  by t h e  i n t e r r u p t i o n  of t h e  longshore  sediment 
t r a n s p o r t  system t h a t  f e e d s  beaches.  It i s  obvious t h a t  p r o t e c t i o n  of unique, 
r e c r e a t i o n a l l y  v a l u a b l e  sites must occur  r e l a t i v e l y  soon whi l e  they  s t i l l  
remain, and wh i l e  t h e  c o s t s  of a c q u i s i t i o n  are n o t  p r o h i b i t i v e .  

5.5.2 ACCESS 

One of t h e  most p r e s s i n g  c o a s t a l  zone problems of o t h e r  j u r i s d i c t i o n s  
(e.g. C a l i f o r n i a ,  Sweden) is t h e  l a c k  of p u b l i c  access t o  t h e  s h o r e l i n e .  A l -  
though much of t h e  s tudy  s h o r e l i n e  is  a c c e s s i b l e  t o  t h e  p u b l i c ,  many r e g i o n s  
are v i r t u a l l y  i n a c c e s s i b l e .  A aombination of p r i v a t e  w a t e r f r o n t  ownership, 
heavy f o r e s t  cover and rock  c l i f f s  p rec ludes  t h e  u s e  of many p o t e n t i a l  rec-  
r e a t i o n a l  areas by t h e  non-boating p u b l i c .  S i m i l a r l y ,  marinas w i t h  s e c u r i t y  
f ences ,  and a d j a c e n t  commerc ia l - indus t r ia l  developments e i t h e r  p h y s i c a l l y  
p reven t  access o r  r ende r  t h e  s i t e  p h y s i c a l l y  u n a t t r a c t i v e  f o r  r e c r e a t i o n a l  
purposes.  I n  o t h e r  c o a s t a l  areas, a c c e s s  t o  t h e  water i s  e i t h e r  unmarked o r  
inadequate  f o r  v e h i c l e s  and p e d e s t r i a n s .  
i n t e r t i d a l  f l a t s  of major e s t u a r i e s  s i m i l a r l y  p reven t s  t h e i r  unobs t ruc ted  
enjoyment w h i l e  a l s o  reducing  t h e  h a b i t a t  of r e c r e a t i o n a l  w i l d l i f e  s p e c i e s .  
Backshore developments and f o r e s h o r e  leases d e s t r o y  t h e  wi lde rness  concept 
and t h e  a e s t h e t i c s  of many s e c t i o n s  of s c e n i c  c o a s t .  While many m i l e s  of 
unobs t ruc ted  s h o r e l i n e  remain f o r  r e c r e a t i o n i s t s  wishing t o  en joy  t h e  scenery  
and b i o t a  of t h e  c o a s t a l  zone i n  s o l i t u d e  and beyond s i g h t  of human a c t i v i t i e s ,  
t h e  i s s u a n c e  of new f o r e s h o r e  leases i n t o  new areas could i n  t i m e  e l i m i n a t e  
a l l  v e s t i g e s  of i s o l a t i o n  i n  t h e  s tudy  area. 

Log booming and s t o r a g e  on t h e  
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5.5.3 POLLUTION 

Marine water q u a l i t y  i n  t h e  s tudy  r e g i o n  c u r r e n t l y  r e s t r i c t s  
r e c r e a t i o n a l  a c t i v i t i e s  i n  l o c a l  areas. Sewage o u t f a l l s  from m u n i c i p a l i t i e s  
and c i t i e s  are  r e s p o n s i b l e  f o r  numerous s h e l l f i s h  c l o s u r e s  a long  t h e  c o a s t .  
Boat wastes i n  n a t u r a l  harbours ,  mar inas ,  as w e l l  as wharves c o n t r i b u t e  t o  
l o c a l  s h e l l f i s h  h a r v e s t i n g  r e s t r i c t i o n s .  Sewage d ischarged  from recrea- 
t i o n a l  b o a t s  i n  open waters i s  no t  y e t  i d e n t i f i e d  as  problemat ic ,  a l t hough  
s e v e r a l  h e a v i l y  used anchorages (e.g.  Deso la t ion  Sound) evidence poor v i s u a l  
and a e s t h e t i c  w a t e r  q u a l i t y .  

Water c o n t a c t  s p o r t s  ( i . e .  swimming) conducted i n  areas of con- 
tamina t ion  pose d e f i n i t e  h e a l t h  r i s k s  t o  r e c r e a t i o n i s t s .  Leachates  from l o g  
booming and s t o r a g e ,  and e f f l u e n t  from c o a s t a l  i n d u s t r i e s  t h r e a t e n  t h e  
r e c r e a t i o n a l  v a l u e  of c o a s t a l  waters by j eopa rd iz ing  t h e  i n t e g r i t y  of c o a s t a l  
ecosystems. The consumption of marine and i n t e r t i d a l  b i o t a  are  impor tan t  
r e c r e a t i o n a l  a c t i v i t i e s  i n  t h i s  area; water q u a l i t y ,  t h e r e f o r e ,  i s  of g r e a t  
concern. I n  many i n s t a n c e s ,  t h e  c o s t s  of p o l l u t i o n  are e x t e r n a l  t o  t h e  
o r i g i n a t i n g  sources  and are thus  borne by t h e  r e c r e a t i o n a l  community. 

5.6 PHYSICAL PROCESSES AND ENERGY 

5.6.1 REGIONAL WAVE CLIMATE 

An unders tanding  of t h e  p o t e n t i a l  f o r  a body of water t o  produce 
waves under c e r t a i n  c o n d i t i o n s  i s  impor tan t  from s e v e r a l  p o i n t s  of view: 

Engineers are concerned w i t h  wave e f f e c t s  on c o a s t a l  s t r u c t u r e s  
such as breakwaters o r  wharves, as  w e l l  as sed imenta t ion  of harbours .  

P l anne r s  are  concerned wi th  wave e f f e c t s  on c o a s t a l  b l u f f s ,  t h e  
p r o b a b i l i t y  of i nunda t ion  du r ing  s torms ,  and t h e  v u l n e r a b i l i t y  of 
c e r t a i n  sho re  forms, such as s p i t s ,  t o  e ros ion .  

R e c r e a t i o n a l i s t s  a r e  concerned w i t h  t h e  s t a b i l i t y  of c o a s t a l  
b l u f f s  and beaches ( f r o n t i n g  r e c r e a t i o n a l  p r o p e r t i e s ) ,  marina 
p r o t e c t i o n ,  and t h e  maintenance of sandy beaches. 

The fo l lowing  d i s c u s s i o n  does n o t  a t t empt  t o  cover t h e  c u r r e n t  s t a t e  
of t h e  a r t  i n  wave theo ry ,  bu t  i n s t e a d  reviews what is  known about t h e  wave 
c h a r a c t e r i s t i c s  o€  t h e  s tudy  area. 
j ec t ,  Bascom (1980) and Thomson (1981) are  e x c e l l e n t  laymen's t e x t s .  
s c i e n t i f i c  works of Canadian c o n d i t i o n s ,  r e p o r t s  by t h e  A s s o c i a t e  Committee 
f o r  Research on Shore l ine  Eros ion  and Sedimentation (ACROSES) (1980, 1983) 
and McCann (1980) are a v a i l a b l e .  Thomson (1974-1977) has  w r i t t e n  a n  e x c e l l e n t  
series of a r t i c l e s  as w e l l  a s  a t e x t  (Thomson, 1981) on t h e  oceanography of 
t h e  s tudy  area. 
F o l i o  p rov ides  a sununary of t h e  s t a t u s  of knowledge of wave climate f o r  t h e  
wes tern  S t r a i t  of Georgia (Environment Canada, Lands D i r e c t o r a t e ,  1981).  

For f u r t h e r ,  g e n e r a l  r ead ing  on t h e  sub- 
For 
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Most of t h e  wave climate and wave 
have been concent ra ted  on t h e  e a s t e r n  sho re  
and Campbell i v e r .  Knowledge obta ined  from 
can be a p p l i e d  t o  t h e  p r e s e n t  s tudy  area. 

energy s t u d i e s  i n  t h e  s t r a i t  
of Vancouver I s l a n d  between V i c t o r i a  
t h e s e  s t u d i e s ,  i n  some i n s t a n c e s ,  

i )  

i i )  

i i i ; )  

Wave Height 

Wave h e i g h t  is  a f u n c t i o n  of t h r e e  v a r i a b l e s .  

Wind s t r e n g t h  - t h e  speed of t h e  gene ra t ing  wind. 

Wind d u r a t i o n  - t h e  t i m e  t h e  gene ra t ing  wind has  been blowing 
a t  a p a r t i c u l a r  &peed. 

Fe tch  - t h e  unobs t ruc ted  area of water over which t h e  
gene ra t ing  wind can blow. 

Wind S t r eng th  

* 2 Calcu la t ed  from formula f o r  wind pressur.e:  P = CV 
where 
C - c o n s t a n t ,  .0027; V - maximum hour ly  wind v e l o c i t y  and P - v e l o c i t y  p r e s s u r e ;  
so lved  f o r  V.  (NRC, 1975) 

Owens (1980) n o t e s  t h a t  t h e  d i r e c t i o n  of t h e  s t r o n g e s t  winds is  more 
s i g n i f i c a n t  t o  wave gene ra t ion  than  p r e v a i l i n g  wind p a t t e r n s .  For 
c o a s t a l  B r i t i s h  Columbia t h e  s t r o n g e r  winds g e n e r a l l y  occur i n  win te r .  
F igu res  1 2  and 1 3  d i s p l a y  t h e  pe rcen tage  frequency of winds over 30 km/ 
hour f o r  two r e p r e s e n t a t i v e  s t a t i o n s :  Bal lenas  L i g h t s t a t i o n  and Merry 
I s l a n d .  Here, winds from t h e  s o u t h e a s t e r l y  quadrant  dominate i n  a l l  
seasons.  The lower no r thwes te r ly  component could r e f l e c t  t h e  s h e l t e r i n g  
e f f e c t s  of Texada and Lasque t i  i s l a n d s .  Regard less ,  over open water, t h e  
less f r equen t  no r thwes te r ly  maximums can approach t h e  s t r e n g t h  of t h e  
s o u t h e a s t e r l i e s  (Schaefer ,  1983 p e r s .  comm.). This  w a s  v e r i f i e d  ear l ie r  
by Guenther .and Faulkner (1979). They compared a l l  t h e  s t a t i o n  r e c o r d s  
f o r  t h e  S t r a i t  of Georgia and concluded: 

... t h a t  t h e  s t r o n g e s t  recorded winds a t  most s t a t i o n s  i n  t h e  S t r a i t  are 11 

s o u t h e a s t e r l y ,  bu t  i n  some months, f o r  example January ,  a t  Ent rance  I s l a n d ,  
t h e  s t r o n g e s t  winds are nor thwes ter ly" .  The f i g u r e s  a l s o  i d e n t i f y  t h e  
s t r o n g e s t  winds observed a t  each of t h e  s t a t i o n s .  I n  both  c a s e s ,  they 
are from t h e  s o u t h e a s t e r l y  quadrant and r e p r e s e n t  t h e  observed extremes 
f o r  t hose  s t a t i o n s .  

The Na t iona l  Bui ld ing  Code sets s t r u c t u r a l  requi rements  f o r  a l l  
b u i l d i n g s  i n  Canada. One of t h e  requi rements  i d e n t i f i e d  i s  wind f o r c e ;  
a l l  s t r u c t u r e s  must wi ths tand  t h e  s p e c i f i e d  f o r c e  as a minimum. The f o r c e s  
are c a l c u l a t e d  as p r o b a b i l i t i e s  of be ing  exceeded i n  any one yea r .  
are based on hour ly  wind speeds wi th  a 1 i n  10 ,  30 and 100 chance of be ing  
exceeded (NRC, 1975).  Powell River i s  t h e  on ly  s t a t i o n  i n  t h e  s tudy  area 
t o  have c a l c u l a t e d  v a l u e s  : 

They 

* 
a )  1 i n  1 0  92 h / h r  
b) 1 i n  30 105 km/hr 
c )  1 i n  100 119 h / h r  
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Figure 12 . Percentage Frequencies of Hours with Wind Speeds 30 km/ hr (17 knots) or Greater 
for Ballenas Lightstation (1967 - 80) 

n 

WINTER SPRING SUMMER 

SOUTHEASTERLY 
(S,SE ,E) 

NORTHWESTSRLY 
(N,NW,W) 

STRONGEST WIND 
E 81 km/ hr (44 knots) 

FALL 

SOURCE: Canada, Department o f  I’:nvironment, 1.982. Canadi;in C1.imcite Normals 1951-1980- Wind. Volume 5. 
A t m o s p l i e r i  c E n v i r o n m e n t  Serv ice .  Downsv-iew. 



Figure 13 . Percentage Frequencies of Hours with Wind Speeds 30 km/ hr (17 knots) or Greater 
for Merry Island (4963-80) 

INTER SPRING SUMMER 

SOUTHEASTERLY 0 (§,SE,E) 

THWESTERLY 

FALL 

SOURCE: Canada, Department of Environment, 1982. Canadian C l i m a t e  Normals 1951-1980-Wind. Volume 5. 
Atmospheric Environment Se rv ice .  Downsview. 
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S t a t i s t i c a l l y ,  then,  very  s t r o n g  winds are p o s s i b l e .  A l l  t h e  v a l u e s  
c i t e d  r e p r e s e n t  t h e  more exposed c o a s t s  of t h e  s tudy  area. Winds i n  more 
s h e l t e r e d  areas are h i g h l y  v a r i a b l e ,  r e f l e c t i n g  l o c a l  topographic  e f f e c t s  
r a t h e r  than  s e a s o n a l  c l imate .  The i n l e t s  of t h e  s tudy  area are examples. 

Most of t h e  i n l e t s  of t h e  r e g i o n  are  a l i g n e d  so  t h a t  they  are n o t  
a f f e c t e d  by t h e  p r e v a i l i n g  o r  even s t r o n g  wind p a t t e r n s .  The topographic  
e f f e c t s  are dominant. Of s i g n i f i c a n c e  are t h e  w i n t e r  ou t f low winds c a l l e d  
Squamishes. They are p r i m a r i l y  a s s o c i a t e d  w i t h  p o l a r  c o n t i n e n t a l  a i r  (o r  
Arc t ic  a i r )  over t h e  i n t e r i o r  of t h e  province f lowing seaward. T h i s  c o l d ,  
dense a i r  i s  funnel led  through t h e  i n l e t s  t o  produce up t o  g a l e  f o r c e  
winds. Howe Sound, Jervis  and Toba i n l e t s  are  s u s c e p t i b l e  t o  t h e s e  wind 
c o n d i t i o n s .  Few d a t a  are a v a i l a b l e  on Squamishes, b u t  measurements taken  
f o r  Howe Sound are i n d i c a t i v e .  These measurements show t h a t  wind speeds 
f r e q u e n t l y  reach  55 km/hr w i t h  g u s t s  t o  over  100 h / h r  (Thomson, 1981). 

Wind Durat ion 

Hale and Greenwood (1980) s t a t e  t h a t  ''waves t a k e  a c e r t a i n  l e n g t h  of 
t i m e  t o  develop over  any s i g n i f i c a n t  fe tch . . . " .  Thus t h e  d u r a t i o n  of a 
c e r t a i n  wind speed i s  c r i t i c a l  t o  t h e  s i z e  of waves t h a t  can b e  generated 
w i t h i n  a given f e t c h .  McCann and Hale (1980) used a minimum of s i x  hours  
f o r  t h e i r  wave c a l c u l a t i o n s  on e a s t e r n  Vancouver I s l a n d .  Hale and McCann 
(1982) r e f i n e d  t h i s  estimate somewhat by observing t h a t  "Maximum wave 
c o n d i t i o n s  f o r  Craig Bay are  t h e r e f o r e  generated i n  a r e l a t i v e l y  s h o r t  
t i m e  ( u s u a l l y  much l e s s  than s i x  hours)".  Harper (1982),  on t h e  o t h e r  
hand, noted t h a t  one hour should produce s i g n i f i c a n t  waves i n  less exposed 
s i t e s .  These o b s e r v a t i o n s  are  v e r i f i e d  by Hale and McCann's (1982) 
c a l c u l a t i o n s  f o r  Craig Bay on e a s t e r n  Vancouver I s l a n d .  Table  1/31 and 
Table  #32, though f o r  a n  a r e a  o u t s i d e  of t h e  p r e s e n t  s tudy ,  reveal t h e  
r e l a t i o n s h i p  between e f f e c t i v e  f e t c h  and wind d u r a t i o n  t o  produce maximum 
wave h e i g h t s ;  n o t e  t h a t  a s  t h e  v e l o c i t y  i n c r e a s e s ,  t h e  d u r a t i o n  decreases .  
Thomson (1981) a l s o  n o t e s  t h a t  from t h e  s p a r s e  d a t a  on Squamishes f o r  
Howe Sound, i t  was observed t h a t  t h e s e  winds can p e r s i s t  f o r  up t o  f i v e  
days and occur ,  on average,  f o r  f i v e  t o  s i x  days i n  December and January.  

Fe tch  

The S t r a i t  of Georgia i s  f e t c h  l i m i t e d  f o r  developing l a r g e  sea waves. 
The p r e s e n t  s tudy  a r e a  i s  f u r t h e r  s h e l t e r e d  by t h e  presence of Texada and 
Lasquet i  i s l a n d s .  Dunn (1983) def ined  95 g e n e r a l  f e t c h  u n i t s  f o r  t h e  
s tudy  area. Of t h e  s t r a i g h t  l i n e  f e t c h e s  measured, 13% w e r e  g r e a t e r  than  
100 lzm; a l l  t o  t h e  s o u t h e a s t  quadrant .  The s o u t h e a s t  quadrant ,  i n  t o t a l ,  
accounted f o r  56 of a l l  t h e  measurements made whi le  t h e  northwest  quadrant  
accounted f o r  38%. These v a l u e s  a r e  s i g n i f i c a n t  when one reviews t h e  
s t r o n g  wind d a t a .  
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TABLE 31 M I N I M U M  DURATION (MINUTES) TO GENERATE 
MAXIMUM WAVE HEIGHTS FOR CRAIG BAY 

Wind Speed (km/h$ 

D i r e c t i o n  E f f e c t i v e  16.1 32.2 48.3 64.4 80.5 
Fetch  (km) 

W 

Nw 

N 

NE 

E 

Source: 

5.0 

32.1 

26.5 

23.8 

18.8 

55 42 35 31 28 

3 60 2 50 200 175 160 

320 240 190 170 150 

275 2 00 170 140 120 

235 100 85 75 68 

P.B. Hale and S.B. McCann, 1983. "Rhythmic Topography i n  a 
Mesot ida l ,  Low-Wave Energy Environment". 
Pe t ro logy ,  Vo1.52, No.2, June,  1982. pp.415-429. 

Journa l  of Sedimentary 

TABLE 32 MINIMUM FETCH AND DURATION TO PRODUCE F'ULLY 
DEVELOPED SEAS AT VARIOUS W I N D  SPEEDS 

Wind Speed km/h$ 18.5 28 37 46 55.5 74 93 

139 296 518 1315 2630 Fetch  (km) 19 63 
Durat ion  (h) 2.4 6 10 16 23 42 69 

1.5 2.7 4.3 8.5 14.6 Average Height (m) 0 . 3  .8 
.4 1.1 2.4 4.3 6.7 13.4 23.8 S i g n i f i c a n t  Height (m) 

Average of t h e  h ighes t  10% (m) .6 1.5 3.1 5.5 8.4 17.4 30.2 

Per iod  having t h e  g r e a t e s t  
c o n c e n t r a t i o n  of energy 

1 

(seconds) 4 6 8 10 12 16 20 

The S i g n i f i c a n t  Height i s  t h e  average  he igh t  of t h e  h i g h e s t  1/3 of t h e  e x i s t i n g  
waves. The maximum wave he igh t  i s  about  1.8 t imes t h e  s i g n i f i c a n t  he igh t .  

Source: R.E. Thomson, 1981. Oceanography of t h e  B r i t i s h  Columbia Coast .  Canadian 
Spec ia l  P u b l i c a t i o n  of F i s h e r i e s  and Aquatic Sc iences  56, F i s h e r i e s  and Oceans 
Canada. 0 t tawa. 

U 
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S yn t h e s is 

The s tudy  area i s  p r i m a r i l y  f e t c h  l i m i t e d  i n  deve loping  l a r g e  sea 
waves. 
Texada and Lasque t i  i s l a n d s  p l ay  a s i g n i f i c a n t  r o l e  i n  reducing  
a v a i l a b l e  f e t c h .  The l a r g e s t  waves are genera ted  by winds from t h e  
s o u t h e a s t  o r  nor thwes t ,  w h i l e  dominant waves are from t h e  s o u t h e a s t  
(Clague and Bornhold, 1980).  T h i s  c o r r e l a t e s  w i t h  t h e  s t r o n g  wind 
d i r e c t i o n s  and l o n g e s t  f e t c h e s  d i scussed  ear l ier .  Recent s t u d i e s  on 
t h e  waves of t h e  S t r a i t  of Georgia concluded t h a t  t h e  maximum h e i g h t  
would always be less then  4 m (Hale and McCann, 1982 and Thomson, 1981).  
A n o t a b l e  except ion ,  however, is  waves a s s o c i a t e d  wi th  s t r o n g  t i d a l  
f lows  and opposing winds, then  waves have been known t o  a t t a i n  5 m 
(Thomson, 1981). 

The p r e s e n t  s tudy  area is f u r t h e r  s h e l t e r e d  by t h e  p re sence  of 

There are good r e c o r d s  of a c t u a l  wave measurements f o r  t h e  s t u d y  
area. F igu re  14  shows t h e  c a l c u l a t i o n s  f o r  t h e  h i g h e s t  one-third 
( s i g n i f i c a n t  h e i g h t )  and t h e  maximum h e i g h t  of waves p robab le  f o r  each 
s t a t i o n .  Four s t a t i o n s  (Powell R ive r ,  Lund, Gibson ' s  Landing and 
Fisherman's Cove) r e p r e s e n t  waves l i k e l y  i n  s h e l t e r e d  l o c a t i o n s  of t h e  
s tudy  area's o u t s i d e  c o a s t .  

