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1.0 I N T R O D U C T I O N  
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1.1 The C o a s t a l  Zone 

The c o a s t a l  zone i s  i m p o r t a n t  t o  B r i t i s h  Columbia and t o  Canada. 
Approximately e i g h t y - e i g h t  p e r c e n t  of  t h e  p r o v i n c i a l  p o p u l a t i o n  l i v e s  w i t h i n  
e i g h t y  k i l o m e t r e s  of  t h e  c o a s t .  
w h i l e  c o a s t a l  l a k e s  and s t r e a m s  p r o v i d e  spawning and r e a r i n g  h a b i t a t  f o r  many 
f i s h  s p e c i e s ,  as w e l l  as a s u p p l y  of f r e s h  water f o r  a myriad of man’s u s e s .  
c o a s t a l  lowlands and a s s o c i a t e d  e s t u a r i n e l d e l t a  a r e a s  a r e  recognized  f o r  t h e i r  
h i g h  c a p a b i l i t y  f o r  a g r i c u l t u r e  and f o r e s t r y ,  t h e i r  importance a s  f i s h  and w i l d l i f e  
h a b i t a t ,  and t h e i r  economic s u i t a b i l i t y  f o r  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  
development.  The c o a s t a l  i n l e t s ,  bays and e s t u a r i e s  s e r v e  a s  n a t u r a l  h a r b o u r s  f o r  
t h e  movement of p e o p l e ,  goods and m a t e r i a l s  t o  domest ic  and i n t e r n a t i o n a l  markets .  
The sea bed is  r e c o g n i z e d  as an i m p o r t a n t  f u t u r e  s o u r c e  of energy and m i n e r a l  
r e s o u r c e s .  F i n a l l y ,  t h e  c o a s t a l  zone forms p a r t  of t h e  c u l t u r a l  and a e s t h e t i c  
h e r i t a g e  of t h e  p r o v i n c e ,  a h e r i t a g e  worthy of c a r e f u l  management f o r  t h e  c o n t i n u i n g  
b e n e f i t  of s u c c e e d i n g  g e n e r a t i o n s  ( C o a s t a l  Zone Resource Subcommittee, 1 9 7 8 ) .  

The marine w a t e r s  p r o v i d e  v a l u a b l e  food r e s o u r c e s ,  

The 

1.1.1 C o a s t a l  Zone Defined 

I n  1978, t h e  C o a s t a l  Zone Resource Subcommittee adopted t h e  f o l l o w i n g  
working d e f i n i t i o n  f o r  u s e  i n  B r i t i s h  Columbia: 
l a n d ,  marine and e s t u a r i n e  s p a c e  i n  which t e r r e s t r i a l ,  a q u a t i c  and a tmospher ic  
sys tems i n t e r a c t .  It i s  a band of v a r i a b l e  w i d t h  o v e r l a p p i n g  t h e  mainland and t h e  
sea, and i n c o r p o r a t i n g  a l l .  c o a s t a l  i s l a n d s  and i s le t s .  I ts  b o u n d a r i e s  should  e x t e n d  
as f a r  i n l a n d  and seaward as i s  r e q u i r e d  o r  p r a c t i c a l  t o  f a c i l i t a t e  c o a s t a l  r e s o u r c e  
management. While i t  would b e  convenient  i f  boundaries  conformed t o  t h e  l i m i t s  of 
n a t i o n a l  o r  p r o v i n c i a l  j u r i s d i c t i o n ,  i t  i s  more i m p o r t a n t  t h a t  they  r e c o g n i z e  a 
sys tems approach,  and re la te  t o  t h e  a c t i v i t i e s  of man t h a t  i n f l u e n c e  w a t e r  q u a l i t y ,  
marine and terrestr ia l  ecology and t h e  a e s t h e t i c s  of t h e  l a n d  and t h e  s e a s c a p e . ”  

“The C o a s t a l  Zone i s  t h a t  r e g i o n  of 

1 .1 .2  The Study Area 

The s t u d y  area e x t e n d s  from Race P o i n t ,  n o r t h  of Campbell River  t o  
Hatch P o i n t ,  s o u t h  of Duncan. The seaward boundary e x t e n d s  t o  t h e  mid-point of 
t h e  S t r a i t  of Georgia  and i n c l u d e s  t h e  Gulf I s l a n d s  a n d  i s l e t s  l y i n g  w i t h i n  t h e s e  
w a t e r s .  Landward t h e  boundary i n c l u d e s  t h e  Nanaimo lowlands t o  approximate ly  t h e  
150 metre e l e v a t i o n .  

u 1.2  THE COASTAL RESOURCES FOLIO 

1.2.1 Background 

In A p r i l  1978, t h e  i n t e r g o v e r n m e n t a l  C o a s t a l  Zone Resource Subcommittee 
r e p o r t e d  on t h e  s ta te  of t h e  a r t  of c o a s t a l  r e s o u r c e  management i n  B r i t i s h  Columbia. 
T h i s  r e p o r t  made several recommendations t o  d e a l  w i t h  c u r r e n t  and p o t e n t i a l  
problems f a c i n g  t h e  B . C .  c o a s t a l  zone. One of t h e  i n i t i a l  requi rements  i d e n t i f i e d  
w a s  t h e  p r e p a r a t i o n  of a C o a s t a l  Resource F o l i o  t h a t  would p r o v i d e  an o v e r a l l  
p e r s p e c t i v e  of t h e  c o a s t a l  zone w i t h  r e s p e c t  t o  i t s  p h y s i o g r a p h i c ,  b i o t i c ,  oceano- 
g r a p h i c ,  and c l ima t i c  r e g i o n s ,  as w e l l  as i t s  a s s o c i a t e d  p r o c e s s e s  a n d  n a t u r a l  
r e s o u r c e  u s e s  and v a l u e s .  

il 



2 .  ii 
I n  t h e  f a l l  of  1 9 7 8 ,  Environment Canada under took  a reviqw of  depa r t -  

men ta l  e f f o r t s  devoted  t o  env i ronmen ta l  programs and problems.  The review 
found t h a t ,  w i t h i n  t h e  depa r tmen t ' s  P a c i f i c  and Yukon Region,  t h e  m a j o r i t y  o f  
p e r s o n n e l  t i m e ,  funds  and s t u d i e s  devoted  t o  env i ronmen ta l  impact  a s ses smen t s ,  

* t a s k  f o r c e  s t u d i e s  and p r o j e c t  r e f e r r a l s  were r e l a t e d  t o  t h e  B . C .  c o a s t a l  zone. 
F u r t h e r ,  an a n a l y s i s  of  f o r e c a s t e d  demands on t h e  depar tment  f o r  i n f o r m a t i o n  
and adv ice  i n d i c a t e d  t h a t  t h i s  t r e n d  would c o n t i n u e  and indeed  i n c r e a s e  ove r  t h e  
n e x t  5-10 y e a r  p e r i o d .  

il 

I n  r e c o g n i t i o n  of  t h e  above f i n d i n g s ,  t h e  depar tment  i n i t i a t e d  t h e  
C o a s t a l  Resources  F o l i o  P r o j e c t  i n  t h e  f a l l  of 1979.  

1 . 2 . 2  Purpose 

The pu rpose  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 r o v i d e  an 
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 iophys ica l  and l a n d / w a t e r  use i n f o r m a t i o n  i n  
a format  t h a t  i s  u s e f u l  i n  env i ronmen ta 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 a n n i n g  and management programs,  coast-wide and 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 .  