Ha l ibu t  Bank g i v e s  v a l u e s  l i k e l y  f o r  t h e  exposed areas; Rober t s  Bank 
p rov ides  a comparison. For t h e  s h e l t e r e d  areas s i g n i f i c a n t  wave h e i g h t s  
never exceeded 1 m over t h e  pe r iod  of r eco rd .  I n  f a c t ,  on ly  10% of t h e  
t i m e  d i d  they  ever  exceed . 3  m. These v a l u e s  are a f f e c t e d  by t h e  number 
of calm c o n d i t i o n s  recorded as  w e l l .  Percentage  calms w e r e  h igh  f o r  a l l  
f o u r  s t a t i o n s :  

a )  Powell River - 79% calm over  three-month r eco rd  
b) Lund - 75% calm over  six-month r eco rd  
c) Gibsons Landing - 98% calm over  12-month per iod  
d )  Fisherman's Cove - 64% calm over 12-month pe r iod  

Maximum h e i g h t s  probable  f o r  t h e s e  l o c a l i t i e s  are a l s o  low; 1.5 m would 
never b e  exceeded, wh i l e  . 3  m would on ly  be  exceeded 20% of t h e  time. 
Ha l ibu t  Bank, on t h e  o t h e r  hand, e x h i b i t s  much h i g h e r  v a l u e s  i n d i c a t i v e  

record  pe r iod ,  b u t  they  were never l a r g e r  than  1.5 m. Also of s i g n i f i c a n c e  
i s  t h a t  t h e r e  were no p e r i o d s  of calm dur ing  t h e  measurements. Maximum 
v a l u e s  f o r  t h e  s t a t i o n  exceed . 3  m w i t h  a p robab le  maximum never 
exceeding 2.4 m. 

. of t h e  more exposed l o c a t i o n .  Wave h e i g h t s  exceeded . 3  m 60% of t h e  

No d i r e c t  wave measurements have been made of t h e  i n l e t s  i n  t h e  s t u d y  
The l o n g e s t  f e t c h e s  are g e n e r a l l y  p a r a l l e l  t o  t h e  a x i s  of t h e  area. 

i n l e t  and p r o t e c t e d  from waves genera ted  by p r e v a i l i n g  winds. Squamish 
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winds are t h e  most s i g n i f i c a n t  c o n t r i b u t i n g  f a c t o r  t o  h i g h e s t  wave 
gene ra t ion .  Waves a s s o c i a t e d  wi th  t h e s e  winds tend t o  be of s h o r t  
pe r iod  and steep. For example, t h e  h i g h e s t  waves probably f o r  Howe 
Sound are 1 . 5  m ,  a l though 2.5 m waves a r e  p o s s i b l e  du r ing  t h e  
Squamishes (Thomson, 1981).  

Wave Energy (See F igu re  15) 

Wave Per iod  

Thomson (1981) i n d i c a t e s  t h a t  a g r e a t  m a j o r i t y  of t h e  waves i n  t h e  
S t r a i t  of Georgia (of f  t h e  Fraser River )  have p e r i o d s  between two and 
fou r  seconds. T h i s  is confirmed by t h e  wave p e r i o d s  recorded  i n  t h e  
p r e s e n t  s tudy  area (F igu res  16  through 21). 76% of t h e  waves had two 
t o  f o u r  second p e r i o d s .  The remainder of t h e  wave p e r i o d s  were g e n e r a l l y  
less than s i x  seconds. Waves genera ted  i n  i n l e t s  would predominantly 
be of s h o r t  pe r iods .  

Water Levels  

Owens (1980) n o t e s  t h a t  as t i d a l  range  i n c r e a s e s ,  a v a i l a b l e  wave 
energy can d i s s i p a t e  over  a l a r g e r  v e r t i c a l  area. Maximum t i d a l  ranges  
i n  t h e  s tudy  area are  between 5 and 5.5 m. A n o t a b l e  excep t ion  i s  Porpoise  
Bay, a t  t h e  head of Seche l t  I n l e t ;  i t s  range i s  j u s t  under 3 m. A com- 
p l i c a t i o n  of t h e s e  water l e v e l s  are  storm su rges ;  a combination of s t r o n g  
winds and h igh  t i d e s .  
i n  December 1982. F igu re  22 shows t h e  observed t i d e s  less t h e  p r e d i c t e d  
t i d e s  f o r  two s t a t i o n s  sou th  and w e s t  of t h e  s tudy  area. The maximum 
su rge  l e v e l  a t t a i n e d  was about 1 m above p r e d i c t e d  l e v e l s .  Murty (1983, 
pe r s .  co rn . )  s ta tes  t h a t  t h e  r e t u r n  p r o b a b i l i t y  of t h e s e  su rges  is  about  
1 0  t o  1 2  y e a r s  i n  c e r t a i n  l o c a t i o n s  and up t o  20 y e a r s  i n  o t h e r s .  S teep  
c o a s t s  are g e n e r a l l y  n o t  adve r se ly  a f f e c t e d ,  bu t  low-lying c o a s t s  are 
h igh ly  vu lne rab le .  Storm s u r g e s ,  i n  e f f e c t ,  are r a p i d  sea level changes. 

The most r e c e n t  s u r g e  w i t h i n  t h e  s tudy  area w a s  

F igu re  3 shows r e l a t i v e  sea l e v e l  changes s i n c e  t h e  l a s t  g l a c i a t i o n  
wh i l e  Clague e t  a1 (1982),  upon reviewing h i s t o r i c a l  evidence and recent 
d a t a ,  sugges t  t h e  fo l lowing  t r ends :  

a )  T i d a l  s t a t i o n s  

Vancouver, Po in t  Atkinson, 
P r i n c e  Rupert 

1-2 mmlyr kea level rise 

Tof ino ,  Queen C h a r l o t t e  C i t y  1-2  mmlyr s e a  l e v e l  f a l l  

Po r t  A lbe rn i ,  L i t t l e  R ive r ,  Campbell f a l l  i n  sea level 
River ,  Alert Bay, P o r t  Hardy 

V i c t o r i a ,  Ful ford  Harbour l i t t l e  o r  no change 

b) Leve l l ing  surveys  

F rase r  Lowland 
Vic to r i a -Por t  A lbe rn i  
Parksville-Campbell  River 

1 . 5  mmlyr subs idence  
up1 i f  t 
u p l i f t  
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FIGURE 15 POWER SPECTRUM OF RELATIVE AMOUNT OF ENERGY CONTAINED BY WAVES 
OVER A RANGE OF WAVE PERIODS 
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Note: Broken l i n e s  show o v e r l a p  of wave types .  
T i d a l  energy is  concen t r a t ed  w i t h i n  a narrow band of pe r iods  nea r  
d i u r n a l  and semi-diurnal p e r i o d s .  ( A f t e r  Kinsman, 1965).  

Source: R.E. Thomson, 1981. Oceanography of t h e  B r i t i s h  Columbia Coas t .  
Canadian S p e c i a l  P u b l i c a t i o n  of F i s h e r i e s  and Aquatic Sc iences  56. 
F i s h e r i e s  and Oceans Canada. O t t a w a .  p.89. 
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FIGURE 16 PERCENTAGE OCCURRENCE OF PEAK P E R I O D S ,  ROBERTS BANK 

40 

36 

32 

w 2 28 
w 

3 
0 8 24 

a a 

16 

12 

8 

4 

0 

STATION 108 
ROBERTS BANK, B.C.  
FEB 7,1974 TO APRIL 3 , 1 9 7 6  
NUMBER OF OBSERVATION 3880 
OCCURRENCES OF C A L M  1191 

PEAK PERIOD IN SECONDS 

SOURCE: C a n a d a ,  D e p a r t m e n t  of F i s h e r i e s  and O c e a n s ,  1983. Wave D a t a  S u m m a r i e s  
f o r  S t a t i o n  108, R o b e r t s  B a n k .  M a r i n e  E n v i r o n m e n t a l  D a t a  Service. 
(MEDS). O t t a w a .  
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FIGURE 1 7  PERCENTAGE OCCURRENCE OF PEAK P E R I O D S ,  HALIBUT BANK 
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HALIBUT BANK, B.C. 
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SOURCE: C a n a d a  D e p a r t m e n t  of F i she r i e s  and O c e a n s ,  1983. Wave D a t a  S u m m a r i e s  
f o r  S t a t i o n  97,  H a l i b u t  B a n k .  MEDS. O t t a w a .  
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F I G U R E  18 PERCENTAGE OCCURRENCE O F ’ P F A K  P E R I O D S ,  POWELL R I V E R  

STATION 1 1  2 
POWELL R I V E R ,  B . C .  

NUMBER OF OBSERVATIONS 6 7 5  
O C C U R R E N C E S  OF CALM 5 3 6  

D E C .  10 1976 TO MARCH 14,1977 

2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 20 

PEAK PERIOD IN SECONDS 

SOURCE: C a n a d a ,  D e p a r t m e n t  of F i she r i e s  and O c e a n s ,  1983. 
f o r  S t a t i o n  1 1 2 ,  P o w e l l  R i v e r .  MEDS. O t t a w a .  

Wave D a t a  S u m m a r i e s  
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FIGURE 1 9  PERCENTAGE OCCURRENCE OF PEAK P E R I O D S ,  LUND 

STATION 1 1  7 

OCT 12,1977 T O  MARCH 25 
1998 
NUMBER OF OBSERVATIONS 
1 1 4 2  
OCCURRENCES OF CALM 
860 

LUPID (WAVERIDER). B . C .  

2 3 4 5 6 7 .8 '.9 10 1 1  12 13 14 15 16 17 20 
, .  

PEAK PERIOD IN SECONDS 

SOURCE: Canada, Department of F i s h e r i e s  and Oceans, 1983. Wave Data Summaries 
f o r  S t a t i o n  1 1 7 ,  Lund. MEDS. O t t a w a .  
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FIGURE 20 PERCENTAGE OCCURRENCE OF PEAK PERIODS, GIBSONS LANDING 
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STATION 12 1 
I ' GIBSONS LANDING, B.C. , .  

. r 

. . .  . . .  . , .  , ,  MARCH 3 0 , 1 9 7 8  TO APRIL 3 , 1 9 7 9  

'.. NUMBER OF OBSERVATIONS 2 7 8 0  
. ,  I ,,. ,. OCCURRENCES OF CALM 2 7 1 2  

. .  . .  .. , 
. ,  . I  
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SOURCE: Canada, Department of F i s h e r i e s  and 
Oceans, 1983. Wave Data Summaries f o r  
S t a t i o n  121,  Gibsons Landirg.  MEDS. 
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FIGURE 2 1  PERCENTAGE OCCURRENCE OF PEAK PERIODS, FISHERMAN s COVE 

40 1 

STATION 1 2 3  
FISHERMAN$ COVE 
APRIL 11,1979 
NUMBER OF OBSERVATIONS 2614 
OCCURRENCES OF CALM 1673 

TO MARCH 27, 1980 

2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 20 

PEAK PERIOD IN SECONDS 

SOURCE: Canada, Department of F i s h e r i e s  and Oceans, 1983. Wave Data Summaries 
f o r  S t a t i o n  123, Fisherman's '  Cove. MEDS. Ottawa. 
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These long-term t r e n d s  are  important  as t o  how waves a f f e c t  t h e  
s h o r e l i n e .  For i n s t a n c e ,  a rise i n  sea l e v e l  of on ly  s e v e r a l  centimetres 
could cause  e r o s i o n  of a formerly s t a b l e  b l u f f ,  a s  waves now could r e a c h  t o  
t h e  c l i f f  base;  t h e  r e v e r s e  would a l s o  b e  p o s s i b l e .  

Nearshore Slope 

The amount of wave energy a v a i l a b l e  and how i t  i s  d i s s i p a t e d  i n  
t h e  shorezone is a f u n c t i o n ,  i n  p a r t ,  of t h e  nearshore  s l o p e .  Long, low s l o p e s  
tend t o  d i s s i p a t e  energy g r a d u a l l y  as t h e  wave approaches t h e  shore ;  s t e e p  
s l o p e s  a l l o w  wave energy t o  d i s s i p a t e  d i r e c t l y  on t h e  shore .  
g e n e r a l l y  c o n c e n t r a t e  wave energy, whi le  embayments d i f f u s e  i t .  The s h o r e  
c h a r a c t e r  of t h e  s tudy  area i s  predominantly s t e e p  t o  moderately s t e e p  rock.  
Unconsolidated s h o r e s  are a l s o  p r e s e n t  and tend t o  have shal lower n e a r s h o r e  
s l o p e s .  

Headlands 

Svnthes is  

The s tudy  a r e a  i s  a moderate t o  low wave energy environment (Clague 
and Bornhold, 1980).  Wave energy i s  a l s o  dependent on f e t c h  and, as such,  
waves generated along t h e  s t r a i t  a x i s  would l i k e l y  have t h e  h i g h e s t  energy. 
The s tudy  area, by v i r t u e  of t h i s  o b s e r v a t i o n ,  would have t h e  h i g h e s t  wave 
e n e r g i e s  from t h e  s o u t h e a s t e r l y  quadrant .  Clague and Bornhold (1980) confirm 
t h i s ,  no t ing  t h a t  t h e  dominant waves i n  t h e  s t r a i t  are  from t h e  s o u t h e a s t .  
Thomson ( 1 9 7 7 ~ )  states t h a t  s h o r t  per iod  waves produce s t r o n g e r  l i t t o r a l  
c u r r e n t s  than  long per iod  waves because they are  less s u s c e p t i b l e  t o  r e f r a c t i o n .  
T h i s  s ta tement  i m p l i e s  t h a t  t h e r e  i s  more energy a v a i l a b l e  t o  move sediments 
i n  t h e s e  s h o r t e r  waves. Clague and Bornhold (1980) r a t e  t h e  area as h igh  
i n  terms of l i t t o r a l  c u r r e n t  energy. 

Examples of t h e  energy waves c o n t a i n ,  and t o  what d e p t h  t h e y  a f f e c t  
t h e  sediments ,  are o f f e r e d  by Krauel (pe r s .  corn. ,  1983, and Harper,  1982).  
Both examples a re  o u t s i d e  t h e  p r e s e n t  s tudy  area, b u t  do i l l u s t r a t e  t h e  
a b i l i t y  of waves t o  move sediments  i n  deep water. 
anomalous wave h e i g h t s  dur ing  t h e  s torms of mid-December 1982. H i s  wave 
h e i g h t  r e c o r d e r  was anchored on t h e  bottom a t  -10 m below c h a r t  datum o f f -  
s h o r e  of Kye Bay on Vancouver I s l a n d .  
were recorded dur ing  t h e  storms. These readings ,  he  deduced, w e r e  due t o  
t h e  bouncing of t h e  r e c o r d e r  on t h e  bottom from wave-induced c u r r e n t s .  
Remember t h i s  w a s  dur ing  e x c e p t i o n a l l y  high t i d e s ,  so  t h e  water depth  would 
b e  g r e a t e r  t h a n  10 m a t  t h a t  t i m e .  
t h a t  t h e  bottom c u r r e n t s  would be  s t r o n g  enough t o  t r a n s p o r t  sediments.  

Krauel recorded l a r g e ,  

Wave h e i g h t s  of g r e a t e r  than  8 m 

T h i s  degree  of r e c o r d e r  movement i m p l i e s  

Harper (1982) es t imated t h e  maximum depth  of bottom d i s t u r b a n c e  of 
sand-sized sediments  due t o  wave-induced c u r r e n t s .  
estimates by s t a t i o n  and Figure  23 i d e n t i f i e s  t h e i r  l o c a t i o n .  I n  terms of 
frequency of d i s t u r b a n c e ,  Harper (1982) c a u t i o n s  t h a t  t h e  maximum v a l u e s  
may b e  reached less t h a n  one p e r c e n t  of t h e  t i m e ;  a smaller v a l u e  may be  more 
f r e q u e n t .  H e  c a l c u l a t e d  t h e  l a r g e s t  waves t o  be  less than  2.5 m. 

Table  33 provides  t h e s e  
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FIGURE 22 
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Example of how Storm Surge 
Calculated f o r  A t l a n t i c  C i ty ,  N . J .  

SOURCE: R . E .  Thomson, 1981. 
Oceanography of t h e  B r i t i s h  Columbia 
Coast. Canadian Spec ia l  Publ ica t ion  
of F i s h e r i e s  and Aquatic Sciences 56 
Canada, Department of F i s h e r i e s  and 
Oceans, Ottawa. 

'1 STQRM SURGE - POINT ATKINSON B.C. 

'1 STORM SURGE - LITTLE RIVER B.C. 

SOURCE: T.S. Murty, 1983. Personal Communication. Unpublished 
Surge Data. I n s t i t u t e  o f  Ocean Sciences,  Sidney. 
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TABLE 33 MAXIMUM DEPTH OF SEDIMENT (SAND-SIZED) DISTURBANCE DUE TO WAVES 

S t a t i o n  SPOl SP02 SP04 SP05 SP07 SPO9 SPlO S P l l  SP13 

Maximum Depth 
of Dis turbance  (m) 12.3 13.2 12.2 17.5 21.7 2 2 . 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 

FIGURE 23 LOCATION OF SAMPLE STATIONS 
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Source: J . R .  Harper ,  1982. Geologic App l i ca t ions  of a Wave C l i m a t e  Model w i th  
Paper p re sen ted  a t  Western Region Examples from t h e  Saanich Pen insu la .  

Workshop, Assoc ia t e  Committee f o r  Research on S h o r e l i n e  Eros ion  and 
Sedimenta t ion ,  Simon F r a s e r  U n i v e r s i t y .  
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5.6.2 CIRCULATION 

li 
u 
u 

Overall P a t t e r n s  

T i d e s ,  winds, river r u n o f f ,  C o r i o l i s  and c e n t r i f u g a l  f o r c e s  a l l  
i n f l u e n c e  c i r c u l a t i o n  p a t t e r n s .  Few c u r r e n t  surveys have been conducted i n  t h e  
n o r t h e r n  S t r a i t  of Georgia compared t o  t h e  more i n t e n s e l y  s t u d i e d  c e n t r a l  and 
southern  r e g i o n s ;  hence, on ly  g e n e r a l  p a t t e r n s  can b e  determined. T h e  
Canadian Hydrographic S e r v i c e s  (CHS) Curren t  A t l a s  (19831, based c h i e f l y  on 
computer models developed a t  t h e  U n i v e r s i t y  of B r i t i s h  Columbia, summarizes 
t h e  S t r a i t  of Georgia t i d a l  streams over  t h e  t idB1 c y c l e ,  b u t  excludes t h e  
e f fec ts  of winds and r i v e r  r u n o f f .  
average" s u r f a c e  c i r c u l a t i o n  of t h e  S t r a i t  of Georgia i n f e r r e d  by Thomson (1981) 

from a v a r i e t y  of sources .  

F i g u r e  24below d e p i c t s  t h e  o v e r a l l  
II 

FIGURE 24 AVERAGE SURFACE CIRCULATION I N  SPRING AND SUMMER I N  THE 
STRAIT OF GEORGIA 

NOTE: Large arrows i n d i c a t e  c u r r e n t s  measured by c u r r e n t  meters and d r i f t  
drogues.  S m a l l  arrows i n d i c a t e  c u r r e n t s  measured by d r i f t  b o t t l e s .  

SOURCE: R.E. Thomson, 1981. Oceanography of  t h e  B r i t i s h  Columbia Coast .  
S p e c i a l  P u b l i c a t i o n  of F i s h e r i e s  and Aquatic Sc iences  56. 
Department of F i s h e r i e s  and Oceans, I n s t i t u t e  of Ocean Sc iences ,  
V i c t o r i a .  p.163. 
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The n e t  c i r c u l a t i o n  i s  e s s e n t i a l l y  counterclockwise,  wi th  ebb 
and f l o o d  streams roughly p a r a l l e l i n g  t h e  S t r a i t ' s  long a x i s .  
a t l a s ,  however, shows t h a t  c u r r e n t s  i n  southern  Malaspina S t r a i t  c i r c u l a t e  
c lockwise dur ing  t h e  f l o o d .  
ebb dominates.  T i d a l  s t reams achieve  maximum f lood  v e l o c i t y  t h r e e  hours  
p r i o r  t o  h igh  water and maximum ebb v e l o c i t y  t h r e e  hours  b e f o r e  low water. 
Within t h e  broader p o r t i o n  of t h e  S t r a i t ,  t h e  C o r i o l i s  f o r c e  induces  a s m a l l  
t i l t  towards t h e  mainland, augmenting c u r r e n t  speeds s l i g h t l y  on t h e  e a s t e r n  
r e l a t i v e  t o  t h e  wes tern  S t r a i t .  

The CHS 

Along t h e  east c o a s t  of Vancouver I s l a n d  t h e  

Northward and southward advancing t i d e s  meet near  Lund ( t i d a l  
exchange through t h e  n o r t h e r n  passages i s  roughly o n e - f i f t e e n t h  t h a t  of t h e  

, s o u t h e r n  channels ) ,  producing weak, h i g h l y  v a r i a b l e  t i d a l  p a t t e r n s .  T i d a l  
c u r r e n t s  d e c r e a s e  i n  s t r e n g t h  from s o u t h  t o  n o r t h ,  bu t  may i n c r e a s e  l o c a l l y  
i n  channels .  V e l o c i t i e s  i n  Malaspina S t r a i t  and i n  Sabine Channel between 
Texada and L a s q u e t i  i s l a n d s  may r e a c h  50 c m  p e r  second. 

The F r a s e r  River d i scharge ,  e s p e c i a l l y  dur ing  peak f lows,  a f f e c t s  
much of t h e  cen t ra l  s t r a i t ,  and may o v e r r i d e  t i d a l  streams. Surface  waters 
from t h e  F r a s e r  River have been found t o  f low n o r t h  toward Wilson Creek on 
t h e  S e c h e l t  Peninsula  and then  westward towards Texada I s l a n d  and Lasquet i  
I s l a n d  (Thomson, 1981).  Away from t h e  i n f l u e n c e  of t h e  F r a s e r ,  s u r f a c e  
c u r r e n t s  may depend more on l o c a l  winds and t i d e s .  

Curren ts  i n t h e  southern  S t r a i t  a re  dominated by t h e  t i d e s ,  though 
where l a y e r i n g  d u e  t o  f reshwater  i n p u t  occurs ,  t h e  e f f e c t s  of wind may b e  
s i g n i f i c a n t .  V e l o c i t i e s  are h i g h e s t  i n  t h e  narrow channels  of t h e  Gulf 
I s l a n d s .  

t o  t h e  f l o o d  c u r r e n t s .  Within t h e  top  100 m y  ebb c u r r e n t s  are  s i g n i f i c a n t l y  
s t r o n g e r  and l o n g e r - l a s t i n g  than  f lood  c u r r e n t s .  Conversely,  below 100 m ,  
c u r r e n t s  a r e  dominated by t h e  f lood .  T h i s  phenomenon i s  e v i d e n t l y  caused by 
t h e  seaward f low of s a l t  water e n t r a i n e d  by s u r f a c e  f reshwater  coupled w i t h  
t h e  inward d r i f t  of sea water a t  depth  t o  r e p l a c e  t h e  water  c a r r i e d  t o  t h e  
P a c i f i c  Ocean w i t h i n  t h e  s u r f a c e  l a y e r  (Thomson, 1981). 