1 .2 .3  Methodology 

The f o l l o w i n g  s t e p s  w e r e  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  pu rpose ,  approach ,  and c o n t e n t  o f  f o l i o  deve loped;  

. Meetings h e l d  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  agenc ie s  t o  s e e k  
adv ice  on p r i o r i t y  areas and t o p i c s ,  as w e l l  as t o  l o c a t e  s o u r c e s  of b a s e l i n e  
i n f o r m a t i o n  ; 

. 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  f o r  each  theme made and t h e  c o l l e c t i o n  of  base-  
l i n e  i n f o r m a t i o n  begun;  

on t h e  t y p e  of  i n f o r m a t i o n  t h a t  shou ld  b e  p r e s e n t e d  i n  t h e  F o l i o ;  

viewed w i t h  c o n t r i b u t i n g  agenc ie s ;  

. Contac t s  w i t h  agency p e r s o n n e l  made t o  o b t a i n  b a s e l i n e  d a t a  and f u r t h e r  adv ice  

. Systems f o r  c l a s s i f y i n g ,  t a b u l a t i n g  and s t a n d a r d i z i n g  d a t a  deve loped  and re- 

. In fo rma t ion  t r a n s f e r r e d  and recorded  on working maps, o r  i n  t a b u l a r  and r e p o r t  
f o m ;  

. Meetings h e l d  a g a i n  w i t h  r e p r e s e n t a t i v e s  of  government a g e n c i e s  t o  p rov ide  a 

. Limi ted  f i e l d  work suppor t ed  by a i r  pho to  and v i d e o  t ape  i n t e r p r e t a t i o n  under- 

p r o j e c t  upda te ,  t o  make mid-course c o r r e c t i o n s  and t o  review d r a f t  maps; 

t aken  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  i n f o r m a t i o n ,  mar ine  v e g e t a t i o n  and 
l and /wa te r  u s e s  ; 

. F i n a l  e d i t e d  manusc r ip t  maps and legends  sent  t o  O t t a w a  f o r  d r a f t i n g ;  

. Tables  and a r e p o r t  of  supplementary i n f o m a t i o n  d r a f t e d ;  

. Documents e d i t e d ;  f i n a l i z e d  and p u b l i s h e d .  

li 
13 
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1 . 3  USE AND LIMITATIONS 

1 . 3 . 1  P o t e n t i a l  Use 

A c o n c e r t e d  e f f o r t  h a s  been made t o  e n s u r e  t h a t  t h e  d a t a  p r e s e n t e d  
i n  t h e  F o l i o  a r e  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  i n f o r m a t i o n .  An e f f o r t  h a s  a l s o  been made t o  p o r t r a y  i n f o r m a t i o n  i n  
i t s  primary - b a s e l i n e  form. 
i n t e r p r e t a t i o n s  as e r o s i o n  h a z a r d s ,  e n v i r o n m e n t a l  s e n s i t i v i t i e s ,  u rban  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 ,  are l e f t  t o  t h e  u s e r  who 
w i l l  have h i s / 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 i n f o r m a t i o n  
needs.  

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 

The o v e r a l l  v a l u e  and u s e  of t h e  C o a s t a l  Resources  F o l i o  h a s  y e t  t o  b e  
c r i t i c a l l y  a s s e s s e d .  The Lands D i r e c t o r a t e ,  Department of  t h e  Environment,  w e l -  
comes 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 b e  made t o  subsequent  C o a s t a l  Resources  F o l i o  documents. 

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

1. 

The f o l l o w i n g  l i m i t a t i o n s  a r e  i n h e r e n t  i n  t h e  F o l i o :  

The F o l i o  i s  o n l y  as complete and a c c u r a t e  as t h e  i n f o r m a t i o n  upon which i t  i s  
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  f o r m a t ,  q u a l i t y ,  
l e v e l  of d e t a i l ,  o r  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  o r  n o t  r e a d i l y  a v a i l a b l e .  

?heLand/Water Use and S t a t u s  theme maps and t a b l e s ,  because  of t h e  n a t u r e  of 
t h e  i n f o r m a t i o n  b a s e ,  become q u i c k l y  o u t d a t e d .  T h i s  i s  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  leases i n f o r m a t i o n .  

The scale o f  p r e s e n t a t i o n  a t  1:50,000 i s  n o t  s u i t e d  f o r  s i t e - s p e c i f i c  inves-  
t i g a t i o n s .  
a r e a s ,  f o r  example, can n o t  b e  d e p i c t e d  a t  t h i s  scale.  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 scale 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  s o u r c e  documents 
should  always b e  c o n s u l t e d .  

The marine s u b s t r a t e s ,  p h y s i c a l  s h o r e  zone, and seaweeds and s a l t m a r s h e s ,  d a t a  
were supplemented by ae r i a 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 .  
by f i e l d  checks w a s  l i m i t e d .  

P o c k e t s  of marine v e g e t a t i o n ,  s m a l l  p a r k s  o r  minor land  u s e  zones 

V e r i f i c a t i o n  

1 . 4  FOLIO CONTENT AND FORMAT 

1 . 4 . 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 i x  s e p a r a t e  s e c t i o n s .  

S e c t i o n  1.0 INTRODUCTION 
.1 The C o a s t a l  Zone 
.2 The C o a s t a l  Resources  F o l i o  
. 3  U s e  and L i m i t a t i o n s  
.4 F o l i o  Content  and Format 
.5 A v a i l a b i l i t y  and Coverage 
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S e c t i o n  3.0 

.1 

.2 

. 3  
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.5 

COASTAL RESOURCES MAP SERIES ( 1 : 50,000) 
Marine S u b s t r a t e s  
P h y s i c a l  Shorezone 
P h y s i c a l  Shorezone U n i t s  Table  
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  
Oceanography - Temperature 
Oceanography - S a l i n i t y  
Water Resources:  Discharge ,  Use and Contamination 
Seaweeds, Sa l tmarshes  and Marine Mammals 
Marine B i r d  Surveys 
F i s h  and S h e l l f i s h  Resources  
F i s h  Spawning and Rear ing  Areas 
G e n e r a l i z e d  Zoning and Marine F a c i l i t i e s  
LandIWater Use P l a n s  and P r o p o s a l s  
S e l e c t e d  A d m i n i s t r a t i v e  Boundaries  
Land/Water S t a t u s  
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 

LAND/WATER USE AND STATUS TABLES 

Regional  and Local  Zoning 
Mar inas ,  Bulk O i l  S t o r a g e  F a c i l i t i e s  and Sewage Systems 

Land Use P l a n s  and P r o p o s a l s  
Heavy I n d u s t r i a l  Zones 
Land Water S t a t u s  

and Treatment 
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Land/Water U s e  Tab le s  
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1.4 .2  I n t e n t  of F o l i o  S e c t i o n s  

S e c t i o n  1 . 0  I n t r o d u c t i o n  

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  in fo rm t h e  r e a d e r  as t o  t h e  
pu rpose ,  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 .  
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S e c t i o n  2.0 C o a s t a l  Resources  MaD S e r i e s  (1:50.000) 

The i n t e n t  of t h i s  s e c t i o n  is  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 /o r  p o i n t  s o u r c e )  i n f o r m a t i o n  f o r  each  of t h e  15  
themes. The maps are des igned  t o  p e r m i t  t h e  o v e r l a y  of any combina t 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 
use of o v e r l a y  a n a l y s i s  t e c h n i q u e s  i n  r e g i o n a l  p l a n n i n g ,  i n  i n i t i a l  a s ses smen 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 /o r  combina t ion  of d i f f e r e n t  d a t a  sets. 

S e c t i o n  3.0 Land/Water U s e  and S t a t u s  Tab les  

T h i s  t a b u l a r  i n f o r m a t i o n  a l o n g  w i t h  d e s c r i p t i v e  h i g h l i g h t s ,  p r o v i d e s  
q u a n t i t a t i v e  and d e t a i l e d  d a t a  on such  s u b j e c t s  as areas of f o r e s h o r e  leases, t h e  
p r e s e n t  use  and ownership of i n d u s t r i a l  zones and t h e  s e r v i c e s  p rov ided  a t  mar inas .  

U 
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S e c t i o n  4.0 E s t u a r y  Map Series (1:15,840) 
Y 

Due t o  t h e  r e c o g n i z e d  b i o l o g i c a l  i m p o r t a n c e ,  and t h e  i n t e n s i t y  of l a n d /  

il w a t e r  u ses  a s s o c i a t e d  w i t h  many of t h e  e s t u a r i e s  on t h e  east  c o a s t  of Vancouver 
I s l a n d ,  t h i s  s e r i e s  p r o v i d e s  s u p p l e m e n t a l  i n f o r m a t i o n  f o r  f i v e  majbr  e s t u a r i e s  - 
namely t h e  Campbell R i v e r  , Courtenay-Comox, Nanaimo, Cliemainus and Cowichan 
e s t u a r i e s  and two embayments - Nanoose Bay and Ladysmith Harbour .  

S e c t i o n  5 .O Companion Repor t  

The purpose  of t h e  Companion Repor t  i s  t o  p r o v i d e  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 r o c e s s e s .  The 
Companion Report  i s  a c o m p i l a t i o n  of i n f o r m a t i o n  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  p o r t r a y e d  i n  t h e  C o a s t a l  Reosurces  and 
E s t u a r y  Map Series.  

S e c t i o n  6 .0  Sources  

u 
0 
u 

1 . 4 . 3  F o l i o  Format u 
u 
P 
0 

The Source  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 t u d y  area. S o u r c e s  are o r g a n i z e d  unde r  t h e  same h e a d i n g s  as t h e  p r e v i o u s  F o l i o  
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  S o u r c e s  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 ae r i a l  p h o t o g r a p h s ,  f i e l d  s u r v e y s ,  computer p r i n t - o u t s ,  
zoning by-laws, and p e r s o n a l  communicat ions.  

The C o a s t a l  Resources  F o l i o  c o n s i s t s  o f  two documents .  

Volume I is  an a t las  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  (1:50,000,  S e c t i o n  3.0 LandjWater Use and S t a t u s  
T a b l e s ,  and S e c t i o n  4.0 E s t u a r y  Map S e r i e s  (1 :15 ,840) .  Volume I i s  d i v i d e d  i n t o  
e i g h t  separate f o l i o s .  Volume I - 1 and 2,  c o n t a i n s  i n f o r m a t i o n  p e r t a i n i n g  t o  a r e a s  
covered by b a s e  maps 1 and 2. The r ema in ing  seven  f o l i o s ,  t h a t  i s  Volume I - 3 
th rough t o  Volume I -9, re la te  t o  t h e  r e s p e c t i v e  areas covered  by t h e  seven  b a s e  
maps numbered 3-9. 

Volume I1 i s  a r e p o r t  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  5.0 
Companion Repor t  a n d  S e c t i o n  6.0 S o u r c e s .  Volume I1 cove rage  a p p l i e s  t o  t h e  e n t i r e  , 
s t u d y  area. w 

1 . 5  AVAILABILITY AND COVERAGE ( 1  
1.5.1 A v a i l a b i l i t y  U 

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  f rom: 

Lands D i r e c t o r a t e  
Environment  Canada 
904 - l O O l  West Pende r  S t r e e t  
Vancouver, B .  C. V6E 2M7 !J 

u The p u b l i c a t i o n  of t h e  C o a s t a l  Resources  F o l i o  (1:50,000 and 1: 15,840 
s c a l e )  t h e m a t i c  maps i s  b e i n g  s c h e d u l e d  ove r  t h e  n e x t  y e a r .  As a consequence,  
coverage  f o r  a l l  b a s e  maps and themes may n o t  b e  immedia t e ly  a v a i l a b l e  a t  t h e  
t i m e  of your  o r d e r .  



P 

Volume I - ' A t l a s  

7. 

Number of Copies  -- - 
No charge  

f i l m s ( d i a z o  or a u t o p o s i t i v e s )  A t  c u r r c n t  commercial 
rates 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 .  
D i r e c t  b i l l i n g  t o  apply.  

f i lm(co1our-keyed m y l a r s  A t  c o s t  by s p e c i a l  
by map theme) arrangement  through 

Lands D i r e c t  o r a t e  . 

Limited number of 
s i n g l e  copy theme 
maps or t a b l e s  

Requests s h o u l d  b e  p l aced  by ma i l .  The Folio can be  o rde red  by base  
map, resource  theme, t a b l e  t o p i c ,  o r  by s e c t i o n ,  F u r t h e r ,  S e c t i o n s  2 .0  Coas t a l  
Resources Map S e r i e s  (1:50,000) and 4.0 Es tua ry  Map S e r i e s  (1:15,840) map manu- 
s c r i p t s  c a n  be  o rdc rcd  as e f t h e r  o z a l i d s  (pape r  p r i n t s )  or a s  f i l m s  ( d i a z o ,  nuto- 
p o s i t i v e  or coloured  mylars ) .  

The c o s t  of your  o r d e r  w i l l  b e  i n  accordance wi th  the  f o l l o w i n g  
arrangement. 

Mul t ip l e  ( d u p l i -  
ca t e )  c o p i e s  of 
theme maps o r  
t ab  les 

Oza l ids  (paper  p r i n t s ) ;  f i l m s  A t  c u r r e n t  commercial 
( d i a z o ,  a u t o p o s i t i v e s  or r a t e s  e s t a b l i s h e d  by 
colour-keyed mylars) b y  map loca l  p r i n t i n g  firms. 
theme. Direct  b i l l i n g  t o  

aPP 1 Y  n 
Y I i 1 

I 
Volume I1 Report. Limited number of  copies  a v a i l a b l e  f r e e  of  charge. 1 R -  w 

U 
0 
I 

Estimated Cost - 1981 Quotat ions 

Type of Product 

Paper (oza l id )  copy 

Film (diazo)  copy 

F i  l m (  au t oposi  t ive )  

Film (coloured mylars) copy 

copy 

P r i c e  -- 
$l.OO/prin t 

$11.60/pr int  (.04mm i n  

15.20/pr in  t ( .07m i n  
thickness)  

th ickness)  
$46.80/prin t (mat su r face )  

$60.00-$70.00/print 

47 .60 /p r in t ( c l ea r  sur face)  

w 
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1 .5 .2  Coverage 

The fo l lowing  c h a r t s  w i l l  b e  of a s s i s t a n c e  i n  o r d e r i n g  the  C o a s t a l  
Resources F o l i o .  

1 .5 .2 .1  Area Coverage 

Locat ion  and boundar i e s  of study area and n i n e  b a s e  maps. 
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1 2 3 4 5 6 7 8 9  

80 .1  Marine S u b s t r a t e s  0 B ) O . O . . 8  

80.2 P h y s i c a l  Shorezone 0 Q 0 8  e 0 

60 .2  P h y s i c a l  Shorezone U n i t s  Tab le  0 e e e a o ( p e e  

80.3  Genera l i zed  T e r r a i n  L i m i t a t i o n s  m 0 ~ 0 0 e e e e  

80.4 Oceanography - Temperature  0 o e 9 0 e .  

80.6 Water Resources  : Discharge  , Use and Con t amina t ion  e 0 0 0 e l o  

80.7 Seaweeds, Sa l tmarshes  and Marine M a m m a l s  0 010 o l e / .  

50.5 Oceanography - S a l i n i t y  Q O O ( B 0 e Q  

- 

1.5.2.2 

8 8  

a Q  
e o 

C o a s t a l  Resources  Map Series (1:50,000)  

80.8 Marine B i r d  Surveys a 
80.9 F i s h  and S h e l l f i s h  Resources  8 

80.10 F i s h  Spawning and Rea r ing  Areas e 
80.11 Genera l i zed  Zoning and Marine F a c i l i t i e s  e Qb 

8 0 . 1 2 B  0 e 

Theme Map Coverage by Base Map 

8 I+ 
o e 0 . 0 0 .  

a o e e e e o  
8 @ e  e e e. 
e e o e o o m  -~------ 

80.13 S e l e c t e d  A d m i n i s t r a t i v e  Boundar ies  e 
80.14 Land/Water S t a t u s  0 

80.15 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 0 

When o r d e r i n g  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  map and theme number. 

For example, 80.3.1. r e f e r s  t o  b a s e  map number 3,  Marine S u b s t r a t e s ,  p u b l i s h e d  i n  1980. 

0 ) .  e a  0 .  8 .  

e e e e  0 e e o  
0 t B O O O . O  
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1 .5 .2 .3  Land/Water Use and S t a t u s  Tables  

Table and Topic  Coverage by Base Map 

Tab l e  Topic  

--___- - 1 Regional  and Local  Zoning 

2 Marinas,  Bulk O i l  S to rage  F a c i l i t i e s  and 
Sewage Sys t e m s  and Treatment 
- -______ ~ - _. __  

Land U s e  P l a n s  and P r o p o s a l s  
__._ _____________. 

3 

4 Heavy I n d u s t r i a l  Zones 

5 Land and, Water S t a t u s  

P r o v i n c i a l  Crown Reserves 

Log S t o r a g e  Leases  

I n d u s t r i a l  Foreshore Leases 

Commercial Foreshore Leases 

O y s t e r  Leases 

s Marine Foreshore Leases 

C e n t r a l  Real P r o p e r t y  I n v e n t o r y  - F e d e r a l  
Lands 

Timber Land 

N a t i o n a l  Second Century Fund P r o p e r t y  

Mine ra 1 Exp l o r a  t i on Pe rmi t s  

Coal,  Freehold R i g h t s ,  L icences  a n d '  
Licence A p p l i c a t i o n s  

- 

1 

e 
._ 

0 

0 

0 

_- 

_- - 

0 

@ 

0 

0 

0 

0 

0 

0 

0 

0 
- 

SE - 

3 

0 
.. 