Maximum ebb c u r r e n t s ,  i n  most cases, f low i n  t h e  o p p o s i t e  d i r e c t i o n  

- 

F a c t o r s  Inf luenc ing  t h e  Movement of O i l  S D i U  

Knowledge of t h e  oceanography of t h e  c o a s t a l  w a t e r s  is  of c r i t i c a l  
importance i n  t h e  e v a l u a t i o n  of marine resources  a t  r i s k  from o i l  s p i l l s .  
P o l l u t i o n  is a t h r e a t  because of e x i s t i n g  and p o t e n t i a l  a d d i t i o n a l  o i l  t anker  
t r a f f i c  through Juan de Fuca S t r a i t .  

O i l  

-- 
' Surface  water c u r r e n t s  are t h e  major determinant  i n  t h e  movement of 

a s p i l l  when winds are  n e g l i g i b l e .  
depending a t  what s ta te  of t h e  t i d e  t h e  s p i l l  occurred.  

T i d a l  c u r r e n t s  a f f e c t  t h e  range of impact,  
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Wind-generated s u r f a c e  c u r r e n t s  as w e l l  a s  d i r e c t  e f f e c t s  of wind 
f r i c t i o n  can  a l s o  be  c r i t i c a l  f a c t o r s  i n  t h e  movement of a s p i l l .  However, 
waves c r e a t e d  by wind can a l s o  c o n t r i b u t e  t o  a l e s s e n i n g  of impacts  of t h e  
s p i l l  by i n c r e a s i n g  t h e  a t t r i t i o n  of o i l  by weather ing p rocesses  - evapora t ion ,  
e m u l s i f i c a t i o n  o r  s ink ing .  

5.6.3 A.TMOSPHERIC MIXING 

The c a p a c i t y  of t h e  atmosphere t o  d i s p e r s e  a i r b o r n e  p o l l u t a n t s  is 
determined by such f a c t o r s  as h o r i z o n t a l  t r a n s p o r t  and v e r t i c a l  mixing. 
Hor i zon ta l  t r a n s p o r t  i s  a f u n c t i o n  of wind speed and d i r e c t i o n ;  v e r t i c a l  
mixing is  a f u n c t i o n  of t h e  s t a b i l i t y  of t h e  lower atmosphere.  Condi t ions  
which i n h i b i t  bo th  are  ground based i n v e r s i o n s  and l i g h t  s u r f a c e  winds. 

An estimate of t h e  seasona l  f requency of p e r s i s t e n t  l i g h t  winds 
(speeds less than  12  lan/h) is presented  i n  F igu re  25. These v a l u e s  a r e  
based on a n a t i o n a l  s tudy  by Shaw, H i r t  and T i l l e y  (1972). 

During f a l l  and w i n t e r ,  s t a t i o n a r y  o r  slow moving h igh  p r e s s u r e  
c e n t r e s  a re  r e s p o n s i b l e  f o r  t h e  l i g h t  wind ep i sodes ,  most commonly l a s t i n g  
less than  two days.  I n  t h e  summer months, calms are  most f r equen t  i n  t h e  
hours  around s u n r i s e  and s u n s e t ,  du r ing  r e v e r s a l s  of t h e  land  and sea 
b reeze  c i r c u l a t i o n  p a t t e r n .  

Inve r s ions  prevent  convec t ive  mixing and l i m i t  t h e  v e r t i c a l  d i s -  
p e r s a l  of p o l l u t a n t s .  I f ivers ions a r e  most commonly caused by noc tu rna l  
coo l ing  of t h e  e a r t h ' s  su r f ace .  I n  such cases, a f t e rnoon  h e a t i n g  normally 
r e s t o r e s  convec t ive  mixing. I n  t h e  s tudy  area,  however, s e v e r a l  f a c t o r s  
l e a d  t o  more p e r s i s t e n t  i n v e r s i o n s .  These inc lude :  a )  t h e  overrunning of 
warm a i r  from t h e  southern  P a c i f i c  Ocean, o a r t i - c u l a r l y  i n  f a l l  and w i n t e r ;  
b)  t h e  coo l ing  e f f ec t s  of t h e  sea breeze  i n  l a t e  s p r i n g  and summer; c )  t h e  
occas iona l  presence  of co ld  A r c t i c  a i r  i n  win te r  months. 

Estimates of t h e  d i u r n a l  and seasona l  percentage  f r equenc ie s  of 
- ground-based i n v e r s i o n s  f o r  t h e  s tudy  a re  provided i n  F igu re  26. Cons iderable  

v a r i a t i o n  from t h e  i n d i c a t e d  v a l u e s  can  b e  expected due to t h e  l o c a l  i n f l u e n c e  
of water bod ies  and topography. 

The d i s p e r s i v e  c a p a b i l i t y  of t h e  lower atmosphere,  t h e  v e n t i l a t i o n  
I t  i s  t h e  product  of t h e  h e i g h t  of t h e  con- c o e f f i c i e n t ,  can be  c a l c u l a t e d .  

v e c t i v e l y  mixed l a y e r  and t h e  mean h o r i z o n t a l  wind speed i n  t h a t  l a y e r .  
P o r t e l l i ' s  (1977) s tudy  of t h e s e  f a c t o r s  i n d i c a t e  t h a t ,  f o r  t h e  B r i t i s h  
Columbia c o a s t ,  mean a f t e rnoon  v a l u e s  of t h e  v e n t i l a t i o n  c o e f f i c i e n t  peak 
sha rp ly  i n  s p r i n g  ( A p r i l ) ,  d e c l i n e  throughout t h e  summer and p e r s i s t  a t  low 
l e v e l s  du r ing  f a l l  and w i n t e r .  P o l l u t a n t  bu i ldup  g e n e r a l l y  occurs  du r ing  
p e r i o d s  of calm o r  l i g h t  winds which co inc ide  w i t h  p e r s i s t e n t  ground-based 
inve r s ions .  
atmosphere. 

Rain and snow p a r t i a l l y  remove p o l l u t a n t s  from t h e  lower 
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- 96 - 

5.6.4 SEISMIC KAZAIU) 

The B.C. c o a s t  has  a 1 i n  100 p r o b a b i l i t y  of a n  ear thquake  exceeding 
a h o r i z o n t a l  a c c e l e r a t i o n  of 6% of g r a v i t y .  
accepted  index of ground motion f o r  engineer ing  purposes.  
(1972) n o t e  t h a t  earthquake damage i s  a f u n c t i o n  of ear thquake  magnitude, 
i t s  depth  of focus  and mechanism, s o i l  type ,  d i s t a n c e ,  and t h e  q u a l i t y  of 
b u i l d i n g  c o n s t r u c t i o n .  

Hor i zon ta l  a c c e l e r a t i o n  is  a n  
Witham and Milne 

Magnitude 

A common measure of ear thquake  magnitude i s  t h e  R ich te r  system; 
ear thquake  i n t e n s i t i e s  are desc r ibed  by t h e  Modified Mercalli scale. 
Table  34 provides  a comparison of t h e  two methods of measurement. 
t h re sho ld  f o r  s i g n i f i c a n t  damage du r ing  ear thquakes  i s  se t  a t  magnitude 5 
on t h e  R i c h t e r  scale. Milne, Rogers, Riddihough, McMechan and Hyndman (1978) 
c a l c u l a t e d  a frequency of one i n  t e n  y e a r s  f o r  p o t e n t i a l l y  damaging ea r th -  
quakes. F igu re  27 p rov ides  a comparison between t h e  c o n t i n e n t a l  and o f f s h o r e  
areas. Note that t h e  o f f s h o r e  graph shows a r e l a t i v e l y  smooth s l o p e  wi th  
few l a r g e  releases of s t r a i n .  The c o n t i n e n t a l  area, however, shows l a r g e  
s t e p s  which are i n d i c a t i v e  of h igh  s t r a i n  release dur ing  l a r g e  ear thquakes .  
The s t r a i g h t  l i n e s  r e p r e s e n t  an  estimate of t h e  s t r a i n  accumulation r a t e  
(Milne et a l ,  1978).  From t h i s  evidence, t h e  a u t h o r s  p o s t u l a t e  t h a t  if t h e  
h i s t o r i c a l  s e i s m i c i t y  p a t t e r n  f o r  t h e  c o n t i n e n t a l  area con t inues ,  a major 
p a r t  of t h e  p r e s e n t  accumulated s t r a i n  could b e  r e l e a s e d  i n  a s i g n i f i c a n t  
ear thquake  w i t h i n  t h e  nex t  decade. 

The 

The l a r g e s t  magnitude ear thquake  t o  a f f e c t  t h e  s tudy  a r e a  w a s  i n  
June  1946; i t  r e g i s t e r e d  7.3.  I ts  e p i c e n t r e  w a s  c a l c u l a t e d  t o  be w e s t  of 
Comox i n  t h e  Beaufort  Range. 

Depth of Focus and Mechanism 

The maximum recorded dep th  of ear thquakes  i n  t h e  r e g i o n  i s  about 
70 km. By comparison, d e p t h s  of up t o  700 km are  common i n  similar areas 
of t h e  world (Milne et a l ,  1978).  The Beaufort  Range ear thquake  e p i c e n t r e  
w a s  about 30 km i n  depth .  

The primary mechanisms of ear thquakes  i n  t h i s  r eg ion  a re  s t r i k e -  
s l i p  and normal f a u l t i n g  (Milne e t  a l ,  1978). -- 

S o i l  Type 

The type  of material upon which s t r u c t u r e s  a re  b u i l t  d i r e c t l y  
i n f l u e n c e s  t h e  a m p l i f i c a t i o n  of ear thquakes .  Table  35 p rov ides  amplification1 
f a c t o r s  f o r  v a r i o u s  g e o l o g i c a l  materials and r e p r e s e n t s  t h e  minimum des ign  
requi rements  recommended under t h e  Na t iona l  Bui ld ing  Code. Hodgson (1946) 
r e p o r t e d  t h a t  du r ing  t h e  1946 ear thquake ,  Powell River and area s u f f e r e d  
minor damage. H e  a l s o  observed t h a t  a s e c t i o n  of houses b u i l t  on rock w i t h i n  
t h e  damaged area had no p e r c e i v a b l e  damage. 
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TABLE 34 M O D I F I E D  MERCALLI SCALE OF EARTHQUAKE I N T E N S I T I E S  
WITH CORRESPONDING RICHTER MAGNITUDES 

- - 
Intensity 
( Modi f i ed 
Mercall i Highest Intensity 

Mag n i t ude Ap prox i i n  a te l  y 
Corresponding t o  

Scale) Description of Characterist ic Effects Reached 

I 
I1 
I I1 

IV 

V 

VI 

VI 1 

VI11 

IX 

X 

XI 

XI I 

Instrumental : 
Feeble: 
Slight:  

detected only by sei siiiography 
noticed only by sensit ive people 
l ike  the vibrations due t o  a passing 

heavy truck; f e l t  by people a t  r e s t ,  
especially on upper f loors  

f e l t  by people while walking; 
rocking of loose objects,  including 
standing vehicles 

Rather S t r o n g :  f e l t  general ly ;  most sleepers 
a re  woken and bel ls  ring 

S t r o n g :  t rees  sway and a l l  suspended objects 
swing; damage by overturning and fa l l ing  
o f  loose objects 

pl as te r  fa1 1 s 
car d r  i v ers  ser i o us 1 y d i s t u rbed ; 

masonry fissured; chimneys fa1 1 ; poorly 
constructed bui 1 d i ngs damaged 

begins t o  crack; pipes break open. 

destroyed and railway l ines  bent; l and-  
s l ides  on steep slopes 

few buildings remain standing 
bridges destroyed; a l l  services ( r a i l  way, 
pipes, cables) out  of action; great land- 
sl  ides and floods. 

i n t o  a i r ;  ground r ises  and f a l l s  in waves 

Moderate: 

Very Strong: general alarm, walls crack and 

Destruct i v e : 

Ruinous: 

Disastrous: 

some houses col1 apse where ground 

ground cracks badly; many buildings 

Very Disastrous: 

Catastrophic : total  destruction ; objects thrown 

3 . 5  
t o  

4.2 

4 . 3  
t o  

4.8 

4.9 t o  5 . 4  

5.5 t o  6.1 

6.2 
t o  

6.9 

7.0 t o  7.3 

7.4 t o  8.1 

8.1+ 

Source: D. Ma n a r d ,  1979. Terrain Capabil i t y  f o r  Residential Settleliients: Summary 
Repod, Resource Analysis Branch, Victoria. 61 p.  



FIGURE,  27 STRAIN, RELEASE A S  A FUNCTION O F  TIME 

Year 

/ 

1900 1920 1940, 1960 
Year 

Source) W. &G.* Mllne, G..C. Rogers ,  R..P. R&ddihough, G.As. McMechan, and R . D .  Hyndman, 
1978. "Seixsmicity of Western Canada". Canadian J o u r n a l  of E a r t h  S c i e n c e s  
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TABLE 35 SEISMIC AMPLIFICATION FACTORS FOR DIFFERENT GEOLOGICAL MATERIALS 

TYPE AND DEPTH OF M A T E R I A L  AI4PLIF ICATION FACTOR 

1. Rock, dense and very dense coarse-grained sediments, 
very s t i f f  and ha rd  fine-grained sediments, compact 
coarse-grained sediments and firm and s t i f f  fine- 
grained sediments frorri 0 t o  15 m deep ........................... 1.0 

2. Compact coarse-grained sediments, firm and s t i f f  
fine-grained sediments with a depth of greater t h a n  
15 m; very loose coarse-grained sediments and very 
sof t  and  soft fine-grained sediments from 0 t o  
1 5  m deep ....................................................... 1 . 3  

3. Very loose and loose coarse-grained sediments and 
very sof t  and sof t  fine-grained sediments with 
depths greater t h a n  15 rn ........................................ 1.5 

~ ~ ~~ 

Note: Prepared by the Associate Committee of the National Building Code 1977 

Source: D. Maynard, 1979. Terrain Capabil i t y  for  Residential Sett l  enients: 
Summary Report, Resource Analysis Branch, V i  ctori a .  61 p .  
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D i s t a n c e .  

Earthquake damage d iminishes  w i t h  d i s t a n c e  from t h e  e p i c e n t r e  
(Whitman and Smith, 1970). Act ive  f a u l t s  i n  r e c e n t  g e o l o g i c a l  t i m e  are  t h e  
San Juan and Leech River f a u l t s .  Milne e t  a1 (1978) r e p o r t  t h a t  t h e  more 
a c t i v e  ear thquake areas correspond t o  t h e  boundaries  of major t e c t o n i c  p l a t e s  
on t h e  c o a s t .  The S t r a i t  of Georgia and Puget Sound a re  s p e c i f i c a l l y  
inf luenced  by t h e  c o n t a c t  of t h e  Juan d e  Fuca and America p l a t e s .  F i g u r e  28, 
t h e  d i s t r i b u t i o n  of s t r a i n  release,  shows a c o n c e n t r a t i o n  around t h e  Gulf 
I s l a n d s  - Puget Sound area south  of 490. T h i s  l e d  Milne e t  a1 (1970) t o  
p o s t u l a t e  t h a t  t h i s  could b e  evidence of a t e c t o n i c  f e a t u r e .  Known f a u l t  
l i n e s  can be  found on t h e  General ized T e r r a i n  L i m i t a t i o n s  Map S e r i e s  of 
t h i s  f o l i o .  

-- 

-- 

I n  terms of t h e  1946 ear thquake,  c e n t r e d  w e s t  of Comox, Hodgson 
(1946) concluded t h a t  Powell River w a s  o u t s i d e  t h e  immediate ear thquake zone, 
b u t  s t i l l  s u f f e r e d  n o t i c e a b l e  damage. Two o u t s t a n d i n g  inc idences  were r e p o r t e d :  

a )  The t e l e g r a p h  c a b l e  between Texada I s l a n d  and Powell River w a s  severed 

b)  

a t  t h e  t i m e  of t h e  ear thquake.  

The b l u f f  south  of Westview slumped, whi le  " a t  high-water mark on 
t h e  beach, a g r e a t  w e l t  w a s  formed, presumably accompanied by a n  up- 
thrown s h e e t  of water. The w e l t  i s  180 f e e t  long,  about  3 f e e t  wide 
and w a s  o r i g i n a l l y  5 f e e t  high.  The c l a y  which came o u t  of i t  i s  
cracked deeply  along t h e  c e n t r e  of t h e  w e l t ,  and i s  of t h e  cons is tency  
of r a t h e r  poorly-made cement". Hodgson (1946). 

H e  f u r t h e r  observed t h a t  t h i s  i s  t h e  only c a s e  where t h e  ground, s u r f a c e  o r  
submarine, was r a i s e d  by t h e  ear thquake.  Read I s l a n d ,  i n  t h e  northwest  
p a r t  of t h e  s tudy  area, a p p a r e n t l y  s u f f e r e d  some of t h e  most s p e c t a c u l a r  
damage d u r i n g  t h e  ear thquake.  
of orchard down-dropping 6 t o  9 m w i t h  c r e v a s s e s  3 t o  6 m wide, extending 
275 m i n t o  t h e  surrounding woods. T h i s  happened a t  a farm l o c a t e d  on 
Burwood Bay. H e  a t t r i b u t e d  t h i s  s i n k i n g  t o  t h e  drop of foundat ion  rocks  
beneath t h e  v a l l e y  which r u n s  east-west a c r o s s  Read I s l a n d .  

Hodgson(1946) quotes  r e p o r t s  of about  4.86 ha 

Q u a l i t y  of Bui lding Cons t ruc t ion  

F o s t e r  and Carey (1976) and Wuorinen (1976), s tudying  t h e  V i c t o r i a  
area, g i v e  accounts  of t h e  types  of s t r u c t u r e s  s u s c e p t i b l e  t o  ear thquake 
damage. 
magnified by t h e  type  of foundat ion  c o n d i t i o n .  S t r u c t u r e s  i d e n t i f i e d  a s  most 
s u s c e p t i b l e .  

They a l s o  n o t e  t h a t  t h e  s e v e r i t y  of damage can b e  lessened  o r  

a )  unre inforced  masonry and c o n c r e t e  s t r u c t u r e s ;  

b )  

c )  

Hodgson (1946) observed t h a t  t h e  damaged chimneys of t h e  s tudy  area were 
t h o s e  i n  poor r e p a i r .  

wood frame s t r u c t u r e s  under f o u r  s t o r e y s  w i t h  poor l a t e r a l  
f o r c e  brac ing  a t  foundat ion  l e v e l ;  

m o s t  s t r u c t u r e s  on poor foundat ion  materials such as  c l a y s .  
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F I G U R E  28 ' C O N T I N E N T A L '  AREA R E G I O N A L  D I S T R I B U T I O N  O F  S T R A I N  R E L E A S E  
S I N C E  1 9 5 1  

4a0 

120° 0 

NOTE:  C o n t o u r s  a r e  e q u i v a l e n t  n u m b e r  of  m a g n i t u d e  5 ear thquakes  p e r  100 
years/100 km2. 

S O U R C E :  I b i d .  F i g u r e  27.  
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Secondary E f f e c t s  

damaging than  t h e  i n i t i a l  shock. 
l a n d s l i d e s .  

The secondary e f f e c t s  of a s t r o n g  ear thquake are p o t e n t i a l l y  more 
Two prominent e f f e c t s  are tsunamis and 

The p r o b a b i l i t y  of a damaging tsunami genera ted  i n  t h e  S t r a i t  of 
Georgia i s  less than  t h e  p r o b a b i l i t y  of  a damaging ear thquake.  
were generated by t h e  1946 ear thquake.  Again, Hodgson's (1946) thorough 
r e p o r t  d e t a i l s  t h e  i n c i d e n t .  

Sea waves 

The S i s t e r s  I s l a n d  l i g h t k e e p e r ' s  r e p o r t  reads :  

"One t i d a l  wave came a t  10:22 a.m., seven minutes  a f t e r  
t h e  ear thquake.  The wave w a s  seven t o  e i g h t  f e e t  high. 
A second wave 100 f e e t  from t h e  f i r s t  was f o u r  t o  f i v e  
f e e t  high.  The speed was t e n  knots".  

Ships  t o  t h e  n o r t h e a s t  and southwest of Texada I s l a n d  both  r e p o r t  exper ienc ing  
shocks a s  i f  they  had r u n  aground; n e i t h e r  r e p o r t e d  waves, however. (Hodgson, 
1946).  

The p r o b a b i l i t y  of l a n d s l i d e s  from seismic a c t i v i t y  i n  t h e  r e g i o n  i s  
h i g h e s t  i n  areas of unconsol idated d e p o s i t s  and j o i n t e d  bedrock. 
l a n d s l i d e s  were observed o r  r e p o r t e d  f o r  t h e  s tudy  a r e a  dur ing  t h e  1946 e a r t h -  
quake, a l though s t e e p  c o a s t a l  b l u f f s  and i n c i s e d  r i v e r  v a l l e y s  would be  
v u l n e r a b l e  t o  f a i l u r e .  

No major 

5:7 FACTORS OF BIOLOGICAL PRODUCTIVITY 

THE AREA 

The Sechel t -Cortes  c o a s t  o f f e r s  a mosaic of landscapes ,  s h o r e  
processes ,  and h a b i t a t s .  Geological  processes  and wave energy have modified 
t h e  c o a s t l i n e  t o  create a range of geomorphic forms, from low backshore w i t h  
g e n t l y  s l o p i n g  sand beaches t o  v e r t i c a l  rock c l i f f s  dropping deeply  i n t o  t h e  
sea. Because of t h e  s i z e  and c o n f i g u r a t i o n  of t h e  S t r a i t  of  Georgia,  a range  
of energy environments exists. 

A c l a s s i f i c a t i o n  system t h a t  d e s c r i b e s  t h i s  environment and t h a t  
may b e  considered complementary t o  t h a t  of R i c k e t t s  and Calv in  (1968) would 
i n c l u d e  ( a )  e s t u a r i e s ,  (b) p r o t e c t e d  s h o r e l i n e s ,  ( c )  channels  and p r o t e c t e d  
inner  c o a s t s ,  and (d) unprotected i n n e r  c o a s t s .  Within t h e s e  environments 
d i f f e r e n c e s  i n  s u b s t r a t e ,  wave energy,  and t h e  phys ica l /chemica l  environment 
are  revea led  i n  t h e  v a r i e t y  of r e s i d e n t  b i o t a .  
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5.7.1 THE PHYSICAL/CHEMICAL ENVIRONMENT 

Water tempera ture ,  s a l i n i t y ,  l i g h t  p e n e t r a t i o n ,  n u t r i e n t s ,  and 
d i s so lved  oxygen a re  major f a c t o r s  i n f luenc ing  primary product ion  i n  t h e  
sea. Many of t h e  phys io log ica l  f u n c t i o n s  ( i . e .  r ep roduc t ion ,  c e l l  growth, 
r e s p i r a t i o n )  of marine organisms a re  tempera ture  r e g u l a t e d ,  occu r r ing  -only 
w i t h i n  a narrow temperature  range. S i m i l a r l y ,  organisms t h a t  a r e  unable  t o  
r e g u l a t e  t h e i r  i n t e r n a l  environment i n  response  t o  changes i n  t h e i r  e x t e r n a l  
medium, must remain w i t h i n  a r e l a t i v e l y  narrow range  of s a l i n i t i e s  f o r  sur -  
v i v a l .  L igh t  p e n e t r a t i o n  i s  necessary  f o r  pho tosyn thes i s  by p l a n t s ,  and f o r  
v i s u a l  p reda to r s .  N u t r i e n t s  a re  r equ i r ed  by a l l  marine l i f e  forms; and d i s -  
solved oxygen i s ,  of course ,  necessary  f o r  r e s p i r a t i o n  t o  occur .  

Water tempera tures  w i t h i n  a column of seawater a r e  r e l a t i v e l y  
homogeneous du r ing  t h e  w i n t e r ,  autumn, and sp r ing .  I n  t h e  summer months, 
however, t h e  upper l a y e r  of water - t o  perhaps 30 metres - becomes warmer as  
s o l a r  r a d i a t i o n  i n c r e a s e s .  Th i s  tempera ture  g r a d i e n t  i n h i b i t s  mixing wi th  
t h e  deeper  water by caus ing  a d e n s i t y  g r a d i e n t .  Mixing con t inues ,  however, 
w i t h i n  t h i s  upper l a y e r  a s  s u r f a c e  winds c i r c u l a t e  t h e  w a t e r ,  t hus  main ta in ing  
r e l a t i v e l y  cons t an t  temperatures .  

The s a l i n i t y  of seawater v a r i e s  w i t h  t h e  q u a n t i t y  and r a t e  of 
p r e c i p i t a t i o n ,  evapora t ion ,  and r i v e r  d i scha rge .  P r e c i p i t a t i o n  and r i v e r  
d i s c h a r g e  d i l u t e  marine s u r f a c e  waters, wh i l e  evapora t ion  i n c r e a s e s  t h e  
s a l i n i t y .  A s  f r e s h  water i s  less dense  than s a l t  water, t h e  s a l i n i t y  of 
t h e  water column i n c r e a s e s  wi th  depth .  Also,  t h e  s a l i n i t y  of s u r f a c e  waters 
i n c r e a s e s  w i t h  inc reas ing  d i s t a n c e  from r i v e r  in f lows .  

The p e n e t r a t i o n  of l i g h t  i n t o  t h e  water column i s  a f u n c t i o n  of - 
t u r b i d i t y .  T u r b i d i t y  r e s u l t s  from suspended p a r t i c u l a t e  ma t t e r  and d i s -  
solved o rgan ic  subs tances  t h a t  sca t te r  and d i f f u s e  i n c i d e n t  l i g h t .  
Coas t a l  waters t y p i c a l l y  r e c e i v e  no l i g h t  below 30 metres; t h e  dep th  t o  
which 1% l i g h t  t r ansmiss ion  occur s  (which demarcates  t h e  lower l i m i t  of 
p l a n t  growth) i s  c h a r a c t e r i s t i c a l l y  1 0  metres (Sumich, 1976) .  

The d i s t r i b u t i o n  of d i s so lved  oxygen w i t h i n  s u r f a c e  waters is  
u s u a l l y  homogeneous because of f r equen t  wave a c t i o n  and s u r f a c e  mixing. 
Minor v a r i a t i o n s  may be  ev iden t  between r eg ions  because of a tmospheric  o r  
s u r f a c e  phenomena. 
exchange a re  normally adequate  f o r  a l l  organisms. 

Dissolved oxygen c o n c e n t r a t i o n s  i n  areas of good t i d a l  

The a v a i l a b i l i t y  of n u t r i e n t s  w i t h i n  s u r f a c e  waters d e c l i n e s  
du r ing  t h e  growing season as p l a n t  product ion  i n c r e a s e s .  
we l l ing  r e s u l t  i n  a replenishment  of n u t r i e n t s  from t h e  lower s t r a t a .  
River  d i scha rges  and n u t r i e n t  r egene ra t ion  from shal low muds a l s o  c o n t r i -  
b u t e  t o  t h e  n u t r i e n t  pool .  T i d a l  and wind c u r r e n t s  f u r t h e r  r e d i s t r i b u t e  
n u t r i e n t - r i c h  water w i t h i n  t h e  c o a s t a l  zone. 

Regions of up- 
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The i n t e r e s t e d  r eade r  w i l l  r e f e r  t o  t h e  C o a s t a l  Resources Map 
S e r i e s  s e c t i o n  - "phys ica l  oceanography - S t a t i o n  D i s t r i b u t i o n  and 
Accompanying Table" f o r  S t r a i t  of Georgia d a t a  on t h e s e  t o p i c s .  

p h y s i c a l  and chemical environment. 

The 
Sources" s e c t i o n  should a l s o  b e  consu l t ed  f o r  s t u d i e s  r e l a t i n g  t o  t h e  11 

5.7 .2  PRIMARY PROUUCTIOAJ - PHY'l-UPLANKTON 

Primary product ion  is  t h e  c r e a t i o n  of o rgan ic  material  from carbon 
d iox ide ,  water, and n u t r i e n t s  a t  t h e  expense of s o l a r  energy. Gross primary 
product ion  r e f e r s  t o  t h e  t o t a l  amount of o rgan ic  material produced by photo- 
s y n t h e s i s ;  n e t  primary product ion  r e f e r s  t o  t h e  amount of o r g a n i c  m a t e r i a l  
a v a i l a b l e  t o  o t h e r  l e v e l s  of t h e  food c h a i n  a f t e r  l o s s e s  t o  r e s p i r a t i o n ,  
r ep roduc t ion ,  and m o r t a l i t y  are cons idered .  P r i m a r y  product ion  is  u s u a l l y  
r e p o r t e d  i n  grams of carbon f i x e d  by pho tosyn thes i s  w i t h i n  a squa re  metre 
pe r  u n i t  of t i m e  (gC/m*/year>. 

Data f o r  t h e  s tudy  a r e a  (F igu re  29)  r e v e a l  high r a t e s  of primary 
p r o d u c t i v i t y  a long  t h e  c o a s t l i n e  from Gower Po in t  t o  Cor t e s  I s l and  wi th  
lower rates n o r t h  of Malaspina Peninsula .  

With t h e  except ion  of e s t u a r i e s ,  t h e  areas of h i g h e s t  p r o d u c t i v i t y  
occur where tempera ture  s t r a t i f i c a t i o n  i s  w e l l  developed, s a l i n i t y  i s  con- 
s i s t e n t l y  h igh ,  and o t h e r  f a c t o r s  of t h e  phys ica l / chemica l  environment, 
desc r ibed  ear l ier ,  a r e  i n  abundant supply .  Where t h i s  occu r s ,  primary 
product ion  is  l i m i t e d  mostly by t h e  g raz ing  a c t i v i t i e s  of organisms h igher  
on t h e  food web. When t h e  supply of one o r  more f a c t o r s  exceeds t h e  t o l e r -  
ance  limits of phytoplankton s p e c i e s ,  however, growth of t h e  i n d i v i d u a l  and 
t h e  popu la t ion  is  c u r t a i l e d .  Primary p r o d u c t i v i t y  is  a l s o  l i m i t e d  by t h e  
f a c t o r  i n  l eas t  supply.  F igu re  30 i l l u s t r a t e s  t h e  importance of each of t h e  
f a c t o r s  of growth i n  main ta in ing  h igh  p r o d u c t i v i t y .  The f i g u r e  shows, f o r  
example, t h a t  a r e d u c t i o n  i n  t h e  "quant i ty"  of one f a c t o r  ( i . e .  n u t r i e n t s )  
r e s u l t s  i n  diminished primary p r o d u c t i v i t y  which s e q u e n t i a l l y  l i m i t s  t h e  
energy t r a n s m i t t e d  t o ,  and popu la t ions  s u s t a i n e d  a t ,  h ighe r  l e v e l s  of t h e  
food web. 
c rop  which i n  t u r n  suppor t s  fewer j u v e n i l e  salmon. 

Simply s t a t e d ,  a low phytoplankton crop  s u p p o r t s  a low zooplankton 

Important f i s h e r i e s  r e s o u r c e s  i n  t h e  s tudy  area ( s e e  C o a s t a l  
Resources Map Series (1:50,000) s e c t i o n  - F i s h  and S h e l l f i s h  Resources) a r e  
found p r i m a r i l y  i n  t h e  r e g i o n s  of moderate t o  h igh  primary p r o d u c t i v i t y .  
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FIGURE 29 GENERALIZED PATTERN OF PRIMARY PRODUCTION (PHYTOPLAWTON) IN 
THE STRAIT OF GEORGIA-JUAN DE FUCA SYSTEM 

SOURCE: J . G .  S tockner ,  D.D.  C l i f f  and K.R.S. Shor t read .  1979.  
Phytoplankton Ecology of t h e  S t r a i t  of Georgia,  B r i t i s h  
Columbia. Journa l  of t h e  F i s h e r i e s  Research Board of 
Canada. 36.  Ottawa. 
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Figure  30 - SCHEMATIC OF ENERGY TRANSFER BETWEEN TROPHIC LEVELS 
I N  UNLIMITED ( A )  AND L I M I T E D  ( B )  ECOSYSTEMS 
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5.7 .3  PRIMARY PRODUCTION - SEAWEEDS AND SALTMARSHES - 
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The p r o d u c t i v i t y  of seaweed and sa l tmarsh  communities i s  impress ive  
(F igu re  31) .  Seaweed s t u d i e s  from Nova S c o t i a  i n d i c a t e  t h a t  Laminaria 
l o n g i e u r u r i s  on a rock  s u b s t r a t e  w i l l  produce up t o  20 t i m e s  t h e  i n i t i a l  
weight of t h e  b l ade  over  a two-year per iod  even though 35 t o  40% of t h e  
g r o s s  product ion  i s  l i b e r a t e d  as d i s so lved  o rgan ic  matter dur ing  t h e  same 
per iod  (Carefoot ,  1977). Such h igh  rates of product ion  r e s u l t  from t h e  
c o n s t a n t  p rov i s ion  of n u t r i e n t s  t o  t h e  l e a v e s  by c u r r e n t s ,  adequate  tempera ture  
and l i g h t .  
p roduc t ive .  The i r  p r o d u c t i v i t y  comes from t h e  i n t e r a c t i o n  of numerous 
species t h a t  have evolved complex symbiot ic  r e l a t i o n s h i p s  w i t h i n  t h e s e  
communities . 

I n  e s t u a r i e s ,  d e t r i t a l  based e e l g r a s s  ecosystems are  a l s o  h igh ly  

E s t u a r i e s  a r e  t r a n s i t i o n a l  areas, and as  such, c o n t a i n  a s i g n i f -  
i c a n t l y  h igh  p ropor t ion  of b rack i sh  water - water of i n t e r m e d i a t e  s a l i n i t y .  
Numerous c l a s s i f i c a t i o n s  of b r a c k i s h  water exist, a l though a common s t anda rd  
i s  0.Zoioo t o  3O.O0/oo (Remane and S c h l i e p e r ,  1971).  Brackish water o r i g i n a t e s  
when s a l t  water is  mixed wi th  f r e s h  water .  Because of d i f f e r e n t i a l  i n p u t s  of 
h e a t  and s a l t  w a t e r ,  s t r a t i f i c a t i o n  i n  e s t u a r i e s  i s  no t  common. Under t h e  
r i g h t  wind o r  wave c o n d i t i o n s ,  p a r t i c u l a t e  ma t t e r  such as  p lankton ,  d e t r i t u s ,  
o r  sediment u p l i f t e d  from t h e  s u b s t r a t e  o r  d i scharged  by r i v e r s ,  may d imin i sh  
l i g h t  p e n e t r a t i o n  and reduce  p l a n t  growth. Normally, b rack i sh  water is  poor 
i n  s p e c i e s  d i v e r s i t y  r e l a t i v e  t o  f r e s h  and s a l t  wa te r s ;  however t h e  popu la t ions  
of s p e c i e s  p r e s e n t  a r e  u s u a l l y  l a r g e r  (Remane and S c h l i e p e r ,  1971). For 
i n s t a n c e ,  t h e  lowes t  number of s p e c i e s  occur s  a t  t h e  5-7'/00 s a l i n i t y  
l e v e l  (F igure  32) .  In a d d i t i o n ,  a smaller s i z e  is  a t t a i n e d  by organisms 
l i v i n g  in b r a c k i s h  c o n d i t i o n s ,  a l though s p e c i e s  t h a t  m i g r a t e  t o  sea water 
( i .  e. salmonids) g e n e r a l l y  a t t a i n  r a p i d  growth t h e r e a f t e r .  An important 
s e a g r a s s  i n  t h e  ecology of e s t u a r i e s  i s  Zos tera  marina. It  i s  acc l imated  
t o  b rack i sh  water c o n d i t i o n s  and s u r v i v e s  s a l i n i t i e s  t o  30/00. The 
e s t u a r i n e  phase is  a n  extremely important p a r t  of t h e  l i f e  c y c l e  f o r  many 
organisms ( i . e .  salmonids, shrimp) as i t  prepares them f o r  s u r v i v a l  i n  
t h e  sea. 
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FIGURE3LL: AVERAGE ANNUAL RATE OF NET PLANT P R O D U C T I O N  FOR S E L E C T E D  
ECOSYSTEMS 
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SOURCE:  Adopted from E. G. Komiorldy 1976, Concepts o f  Ecology, Prentice 
Hall Inc. New Jersey. 
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FIGURE 3 2 :  NUMBER OF SPECIES IN RELATION TO SALINITY L E V E L  (O/oo) 
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SOURCE: A. Rernarie and C. Sch l i epe r ,  1971. Biology o f  Brackish Water. 
John Wil ey and Sons, Inc. 
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5.8 THE ADMINISTRATION AND MANAGEMENT OF COASTAL RESOURCES u 
5.8.1 INTRODUCTION 

Numerous agenc ie s  admin i s t e r  and manage c o a s t a l  r e sources .  The 
C o a s t a l  Zone Resources Subcommittee p u b l i c a t i o n  (1978) i d e n t i f i e s  agency 
r o l e s  and r e s p o n s i b i l i t i e s .  I n  1980 t h e  Land Use Planning  s e c t i o n  of t h e  
M i n i s t r y  of Lands, Parks  and Housing prepared  a d i s c u s s i o n  paper e n t i t l e d  
"The Min i s t ry  of Lands, Parks  and Housing's Role i n  Foreshore  Administration".  
T h i s  document i d e n t i f i e s  agency mandates, p lanning  programs and respons i -  
b i l i t i e s  f o r  f o r e s h o r e  a d m i n i s t r a t i o n .  The p u b l i c a t i o n  "Land Use Law" by 
I n c e  (1977) p rov ides  a n  overview of t h e  l e g i s l a t i o n  governing land  u s e  i n  
B r i t i s h  Columbia. 

5.8.2 THE ADMINISTRATION OF COASTAL LAND 

Crown Land - P r o v i n c i a l  

The M i n i s t r y  of Lands, Parks  and Housing is  a key management and 
a d m i n i s t r a t i v e  agency i n  t h e  c o a s t a l  zone. 
management r e s p o n s i b i l i t y  t o  o t h e r  p r o v i n c i a l  agenc ie s  ( i . e .  Marine Resources 
Branch) t h a t  i n d i c a t e  t h e i r  p a r t i c u l a r  i n t e r e s t  i n  a n  area o r  a r e s o u r c e  
(i.e. o y s t e r  growing a r e a s ) .  The M i n i s t r y  remains,  however, t h e  a u t h o r i t y  
f o r  t h e  i s s u a n c e  of f o r e s h o r e  leases. 

The M i n i s t r y  may t r a n s f e r  i t s  

The a p p l i c a t i o n  p rocess  f o r  f o r e s h o r e  leases v a r i e s  accord ing  t o  
t h e  type  of lease, and t h e  area i n  which i t  is  l o c a t e d . ,  Log s t o r a g e  lease 
a p p l i c a t i o n s  undergo a complex review process  through v a r i o u s  l e v e l s  of 
government (Minis t ry  of Lands, Parks  and Housing, 1980).  On t h e  o t h e r  hand, 
a commercial fo re shore  lease a p p l i c a t i o n  may o b t a i n  approval  a t  a r e g i o n a l  
o f f i c e  t h e  same day i t  i s  submitted.  I n  a r e a s  where management committees 
and a management p l a n  exist, i n d i v i d u a l  lease a p p l i c a t i o n s  a r e  reviewed f o r  
conformity.  

I n  t e r m s  of f o r e s h o r e  r e g u l a t i o n ,  t h e  Min i s t ry  of Lands, Parks  
and Housing u s e s  terms and c o n d i t i o n s  of f o r e s h o r e  leases t o  monitor and 
en fo rce  i t s  own p o l i c i e s .  
ment p l ans ;  a n  example of such a p l a n  is  t h e  Pender Harbour Crown Foreshore  
P l a n  (Minis t ry  of Lands, Parks  and Housing, 1983).  

The M i n i s t r y  is  a l s o  r e s p o n s i b l e  f o r  area manage- 

While t h e  Min i s t ry  of Lands, Pa rks ,  and Housing is t h e  primary 
agency w i t h  r e s p o n s i b i l i t i e s  i n  t h e  c o a s t a l  zone, d i r e c t  r e s p o n s i b i l i t i e s  
are  a l s o  he ld  by t h e  M i n i s t r i e s  of Environment, F o r e s t s ,  Energy, Mines and 
Petroleum Resources, and T r a n s p o r t a t i o n  and Highways. 
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Crown Lands - Federa l  

The Small C r a f t  Harbours Branch of t h e  Department of F i s h e r i e s  
and Oceans c o n t r o l s  and a d m i n i s t e r s  wharves and p i e r s  cons t ruc t ed  on 
f e d e r a l  p r o p e r t y  o r  w i th  f e d e r a l  funds .  
e s t a b l i s h  r e s e r v e s  f o r  mig ra to ry  b i r d s .  Transpor t  Canada a d m i n i s t e r s  
p u b l i c  harbours  and n a v i g a t i o n  f a c i l i t i e s .  
Defence a d m i n i s t e r s  m i l i t a r y  reserves. 

The Canadian W i l d l i f e  S e r v i c e  may 

The Department of Na t iona l  

Under t h e  Indian  A c t ,  t h e  band Council ,  t h e  Cabinet and t h e  
f e d e r a l  government (Department of I n d i a n  and Northern A f f a i r s )  are  r e s p o n s i b l e  
f o r  land  u s e  on I n d i a n  Reserves.  While t h e  Council  may d i v i d e  t h e  r e s e r v e  
i n t o  zones of pe rmi t t ed  use ,  t h e  f e d e r a l  c a b i n e t  e x e r c i s e s  u l t i m a t e  c o n t r o l  
i n  major l and  u s e  d e c i s i o n s .  

Other P u b l i c  Lands 

The Regional Parks  A c t  of 1965 a l lows  t h e  r e g i o n a l  d i s t r i c t s  t o  
a c q u i r e ,  develop, and manage r e g i o n a l  parks .  The Powell River Regional 
D i s t r i c t  has  t h r e e  r e g i o n a l  pa rks  encompassing a t o t a l  a r e a  of approximately 
44 h e c t a r e s .  The r e g i o n a l  d i s t r i c t  p l a n s  t o  a c q u i r e  a n  a d d i t i o n a l  167 h e c t a r e s  
of park land  by t h e  yea r  1992 (Powell River Regional D i s t r i c t ) .  

The Sunshine Coast Regional Dis t r ic t  owns two r e g i o n a l  pa rks  which 
encompass a t o t a l  area of 66 h e c t a r e s .  The r e g i o n a l  d i s t r i c t  h a s  a n  o f f i c i a l  
r e g i o n a l  park  p l a n  which i d e n t i f i e s  park land  f o r  f u t u r e  a c q u i s i t i o n .  Two 
phases  are  cons idered  i n  t h e  p l an  (Phase 1-1983-3.987 and Phase I1 1988-1992), 
each of which i d e n t i f i e s  f u t u r e  areas and p rope r ty  f o r  a c q u i s i t i o n  
(Lef eaux, 1982).  

P r i v a t e  Lands 

P r i v a t e  l ands  are recorded  on t h e  B.C .  Assessment A u t h o r i t y ' s  
t a x a t i o n  assessment r o l l s .  The l o t s ,  t h e i r  area and boundar ies ,  are  recorded  
on c a d a s t r a l  maps. 

Tree farms are p r i v a t e l y  owned l and .  The owner a g r e e s  t o  fo l low 
good f o r e s t  management p r a c t i c e s ,  i n  r e t u r n  f o r  which t h e  land  is va lued  by 
t h e  B.C.  Assessment Au thor i ty  on t h e  b a s i s  of t h e  h a r v e s t  y i e l d s  p r e d i c t e d  
from an  approved p l an  of  f o r e s t  management. 

i s  he ld  by f o r e s t  companies. There are  no c u t  s t i p u l a t i o n s .  Such l a n d s  w e r e  
ob ta ined  through Crown g r a n t s  made ea r ly  i n  t h e  h i s t o r y  of t h e  province .  
Ownership o f  t h i s  type  of f o r e s t  l and  p rov ides  g r e a t e r  freedom t o  t h e  owner t o  
u s e  and develop t h e  land  and f o r e s t  r e s o u r c e s  than  i s  t h e  c a s e  w i t h  Crown 
f o r e s t  t enu re .  

Timberland r e f e r s  t o  those  f o r e s t  l a n d s  where fee-simple ownership 
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WATER MANAGEMENT 

Water Supply and Licens ing  

Fede ra l  - Major f e d e r a l  l e g i s l a t i o n  d e a l i n g  wi th  water supply 
i n c l u d e s  t h e  Canada Water A c t  and t h e  F i s h e r i e s  Act. The Canada Water 
- A c t  pe rmi t s  t h e  f e d e r a l  government t o  o p e r a t e  a network of streamflow, 
water l e v e l ,  and sediment s t a t i o n s ,  t o  develop f lood  damage r e d u c t i o n  
programs, t o  under take  f lood  c o n t r o l  measures,  t o  under take  s h o r e l i n e  and 
water r e s o u r c e  management programs, and t o  conduct r e s e a r c h  on s u r f a c e  and 
groundwater hydrology. The F i s h e r i e s  Act a l lows  t h e  Department of F i s h e r i e s  
and Oceans t o  i n f l u e n c e  flow regimes of r e g u l a t e d  r i v e r s  i n  o r d e r  t o  p r o t e c t  
t h e  mig ra t ion  and spawning h a b i t a t  of salmon s t o c k s .  