0 

(D 

_- 

_ -  
e 
- 

0 

e 

0 

8 

0 

0 

0 

0 

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

Cover ar 
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._ 

- 
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1 .5 .2 .4  Es tuary  Map S e r i e s  (1: 15 , 840) 

Theme Map 

Number T i t l e  

81.1 S u r f i c i a l  Sediments _______ ___.-__. 

81-2Ma.r-ine Birds.- __ 

a , 3  Seaweeds and Marshes 

81.4 I n t e r t i d a l  Fauna 

81.5 Zoning, Land Use and 
F o r e s k a U L e a s e s  

81.6 Land Use P lans  and 
P r oposa 1s 

Theme Map Coverage by Estuary/Embayments 

Campbe 11 Courtenay 
River  Comox Nanoose Nanaimo 

a 
a 
-- a 0 

a a 
0 a 0 

a a 0 

- - - ___ ----__ ___ 

---. --_I 

__ 

0 0 0 a 

a a 0 

__ 

Ladysmi t h  
Harbour 

11. 

Chemainus Cowichan 
I I I 

When o r d e r i n g ,  please quo te  y e a r  of p u b l i c a t i o n ,  theme map number and name of e s t u a r y /  
embayment, f o r  which coverage is r e q u i r e d .  For example, 81.4 - Cowichan r e f e r s  t o  
t h e  I n t e r t i d a l  Fauna theme map f o r  t h e  Cowichan e s t u a r y  pub l i shed  i n  1981. 
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5.1.1 PURPOSE 

The purpose o f  t h i s  r e p o r t  i s  t o  p r o v i d e  corr ip l in lentary inforr i id-  
t i o n  t o  t h e  maps and t a b l e s  o f  t h e  Coasta l  Resources F o l i o .  

5.1.2 THE STUDY AREA 

The s t u d y  area  ex tends  f r o m  Race P o i n t ,  n o r t h  o f  Campbell R i v e r  
t o  Hatch  P o i n t ,  s o u t h  o f  Duncan. The seaward boundary ex tends  t o  t h e  rnid- 
p o i n t  o f  t h e  S t r a i t  o f  Georg ia  and i n c l u d e s  t h e  G u l f  I s l a n d s  and i s l e t s  
w i t h i n  t h e s e  waters .  
t o  a p p r o x i m a t e l y  t h e  150 me t re  (500 f o o t )  e l e v a t i o n .  

Landward t h e  boundary i n c l  udes t h e  Nanairno Low1 ands 

5.2 THE SOUTHEAST COAST ECONOMY 

5.2.1 GENERAL SETTING 

Vancouver I s l a n d ' s  e a s t  c o a s t ,  s h e l t e r e d  fro111 t h e  open P a c i f i c  i s  
endowed w i t h  an abundance o f  n a t u r a l  resources .  W i t h i n  t h e  s t u d y  area, 
human se t t l e rnen t  i s  c o n c e n t r a t e d  i n  a l i n e a r  s t r i p  a long  t h e  coas t .  There 
a r e  f i v e  m a j o r  popul a t i o n  c e n t r e s  - Duncan, Ladysrliith-Nainanimo, P a r k s v i l  l e  
Qua l  ~CUIII, Courtenay-Coinox and Campbell R i ve r .  The I s1  and Highway p r o v i d e s -  
t h e  over1 and t r a n s p o r t a t i o n  1 i n k  between t h e s e  c e n t r e s ,  w h i l e  t h e  S t r a i t  
o f  Georgia p r o v i d e s  t h e  wa te r  1 i nk .  P o r t s  dccommodatiny deepsea vesse l  s 
a r e  1 oca ted  a t  Duncan Bay, Campbell R i v e r  , Nanaimo, Harriiac , C r o f t o n  , 
Chernai nus, and Cowi chan Bay. 

The n i a j o r i t y  o f  t h e  towns i n  t h e  area  have a d i v e r s i f i e d  economic 
base, hav ing  pas t  o r  p resen t  c o n n e c t i o n s  w i t h  fa r i n iny  , f i  s h i  ny , f o r e s t r y ,  
t h e  rn i l i tary ,  r a i l w a y  t r a f f i c ,  p o r t  a c t i v i t i e s  and t o u r i s i n  ( M i n i s t r y  o f  
Econoiriic Devel oprnent , 1978. ) . 
by t h e  M i n i s t r y  o f  Economic Developriient) , p r o v i d e s  econai i ic ,  i n d u s t r i a l  
and deii iographic i n f o n n a t i o n  f o r  t h e  c e n t r e s  1 i s t e d  above. 

The B. C. Rey iona l  Index , ( a r e p o r t  p repared  

5.2.2 THE FOREST INDUSTRY 

The f o r e s t  i n d u s t r y  p r o v i d e s  a m a j o r  source  o f  income f o r  t h e  
urban areas o f  e a s t e r n  Vancouver I s l a n d .  Each c e n t r e  i s  i n v o l v e d  i n  sorile 
phase o f  t h e  i n d u s t r y ,  be i t  h a r v e s t i n g ,  p rocess ing  o r  t h e  e x p o r t  o f  
f o r e s t  p roduc ts .  
Esquimal t and Nanaimo r a i l  way g r a n t  , c o n t r i b u t e d  24% t o  t h e  t o t a l  h a r v e s t  
o f  t h e  Vancouver F o r e s t  D i s t r i c t  ( E d g e l l  , 1979). Edge l l  (1979)  a l s o  no tes  
t h a t  t h e  secondary y rowth  s t a r t s  i n  t h e  Crown Grant  Lands have econorliic 
advantages due t o  t h e i r  h i g h  p r o d u c t i v i t y  and prc jx i rn i ty  t o  t i d e w a t e r  and 
p r o c e s s i n g  p l a n t s .  As a consequence Edge l l  (1979) p r e d i c t s  t h a t  i n  twen ty  
y e a r s '  t i m e  many o f  t h e  advanced r e g r o w t h  s tands  i n  t h e  o l d  r a i l w a y  g r a n t  
w i l l  be  h a r v e s t a b l e .  These s tands  shou ld  c o n t r i b u t e  t o  more than t h e  20% 
o f  t h e  i s l a n d  ha rves t .  

I n  1974 t h e  Crown Grant  l a n d s  and c h i e f l y  t h o s e  o f  t h e  
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There are four forest products processing centres within the 
study area - Crofton-Cheriiainus , Cowichan Lake-Cowichan Bay, Nanaiino and 
Cainpbell River-Courtenay. A1 t h o u g h  the nuinber of mills has decreased i n  
the past t h i r ty  years, total  production has increased. Meanwhile, a l l  the 
centres b u t  Cowichan are again buildiny production f a c i l i t i e s  in tidewater 
locations. For instance, Dornan industries i s  looking for s i t e s  frorri 
Cowichati Bay t o  P o r t  Hardy t o  set  u p  a 300 t o n  per day thenrio-mechanical 
pulp mill , i n i t i a l l y  t o  supply pulp t o  other mills,  b u t  eventually t o  be 
converted t o  paper and newsprint production. Crown Zellerbach i s  
considering a thermo-mechanical mill t o  be bui l t  a t  Duncan Bay, as well as 
a sawiiill and plywood plant. Doman Industries completed a 150 million 
boa rd  foot sawnill a t  Duke Point in. the spring of 1980. The coriipany 
proposes t o  b u i l d  a 500 t o n  per day thenno-mechanical newsprint mill and 
s a w i l l  on adjacent lands (Duke Point Developriient L t d . ) .  The tiiliber for  
riiost of these new devel opiients wi 1 1  corne frorri off Is1 and sources , iiiakiny 
the eastern side of the Island, with i t ' s  tidewater access, a n  ideal 
location t o  receive and process timber. Processing facil i t i e s  such as 

especially estuaries,  provide convenient storage areas f o r  logs. On the 
major estuaries of the east coast where l o g  storage i s  pennitted, there i s  
a shortage of storage space t o  meet industrial processing demands. This 
shortage and the demands of other users has resulted in the forriiulation of 
intergovernmental task forces t o  study resource-use confl i c t s  on the 
Nanaimo, Cowichan, Courtenay and Campbell River estuaries. The west coast 
log transportation systern i s  undergoing a joint  review by the B.C. Council 
of Forest Industries , and federal and provincial governriient ayencies. 

these require a continuous supply of loys. Protected waters, 

5.2.3 TOURISM 

The second major source of income for urban centres of the study 
area i s  derived from tourism. I n  1976 B.C. generated $1.2 bil l ion i n  
tour is t  revenue. Vancouver Island received $212 million o r  18% of th i s  
t o t a l .  I n  the same year the Island received 1.8 million v is i tors ,  which 
was approximately four times Vancouver Is1 and's population. 
contributes t o  the economic act ivi ty  in a l l  parts of the region, b u t  i s  
most significant in the Parksvil le-Qual icurri area (Ministry of Economic 
Development , 1978). 

because of shall ow waters and good beaches (Murphy, 1979).  Acconiodation 
for  the touris t  are we1 1 devel oped; they incl ude carnpsi t e s  , cottages , 
hotels and motel s near the rnatiy n a t u r a l  at tractions of the area. Sports 
fishing occurs i n  al l  coastal waters a l t h o u y h  several centres ( i e .  Cowican 
and Campbell River) dominate. Several f i  shiny resorts are establ ished in 
these cent res. 

provided by Ross (1979)  who docurrients 300,000 sport fisheriiien visit ing the 
region each summer. 