P r o v i n c i a l  - The M i n i s t r y  of Environment, by v i r t u e  of t h e  Water 
A c t ,  manages f r e shwa te r  s u p p l i e s  by c o n t r o l l i n g  t h e  i s s u a n c e  of water  l i c e n c e s ,  
conducts  ground and s u r f a c e  water r e s e a r c h ,  and engages i n  r i v e r  and f lood  
c o n t r o l  programs. Under t h e  Municipal A c t ,  l o c a l  and r e g i o n a l  a d m i n i s t r a t i o n s  
are r e s p o n s i b l e  f o r  water supply and d i s t r i b u t i o n .  

g ran ted  by water l i c e n c e .  Water l i c e n c e s  are  i s sued  by t h e  h f i n i s t r y  of 
Environment, Water Management Branch, f o r  domestic,  waterworks, mine ra l  
t r a d i n g ,  i r r i g a t i o n ,  mining, i n d u s t r i a l  power g e n e r a t i o n ,  hydrau l i ck ing ,  
s t o r a g e ,  conse rva t ion ,  f luming, conveying and land  improvement purposes .  
Within t h e  s tudy  r eg ion ,  domestic waterworks, i r r i g a t i o n ,  i n d u s t r i a l  power 
g e n e r a t i o n ,  and conse rva t ion  purposes r e q u i r e  major a l l o c a t i o n s  of f r e shwa te r .  
Water l i c e n c e s  have precedence accord ing  t o  t h e  d a t e  of i s s u a n c e  so  t h a t  i n  
low f low s i t u a t i o n s  some u s e r s  may be  denied t h e i r  a l l o c a t i o n .  C u r r e n t l y ,  
groundwater may be d i v e r t e d  wi thout  l i c e n c e .  

The r i g h t  t o  withdraw and u s e  s u r f a c e  water i n  t h e  province  i s  

For a l l  b u t  t h e  l a r g e s t  d i v e r s i o n s ,  water l i c e n c e s  a re  reviewed on 
a n  ad hoc b a s i s  w i th  watershed s t u d i e s  l i m i t e d  t o  s p e c i f i c  i s s u e s  i d e n t i f i e d  
i n  t h e  a p p l i c a t i o n  (pe r sona l  communication - Regional Engineer,  Water Manage- 
ment Branch, Nanaimo, 1980).  S t u d i e s  of watershed c h a r a c t e r i s t i c s  upon which 
t o  de te rmine  op t ima l  p a t t e r n s  of development and r e s o u r c e  a l l o c a t i o n s  a r e  no t  
y e t  a v a i l a b l e .  Streams can be  l i c e n s e d  f o r  d i v e r s i o n s  i n  excess  of t h e  
recorded minimum d a i l y  d i scha rge .  
l i c e n s e d  q u a n t i t i e s ,  i t  i s  p o s s i b l e  t h a t  under extreme c o n d i t i o n s ,  s h o r t f a l l s  
i n  water s u p p l i e s  could r e s u l t  f o r  some u s e r s .  

Although n o t  a l l  u s e r s  d i v e r t  t h e  maximum 

An in t e ragency  r e f e r r a l  system c u r r e n t l y  used i n  B r i t i s h  Columbia 
is designed t o  account f o r  t h e  stream r e s o u r c e  flow requi rements  of a l l  u s e r s  
i n  o rde r  t o  avoid  c o n f l i c t s ,  o r  s i t u a t i o n s  where u s e r s  a r e  l o s t .  For 
i n s t a n c e ,  f o r  t h e  s u r v i v a l ,  mig ra t ion ,  and spawning of f i s h  a c e r t a i n  d i s -  
cha rge  i s  r e q u i r e d .  
lesser flows; mig ra t ion  i s  r e s t r i c t e d  o r  blocked a t  extremely high o r  low 
f lows ,  and s u r v i v a l  is  p o s s i b l e  on ly  a t  c e r t a i n  water tempera tures  which, 
i n  s m a l l  streams, depends g r e a t l y  on t h e  d i scha rge .  S i m i l a r l y ,  r e c r e a t i o n a l  
u s e  (canoeing) is  p o s s i b l e  on ly  w i t h i n  a g iven  range of d i s c h a r g e s .  
s tudy  r eg ion ,  minimum f lows  f o r  f i s h e r i e s ,  r e c r e a t i o n ,  w i l d l i f e ,  o r  domestic 
u s e s  are  n o t  a v a i l a b l e .  

Spawning h a b i t a t  i n c r e a s e s  o r  d e c r e a s e s  wi th  g r e a t e r  o r  

In  t h e  
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Water Qua l i ty  and Waste Management 

Water q u a l i t y  comes under t h e  purview of both  t h e  p r o v i n c i a l  and 
f e d e r a l  governmenos. A s  numerous a c t s  r e g u l a t e  t h e  myriad a c t i v i t i e s  in- 
vo lv ing  t h e  use  of water, on ly  t h e  major l e g i s l a t i o n  i s  reviewed he re .  

Fed er a1 Leg i s l a  t ion 

The Canada Water A c t  and t h e  F i s h e r i e s  A c t  are t h e  most powerful 
f e d e r a l  s t a t u t e s .  Under t h e  p r o v i s i o n s  of t h e  Canada Water A c t  t h e  
f e d e r a l  government sets n a t i o n a l  e f f l u e n t  s t anda rds  and co-operates w i th  
t h e  provinces  i n  c o n t r o l l i n g  p o l l u t i o n  of s p e c i f i e d  w a t e r  bodies .  P a r t  
one of t h e  A c t  a l l ows  t h e  f e d e r a l  government, on f e d e r a l l y  owned w a t e r  
bodies ,  o r  t h e  f e d e r a l  and p r o v i n c i a l  governments t o  d e s i g n a t e  a water 
body as a water management area, t h u s  b r ing ing  i n t o  f o r c e  r e g u l a t i o n s  
a g a i n s t  e f f l u e n t  d i scha rges .  P a r t  two of t h e  A c t  d e a l s  w i t h  t h e  problem 
of e u t r o p h i c a t i o n  by r e g u l a t i n g  t h e  c o n c e n t r a t i o n  of n u t r i e n t s  i n  
c l ean ing  a g e n t s  t h a t  are imported i n t o  Canada. The F i s h e r i e s  A c t  pro- 
h i b i t s  t h e  d i s c h a r g e  of d e l e t e r i o u s  subs t ances  i n  any waters f requented  
by f i s h .  T h i s  i nc ludes  logging  d e b r i s ,  o b s t a c l e s  t o  mig ra t ion ,  and 
a c t i v i t i e s  w i t h i n  t h e  watershed t h a t  l ead  t o  e r o s i o n  problems, stream 
s i l t a t i o n ,  o r  t h e  l o s s  of f i s h ,  f i s h  eggs,  and o t h e r  marine organisms. 

The Canada Shipping A c t ' s  environmental  p r o v i s i o n s  apply  t o  a l l  s h i p s  
(not  p rope l l ed  by o a r s )  i n  Canadian waters sou th  of t h e  600 n o r t h  l a t i t u d e ,  
i nc lud ing  a l l  i n t e r n a l  waters, t h e  t e r r i t o r i a l  sea, and a l l  f i s h i n g  zones 
e s t a b l i s h e d  pursuant  t o  t h e  T e r r i t o r i a l  Sea and F i sh ing  Zones A c t .  The 
Canada Shipping Act i t s e l f  does n o t  p r o h i b i t  d i s c h a r g e s ,  b u t  a u t h o r i z e s  
t h e  Fede ra l  Cabinet t o  make r e g u l a t i o n s  p r o h i b i t i n g  t h e  d i s c h a r g e  from 
s h i p s  of any p o l l u t a n t  s p e c i f i e d .  The O i l  P o l l u t i o n  P reven t ion  Regula t ions  
( o i l s  and p e r s i s t e n t  o i l y  m i x t u r e s ) ,  t h e  P o l l u t a n t  Substances Regula t ions  
( a r s e n i c ,  l e a d ,  mercury, and phosphorous, e t c . )  and t h e  Garbage P o l l u t i o n  
P reven t ion  Regula t ions  (garbage) are  made under t h i s  Act. While t h i s  
r e p r e s e n t s  s t r o n g  l e g i s l a t i o n ,  t h e r e  a r e  s e v e r a l  s i g n i f i c a n t  l i m i t a t i o n s  
which might hamper i t s  e f f e c t i v e n e s s  i n  a g iven  s i t u a t i o n .  

The Ocean Dumping Con t ro l  A c t  p r o h i b i t s  t h e  d e l i b e r a t e  d i s p o s a l  of 
subs t ances  from s h i p s ,  a i r c r a f t  o r  p l a t fo rms .  It does n o t ,  however, apply  
t o  a c c i d e n t a l  d i scha rges ,  d i s c h a r g e s  i n c i d e n t a l  t o  t h e i r  normal o p e r a t i o n ,  
sea and mineral r e sources  e x p l o i t a t i o n ,  o r  d i s c h a r g e s  necessa ry  t o  avoid  
danger t o  human l i f e ,  s h i p ,  o r  a i r c r a f t .  F u r t h e r ,  under t h e  A c t ,  t h e  
M i n i s t e r  may i s s u e  p e r m i t s  f o r  dumping provided such dumping is  n o t  
p r o h i b i t e d  by ano the r  act  of par l iament .  

The Canada P o r t s  Corpora t ion  Act,  i n  r e p l a c i n g  t h e  Na t iona l  Harbours 
Board A c t ,  does n o t  s p e c i f i c a l l y  d e a l  w i th  environmental  p r o t e c t i o n ,  bu t  
does provide  cons ide rab le  autonomy f o r  " . . . t h e  d i r e c t i o n ,  conduct and 
government of t h e  l o c a l  p o r t  c o r p o r a t i o n  and i t s  employees, and t h e  
a d m i n i s t r a t i o n ,  management and c o n t r o l  of t h e  harbour ,  works and property. .".  
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Under t h e  Government Harbours and P o r t  F a c i l i t i e s  Act t h e  Governor- 
in-Council may s i m i l a r l y  r e g u l a t e  a l l  works and o p e r a t i o n s  and provide  
f o r  any p r o t e c t i o n  of persons  w i t h i n  t h e  l i m i t s  of any p u b l i c  harbour 
o r  a t  any p u b l i c  p o r t  f a c i l i t y .  

P r o v i n c i a l  L e g i s l a t i o n  

The P o l l u t i o n  Con t ro l  Act p r o h i b i t s  t h e  d i r e c t  o r  i n d i r e c t  d i s c h a r g e  
of contaminants i n t o  any water body wi thout  a permi t .  
r e q u i r e s  t h e  Comptroller of Water R igh t s ,  t h e  Min i s t ry  of A g r i c u l t u r e ,  
t h e  Min i s t ry  of Heal th ,  and t h e  Min i s t ry  of Environment t o  be  n o t i f i e d  
and s e n t  cop ie s  of a p p l i c a t i o n s  t o  d i scha rge  wastes. The f e d e r a l  
Department of F i s h e r i e s  and Oceans u s u a l l y  co-operates i n  t h e  s e t t i n g  of 
terms of pe rmi t s  i n  o rde r  t o  p r o t e c t  f i s h e r y  concerns.  
t r o l  o b j e c t i v e s  a r e  publ i shed  f o r  . f o r e s t  p roducts ,  munic ipa l  d i s c h a r g e s ,  
food p rocess ing ,  mining, and chemical and petroleum products .  They 
are used p r i m a r i l y  as g u i d e l i n e s  and have minimal l e g a l  f o r c e .  L a n d f i l l  
s i tes are a l s o  r e g u l a t e d  by permi t .  

A r e f e r r a l  system 

P o l l u t i o n  con- 

The Heal th  A c t  e s t a b l i s h e s  l o c a l  Boards of Heal th  comprised of t h e  
munic ipa l  counc i l .  The boards have r e l a t i v e l y  wide powers t o  d e a l  w i th  
nuisances  t h a t  r e l a t e  t o  p u b l i c  h e a l t h .  An 
a nuisance  is  r e q u i r e d  b e f o r e  a c t i o n  can be  
d i s c r e t i o n a r y  power i s  he ld  b y , t h e  M i n i s t e r  
Municipal Act d e a l s  w i th  nu i sances  t h a t  may 
p u b l i c  h e a l t h .  

5.8.4 MARINE BIRDS 

L e g i s l a t i o n  - The primary p r o t e c t i o n  f o r  

o f f i c i a l  n o t i c e  t o  t e rmina te  
t aken  under t h e  A c t .  The 
and t h e  l o c a l  board.  The 
n o t  d i r e c t l y  invo lve  t h e  

marine b i r d s  i n  Canada i s  
t h e  Migratory B i rds  Convention A c t  of 1917. Seve ra l  of t h e  f i f t e e n  o r d e r s  
r ep resen ted  by t h i s  Act are i d e n t i f i e d  i n  Table  3 6 .  The A c t  a f f o r d s  p r o t e c t i o n  
of waters f requented  by migra tory  b i r d s ,  wh i l e  t h e  Migratory Bird Regula t ions  
p r o h i b i t  t h e  d e p o s i t  of o i l ,  o i l y  water and o t h e r  subs t ances  i n  waters f r e -  
quented by b i r d s .  Fu r the r  , t h e  Regula t ions  p r o h i b i t s  t h e  d i s t u r b a n c e  of b i r d  
nests  and s h e l t e r s  except  i n  accordance w i t h  a permit.  The Canada W i l d l i f e  A c t  
a u t h o r i z e s  t h e  a c q u i s i t i o n  of l a n d s  f o r  w i l d l i f e  r e s e a r c h  and conse rva t ion ;  t h e  
e s t ab l i shmen t  of b i r d  s a n c t u a r i e s  i s  au tho r i zed  by t h e  Migratory Bird Sanctuary 
Regu la t ions ,  and on f e d e r a l  l a n d s ,  t h e  W i l d l i f e  Area Regula t ions  e s t a b l i s h  
w i l d l i f e  areas i n  which p u b l i c  u s e  and a c t i v i t i e s  may be  r e s t r i c t e d .  

P r o v i n c i a l  l e g i s l a t i o n  encompassing t h e  p r o t e c t i o n  of marine b i r d s  
and t h e i r  h a b i t a t  i s  t h e  W i l d l i f e  A c t ,  which provides  f o r  t h e  d e s i g n a t i o n ,  
a c q u i s i t i o n ,  management and p r o t e c t i o n  of w i l d l i f e  h a b i t a t ;  and t h e  Eco log ica l  
Reserves A c t  which p rov ides  h a b i t a t  and i n v i o l a t e  p r o t e c t i o n  t o  a number of 
major breeding  c o l o n i e s  i n  B r i t i s h  Columbia. I n d i r e c t l y ,  t h e  Environmental 
Management A c t  a f f o r d s  p r o t e c t i o n  by provid ing  f o r  t h e  development of manage- 
ment p l a n s  and environmental  g u i d e l i n e s ,  t h e  means t o  i n v e s t i g a t e  environmental  



TABL,E 36 REPRESENTATIVE TAXONOMIC BIRD GROUPS PROTECTED UNDER THE 
MIGRATORY BIRDS CONVENTION ACT 

~~~ 

Order 

Gaviiformes 

Podicipediformes 

Procellariiformes 

Ciconi i formes 

Anseri f ormes 

Charadrii formes 

Family 

Ga vi ida e 

Podicipedidae 

Hydroba ti da e 

Ardeidae 

Ana tidae 

Haema topodida e 
Charadriidae 
Scolopacidae 

Lari da e 
A1 cidae 

Genus 

Ga vi a 

Aechmosphorus 

Oceanodroma 

Ardea 

Oor 
Ana s 
Aythya 
Melanitta 
Mergus 

Ha ema t opus 
Charadrius 
Cal idris 
C. 
Larus 
Uria 
Brachyramphus 
Cerorhinca 
Lunda 

Species  

art i ca 

occidentalis 

1 eucorha 

herodias 

buccinator 
plat yrhynchos 
marila 
perspicilla ta 
merganser 

ba chman i 
hia t icul a 
mauri 
alpina 
ql aucescens 
aalqae 
marmora t us 
monocerata 
cirrha ta 

Common 

A r c t i c  Loon 

Western Grebe 

Leach ' s  Storm P e t r e l  

Great Blue Heron 

Trumpeter Swan 
Mallard 
Greater Scaup 
Surf Scoter  
Common Merganser 

Black Oys terca tcher  
Ringed Plover  
Western Sandpiper 
Dun1 i n  
Glaucous- w ing  ed Gu 1 1 
Common Murre 
Marbled Murre le t  
Rhinoceros Auklet 
Tufted Puff i n  

SOURCE: Adapted from 
Canada, Department of Environment. 1980. Bi rds  P r o t e c t e d  i n  Canada under t h e  
Migratory Bi rds  Convention A c t .  Occasional  Paper Number 1. Canadian W i l d l i f e  
Serv ice .  O t t a w a .  
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impact and p r o t e c t i o n  i s s u e s ,  t h e  means t o  prevent  environmental  damage, 
and a p r o c e s s  f o r  enforcement. Within t h i s  s tudy  area p r o t e c t i o n  i s  a l s o  
a f f o r d e d  marine b i r d s ,  a l b e i t  i n d i r e c t l y ,  bv t h e  Parks  Act through t h e  
presence of s e v e r a l  marine parks .  

5.8.5 LOCAL P L A N N I N G  

Local  governments, i .e .  r e g i o n a l  d i s t r i c t s  and m u n i c i p a l i t i e s ,  may 
r e g u l a t e  t h e  use  of t h e  f o r e s h o r e  by d e s i g n a t i n g  w a t e r f r o n t  zones.  The 
r e g i o n a l  d i s t r i c t s  i n  t h e  s tudy  area have n o t  adopted any formal  w a t e r f r o n t  
zones,  b u t  i n s t e a d  u s e  upland zoning t o  accommodate w a t e r f r o n t  u ses .  The 
V i l l a g e  of S e c h e l t  and t h e  Town of Gibsons are  t h e  o n l y  incorpora ted  areas 
which have des igna ted  zones f o r  w a t e r f r o n t  useage. 

The Sunshine Coast Regional D i s t r i c t  p l a n s  t o  i n t r o d u c e  a water- 
f r o n t  zoning by-law which would e n t a i l  d e s i g n a t i n g  t h e  w a t e r f r o n t  a r e s i d e n t i a l  
zone i n  o r d e r  t o  prevent  unwarranted development of t h e  f o r e s h o r e .  I n  t h e  
f u t u r e ,  t h e  D i s t r i c t  i n t e n d s  t o  i d e n t i f y  deep water  a c c e s s  s i tes  f o r  i n d u s t r i a l  
u s e s  and then  d e s i g n a t e  t h e s e  areas as  i n d u s t r i a l  w a t e r f r o n t  zones. 

Another means of c o n t r o l l i n g  w a t e r f r o n t  development is  through t h e  
es tab l i shment  of development c o n t r o l  areas. These areas a re  e s t a b l i s h e d  
t o  ensure  t h a t  s p e c i a l  p r e c a u t i o n s  and/or  p r o t e c t i o n  a r e  provided. Develop- 
ment c o n t r o l  areas a re  based upon S e c t i o n  717 (Development Permi ts )  of t h e  
Municipal A c t  which s ta tes  i n  p a r t  t h a t  " P e r m i t s  may r e q u i r e  t h e  p r e s e r v a t i o n  
o r  d e d i c a t i o n  of n a t u r a l  water c o u r s e s  and t h e  c o n s t r u c t i o n  of works t o  
p r e s e r v e  and b e a u t i f y  them i n  accordance w i t h  t h e  terms and c o n d i t i o n s  
s p e c i f i e d  i n  t h e  permit  and r e q u i r e  t h a t  a n  area of land  s p e c i f i e d  i n  t h e  
permit  above t h e  n a t u r a l  boundary ofs t reams,  r i v e r s ,  l a k e s  o r  t h e  ocean remain 
f r e e  of development except  as s p e c i f i e d  i n  t h e  permit". (Province of  
B r i t i s h  Columbia, 1980).  

C u r r e n t l y ,  zoning by-laws a re  being d r a f t e d  by t h e  Powell River 
Regional D t r i c t  which would e s t a b l i s h  development permit  a r e a s  f o r  commercial 
and i n d u s t r i a l  developments a long t h e  c o a s t .  Zones w i l l  be  e s t a b l i s h e d  a l s o  
f o r  t h e  p r o t e c t i o n  of m a r i c u l t u r e  areas (F.  L a d r e t ,  personal  communication, 
1983).  

Regional Se t t lement  and Community P l a n s  

The Municipal A c t  (Province of B .C . ,  1980) a u t h o r i z e s  l o c a l  governments 
t o  provide  f i v e  types  of p lans :  r e g i o n a l ,  o f f i c i a l  r e g i o n a l ,  o f f i c i a l  se t t le -  
ment, community and o f f i c i a l  community. Each of t h e s e  p l a n s  i s  designed t o  
f u l f i l l  s p e c i f i c  g o a l s ,  o b j e c t i v e s  and requirements  under t h e  Municipal A c t .  
O f f i c i a l  p l a n s  r e f e r  t o  those  p l a n s  which have undergone p u b l i c  h e a r i n g s  and 
have been adopted a s  by-laws. U n o f f i c i a l  p lans ,  on t h e  o t h e r  hand, have 
n e i t h e r  been adopted as by-laws, nor undergone p u b l i c  h e a r i n g s .  
as  a n  i n t e r i m  means of p lanning ,  and provide temporary land  d e s i g n a t i o n s .  
They may be  d i s s o l v e d  a t  any t i m e ,  and have no f o r c e  o r  e f f ec t  under l e g i s l a t i o n .  

They f u n c t i o n  
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Regional p l a n s  as  def ined  under t h e  Municipal Act,  a r e  a 
g e n e r a l  scheme wi thout  d e t a i l  f o r  t h e  p r o j e c t e d ' u s e s  of land w i t h i n  t h e  
r e g i o n a l  d i s t r i c t ,  inc luding  t h e  l o c a t i o n  of major highways". The r e g i o n a l  
board can d e s i g n a t e  a r e g i o n a l  p l a n  as a n  o f f i c i a l  r e g i o n a l  p l an .  Regional 
boards are expected, upon completion of a n  O f f i c i a l  Regional P lan ,  t o  prepare  
an O f f i c i a l  Set t lement  P l a n  (O.S.P.). The O.S.P. encompasses t h a t  area of 
t h e  r e g i o n a l  d i s t r i c t  o u t s i d e  a c i t y ,  d i s t r i c t ,  town o r  v i l l a g e ,  and may 
apply t o  a l l  o r  p a r t  of t h a t  area. 0.S.P.s r e q u i r e  t h e  approval  of r e g i o n a l  
c o u n c i l  and t h e  p r o v i n c i a l  M i n i s t r y  of Municipal A f f a i r s .  They must inc lude :  
t h e  i d e n t i f i c a t i o n  of major land useage; t h e  d e n s i t y  of r e s i d e n t i a l  develop- 
ment; t h e  p r o t e c t i o n  and p r e s e r v a t i o n  of s p e c i a l  l a n d s ,  i . e .  r e c r e a t i o n a l ,  
h s i t o r i c ,  s c i e n t i f  i c y  and a g r i c u l t u r a l ;  t h e  proposed sequence of urban develop- 
ment; and t h e  r e s u l t a n t  i n f r a s t r u c t u r e  requirements  and p l ans .  

O f f i c i a l  Community P lans  

O f f i c i a l  community p l a n s  a re  designed s p e c i f i c a l l y  f o r  munici- 
p a l i t i e s ,  and are  approved s o l e l y  by municipal  c o u n c i l s .  Under t h e  A c t ,  
community p lans  a re  def ined  a s  a n  express ion  of p o l i c y  f o r  any u s e  of l a n d ,  
inc luding  s u r f a c e s  of water, o r  t h e  p a t t e r n  of t h e  s u b d i v i s i o n  of l and .  
These p l a n s  r e q u i r e  p u b l i c  h e a r i n g s  b e f o r e  they become o f f i c i a l ,  b u t  t h e  
M i n i s t e r  of Municipal A f f a i r s  does n o t  need t o  approve them. The conten t  
requirements  f o r  t h e s e  p l a n s  a re  similar t o  t h e  requirements  of t h e  O f f i c i a l  
Se t t lement  P lans  under s e c t i o n  810 of t h e  Municipal A c t .  They must c o n t a i n  
''a s ta tement  of broad s o c i a l ,  economic and environmental  o b j e c t i v e s  t o  be  
achieved by implementation of t h e  p l a n  and a statement of p o l i c i e s  of t h e  
municipal  c o u n c i l  on t h e  g e n e r a l  form and c h a r a c t e r  of t h e  f u t u r e  land  u s e  
p a t t e r n  i n  t h e  area covered by t h e  plan".  

Community P l a n s  

Community P l a n s  r e f e r  t o  working p l a n s  t h a t  a r e  i n  t h e  conceptual  
s t a g e s .  They a re  n e i t h e r  r e g u l a t e d  by by-law nor approved by c o u n c i l .  The 
M i n i s t r y  of Municipal A f f a i r s  d i scourages  t h e i r  use.  

This  r e p o r t  i s  o n l y  p a r t  of t h e  documentation a v a i l a b l e .  Other 
s e c t i o n s  of t h e  C o a s t a l  Resources F o l i o ,  South Mainland Coast (Gibsons Landing 
t o  t h e  Redonda I s l a n d s )  B r i t i s h  Columbia inc lude :  I n t r o d u c t i o n ,  C o a s t a l  
Resource Map Series (1:50,000),  Tables ,  Pender Harbour Map Series (1:10,000),  
Sources and Glossary.  
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November 12  - December 5, 1958. Manuscript Report OL No. 36. 
Fisheries Research Board of Canada, Nanaimo. Unpubl i shed .  

P a c i f i c  Oceanographic Group, 1959. 
Physical and Chemical Data Record, Coastal  Seaways P r o j e c t ,  
March 31 - A p r i l  22, 1959. Manuscript Report OL No. 47. 
Fisheries Research Board o f  Canada, Nanaimo. Unpubl ished. 

P a c i f i c  Oceanographic Group, 1959. 
Oceanographic Data Record, Coastal  Seaways P r o j e c t  , 
June 8 - J u l y  1, 1959. Manuscript Report No. 52. 
Fisheries Research Board o f  Canada, Nanaimo. Unpubl ished. 

Quayle ,  D. B. , 1974. 
Pendrell Sound Oyster Breeding 1950-1970. 
Manuscript Report Series No. 1291. Fisheries Research 
Board of Canada, Nannaimo. 

Stephens, K. , 1968. 
Surface D i s t r i b u t i o n  of Chlorophyll i n  the S t r a i t  of Georgia, 
1966-1967. Manuscript Report No. 971. Fisheries Research Board 
of Canada, Nanaimo. Unpubl ished. 

S t r i c k l a n d ,  J.D.H. , 1958. 
Data Record and D iscussion. Special  B. C. Coastal Survey 
Measuring Chemical and Light  Attenuat ion P r o p e r t i e s ,  June 23 
t o  J u l y  4 ,  1958. Manuscript Report OL No. 30. Fisheries 
Research Board of Canada, Nana imo. Unpubl ished. 

Sul l  ivan, D. L. , 1980. 
Marine Environmental Surveillance Monitoring a t  B.C. P u l p  
Mil 1 s , 1979. Regional Program Report 81-16. 
Department o f  Environment, Environmental Pro tec t ion  
Serv ice  , Vancouver. 

Canada , 

Sull  ivan, D. R. , 1981. 
Marine Environmental Surve i l lance  Monitoring a t  B. C. South 
Coast P u l p  Mil I s ,  1980. Regional Program Report 81-26. Canada, 
Department o f  Environment, Environmental Pro tec t ion  S e r v i c e ,  
Vancouver. Unpubl ished. 

Waldichuk, M. , J.R. Markert ,  and J.H. Meikle, 1968. 
F r a s e r  River Estuary. Burrard I n l e t ,  Howe Sound and 
Malaspina S t r a i t .  Physical and Chemical Oceanographic Data ,  
1957-1966. Manuscript Report No. 939. Fisheries Resea rch 
Board of Canada, Nanaimo. Unpubl ished. 
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6.2.6 Theme 7 :  WATER RESOURCES 

R i v e r  D ischarqes 

Canada, Department o f  Environment, 1981a. Sur face Water Data  
Reference Index. 
Branch, Ottawa. 

I n l a n d  Waters D i r e c t o r a t e ,  Water Resources 

Canada, Department o f  Environment , 1981b. Sur face Water D ata. 
I n l a n d  Waters D i r e c t o r a t e ,  Water Resources Branch, Ottawa. 

Water L icences 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. Computer p r i n t o u t s  
t o  17.09.82. Water Management Branch, V i c t o r i a .  

Marine/R i v e r  O u t f a l l  s and Landf  ill S i t e s  

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. (Unpubl ished maps - 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. (Unpubl i shed maps - 
1 : 50,000). Waste Management Branch, Nana imo. 

1 : 50,000). Waste Management Branch, Surrey. 

0 
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Shel 1 f i s h  Sanitar-y Surveys 

Arney, D.B., and T.J. Tevendale, 1974. S h e l l f i s h  Growing Water San i ta ry  
Survey o f  Pender Harbour and O u t l y i n g  Areas. EPS 5-PR-74-11. 
Canada, Department o f  Environment, Environmental P r o t e c t i o n  
Service,  West Vancouver. 

Cooper," K.R. , and T.J. Tevendale, 1974. S h e l l f i s h  Growing Water 
San i ta ry  Survey o f  t h e  Southern P o r t i o n  o f  t he  Seche l t  Peninsula 
and Sechel t I n l e t .  EPS 5-PR-74-12. Canada, Department of 
Environment, Environmental P r o t e c t i o n  Service,  West Vancouver. 

Derksen, G.D. and T.J. Tevendale, 1974. S h e l l f i s h  Growing Water 
San i ta ry  Survey o f  Lasquet i I s l  and. 
Department o f  Environment Environmental Pro tec t ion ,  West Vancouver. 

EPS 5-74-8. Canada, 

Higgs, T.W., 1976. San i ta ry  Survey o f  Malaspina S t r a i t  f rom Sliamnon 
P o i n t  t o  G r i e f  Po in t ,  B r i t i s h  Columbia, 1975. EPS 5-PR-75-13. 
Canada, Department Environment, Environmental P r o t e c t i o n  Service,  
West Vancouver. 

Kay, B., B. Kooi, R. Shepherd, and D. Walker, 1982. S h e l l f i s h  Growing 
Water Cont ro l  Program, Annual Review 1981-1982. Regional Program 
Report 82-3. 
P r o t e c t  i o n  Service,  West Vancouver. 

Canada, Department o f  Environment, Environmental 

Kay, B.H., 1981. S h e l l f i s h  Growing Water Contro l  Program Annual Review 
1980-1981. Regional Program Report  No. 81-2. Canada, Department 
o f  Environment, Environmental P r o t e c t i o n  Service,  West Vancouver. 

Kay, B.H., 1976. S h e l l f i s h  Growing Water San i ta ry  Survey o f  t he  
Mainland Coast11 ine,  S c u t t l e  Bay t o  S a l t e r y  Bay, B r i t i s h  Columbia. 
EPS 5-PR-75-14. Canada, Department o f  Environment, Environmental 
P ro tec t i on  Service,  West Vancouver. 

Shel 1 f i s h  C1 osure Areas 

Canada, Department o f  F i she r ies  and Oceans, 1983. Schedule I .  
Operat ions Centre, Vancouver. 
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6.2.7 Theme 8: SEAWEEDS, SALTMARSHES, SAND DUNE ECOLOGY, AND MARINE MAMMALS 

Kelp Survey 

Coon, M., 1982. Ae r ia l  survey o f  nereocys t is  beds. Charts 4 and 5 
M i n i s t r y  o f  Environment, Marine Resources Branch, V i c to r i a .  

Zostera Survey 

Sumners, T. J. , 1983. Canada, Department o f  Environment, Lands 
D i r e c t o r a t e ,  Ae r ia l  and Water Reconnaissance, Vancouver. 

Sal marshes 

Sumners, T.J., 1983. Canada, Department o f  Environment, Lands 
D i r e c t o r a t e ,  Ae r ia l  and Water Reconnaissance, Vancouver. 

Sand Dunes 

Sumners, T.J. ,1983. (Unpubl ished data. ) Canada, Department o f  
Environment, Lands D i r e c t o r a t e ,  A e r i a l  and Water Reconnais- 
sance, Vancouver. 

Marine Mammals 

Bigg, M. 1982. (Unpubl ished data. ) Canada, Department of F i s h e r i e s  
and Oceans, P a c i f i c  B i o l o g i c a l  S ta t ion ,  Nanaimo. 

Foreshore P1 ans 

MacLaren Plansearch, 1981. Pender Harbour Crown Foreshore Plan. 
D r a f t  Technical  Report. 
Land Management Branch, Burnaby. 

M i n i s t r y  o f  Lands, Parks and Housing, 

Kombu M a r i c u l t u r e  S i t e s  

Druehl ,  L.D., 1981. The Development o f  an E d i b l e  Kelp Cu l tu re  
Technology f o r  B r i t i s h  Columbia. 
B r i t i s h  Columbia M i n i s t r y  o f  Environment, Marine Resources 
Branch, V i c to r i a .  

T h i r d  Annual Report. 
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6.2.8 Theme 9: MARINE BIRD SURVEYS 

Waterfowl Survey 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, (n. d. ) F1 i g h t  1 i n e  data 
sheets. Surveys and Resource Mapping Branch, V i c t o r i a .  

Ducks U n l  im i ted ,  (n. d. ). Fl  i g h t  1 i n e  da ta  sheets. Del ta .  

Waterfowl H a b i t a t  

Canada, Department o f  Environment, 1975. Canada Land I n v e n t o r y :  
Land Capabi l  i t y  f o r  W i l d l  i f e  - Waterfowl.  
1:250.000) Lands D i r e c t o r a t e ,  O t t a w a .  

Maps (Sca le  

Summers, T.J., 1983. F i e l d  data. Department o f  Environment, Lands 
D i r e c  t o r a  te ,  0 ttawa. 

Seab i rd  Col on i e s  

Campbell, R.W. , 1976. 
Area. Map. Pub1 i shed by F r i e n d s  o f  t h e  P r o v i n c i a l  Museum, 
V i c t o r  ia. 

Seabi rd Co lon ies  o f  Vancouver I s l a n d  and 
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6.2.9 Theme 10: F i sh  and S h e l l f i s h  Resources 

Argue, A.W., and K.R. P i t r e ,  1972. D i s t r i b u t i o n  o f  Commercial and 
Spor t  Vessels F i s h i n g  P a c i f i c  Salmon i n  Southern B r i t i s h  
Columbia Marine Waters, based on o v e r f l i g h t s  from 1965 t o  1971. 
Technical  Report  1972-3. Canada, Department o f  t he  Environment, 
F i she r ies  Service,  Vancouver. 

B r i t i s h  Columbia, M i n i s t r y  o f  the  Environment. F i she r ies  Hab i ta t  Maps. 
F i s h  and W i l d l  i f e  Branch, Lower Mainland Region, Surrey. 
Unpubl ished on f i l e .  

B r i t i s h  Columbia , M i n i s t r y  o f  t h e  Environment. Map o f  S t r a i t  o f  
Marine Resources Branch, Georgia Oyster Permi t  Locations. 

Nanaimo. Unpubl ished. 

B r i t i s h  Columbia, M i n i s t r y  o f  t he  Environment, 1980. Region I 1  
Named Lakes Catalogue - Squamish, Pemberton, Sechel t, Powel 1 River. 
F i sh  and W i l d l  i f e  Branch, Lower Mainland Region, Surrey. 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. Oyster Cu l tu re  and 
Management Areas, May 1982. Map. Marine Resources Branch, 
V i c to r i a .  

B r i t i s h  Columbia, Min i 's t ry  o f  the  Environment, 1977-1981. Aquat ic 
B iophys ica l  - Manuscr ip t  Maps. Aquat ic Studies Branch, V i c to r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1979. 
Lang Creek Crown Land Plan. Lands and Housing D i v i s i o n ,  Surrey. 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1979. 
Mal aspina Master P1 an. Lands Management Branch, V i c to r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1981. 
Pender Harbour Crown Foreshore P1 an. D ra f t .  Lower Main1 and 
Reg ion, Burnaby. 

Canada, Department o f  t he  Environment, 1974. A Visual  Presenta t ion  
o f  Features Impor tan t  t o  Management o f  t h e  Recreat ional  Fishery.  
F i she r ies  and Marine Service, Economics Unit,  Vancouver. 

I .  

U .  
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U 
Canada, Department o f  t he  Environment, 1976. O i l  and Chemical S p i l l  

Countermeasures Series. B i o l o g i c a l  Resources. NHS sheets 3508, 
3510, 3577, 3589, 3590 and 3591 (Powell R iver ,  Pender Harbour, 
Sandheads t o  B a l l  enas I s l  and, Jerv  i s  I n l  e t  and approaches, 
Bal lenas I s l a n d  t o  Cape Lazo, Cape Lazo t o  Discovery Passage). 
Environmental P ro tec t i on  Service,  Vancouver. 

Canada, Department o f  F i she r ies  and Environment, 1978. West Coast 
Of fshore Environment. Map Series. Environmental P ro tec t i on  
Service, Vancouver. 

Canada, Department of F i sher  i e s  and Oceans, 1975-1982. Spawning F il es. 
Vancouver. 

Canada, Department o f  F i she r ies  and Oceans, 1983. 
1983 B r i t i s h  Columbia t i d a l  waters s p o r t  f i s h i n g  guide. 
In fo rmat ion  Branch, Vancouver. 

Cox, R.K. and E.M. Charman, 1980. A Survey o f  Abundance and 
D i s t r i b u t i o n  (1977) of the  Geoduck Clam (Panope generosa) i n  
Queen Char lo t te ,  Johnstone and Georgia S t r a i t s ,  B. C. t- i she r ies  
Development Report  No. 16. B r i t i s h  Columbia, M i n i s t r y  o f  
Environment, Marine Resources Branch, V i c to r i a .  

Facchin, A. and G. King, 1980. 
Lake Survey and Study Record f o r  the  Lower Mainland Region o f  
B.C. Technical  C i r c u l a r  No. 47. B r i t i s h  Columbia, M i n i s t r y  o f  
Environment, F i s h  and Wild1 i f e  Branch, V i c to r i a .  

Haegele, C.W., 1983. 
Her r ing  Spawn Locat ion  Maps and Charts. 
Canada, Department o f  F i s h e r i e s  and Oceans, Resource Services 
Branch, Nanaimo. 

Dra f ts .  

Harding, E.A. and L.J. Er ickson, 1975. 
An Inventory  o f  Streams on the  Sechel t  Peninsula. 
Manuscript. 
Inventory  Sect ion,  V ic to r ia .  

Unpubl ished 
B r i t i s h  Columbia, F i s h  and W i l d l  i f e  Branch, 

Juan de Fuca Environmental Consul tants,  1980. 
Coastal Recreat ion Features and F a c i l i t i e s .  Maps prepared 
f o r  M i n i s t r y  o f  Lands, Parks, and Housing, and Outdoor Recreat ion 
D iv i s ion ,  - f o r  J o i n t  S teer ing  Committee o f  t he  Estuary,  
Foreshore Water Log Hand1 i n g  and Transpor ta t ion  Study, V i c to r i a .  
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Knapp, W .  and M. Lashmar, 1978. MacMil lan Bloedel Pulp and Paper M i l l  
(Powel 1 R iver ) .  F i she r ies  Resources o f  F i she r ies  and Marine Service 
S t a t i s t i c a l  Areas 15 and 16. I n t e r n a l  Report. Canada, Department 
o f  F i s h e r i e s  and Environment, F i she r ies  and Marine Service,  Hab i ta t  
P ro tec t i on  Un i t ,  Vancouver. 

Marshal l ,  D.E., R.F. Brown, V.D. Chahley and D.G. Demontier, 1977. 
Pre l  iminary Catalogue o f  Salmon Streams and Spawning Escapements 
o f  S t a t i s t i c a l  Area 13 (Campbell R iver) .  Technical Report  Ser ies 
PAC/D-77-1. Canada, Department of t he  Environment, F i she r ies  and 
Marine Service,  Vancouver. 

Marshal l ,  D. E. , R. F. Brown, V.D. Chahley, and L. L. Shannon, 1976. 
Pre l im inary  Catalogue o f  Salmon Streams and Spawning Escapements 
o f  S t a t i s t i c a l  Area 28 (Howe Sound - Bur rard  I n l e t ) .  Technical  
Report Ser ies  PAC/D-76-4. Canada, Department o f  t h e  Environment, 