Tourisiii 

The urban  centres of Parksville and Qualicuni are a t t rac t ive  

An exainple o f  touris t  act ivi ty  in the Campbell River area i s  
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5.2.4 THE FISHING INDUSTRY 

The f i  sh iny i n d u s t r y  p rov ides  another impor tan t  source o f  i ncotrie 
f o r  t h e  s tudy reg ion.  
f l e e t s  i n  Duncan, Ladysniith, Nanairno, Courtenay-Comox, P a r k s v i l l e -  
Qualicutn, and Carripbell R i v e r  (Tab le  1). 
f l e e t ,  employing c l o s e  t o  600 people on 289 vessels  i n  1976. 

The salmon and ground f i s h e r i e s  suppor t  f i s h i n g  

Campbell R i v e r  has t h e  l a r g e s t  

TABLE 1 - EAST COAST OF VANCOUVER ISLAND F I S H I N G  FLEET STATIST ICS (1976) 

C I T Y  

Campbell R i v e r  
Nan a i  rno 
Ladystiii t h  
P a r k s v i l  l e -Qua l  icurn 
Courtenay-Comox 
Duncan 

COMMERCIAL FISHING VESSELS 

289 
287 
146 
131 
130 

7 1  

EMPLOYMENT 

594 
449 
248 
223 
21 7 
110 

SOURCE: M i n i s t r y  o f  Economic Development, 1978, B r i t i s h  Col unibia Regional 
Index. 

Wi th t h e  excep t ion  o f  t h e  l a r g e  salmon runs ori t h e  Campbell , 
Qualicurn and Cowichan r i v e r s ,  t h e  conirnercial f i s h e r y  o f  t h e  east  coast  
depends on f i s h  which do n o t  use t h e  streams and r i v e r s  o f  t h e  I s l a n d  
(Ross, 1979).  A s i g n i f i c a n t  s h e l l f i s h  i n d u s t r y  i s  l o c a t e d  on t h e  east  
coas t  w i t h  Baynes Sound and t h e  Chernainus , and Coniox e s t u a r i e s  coiripri s i n g  
t h e  t i iajor c e n t r e s  o f  a c t i v i t y .  

5.2.5 AGRICULTURE 

The a g r i c u l t u r a l  s e c t o r  o f  Vancouver Is1 and produces 1 i ves tock ,  
d a i r y  products ,  and vegetables.  C1 i i i i a t i c  c o n d i t i o n s  f o r  a g r i c u l t u r e  a re  
e x c e l l e n t  as t h e  r e g i o n  averages n e a r l y  2500 degree days annualy. 

Tab1 e 2 ill u s t r a t e s  t h e  s i z e  o f  a g r i c u l  t u r a l  r e s e r v e  1 ands 
l o c a t e d  i n  r e g i o n a l  d i s t r i c t s  on t h e  southeast coast o f  t h e  I s l a n d .  

TABLE 2 - - AMOUNT OF LAND I N  DESIGNATED AGRICULTURAL LAND RESERVES BY 
REGIONAL D I S T R I C T  . .  

% o f  Reqional  - 
n ALR 

Cornox-Strathcoina 108,000 102,383 43,200 40,953 2.1 
I4 a n a i mo 52,000 51,526 20,800 20,610 10.2 
Cowi chan Val 1 ey 54,300 52,495 21,720 20,998 6.2 
C a p i t a l  48,400 46,334 19,360 18,534 8.1 

SOURCE: A g r i c u l t u r a l  Land Cornrnission, 1980, A y r i c u l  t u r a l  Land Reserve 
S t a t i s t i c s ,  A p r i l  1, 1980, Province o f  B r i t i s h  Columbia. 
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5.3.1 

5.3 

PHYSIOGRAPHY 

PHYSICAL FEATURES 

The s t u d y  area  f a l l s  w i t h i n  t h e  western  h a l f  o f  t h e  Georgia 
Depression, a s e c t i o n  o f  t h e  no r thwes t  - southeas t  c o a s t a l  t r u u g h  s t r e t c h -  
i n g  f rom Alaska t o  t h e  G u l f  o f  C a l i f o r n i a  (Ba rke r ,  1974). The Depress ion  
can be d i v i d e d  i n t o  two s u b - u n i t s  wh ich  approximate t h e  Coastal  Resources 
F o l i o  s t u d y  a rea  boundar ies :  t h e  Nanaimo Lowland (wh ich  i s  t h e  western  
unsubmeryed marg in  o f  t h e  Georgia Depress ion)  and t h e  S t r a i t  o f  Georg ia  
( r e p r e s e n t i n g  t h e  submerged p o r t i o n ) .  

5.3.1.1 The Nanairno Lowland 

' The Lowland i s  a r e l a t i v e l y  nar row (30km) s t r i p  o f  l a n d  below 600 

The n o r t h e r n  
met res  e l e v a t i o n  ex tend ing  froin Johns tone S t r a i t  t o  Sooke. Phys iog raph i -  
c a l l y ,  t h i s  l o w l a n d  can be d i v i d e d  i n t o  two components. 
component i s  c h a r a c t e r i z e d  by  u n d u l a t i n g  topography  w i t h  e x t e n s i v e  c o a s t a l  
b l u f f s  and deep ly  i n c i s e d  r i v e r  v a l l e y s .  Deep unconsol i d a t e d  i n a t e r i a l  s o f  
marine, g l a c i a l  and f l  u v i a l  o r i g i n s  predominate. Bedrock ou tc rops  d r e  
r a r e .  

t e r s p e r s e d  w i t h  pockets  o f  unconsol i d a t e d  i n a t e r i a l  s. 
has undergone d i f f e r e n t i a l  e r o s i o n  g i v i n g  r i s e  t o  t h e  h i g h l y  i n d e n t e d  
c o a s t l i n e  o f  t h e  G u l f  I s l a n d s  and Vancouver I s l a n d .  

The sou the rn  component i s  c h a r a c t e r i z e d  by bedrock o u t c r o p s  i n -  
L o c a l l y  t h e  bedrock 

5.3.1.2 The S t r a i t  o f  Georg ia  

The S t r a i t  o f  Georgia i s  a semi-enclosed body o f  water  app rox i -  

Mathews and Murray (1966)  d i v i d e d  t h e  c e n t r a l  S t r a i t  i n t o  f o u r  

m a t e l y  220 km l o n g  w i t h  an average w i d t h  o f  33 km. 
met res  w i t h  a rnaxiriiurii dep th  o f  425 metres near Texada I s l a n d .  

submarine phys iog raph ic  u n i t s .  They i n c l u d e :  

I t s  mean dep th  i s  157 

The, F r a s e r  Fan wh ich  s lopes  g e n t l y  westward and i n c l u d e s  a n o r t h -  
west by  southeas t  r i d g e  o f  p o s s i b l e  sed imentary  o r i g i n .  

The Ma in land  S h e l f  and Slope, app rox ima te l y  2 krn wide, wh ich  breaks  a t  
about  100 met res  w i t h  t h e  base o f  t h e  s lope  a t  165 metres. 

The I s l a n d  S h e l f  and S lope  which encompasses t h e  G u l f  I s l a n d s  and ad ja -  
c e n t  Vancouver I s l a n d .  It ranges froin 2 t o  5 kill i n  w i d t h  (measured on 
t h e  o u t s i d e  o f  t h e  G u l f  I s l a n d s )  w i t h  many shoa ls  atid rocks .  The s h e l f  
g e n e r a l l y  b reaks  a t  100 met res  t h e n  s lopes  s h a r p l y  i n t o  t h e  ad jacen t  
bas ins .  