F i she r ies  and Marine Service, Vancouver. 

Marshal l ,  D.E., V.D. Chahley and L. L. Shannon, 1976. 
Pre l  iminary Catalogue o f  Salmon Streams and Spawning Escapements 
o f  S t a t i s t i c a l  Area 16 (Pender Harbour). Technical  Report  Ser ies 
PAC/D-76-1. 
Marine Service,  Vancouver. 

Canada, Department o f  t he  Environment, F i she r ies  and 

Marshal l ,  D. E. , V.D. Chahley, and L. L. Shannon, 1976. Pre l  iminary 
Catalogue o f  Salmon Streams and Spawning Escapements o f  S t a t i s t i c a l  
Area 15 (Powel 1 River) .  Technical Report  Ser ies PAC/D-76-2. Canada, 
Department o f  t he  Environment; F i s h e r i e s  and Marine Service, 
Vancouver. 

The Task Force Technical Working Group, 1971. Nat ional  Marine Parks, 
S t r a i t s  o f  Georgia and Juan de Fuca. A r e p o r t  t o  the  in te rdepar t -  
mental Task Force on Nat ional  Marine Parks. Canada, Department o f  
I nd ian  A f f a i r s  and Northern Development, Nat ional  and H i s t o r i c  
Parks Branch, Ottawa. 

Walmsley, M. and J. Block, 1976. 
Coastal Zone In fo rma t ion  f o r  Determin ing Recreat ion P o t e n t i a l  o f  
the  Malaspina Peninsula. Environment and Land Use Committee 
Secre tar ia t ,  T e r r a i n  Systems, A n a l y s i s / I n t e r p r e t a t i o n  D i v i s i o n ,  
V i c t o r  ia. 
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The Coastal Resources map series ( 1 : 50,000 and 1 : 10 ,OOO), 
F i s h  and Shellfish Resources is based on pub1 ished and unpubl  ished 
documents and on the pooled professional knowledge and judgment of 
specialists i n  government, university and private agencies whose 
contributions ranged from site-specif ic da t a  and local knowledge t o  
region-wide surveys and direction t o  the relevant 1 iterature. 

The contributions of the i n d i v i d u a l s  and agencies noted below as 
well as the assistance of numwous others not  included due t o  space 
1 imitations is gratefully acknowledged. 

Personal Communications (1982-1983) 

Department of Fisheries and Oceans: 

Subdistrict Offices: Pacific Region, Vancouver: 

Neil Armstrong, Powell River 
Randy Tancock, Madeira Park 

Rudy Chiang  
Adel e Leaney-East 
Keni Lorette 

Pacific Biological S t a t i o n ,  Nanaimo: District Off ice, Nanaimo: 

Neil Bourne D w i g h t  Heritage Bob Armstrong 
Paul Breen Bruce Leaman Dennis Chalmers 
Terry Butler Mark Saunders Rick Harbo 
A1 Cass Bill Shaw 
Carl Haegele Mike Smith  
Steve Head Jurgen Westrheim 

Environmental Protection Service. Vancouver: 

Bruce Kay 

Ministry of Environment: 

Aquatics Studies Branch, Victoria Marine Resources Branch: 

Don Grant 
Eero Karanka 

Ken A1 brecht , Nana imo 
Bob Cox, Victoria 
Don T i l  1 apough 

F i s h  and Wild1 ife Branch: 

Jamie Stephen,Sechel t Pete Law Nana imo 
Bill Stalker, Powell River Doug Morrison 

(now C h i l l  iwack) 

Peter Caverhill 
Ross Neuman Surrey 
John Van Hove 

Lower Mainland Regional Office 
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6 . 2 . 1 0  Theme 12 .1 :  General ized Zoning and Marine Fac i l  i t ies 

See  6 . 3 . 1 .  and 6 . 3 . 2 .  

Theme 1 2 . 2 :  L a n d h a t e r  Use 

See 6 . 3 . 1  and 6 . 3 . 2 .  

6 . 2 . 1 1  Theme 13: L a n d h a t e r  Use Plans  and Proposals  

See 6 . 3 . 3 .  

6 . 2 . 1 2  Theme 14: S e l e c t e d  Adminis trat ive  Boundaries 

See  6.3.  

6 . 2 . 1 3  Theme 15:  L a n d h a t e r  S t a t u s  

See  6 .3 .4 .  

6 .2 .14  Theme 16: Forest Cover 

British Columbia Min i s try  o f  Forests, 1983. Computer data. 

Also  see 6 . 3 . 4 .  

Vancouver Regional O f f  ice, Burnaby. 
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6.2.15 Theme 17: RECREATIONAL AREAS, SPECIAL FEATURES, AND ACCESS 

P rov inc ia l  Parks and Reserves 

Block, J. , 1982. Personal Communication and Departmental Reference 
Maps. 
Parks Branch, V ic to r ia .  

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks, and Housing, 

Mor r is ,  J. , 1982. Personal Communication and Departmental Reference 
Maps. B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks, and Housing, 
Parks Branch’, Nor th Vancouver. 

Eco log ica l  Reserves 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. Departmental 
Reference Maps. Eco log ica l  Reserves U n i t ,  V i c to r i a .  

P rov inc ia l  W i l d l  i f e  Management Area 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. Departmental 
Reference Maps. Marine Resources Branch, V i c to r i a .  

Nat ional  Second Centur-v Fund Proper ty  

Nat ional  Second Century Fund, 1982. Reference Maps. 
West Vancouver. 

Archeol og i c a l  S i t e s  

B r i t i s h  Columbia, P r o v i n c i a l  Secretary and Government Services,  
(n. d. 1. Departmental Reference Maps. Her i tage Conservation 
Branch, V i c to r i a .  

Fo res t  Serv ice Campsites 

B r i t i s h  Columbia, M i n i s t r y  o f  Forests,  1982. Departmental Brochure. 
Recreat ion Management Branch, Burnaby. 

Anchoraaes 

Canada, Department o f  F i she r ies  and Oceans , (var ious  dates). 
Hydrographic charts.  Canadian Hydrographic Service,  Ottawa. 

Wolferstan, B., 1982. C ru i s ing  Guide t o  Deso la t ion  Sound. 
Agency Press Ltd., Vancouver. 

Scuba D i v i n a  S i t e s  

Pratt-Johnson, B., 1977. 141 Dives i n  t h e  Pro tec ted  Waters of 
Washington and B r i t i s h  Columbia. 
Pub1 ishers,  Vancouver. 

Gordon Soules Book 
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Shore1 ine  Process Features 

Sumners, T. J. ,  1982. I n t e r p r e t a t i o n  o f  Ae r ia l  Photographs and Colour 
Videotapes. Vancouver. 

Recreation Area and A c t i v i t i e s  

Sumners, T. J. , 1982. I n t e r p r e t a t i o n  o f  A e r i a l  Photographs and Col our 
Videotapes. Vancouver. 

Sandy Beaches 

Dunn, M.W., ( i n  press). Physical Shorezone Map Series: Coastal 
Resources Fo l  i o  South Mainland Coast B r i t i s h  Columbia. 
( sca le  1:50,000). 
D i rec to ra te ,  Vancouver. 

Maps 
Canada, Department o f  Environment, Lands 

Pub1 i c  Access - 
Sumners, T. J. , 1982. I n t e r p r e t a t i o n  o f  A e r i a l  Photographs, Col our 

Videotapes and Base Maps. Vancouver. 
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LANDDATER USE AND STATUS TABLES 

6.3.1 Regional and Local Zoning, 

Regional D istricts 

Sunshine Coast Regional D istrict. 
1982: The Corporation of the Village of Sechelt. Zoning by-law no. 239.* 

1979: Village of Gibsons. Zoning by-law no. 350." 

1974: The Sunshine Coast Regional District. Zoning by-law no. 96.* 

* Available from: Sunshine Coast Regional D i s t r i c t ,  Sechel t ,  B. C. 

Regional D istr ict  of Comox-Strathcona. 
1970: Cortes Island. Zoning by-law no. 41. 

Mun ic iDal i t  ies 

1981: The Corporation of the District of Powell River. Zon ing  
by-law no. 1001. 

I sl ands Trust 

1981: Lasqueti Island. Amendment by-law no. 1. 

6.3.2 Marinas, Bulk O i l  Storage F a c i l i t i e s  and Sewage Systems and Treatment 

Marinas 

Canada, Department of Fisheries and Environment, 1978. Guide t o  Federal 
F i s h i n g  and Recreational Harbours of British Columbia. Canadian 
Hydrographic Service fo r  Small Craf t  Habours Branch. Sidney. 

Eby, P. and Associates Ltd. 
1979 Recreational Boating Fac il ity Requirements t o  1985 i n  
British Columbia. Prepared fo r  Fisheries and Oceans Canada, 
Small Craf t  Harbours Branch. Vancouver. 

Reid Crowther & Partners Ltd. ,  Marine Design Associates Ltd. , Nova Corp 
Consulting Inc. , 1982. Canada/British Columbia Marine Terminal 
Facil i t ies  Study. Vancouver. 

B u l k  Storaqe Facil ities 

Beech, F.G., O.A. Betts and R.L. Sherwood, 1979. West Coast O i l  Sp i l l s  
Countermeasures Study Year 1. Regional Program Report 79-28. 
Environment Canada, Environmental Protection Service. 
Vancouver. 
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6.3.3 Land Use Plans and Proposals 

Reqiona3 D i s t r i c t s  

Sunshine Coast Regional D i s t r i c t  

By-law No. 171. 
1980: Sunshine Coast Regional D i s t r i c t  O f f i c i a l  Regional Plan. 

n. d. : Roberts Creek O f f i c i a l  Set t lement  Plan. 

Powel 1 R i v e r  Reqional D i s t r i c t  

1979: Powell R i ve r  Regional D i s t r i c t  D r a f t  Regional Plan. 

n. d. : Powel 1 R i v e r  Southern Regional D i s t r i c t  Set t lement  Plan. 

Comox-Strathcona Regional D i s t r i c t  

1970: Cortes I s l a n d  O f f i c i a l  Set t lement  Plan. By-law no. 313. 

Mun ic ipa l  it i e s  

1981: V i l l a g e  o f  Sechel t  O f f i c i a l  Community Plan. By-law no. 237. 

1981: The Corpora t ion  o f  t h e  D i s t r i c t  o f  Powell R i ve r  O f f i c i a l  Community 
Plan. Bylaw No, 1000. 

I s lands  T r u s t  

1978: Lasquet i  I s l a n d  O f f i c i a l  Community Plan. By-law no. 710.4 

6.3.4 Land and Water Status 

.3.4.1 P r o v i n c i a l  Crown Land 

Pub1 i c  Sustained Y i e l d  U n i t  

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, n.d. 
Departmental Reference Maps. Surveys and Lands Records Branch. 
Vancouver Land Recording D i s t r i c t ,  V i c to r i a .  

P r o v i n c i a l  Parks 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1982. 
Departmental Reference Maps. Surveys and Lands Records Branch. 
&Vancouver Land Recording D i s t r i c t ,  V i c to r i a .  

P r o v i n c i a l  Reserves 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1982. 
Computer F i l e s .  Surveys and Lands Records Branch. Burnaby. 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, n.d. 
Departmental Reference Maps. Surveys and Lands Records Branch. 
Vancouver Land Recording D i s t r i c t ,  V i c to r i a .  
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Foreshore Leases 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1980. 
Computer F i l es .  Surveys and Lands Records Branch, Burnaby. 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Hoursing, n.d. 
Departmental Reference Maps. Surveys and Lands Records Branch. 
Vancouver Land Recording D i s t r i c t ,  V ic to r ia .  

D Oyster  Leases 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment. 1982. Oyster Cu l tu re  
and Management Areas; Oyster Cul t u r e  Leases and Licences. Marine 
Resources Branch, V i c t o r i a .  

Reaional P'arks 

Lefeaux, S., 1982. Sunshine Coast O f f i c i a l  Regional Parks Plan. 
Sunshine Coast Regional D i s t r i c t .  Sechel t. T h i r d  D r a f t .  

Powell R i ve r  Regional D i s t r i c t .  
Background Report  - Regional Parks, n. d. Powel 1 River. 

. 3 .4 .2  Federal Crown Land 

Ind ian  Reserves 

Canada, Department o f  Energy,, Mines and Resources. Varied. 
Nat iona l  Topographic System (Map scal  e 1 : 50,000). Surveys and 
Mapping Branch, Ottawa. 

Canada Department o f  I nd ian  and Nor thern A f f a i r s .  
Schedule o f  I n d i a n  Reserves and Sett lements - Fraser  D i s t r i c t  987 
(Map scale 1:506,880). Ottawa. 

1972. 

Other Federal  Proper ty  

0 Canada, Department o f  Environment. 1980. Federal Land Mapping 
Program (Map sca le  1:50,000), Lands D i rec to ra te .  Vancouver, B. C. 

u . 3 . 4 . 3  A1 ienated Land 

Tree Farms u B r i t i s h  Columbia, M i n i s t r y  o f  Forests ,  various. Fores t  Cover Maps 
(Map scal  e 1 : 20,000). Fo res t  Inventory  D i v  i s  ion. Vancouver. 

Tree Farm Licence 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, n.d. 
Departmental Reference Maps (Var ious scales).  Surveys and Lands 
Records Branch. Vancouver Land Recording D i s t r i c t ,  V i c to r i a .  u 
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6.4 PENDER HARBOUR MAP SERIES (1:10,000) 

Base Map 

MacLaren Plansearch Ltd., 1982. Pender Harbour Crown Foreshore 
Plan (Map sca le  1:10,000) f o r  B r i t i s h  Columbia, M i n i s t r y  o f  Lands, 
Parks and Housing, Lower Mainland Region, Burnaby. 

1961: Canada Department o f  F i she r ies  and Oceans, 1961. Hydrographic 
F i e l d  Sheet Number 22561. (Map scale 1:10,000). Canadian 
Hydrographic Service,  Sidney , B. C. 

Map Themes 

Refer t o  Sources l i s t e d  f o r  1:50,000 Map Series. 
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6.5 

6.5.1 

COMPANION REPORT 

The  South Mainland Coast Economy 

Boyer, K.R. , F. Ladret  and S. Gill ies, 1977. A n  Economic Base Study of 
the Powell River Region. Powell River Regional D i s t r i c t ,  Powell 
River. 

British Columbia, Agr i cu l tu ra l  Land Commission, 1980. Agr icu l tu ra l  Land 
Reserve S t a t i s t i c s .  Vic tor ia .  

British Columbia Ferry Corporat ion,  1982. Monthly T r a f f i c  S t a t i s t i c s .  
V i c  t o r  i a. 

British Columbia, Ministry o f  Agriculture and Food, l979. B.C. Land 
Inventory Report  - Summaries of  Agr i cu l tu ra l  Land Reserve Areas by 
Regional D i s t r i c t  and Agr i cu l tu ra l  Region, Victor ia .  

British Columbia, Minis t ry  o f  Agriculture and Food, 1980. Agriculture 
Region Report  - South Coastal  Agr i cu l tu ra l  Region. Canada, Depart-  
ment of Regional Economic Expansion, Vic tor ia .  

British Columbia, Min i s t ry  o f  Agriculture and Food, 1982. 
B. C. Agriculture S t a t i s t i c s  Yearbook. Vic tor ia .  

British Columbia, Min i s t ry  o f  Environment, 1982. Q u a n t i t y  and Value of 
British Columbia Fresh Seafood Production i n  Major Regions by 
Species and Product Type. (Unpubl  ished Tables) .  Marine Resources 
Branch, V i c t o r  ia. 

British Columbia, Min i s t ry  o f  F o r e s t s ,  1983. Annual Mill List. Vancouver 

British Columbia, Minis t ry  of Fores t s ,  1981. Fores t  Inventory Data Base. 

British Columbia, Ministry o f  Indus t ry  and Small Business Development, 

Region Off i c e ,  Burnaby. 

Vancouver Region Office, Burnaby. 

1983. T h e  Southwestern B. C. Tourism Region, Vancouver. 

British Columbia, Minis t ry  of Indus t ry  and Small Business Development, 
Tourism H ighl ights .  Vic tor ia .  

British Columbia, Ministry o f  Indus t ry  and Small Business Development, 
V i s i t o r s  '79 - British Columbia V i s i t o r s  Travel Survey - 1979. 
Victor ia .  

F i s h i n g  Diary Program Report  on the P i l o t  Years 1979-80. Vancouver. 
Canada, Department of Fisheries and Oceans, 1982. The Tidal Spor t  
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Canada, Department o f  F i she r ies  and Oceans, 1983. Computer Pr in t -Outs  
Small C r a f t  Harbours Branch, Vancouver. 

Canada, Department o f  F i she r ies  and Oceans, 1982. B.C. Catch S t a t i s t i c s  
1975-1981. Vancouver. 

DPA Consul t ing Ltd., 1982. Georgia S t r a i t  Spor t  F i sh ing  Creel Survey 

Ha l l ,  Strong and Associates Ltd., 1980. 

1980- 1982. V ancouv e r. 

Sunshine Coast Peninsula Region. Sechel t. 
An Economic Base Study o f  t he  

Marshal l  Mack l in  Monaghan, 1983. The Economic P r o f i l e  o f  t he  Powell R i ve r  
Reg ion,  Vancouver. 

McCammon, J.W., 1977. S u r f i c i a l  Geology and Sand and Gravel Deposi ts  o f  
Sunshine Coast, Powell R i ve r  and Campbell R i ve r  Areas. B u l l e t i n  65. 
B r i t i s h  Columbia, M i n i s t r y  o f  Mines and Petroleum Resources, 
V i c to r i a .  

Personal Communications 

Anonymous. D i s t r i c t  F e r r i e s  Of f ice.  B r i t i s h  Columbia, M i n i s t r y  o f  
T ranspor ta t ion  and Highways. Courtenay. 

Anonymous. MacM ill an B1 oedel L td. , Powel 1 R iuer. 

Dudas, B. B r i t i s h  Columbia, M i n i s t r y  o f  Energy, Mines and Petroleum 
Resources, Burnaby. 

Hamil ton, R.W. B r i t i s h  Columbia Fe r ry  Corporat ion,  V, ictor ia.  

Ladret ,  F. Powell R i ve r  Regional D i s t r i c t ,  Powell River.  

Marine Services Clerk. B r i t i s h  Columbia, M i n i s t r y  o f  T ranspor ta t ion  and 
Highways, Operat ional  Services D i v i s i o n ,  Marine Serv ices Section, 
V ic to r ia .  

McCulloch, C. Powell R i ve r  T o u r i s t  Development Comnission, Powell River. 

Po r te r ,  8. Regional D i s t r i c t  o f  Comox-Strathcona, Courtenay. 

Proverb, T. B r i t i s h  Columbia, M i n i s t r y  o f  Environment, Marine Resources 

Ryll, A. Canada Department o f  F i she r ies  and Oceans, Small C r a f t  Harbours 

Branch, V i c to r i a .  

Branch, Vancouver. 
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6.5.2 Physiography’ 
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Clague, J .J . ,  1981. Late Quaternary Geology and Geochronology of British 
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Canada, Department of Energy, Mines and Resources, Ottawa. 
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Journal of Earth Sciences, 13. Ottawa. 
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6.5.2.5 Physical Oceanography 
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7.1 INTRODUCTION 

The Glossary s e c t i o n  w i l l  a i d  t h e  reader  i n  understanding 
some of t h e  t e r m s  used f o r  t h i s  f o l i o .  They are  gene ra l ly  
accepted d e f i n i t i o n s  i n  common use  on t h e  coas t  of B r i t i s h  
Columbia. The l i s t i n g  is  no t  exhaus t ive ,  bu t  i n s t e a d ,  d e f i n e s  
key terms t h a t  may cause t h e  most problems i n  i n t e r p r e t a t i o n .  
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7.2 SELECTED DEFINITIONS FOR LAND USE AND STATUS THEMES 

7 . 2 . 1  Economic S e t t i n g  

Basic r e f e r s  t o  an economy which expor t s  i t s  r a w  materials o u t s i d e  t h e  
r eg ion  of o r i g i n  f o r  manufacturing. 

Economic Development Commissions are advisory  bodies  under t h e  j u r i s d i c t i o n  
of r e g i o n a l  d i s t r i c t s  e s t a b l i s h e d  f o r  t h e  purpose of b r ing ing  people  
toge ther  and enabl ing  development a c t i v i t i e s  t o  t ake  p l ace ,  a t  t h e  
same time improving t h e  economy. 

Economic P r o f i l e s  are  economic r e p o r t s  publ ished by economic development 
commissions which provide an a n a l y s i s  of socio-economic cond i t ions  i n  
r e g i o n a l  d i s t r i c t s .  

Labour f o r c e  p a r t i c i p a t i o n  ra te  is t h e  p ropor t ion  of t h e  labour  f o r c e  which 
is  a c t i v e l y  employed. 

Occupational s t r u c t u r e  r e f e r s  t o  t h e  occupat ions  which make up a r e g i o n ' s  
labour  fo rce .  

Primary I n d u s t r i e s  are those  i n d u s t r i e s  which are  engaged i n  t h e  e x t r a c t i o n  
of r a w  materials,  i .e.  logging ,  f i s h i n g ,  mining. 

Process ing  I n d u s t r i e s  r e f e r s  t o  those  i n d u s t r i e s  which a re  involved i n  t h e  
manufacturing of goods from t h e i r  r a w  s t a t e  t o  a secondary s t a g e ,  i . e .  
f i s h  canning , sawmills. 

Resource-based I n d u s t r i e s  r e f e r s  t o  those  i n d u s t r i e s  which ha rves t  o r  e x p l o i t  
n a t u r a l  r e sources ,  e.g. f i s h i n g ,  f o r e s t r y ,  mining, a g r i c u l t u r e .  

Retail and Se rv ice  Space is  t h e  sum t o t a l  f l o o r  space devoted t o  r e t a i l  and 
service bus inesses .  

Retirement Indus t ry  r e f e r s  t o  t h e  bus iness ,  income and employment generated 
from people  of r e t i r emen t  age.  

Secondary I n d u s t r i e s  are  those  i n d u s t r i e s  involved i n  t h e  manufacturing o r  
process ing  of r a w  materials. 

T o t a l  C a p i t a l  Value i s  t h e  d o l l a r  va lue  of t h e  sum of accumulated goods 
devoted t o  t h e  product ion of o t h e r  goods. 
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F i s h e r i e s  Sec t  i on  

Angler Days are t h e  number of days fishermen spend f i s h i n g .  

Average Landed Value i s  t h e  p r i c e  pa id  fishermen f o r  t h e i r  f i s h .  

Fresh Dressed Salmon r e f e r s  t o  salmon which are g u t t e d ,  bu t  are not  f rozen .  

Spor t  F ish ing  E f f o r t  r e f e r s  t o  t h e  amount of time fishermen spend f i s h i n g ,  
e.g.  ang le r  days.  

F i s h e r i e s  S t a t i s t i c a l  A r e a s  are areas des igna ted  f o r  t h e  purpose of 
c o l l e c t i n g  s t a t i s t i c a l  information on f i s h  ca t ch  and va lue .  
were des igna ted  by t h e  Department o f , F i s h e r i e s  and Oceans. 

They 

Wholesale Value r e f e r s  t o  t h e  p r i c e  of f i s h  a f t e r  process ing ,  i .e. canning. 

7 . 2 . 3  Generalized Zoning and Marine F a c i l i t i e s  

A g r i c u l t u r a l  Land Commission A c t  w a s  promulgated i n  1977 t o  f r e e z e  t h e  
development of a l l  farmland i n  B r i t i s h  Columbia, a t  which t i m e  t h e  
A g r i c u l t u r a l  Land Commission w a s  e s t ab l i shed  t o  act  as t h e  a g r i c u l t u r a l  
zoning a u t h o r i t y .  

A g r i c u l t u r a l  Land Reserves are des igna ted  zones whereby a l l  proper ty ,  whether 
pub l i c  or p r i v a t e ,  can b e  used only  f o r  a g r i c u l t u r a l  purposes,  except  
as permit ted under t h e  A g r i c u l t u r a l  Land Reserves A c t .  

Bulk S torage  F a c i l i t y  i s  a s t o r a g e  f a c i l i t y  f o r  t h e  containment of bu lk  
commodities l i k e  o i l ,  g a s  and d i e s e l  f u e l s .  

General ized Zoning r e f e r s  t o  t h e  grouping of similar land u s e  zones i n t o  
one gene ra l  ca tegory  which is  r e p r e s e n t a t i v e  of a l l  t h e  zones, e.g. 
s e r v i c e  commercial, r e t a i l  commercial, and r e c r e a t i o n a l  commercial = 
commercial. 

Marine f a c i l i t i e s  r e f e r s  t o  s t r u c t u r e s  which are  loca ted  on or near t h e  