The Bank and R idge  P r o v i n c e  wh ich  i s  an area o f  r i d g e s  p a r a l l e l i n g  t h e  
a x i s  o f  t h e  S t r a i t .  The banks and shoa ls  r e p r e s e n t  t h e  s h a l l o w e s t  areas 
o f  t hese  r i d g e s .  Exaniples o f  t hese  a r e  i l l u s t r a t e d  i n  f i g u r e  1. 
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F i g u r e  1 OCEANOGRAPHIC AND IDENTIFIED PHYSIOGRAPHIC SUBDIVISIONS 

Source :  W.H. Mathews and J.W. Murray,  1966.  Recent  Sediments  and T h e i r  
Environment  of D e p o s i t i o n ,  S t r a i t  of Georg ia  and F r a s e r  River D e l t a  
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There a r e  a number o f  bas ins  w i t h i n  these phys iograph ic  u n i t s .  
Basins a r e  d e f i n e d  as deep, f l  at-bottomed areas w i t h  s teep s i d e  slopes. 
F i g u r e  1, i d e n t i f i e s  f o u r  bas ins  frorli Boundary, i n  t h e  south,  th rough 
Ba l lenas ,  Malaspina and f i n a l l y  Hornby Basin i n  t h e  nor th .  

A s t u d y  b y  Pharo and Barnes (1976) d i v i d e d  t h e  c e n t r a l  S t r a i t  
i n t o  two s e c t i o n s  w i t h  t h e  boundary drawn between P o r l i e r  Pass and Bowen 
I s 1  and. The southern s e c t i o n  i s  c h a r a c t e r i z e d  by smooth topography and 
r a p i d  sediment d e p o s i t i o n ,  w h i l e  t h e  n o r t h e r n  s e c t i o n  i s  c h a r a c t e r i z e d  by 
r i d g e s  and bas ins  o f  extreme r e l i e f .  

5.3.2 GEOLOGY 

The area has been sub jec ted  t o  g e o l o g i c a l  processes o f  down- 
f o l d i n g ,  subsidence, up1 i f t  , g l a c i a l  scour ing  and eros ion.  These proces- 
ses have cont inued t o  m o d i f y  t h e  area from Mesozoic t in ies (,150 x l o 6  
y e a r s  B.P . ) .  
repeated g l a c i a t i o n s  and t h e  i n t e r g l a c i a l  p e r i o d s  o f  t h e  P l e i s t o c e n e  e r a  
(Armstrong, 1975). 

The most e x t e n s i v e  p e r i o d  o f  mass e r o s i o n  occur red  d u r i n g  

5.3.2.1 Bedrock 

The bedrock o f  t h e  area c o n s i s t s  p r i m a r i l y  o f  l a t e - C r e t a c i o u s  and 
T e r t i a r y  sandstones, congl  omerates , and shal es. A1 so p resent  a r e  v o l -  
c a n i c  rocks o f  t h e  T r i a s s i c  per iod .  Summaries o f  t h e  s t r a t i g r a p h y  o f  t h e  
C r e t a c i o u s  and T e r t i a r y  r o c k s  a r e  presented i n  Usher (1952) ,  and Matthews 
and Murray (1976).  A map o f  t h i s  area b y  M u l l e r  (1971) has been updated 
b y  Roddick e t  a l .  (1979) .  Jackson (1976) prov ides  a g e n e r a l i z e d  geology 
o f  t h e  Canadian C o r d i l l e r a .  

5.3.2.2 S u r f i c i a l  

The unconsol i d a t e d  s u r f i c i a l  i n a t e r i a l  s a r e  g l a c i a l  i n  o r i y i n .  
These d e p o s i t s  have a l s o  been m o d i f i e d  by mar ine and f l u v i a l  processes as 
a r e s u l t  o f  sea- leve l  changes and t h e  r e t r e a t  o f  t h e  g l a c i e r s .  Modern 
sediments (Holocene) a re  represented  by channel , fl oodpl a i n ,  a1 1 u v i a l  fan,  
d e l t a i c ,  and beach (mar ine  and l a c u s t r i n e )  depos i ts .  The Nanairno Lowland 
i s  e x t e n s i v e l y  u n d e r l a i n  b y  g l a c i a l  t i l l s  o f  v a r i o u s  t e x t u r e s ,  depths and 
s u r f a c e  express ions.  They t e n d  t o  be compact m i x t u r e s  o f  stones, sand, 
s i l t  and c l a y  and l o c a l l y  may exceed t e n s  o f  metres i n  th ickness .  The 
d e p o s i t s  t e n d  t o  be sha l lower  i n  t h e  more h i l l y  areas o f  t h e  south h a l f  o f  
t h e  s tudy  area. Sandy-loam t e x t u r e s  predominate ( F y l  es, 1963). 

i c e - c o n t a c t  a1 1 u v i a l  fans)  a r e  a1 so p resent  ( F j 1  es , 1963). 

been s u b j e c t e d  t o  mar ine processes. 
g r a v e l s  t o  c l a y ,  and t h e  t h i c k n e s s  o f  d e p o s i t s  can v a r y  f rom l e s s  than 1 
metre  t o  severa l  metres i n  depth. The veneers t e n d  t o  be on s lopes and 
r e p r e s e n t  c o a r s e r  depos i ts .  
depress ions and l o w  l y i n g  areas. 

Gl a c i o - f l  u v i a l  1 and forms ( i e .  t e r r a c e s ,  abandoned channel s and 

Much of t h e  s u r f a c e  o f  t h e  low land below 150 metres e l e v a t i o n  has 
Mar ine sediments v a r y  i n  t e x t u r e  f ro in 

The deepest and f i n e s t  d e p o s i t s  a r e  found i n  
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Colluvial deposits of post-glacial origin are common in the 
Lowland where bedrock i s  a t  o r  near the surface. Colluvial deposits vary 
in thickness from centimetres t o  metres, the deeper deposits found as 
ta lus  cones a t  c l i f f  bases. 

Organic deposits occupy poorly drained depressional areas over- 
lyiny imperineable t i l  1 s ,  bedrock, o r  f ine textured iiiarine deposits. 

Accounts of the glacial history o f  the study area and the re- 
sult ing deposition of sediments can be found in Fyles (1963). 
surf ic ia l  yeoloyy and stratigraphy are available f o r  the Duncan, 
Shawniyan Lake, Nanaiino, Parksville, Horn Lake, Courtenay and Oyster 
River mapsheets. 
been done by the i3ritish Columbia Ministry o f  Environrrient. 

Mapped 

Terrain inventory iiiaps for  most of the study area have 

5.3.3 SOILS 

Soils o f  the study reyion include those o f  the Brunosolic dnd 
Podzolic orders. Between the southern shore of Nanoose Harbour and  the 
southern boundary of the study area, Dystric Brunisol so i l s  are dominant. 
North of, Nanoose Harbour podzol ic  so i l s  are dominant. 

sediiiients and are t h o u g h t  t o  be i n  a transit ional stage of development. 
The soil temperature c lass  i s  mild inesic w i t h  a seiiliarid inoisture regiine. 

1 ead 
wi t t i  

Ilystric Brunisol so i l s  occur 011 relatively young geologic 

A h i g h  inoisture def ic i t  , low sunirner rainfall  and warm teiiiperatures 
t o  1 i t t l e  chemical transformation which i s  characterist ic of so i l s  
low water holding capacity. Vegetation provides a thick, poorly 
decoiiiposed surface 1 i t t e r  1 ayer \vi t h  1 i t t l  e i ncorporati on of organ 
rnatte'r into the iiiineral soi l .  Sombric brunisols occur in the very 
s i t e s ,  usually below the 50 metre contour, a n d  are generally assoc 
with a Garr-y-Oak and qrass coinrnunity. 

C 
d r ies t  
ated 

HuLtio-furric ,odzol soil s have devel oped on permeable, course 
textured glacial t i l l  or colluvium parent materials. The soi l  
teiiiperature i s  mild riiesic cool boreal , w i t h  a hulllid soil nioisture regiine. 
Similar t o  Dystric Brunisol s ,  vegetation provides a thick organic surface 
1 ayer t h a t  i s  acidic and poorly decomposed. 

Steep slopes tend t o  have shallow, coarse textured and rapidly . 
drained so i l s ;  bedrock outcrops are common. Less steep terrain has sandy 
t o  gravelly so i l s  with rapid t o  imperfect drainage. Gently sloping, lob/ 
lying positions have rnediuni t o  f ine textured soi ls  subject t o  water table 
fluctuations. Depressional o r  level areas generally have organic 
deposits. Glacio-marine and glacio-fluvial deposits (especially terraces) 
have coarse textured, and  very rdpidly drained so i l s  on moderate slopes 
( Frank , 1980). 

1959. This area i s  currently being reiiiapped by the British Columbia 
Mi ni s t  ry of Env i ronrilent. 

The so i l s  of the study area have been inapped by Day, e t  a l .  
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5.3.4 CLIMATE 

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

gcneous 
n o r t h e r  
water. 
n o r t h .  

5.3.4 

The Lowlands and nearshore  i s l a n d s  f a l l  w i t h i n  a r e l a t i v e l y  homo- 
c l i m a t i c  zone. Annual mean tempera tures  range f rom 9°C a t  iiiore 
y and i n l a n d  l o c a t i o n s  t o  10°C a t  sou the rn  l o c a t i o n s  near  t h e  
P r e c i p i t a t i o n  v a r i e s  f ro in  75 cni i n  t h e  sou th  t o  150 cin i n  t h e  
The m a j o r i t y  o f  t h i s  p r e c i p i t a t i o n  f a l l s  i n  t h e  w i n t e r  months. 

The s t u d y  area  has a l o n g  f r o s t - f r e e  p e r i o d  o f  180 t o  220 days. 

2 Wind P a t t e r n s  

Wind p a t t e r n s  a r e  c o n t r o l  1 ed by seasonal l y  doi i i inant at i i iospher ic 
p ressu re  systeii is and t h e  m a j o r  t opograph ic  f e a t u r e s  o f  sou thwestern  
B r i t i s h  Col untbia. The no r thwes t -sou theas t  o r i e n t a t i o n  o f  t h e  Vancouver 
I s l a n d  and Coast mountains c o n s t r a i n s  s u r f a c e  winds t o  b low  i n  e i t h e r  of  
t h e s e  two d i r e c t i o n s .  I n  w i n t e r ,  t h e  A1 e u t i a n  Low dominates a tmospher ic  
c i r c u l a t i o n  ove r  t h e  n o r t h e a s t e r n  P a c i f i c  Ocean r e s u l t i n g  i n  p r e v a i l  i n y  
s o u t h e a s t e r l y  winds. A c o i n p l i c a t i n y  f a c t o r  i n  w i n t e r  i s  t h e  e x i s t e n c e  of 
an A r t i c  H igh  i n  t h e  i n t e r i o r  o f  t h e  Prov ince .  T h i s  r e s u l t s  i n  s t r o n y  
n o r t h e a s t e r l y  o u t f l o w  winds down t h e  i n l e t s  and v a l l e y s  t o  t h e  coast.  I n  
suiiiiner, t h e  P a c i f i c  H igh  dominates. Consequent ly t h e  p r e v a i l  i n g  winds a r e  
w e s t e r l y  t o  n o r t h w e s t e r l y .  I n  summer t h e  p a t t e r n  i s  c o m p l i c a t e d  by  on- 
s h o r e - o f f s h o r e  winds c r e a t e d  by  d i u r n a l  tempera ture  g r a d i e n t s  between t h e  
l a n d  and water  (Schaefer ,  1980 pers.  coinin.). 

5.3.5 PHYSICAL OCEANOGRAPHY 

5.3.5.1 T ides  

The t i d e s  range f ro in  a 3 me t re  inaxiiliuni and a 2 ine t re  mean i n  
sou the rn  waters  t o  more t h a n  a 5 met re  rnaximuni and a 4 i i i e t re  mean i n  n o r t h -  
e r n  waters. 
ponding t i d a l  h e i g h t s  a t  any p o i n t  and P o i n t  A t k i n s o n  never  exceeds 30 i i i in- 
nutes.  F lood  t i d e s  f ro in  t h e  n o r t h  t a k e  about t h r e e  hours l o n g e r  t o  e n t e r  
t h e  n o r t h e r n  S t r a i t  o f  Georgia t h a n  do t h e  sou the rn  t i d a l  c u r r e n t s .  T h i s  
can c r e a t e  d i f f e r e n c e s  i n  water  e l e v a t i o n  i n  passages of up t o  1 metre, 
t hus  g e n e r a t i  ng s t r o n y  c u r r e n t s  (e.g. Seyniour Narrows) (Giovando, 1976). 

I n  t h e  S t r a i t  o f  Georgia, t h e  t i m e  d i f f e r e n c e  between c o r r e s -  

5.3.5.2 C u r r e n t s  

Waldichuk (1957) d i v i d e d  t h e  S t r a i t  o f  Georgia i n t o  t h r e e  areas  
based on s u r f a c e  c u r r e n t  regime: Nor the rn ,  C e n t r a l ,  and Southern  S t r a i t .  

5.3.5.2.1 N o r t h e r n  
The t i d a l  c u r r e n t s  a r e  weak and h i g h l y  v a r i a b l e .  Speeds r a r e l y  

exceed 1 k n o t  a1 though t h e y  iiiay be f a s t e r  i n  sorile channels. 
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Wind-driven currents are a1 so weak even d u r i n g  strong winter winds. 
i s  a probable counter-cl ockwi se d r i f t  around the northern pa r t  of the 
S t r a i t .  

There 

5.3.5.2.2 Central 
The t idal  currents are stronger and have a dis t inct  southeast- 

northwest ebb and flood respectively. 
peak run-off, strongly influences th i s  section of the S t ra i t .  
layer exhibits complex movements under the influence of wind, t ides  and 
Coriol i s  force. 

The Fraser River, especially during 
The upper 

5.3.5.2.3 Southern 
The t idal  currents are stronger and typically greater t h a n  1 k n o t .  

The narrow passages allow t idal  mixing. 
cant d u r i n y  suinriier rlionths when the Fraser River pluriie extends t o  t h i s  area. 
The Canddian Hydrographic Service i s  coinpiling a current a t l a s  for  the 
S t r a i t  of Georgia. 
predictions i s  the t idal  inodel developed by Crean a t  the Inst i tute  of 
Oceanography, University o f  British Coluinbia (Crean, 1976). The rnodel pre- 
edictions have been tested extensively and are found t o  correlate closely 
with irieasured values. The influence o f  the Fraser River discharye on 
current circulation i s  being studied for  incorporation into the riiodel. 

Wind driven currents are s iynif i -  

The primary source of d a t a  for the t idal  current 

5.3.5.3 Waves 

The generation of waves depends u p o n  wind speeds, t he i r  duration, 
a n d  fetch. 
ita1 e ,  1980) arid therefore rarely develops 1 arye sea waves. Winds b l  owing 
dlong t h e  axis of the S t ra i t  can generate waves ~p t o  3 iiietres f o r  approx-  
imately 5% of the time d u r i n g  winter months (Owens, 1977) .  

The Strait; of Georgia i s  fetch and d u r a t i o n  liniited (McCann and  

5.3.6 WATER RESOURCES 

5.3.6.1 Hydro1 ogy 

The study area has a number of freshwater rivers,  lakes, and wet- 
lands. Most, however, are characterist ically small. A1 t h o u g h  a snow pack 
accurnul ates i n  the mountain ranges duriny winter, precipitation in the 
Nanairno Lowland region f a l l s  inainly as r a i n .  Consequently, freshet occurs 
in inid-wi nter (Deceiiiber and January) when rainfall i s  greatest. Hydro- 
graphs for the Qualicuiii and Koksilah rivers exhibit t h i s  trend (figures 2 
and 3 ) .  Rivers t h a t  are also fed by snowpack rnelt streariis exhibit a second 
peak in discharge in l a t e  spring. Hydrographs f o r  the Puntledye and Oyster 
r ivers show th i s  phenomenon (figures 4 and 5 ) .  The low flow period occurs 
during la te  August and  September when soiiie streams are dry o r  have sub- 
surface o r  base flows. 

The Nanaimo Low1 and region experiences an annual inoi sture def ic i t  
as evidenced in the accornpanyiny graphs (figures 6 , 7 ,  and 8) .  
Gulf Islands, def ic i t s  range froril 1524 inin t o  2032 inin. On several islands, 
shortages or freshwater have resulted in subdivision controls t h a t  

Within the 

Q 
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FIGURE 2: HYDROGRAPH FOR THE QUALICUM FIGURE 3: HYDROGRAPH FOR THE KOKSILAH 
R I V E R  

""I 
R I V E R  

l M o l W  

SOURCE: I n 1  and Waters D i r e c t o r a t e ,  1979. H i s t o r i c a l  S t rea in f l  ow Summary, Water 
Survey  o f  Canada, Ot tawa 

FIGURE 4: HYDROGRAPH FOR THE PUNTLEDGE FIGURE 5: HYDROGRAPH FOR THE OYSTER 
R I V E R  BELOW WOODHUS CREEK 

' O O 0 l  

w 
SOURCE: I n 1  and Waters D i r e c t o r a t e ,  1979. H i  s t o r j c a l  Streamfl  ow Sumlnary, Water 

Survey o f  Canada, Ottawa. 
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u l  t i r n a t e l y  w i l l  1 i m i t  g rowth o f  popul a t i o n  and devel oprnent. 

r e g i o n  a r e  about 90,000 people which w i l l  b r i n g  t h e  p o p u l a t i o n  t o  about 
255,000. By t h a t  t i m e  t h e  c a p a c i t y  of c u r r e n t  water  de l  i v e r y  systems will 
be inadequate. Moreover, t h e  demand f o r  f reshwater  f rom dornestic, 
c o m e r c i a l / i n d u s t r i a l  , r e c r e a t i o n a l  , and w i l d 1  i f e  concerns may we1 1 exceed 
t h e  supply.  U n c e r t a i n t i e s  r e g a r d i n g  c l  i m a t i c  changes may we1 1 exacerbate 
t h e  supply /  demand s i t u a t i o n  a t  t h a t  t ime. 