fo re shore  t o  enable  access t o  water, e.g. marinas ,  wharfs ,  bu lk  
s t o r a g e  f a c i l i t i e s .  

Regional Dis t r ic t s  a re  e s t ab l i shed  t o  c a r r y  ou t  s p e c i f i c  func t ions  which 
are  r e g i o n a l  i n  na tu re ,  such as t h e  p rov i s ion  of water and sewer 
s e r v i c e s  and r e g i o n a l  land  use  planning.  
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7.2.4 Land Water S t a t u s  

L1 

Fores t  Management Un i t s  are  t h e  f o r e s t  areas f o r  which t h e  B.C. Fo res t  
Serv ice  has  management r e s p o n s i b i l i t y .  

Publ ic  Sustained Yield Unit  is  a n  area designated and managed by t h e  B.C.  
Fo res t  Serv ice ,  which provides  f o r e s t  companies wi th  an  annual 
a l lowable  cu t .  

S t a t u s  r e f e r s  t o  t h e  ownership and/or admin i s t r a t ion  of land and water. 

Timber Licences are t enures  which g ive  t h e  holder  t h e  exc lus ive  r i g h t  t o  
ha rves t  a l l  merchantable timber i n  an  area of Crown land during t h e  
term of t h e  l i cence .  The l i c e n c e  r e q u i r e s  f ive-year  management and 
working plans.  
c u t t i n g  permits.  

It g r a n t s  t h e  exc lus ive  r i g h t  t o  ha rves t  timber under 

Timber Supply Areas encompass a l l  c a t e g o r i e s  of t imber tenures  and a re  
designed t o  estimate f o r e s t  y i e l d .  

Tree Farm Licence is  a n  amalgamation of Crown and p r i v a t e  lands  i n t o  a 
management u n i t  and i s  usua l ly  held by a l a r g e  f o r e s t  products  company. 

7.2.5 Land and Water Use P lans  and Proposals  

The Municipal A c t  e s t a b l i s h e s  m u n i c i p a l i t i e s  and r eg iona l  d i s t r i c t s  and 
r e q u i r e s  them t o  do those  th ings  s p e c i f i e d  and no o the r .  Mun ic ipa l i t i e s  
are autonomous as f a r  as land u s e  dec i s ions  are concerned except when land 
is  i n  t h e  A g r i c u l t u r a l  Land Reserve o r  is i n  a f lood  p l a i n ,  o r  when t h e  
Control led Access Highways A c t  a p p l i e s .  
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7.3 SELECTED DEFINITIONS FOR FISH AND SHELLFISH THEMES 

anadromous - r e f e r s  t o  f i s h  which, fol lowing b i r t h  i n  f r e s h  water, migra te  
t o  salt  w a t e r  where they a t t a i n  ma tu r i ty ,  and subsequent ly  r e t u r n  
t o  t h e i r  f reshwater  n a t a l  stream t o  reproduce. 

aquacu l tu re  - t h e  r e g u l a t i o n  and c u l t i v a t i o n  of oceanic  animals f o r  human use  
o r  consumption, e.g. o y s t e r  c u l t u r e ,  f i s h  farming, salmon rea r ing .  

b iva lve  - one of a class of molluscs  (Pelecypodia) having a s h e l l  of two p a r t s  
jo ined  by a hinge,  e.g. clams, o y s t e r s ,  mussels.  

char  - a small-scaled t r o u t  (genus Sa lve l inus )  of t h e  Salmonidae family; 
inc ludes  Dolly Varden and brook t r o u t .  

c l o s u r e  - i n  f i s h e r i e s  contex t ,  ha rves t  r e s t r i c t i o n s  imposed f o r  management 
purposes on commercial o r  r e c r e a t i o n a l  f i s h e r i e s ;  may ,be imposed a s  
seasonal ,  gear  o r  area c losu res .  

copepod - a member of a l a r g e  o rde r  of c rus taceans ,  u sua l ly  0.5 t o  1 0  mm i n  length .  
These organisms o f t e n  are an important food source f o r  f i s h  i n  temperate 
and subpolar  regions.  

cover - p l a n t s ,  rocks,  o rganic  d e b r i s  o r  o t h e r  materials i n  t h e  aqua t i c  h a b i t a t  
providing s h e l t e r  and p r o t e c t i o n  f o r  f i s h  from adverse  cond i t ions  and 
preda t ion .  

c rus tacean  - member of one of e i g h t  classes of t h e  phylum Arthropoda, which 
inc ludes  c rabs ,  barnac les ,  shrimps, c r ay f i sh .  

c u l t c h  - material l a i d  down on o y s t e r  grounds t o  f u r n i s h  p o i n t s  of attachment f o r  
t h e  s p a t .  See s p a t .  

euphausi id  - a marine,  shrimp-like,  u sua l ly  f i l t e r - f e e d i n g ,  c rus tacean  approximately 
one inch  long,  belonging t o t h e  o rde r  Euphausiacea; k r i l l .  

f r y  - t h e  young s t a g e  of f i s h e s ,  p a r t i c u l a r l y  a f t e r  t h e  yolk sac has  been absorbed 
and a c t i v e  feeding  has  commenced. 

geoduck - a l a r g e ,  burrowing clam wi th  long, muscular s iphons;  found s u b t i d a l l y  
along t h e  P a c i f i c  coas t  from t h e  Gulf of C a l i f o r n i a  t o  Alaska .  

g i l l n e t  - a n e t  set v e r t i c a l l y  i n  t h e  water t o  ca t ch  f i s h  by en tangl ing  t h e i r  
g i l l s  i n  t h e  mesh of t h e  ne t .  

headwaters - t h e  streams and creeks  forming t h e  sources  0 f . a  r i v e r  o r  o t h e r  body 
of water. 
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i nve r t eb ra t e% - an  animal! without  a backbone; i n  a q u a t i c  systems inc ludes  
i n s e c t s ,  crustaceans, ,  and worms. 

juveni fe .  - a; physi'o2ogicaUy immature o r  undevezoped organism. 

larva - t h e  immature$ form of many a n i m a h  a f t e r  hatching.  An intermediary 
s t a g e  be fo re  adulthood,; harvae are ehe d i s p e r s a l  s t a g e  f o r  many 
at tached '  marine inve r t eb ra t e s .  

mollusc - a member of t h e  phyhmimolkusca - an  f n v e r t e b r a t e  w5th a s o f t  un- 
segmented body, u sua l ly  enclosed, i n>  a ca lcareous  s h e l l .  Inc ludes  
clams, o y s t e r s ,  squid, ,  octopods,  and sna i l s .  

o y s t e r  Tease - c type 06 f o r e s h o r e  Iease g ran ted  by the. provinciaa Mlnfs t ry  of 
Eands, P a r k s  and; Housing, and adminfstered by t h e  Marine Resources 
Branch$ (Minis t ry  of Environment) f o r  t h e  a r t i f i c i a l  propagat ion of 
o y s t e r s ,  

o y s t e r  picking permit  - permit gran te& by t h e  Minis t ry  of Environment, Marine 
Resources Branch, f o r  t h e  ha rves t ing  of w i l d  o y s t e r  s tocks .  

pa ra ly tkc  shel l f i tsh,  poisoning GPSP) - po i son ing- re sua t ing  from ea t ing  s h e l l f i s h  
(pa r t f e r r l a r l l  biw3ves) which< have inges ted  t h e  t o x i c  p lanktonic  
organkm Gonyaulax. 

purse s e i n e . -  a larg,e f i s h i n g  n e t  w i t h  f l o a t s  a long t h e  top  edge and weights  on 
t h e  bottom edge. The n e t  i s  set around a school  of f i s h ,  then t h e  
bottom edge is  drawn toge ther  .. 

reach  - a 

r e a r i n g  - 

s e c t i o n  of stream of reasonably uniform g rad fen t ,  s t r e a m  bed, stream 
bank and flow pa t t e rn .  

adjr. - growing; u sua l ly  p e r t a i n s  t o  younger growth s t a g e s ;  e.g. f r y  
and juveniPes.  
vb. - e a r l y . l i f e  a c t i v i t i e s  of growth and s u r v i v a l ,  inc luding  f i s h  
feeding ,  t e r r i t o r i a I  defence and r e s p i r a t i o n .  

resi.dent f i s h  - f i s l i  which remain. i n  f r e s h  water throughout t h e i r  l i f e  cyc le .  

r o e  - f i s h  eggs,, e s p e c i a l l y  when st i l l  massed i n  t h e  ova r i an  membrane. 

r o e  he r r ing  - her r ing  conta in ing  mature r o e  which a re  captured during t h e  
commercial f i s h e r y  of t h e  same name. 

salmonid - a f i s h  of t h e  Salmon5dae famiIy,  w h k h  includaes P a c i f i c  salmon, 
t r o u t  and char .  

s e i n e  n e t  - a l a r g e  f i s h i n g  n e t  wi th  f l o a t s  a long t h e  top edge and weights  
a long t h e  bottom edge. 

u 
u 
u 

u 
u 

u 
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u 
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s h e l l f i s h  - an  a q u a t i c  i n v e r t e b r a t e  animal w i th  a s h e l l ;  t y p i c a l l y  an  
e d i b l e  mollusc o r  c rus tacean .  

s p a t  - t h e  microscopic spawn o r  young of b iva lve  molluscs;  e s p e c i a l l y  r e f e r s  
t o  o y s t e r s .  

s p a t f a l l  - se t t l emen t  of s p a t  on a s u b s t r a t e .  

s tock  - i n  f i s h e r i e s  biology,  a segment of a popula t ion  t h a t  can b e  managed 
a s  a s i n g l e  u n i t .  

t r a w l  - t o  f i s h  by dragging a l a r g e  bag-l ike n e t  through t h e  water 
a )  midwater - t o  trawl midway i n  t h e  water column. 
b) bottom - t o  t r a w l  a long t h e  bottom. 

t r o l l  - t o  f i s h  wi th  a l i n e ,  t y p i c a l l y  wi th  a revolv ing  l u r e ,  t r a i l e d  behind a 
moving boa t .  
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7.4 SELECTED DEFINITIONS OF SHOREZONE THEMES 

anthropogenic  - man-made o r  man-modified f e a t u r e s ;  i nc ludes  those  cons t ruc ted  
by man (docks, mar inas) ,  and those  removed o r  depos i ted  by man 
( r i p r a p ,  s eawa l l s ) .  

apron - c l i f f  - two o r  more coa lesc ing  f a n s  ( see  f an )  o r  a s i m p l e  t a l u s  s lope .  

bar  - a r i d g e  of unconsol idated materials b u i l t  by waves and/or  c u r r e n t s ,  
g e n e r a l l y  running p a r a l l e l  t o  t h e  s h o r e l i n e ,  and can b e  e i t h e r  i n t e r -  
t i d a l  o r  s u b t i d a l .  

beach - a) a d e p o s i t  a long a shore  extending between inne r  and o u t e r  l i m i t s  
of a c t i v e  wave t r a n s p o r t .  Textures  and s o r t i n g  of m a t e r i a l s  is  
v a r i a b l e .  

b) t h e  area extending from t h e  l i m i t s  of storm wave in f luence  t o  a 
depth  where wave-produced entrainment  ceases ,  except a t  times of 
ex t r ao rd ina ry  sea s ta te .  

beach face - t h e  s lop ing  s u r f a c e  of a beach i n  t h e  zone s u b j e c t  t o  wave uprush 
( s e e  F i g u r e )  .. 

berm - a n  accumulation of unconsol idated material above t h e  mean high water 
l e v e l  on beaches. The berm i s  f l a t ,  of v a r i a b l e  width and cha rac t e r i zed  
by a marked break  i n  s l o p e  a t  t h e  seaward edge ( s e e  F i g u r e ) .  

b iogenic  - materials o r  d e p o s i t s  produced by p l a n t  and animal organisms excluding 
man. 

blowout dune(s)  - g e n e r a l l y ,  a sand r i d g e  wi th  a dep res s ion  on t h e  windward s i d e ;  
t h e  depress ion  i s  a r e s u l t  of sand removal by wind; t h e  sand accumulates 
downwind t o  form t h e  r idge .  

cave ( s )  - a subter ranean  hollow space i n  a c l i f f  formed by t h e  a c t i o n  of waves o r  
weathering. 

channel (s )  - a )  d e l t a  - a l i n e a r  f e a t u r e  p e r i o d i c a l l y  o r  cont inuous ly  conta in ing  
running water over a d e l t a ;  i t  has  a bed and banks. 

r i v e r  flow t o  t h e  s h o r e l i n e ;  can b e  a s i n g l e  channel o r  a complex 
system of channels  separa ted  by r i v e r  ba r s .  

is  formed'by t i d a l  c u r r e n t s ;  i t  has  a d e f i n i t e  bed and banks. 

b) r i v e r  - l i n e a r  f e a t u r e  which con ta ins  t h e  ma jo r i ty  of stream o r  

c )  c i d a l  - a l i n e a r  f e a t u r e  t h a t  d i s s e c t s  t h e  t i d a l  f l a t  s u r f a c e  and 

c h a o t i c  forms - dunes,  r i d g e s  and d'epressions wi th  m u l t i - d i r e c t i o n a l  s l o p e s  of 
sand i n  p lan  a n  assemblage of non-l inear ,  g e n e r a l l y  non- repe t i t i ve  forms 
whose l o c a l  r e l i e f  is g r e a t e r  than 1 metre. 
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c las t ic  - materials made up of fragments of rock of any s i z e  o r  shape. Ll 
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- oftrhor. 

Beach profi le  terminology; a .  after King (1972), 
b .  after Komar (1976), c .  after Reinson (1979). 

SOURCE: S . B .  McCann, 1980. Shortcourse Lecture Notes Basic Nearshore 
Processes. National Research Council Canada. Ottawa. 
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c l i f f  - a uniform or i r r e g u l a r  s lop ing  f ace ,  g r e a t e r  than  20 made of 
bedrock or unconsolidated materials or both.  

d e b r i s  - mixture  of unconsol idated materials (g rave l s ,  s o i l s )  and man-made 
materials or r e f u s e  such as o ld  bu i ld ing  materials and metal products .  

d e l t a  - an accumulation of s i l t ,  sand or g r a v e l s  a t  t h e  mouth of a r i v e r  or 

Surfaces  may be level t o  i n c l i n e d  and 
stream where i t  d ischarges  i n t o  t h e  sea, o r  i n  t i d a l  channels by 
f lood  and ebb t i d a l  s t r e a m s .  
b e  d i s s e c t e d  by one or more channels .  
shaped t o  e longated.  

Their  form i s  v a r i a b l e  from fan- 

do lph in ( s )  - a c l u s t e r  of p i l i n g s ,  made of lumber or concre te ,  d r iven  i n t o  t h e  
seabed f o r  support  or pro tec t ion .  

dune(s)  - a mound o r  r idge ,  or a c o l l e c t i o n  of mounds and r i d g e s ,  formed by wind 
a c t i o n  on sand. 

ebb-tidal - d e l t a  - a d e l t a  formed by c u r r e n t s  geherated by f a l l i n g  t i d e s .  

f a n  - a )  d e l t a  - a fan-shaped accumulation of r ive r / s t r eam der ived  d e p o s i t s  
of s l o p e  ang le s  g r e a t e r  than  5'. 

b) c l i f f  - a fan-shaped accumulation of unconsol idated materials (sand, 
g r a v e l s  or rubble)  a t  t h e  base  of a c l i f f  der ived  from m a s s  movaen t  
processes  a f f e c t i n g  t h e  c l i f f  face .  

~ 

f e t c h  - d i s t a n c e  over  which no, or n e g l i g i b l e ,  o b s t r u c t i o n  i n t e r f e r e s  wi th  
t h e  f r i c t i o n  e f f e c t  of wind a g a i n s t  t h e  s u r f a c e  of a water body. 
f e t c h  length .  

t i d a l  - a f l a t  o r  g e n t l y  s lop ing  s u r f a c e  ( l e s s  than  5') exposed during 
low t i d e  and der ived  from t i d a l  processes;  u sua l ly  c o n s i s t s  of f i n e  
sediments (muds) wi th  o r  without  organic  d e t r i t u s  ( see  a l s o  channels ,  
t i d a l )  . 

Also 

f l a t s  - 

f lood- t ida l  - d e l t a  - a d e l t a  formed by c u r r e n t s  generated by a r i s i n g  t i d e .  

fo re shore  - t h e  zone between t h e  high water l i n e  and t h e  low w a t e r  l i n e .  See 
a l s o  i n t e r t i d a l .  

g ro in  (groyne) - low a r t i f i c i a l  w a l l  of du rab le  material  extending from land i n t o  
w a t e r  f o r  a p a r t i c u l a r  purpose, such as i n t e r f e r i n g  wi th  t h e  t r a n s p o r t  
of bed load by c u r r e n t s ,  or p r o t e c t i o n  of a segment of coas t .  

u 
U 
il 

u 
u 

0 

u 

high t i d e  platform - rock - a platform extending from t h e  mean water l i n e  landward 
t o  t h e  high t i d e  l i n e .  See a l s o  low t i d e  platform,  platform.  



- 11 - 

0 
0 

u 
0 

D 

0 
0 

i nc l ined  - a )  beach - a s loping  depos i t  of coarse- textured materials der ived  from 
non-marine processes  upslope, or, a s loping ,  f ine- tex tured  d e p o s i t  i n  
s h e l t e r e d  environments, gene ra l ly  t h e  r e s u l t  of t i d a l ,  r a t h e r  than 
wave, ac t ion .  
b) c l i f f  - a c l i f f  of s lopes .  between 20' and 35O. 

i n t e r t i d a l  - t h e  zone between t h e  high,  high water l i n e  and t h e  low, low water 
l i n e .  See a l s o  foreshore.  

i r r e g u l a r  platform - rock - pla t forms  wi th  hummocky s u r f a c e  topography w i t h  l o c a l  
r e l i e f  of g r e a t e r  than  1 metre. 

j e t t y  - a s t r u c t u r e  extending i n t o  t h e  sea designed t o  prevent  shoa l ing  of a 
channel;  u s u a l l y  b u i l t  a t  t h e  mouth of a river or t i d a l  i n l e t  t o  he lp  
deepen and s t a b i l i z e  a channel.  

lagoon - shal low s t r e t c h  of water i s o l a t e d  from t h e  open sea by a b a r r i e r  b u t  
wi th  connect ion t o  t h e  s e a .  
except near  channels  where coa r se r  t e x t u r e s  predominate. 

Lagoon d e p o s i t s  tend t o  be f ine- tex tured ,  

l e v e e  - a )  d e l t a  - a berm o r  bank of unconsolidated materials r a i s e d  above 
t h e  s u r f a c e  of t h e  d e l t a  and ad jacent  channel.  

b) t i d a l  f l a t  - a berm or bank of unconsol idated sediment formed 
bes ide  a t i d a l  channel;  i t  i s  e leva ted  above t h e  gene ra l  level of t h e  
sur face .  

low t i d e  - platform - rock - a platform extending from low water l i n e  t o  t h e  
mean water l i n e .  

o rganic  l i t t e r  - v e g e t a t i v e  matter, excluding trees; inc ludes  wood d e t r i t u s ,  
seaweed accumulations and/or marsh p l a n t  accumulations.  

platform - rock - a level o r  i nc l ined  su r face ,  less than  20°, formed by long-term 
marine e ros iona l  processes;  p r imar i ly  bedrock, bu t  can have some over- 
l y ing  sediments.  

r a i s e d  - a )  beach - beach d e p o s i t s  t h a t  are c u r r e n t l y  above t h e  l i m i t  of storm 
waves; can r e s u l t  from low sea levels or t e c t o n i c  u p l i f t .  

b) d e l t a  - a d e l t a  d e p o s i t  above t h e  h igh  t i d e  l i n e  t h a t  is  no longer  
accumulating; can r e s u l t  from t e c t o n i c  u p l i f t  o r  lower sea levels. 

c )  platform - a platform above t h e  l i m i t  of storm waves and no longer  
s u b j e c t  t o  marine processes .  

ramp - a) boa t  - a s lope ,  gene ra l ly  concre te ,  f o r  launching s m a l l  boa ts .  

b )  platform - r e g i o n a l  s lope  ang le s  of between 5O and 20' on bedrock. 

r e l i c t  - a c l i f f ,  p re sen t ly  above t h e  l i m i t  of storm waves, bu t  a t  one time w a s  
produced or a f f e c t e d  by marine and m a s s  movement processes;  can r e s u l t  
from t e c t o n i c  u p l i f t  and/or lower sea levels. 
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r i d g e  and swale - dunes - narrow, e longate  sand r i d g e s  wi th  s t e e p  s lopes  and 

in te rvening  hollows; a n  assemblage of l i n e a r  r i d g e s  and hollows wi th  
l o c a l  r e l i e f  g r e a t e r  than  1 metre. 

seas t ack  - t a l l ,  i s o l a t e d  column of rock r e s u l t i n g  gene ra l ly  from wave processes  
t h a t  have detached i t  from a nearby sea c l i f f .  

she l lhash  - broken s h e l l  material t h a t  has  accumulated t o  such a degree t h a t  
it i s  an i n t e g r a l  p a r t  of t h e  beach sedimentd; v a r i a b l e  t ex tu re .  

s h e l l p i l e  - a )  a r e c e n t  accumulation of waste s h e l l s  and s h e l l  fragments as a 
r e s u l t  of commercial s h e l l  f i s h e r y .  

b) a h i s t o r i c a l  depos i t  of s h e l l  r e f u s e  a s soc ia t ed  wi th  man's use  of 
t h e  s h e l l f i s h  resources  - Ind ian  s h e l l  middens. 

s p i t  - a small po in t  composed of sand and/or g rave l  p ro jec t ing  from t h e  shore  
i n t o  a body of water; t h e  p a r t  exposed above t h e  high water l i n e .  

storm r i d g e  - beach - l i n e a r  or e longate  r i d g e  of coarse- textured beach materials 
found a t  t h e  h ighes t  l e v e l  of a beach p r o f i l e ;  formed by storm wave 
processes .  

s u b t i d a l  - t h e  zone t h a t  extends from t h e  low, low water l i n e  seaward t o  t h e  
-20 metre i soba th .  

s u p r a t i d a l  - t h e  zone t h a t  extends landward from t h e  high,  high water l i n e ;  
landward l i m i t  may b e  e s t ab l i shed  by any one of t h e  fol lowing:  
1) top  of a c o a s t a l  c l i f f ;  
2) t o  t h e  l i n e  of permanent terrestr ia l  vege ta t ion ;  
3)  t h e  landward l i m i t  of extreme marine o r  t i d a l  processes .  

t e r r a c e  - a )  beach - an  accumulation of beach materials extending from the  low 
t i d e  l i n e  landward t o  t h e  base  of t h e  beach f ace ;  u sua l ly  less than 3%. 

b) c l i f f  - a l t e r n a t i n g  s t e e p  faces and h o r i z o n t a l  o r  gen t ly  s lop ing  
su r faces ,  t h e  s t e e p  component is  usua l ly  more ex tens ive .  

c )  platform - a l t e r n a t i n g  h o r i z o n t a l  o r  g e n t l y  s lop ing  s u r f a c e s  and 
low, s t e e p  f a c e s  ( l e s s  than 2 met res ) ;  t h e  h o r i z o n t a l  component is 
more ex tens ive .  

t i depoo l s  - pools  of seawater remaining i n  depress ions  on t h e  s u r f a c e  of a 
platform a t  low water. 

tombolo - a s p i t  o r  beach t h a t  extends from t h e  mainland o f - a n  i s l a n d  toanother  
i s l a n d ,  so  t h a t  i t  becomes t i e d  t o  t h e  shore;  p a r t  exposed above high 
w a t e r  l i n e .  

t rench  - a long,  narrow excavat ion a c r o s s  t h e  foreshore ;  o r  an  excavation t o  
provide moorage f o r  small boa t s  i n  shal low water o t h e r  than marinas. 
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veneer - unconsolidated materials of less than one m e t r e  t h i c k n e s s  over- 
l y i n g  bedrock o r  another  d i f f e r e n t  t ex tu red  material .  

washover channel - a channel formed by t h e  advance of seawater beyond normal 
l i m i t s ,  u s u a l l y  during storms and/or  t i d a l  su rges  i n  advance of storms, 
s p e c i f i c a l l y  a c r o s s  beach, s p i t  o r  low dune d e p o s i t s ;  a l s o  an  area 
where temporary submergence has  occurred. 

washover f a n  - a u s u a l l y  fan-shaped d e p o s i t  on t h e  landward s i d e  of a washover 
channel as a r e s u l t  of sediment being c a r r i e d  through t h e  channel;  
a c t i v e  wh i l e  t h e  channel is  a c t i v e .  
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