P r o j e c t e d  p o p u l a t i o n  inc reases  t o  t h e  y e a r  2000 f o r  t h e  s tudy  

5.3.6.2 Water Qua l  i t y  

Domestic sewage and i n d u s t r i a l  e f f l u e n t s  a r e  t h e  major  c o n t r i b -  
u t o r s  o f  mar ine and f r e s h  waters  contaminants.  R i v e r  and mar ine o u t f a l l s ,  
s e p t i c  tanks,  and wastes f rom vesse ls  c o n t r i b u t e  n u t r i e n t s  and c o l i f o r m  
b a c t e r i a ,  w h i l e  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 
heat.  A l though t h e  mar ine waters a r e  r e l a t i v e l y  w e l l  f l u s h e d  by t i d a l  and 
c u r r e n t  a c t i o n ,  water  q u a l i t y  i n  inany areas i s ,  o r  i s  suspected t o  be, 
b e l  ow t h e  s tandards s e t  f o r  she1 l f i s h  h a r v e s t i n g  and water c o n t a c t  r e c r e -  
a t i o n .  C e r t a i n  l a n d  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  
( i .e .  t h e  sewage lagoon b y  t h e  Comox e s t u a r y )  and coas ta l  f r e s h w a t e r  l a k e s  
s i m i l a r l y  c o n t r i b u t e  t o  t h e  e u t r o p h i c a t i o n  o f  these water  bodies.  

5.3.6.3 Groundwater 

Groundwater resources o f  t h e  s tudy  r e g i o n  a r e  n o t  comprehensively 
s tud ied ,  a1 though severa l  r e p o r t s  a r e  completed. Frorn t h e  evidence pre- 
sented, groundwater resources a r e  re1 a t i v e l y  p l e n t i f u l  a1 though severa l  o f  
t h e  G u l f  I s l a n d s  l a c k  a q u i f e r s  s u f f i c i e n t l y  l a r g e  enough t o  s u s t a i n  normal 
urban p o p u l a t i o n  d e n s i t i e s .  I n  such areas, minimum l o t  s i z e s  a r e  des ig -  
na ted  i n  o r d e r  t o  ensure adequate supp l ies .  A t e s t  d r i l l i n g  programme i s  
r e q u i r e d  i n  most areas o f  t h e  s tudy  r e g i o n  i n  o r d e r  t o  o b t a i n  complete 
knowledge o f  t h e  groundwater resources. 

5.4.1 

5.4 BIOLOGICAL RESOURCES 

TERRESTRIAL VEGETATION 

The b iogeoc l  i m a t i c  u n i t s  o f  B r i t i s h  Columbia, d e r i v e d  by K r a j i n a  
(1969),  i n c l u d e  f o u r  fo rmat ions ,  seven reg ions ,  and e leven zones. O f  
these,  t h e  s tudy  area f a l l s  i n  t h e  mesothernal b iogeoc l  i i n a t i c  f o r m a t i o n ,  
t h e  P a c i f i c  Coastal Mesothermal f o r e s t  r e g i o n ,  and t h e  c o a s t a l  Douglas F i r  
zone. Subzones a1 so i d e n t i f i e d  b y  K r a j  i n a  i n c l u d e  t h e  Garry Oak-Doug1 as 
F i r  zone subzone and t h e  Madrono-Doug1 as  F i r  subzone. MacMi 11 an B1 oedel ’ s 
b i o g e o c l i n a t i c  map (1974)  r e f e r s  t o  these subzones as Wet Douglas F i r  and 
Dry Douglas F i r  w h i l e  K l i n k a  and Nuszdor fer  (1979) r e f e r  t o  t h e  d r i e r  
m a r i t i m e  c o a s t a l  Douglas fir and w e t t e r  m a r i t i m e  coas ta l  Douglas f ir sub- 
zones. The subzone boundar ies o f  t h e  above t h r e e  c l a s s i f i c a t i o n  approaches 
are,  f o r  t h e  most p a r t ,  cont inguous. 
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Douglas f ir i s  t h e  dominant t r e e  species w i t h i n  t h e  c o a s t a l  
Douglas fir zone. It i s  a moderate ly  shade- to le ran t  spec ies t h a t  can 
regenera te  on most s i t e s  under a mature canopy because i t  i s  w e l l  adapted 
t o  subhurnid o r  dry c l i i i i a tes .  On mesic s i t e s  i t  i s  shade- to le ran t  o n l y  i n  
t h e  c o a s t a l  Douglas fir zone; on sub-hygr ic  s i t e s  and h y g r i c  s i t e s  i t  i s  
a s h a d e - i n t o l e r a n t  species. 
m a t i c  c l imax t r e e  on mesic s i t e s  i n  t h e  moderate ly  humid c o a s t a l  Douglas 
f ir zone. W i t h i n  t h i s  zone i t  i s  o f t e n  accompanied by western r e d  cedar,  
grand f ir, Garry  oak o r  P a c i f i c  madrone. 

The Resource A n a l y s i s  Branch has i n v e n t o r i e d  t h e  f o r e s t  c a p a b i l -  
i t y  o f  t h e  s tudy  area. Fores t  c a p a b i l i t i e s  range froin v e r y  h i g h  mean 
annual increments ( g r e a t e r  than 15.0 c u b i c  metres per  h e c t a r e  per  y e a r )  t o  
very  l o w  mean annual increments ( l e s s  than 2.2 c u b i c  metres per  h e c t a r e  
p e r  y e a r ) .  

Douglas f i r  i s  adapted t o  become a f i n a l  c l i -  

5.4.2 SEAWEEDS AND SALTMARSHES 

There a r e  i n  excess o f  500 spec ies  o f  a t tached mar ine a lgae 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  o f  a lgae i s  based 
p a r t 1  y on p i  gmenat i o n  ; hence t h e  a1 gal  groups a r e  Chl orophyceae (g reen 
a1 gae) , Phaeophyceae (brown a1 gae) , and Rhodophyceae ( r e d  a1 gae) . 
f o u r t h  group o f  p l a n t s ,  t h e  sea-grasses, have two genera o c c u r r i n g  i n  
B r i t i s h  Col umbia - Zos tera  and Phy l lospad ix .  Sal trnarsh species i n c l  ude 
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 T r i g l o c h i n .  Several  genera ( i .e .  
S c i r  us, Typha, Carex) a re  b e t t e r  adapted t o  b r a c h i s h  waters,  w h i l e  o t h e r s  

A conspicuous f e a t u r e  o f  most c o d s t l i n e s  i s  t h e  z o n a t i o n  o f  sea- 
weeds. 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 e a s t ,  as a 
f u n c t i o n  o f  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 o f  t h e  l i g h t  spec- 
t rum, 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  o f  wavelengths w i t h  i n c r e a s i n g  
water  depth. 
i nhabi t t h e  upper, rniddl e, and 1 owemiost zones r e s p e c t i  v e l  y. 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 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  o f  
seaweeds. A spec ies '  t o l e r a n c e  t o  t h e  f a c t o r s  o f  d e s s i c a t i o n  (temper- 
a t u r e ,  wind, and h u m i d i t y )  and u l t r a v i o l e t  l i g h t  a r e  i m p o r t a n t  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  l o w e r  l i m i t s  may be determined by t h e  
c o m p e t i t i o n  between species,  o r  herb ivary .  F u r t h e r ,  p re fe rences  f o r  a par-  
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 
a r e  impor tan t  i n  d e f i n i n g  t h e  v e r t i c a l  and h o r i z o n t a l  l i m i t s  o f  species. 
Druehl (1967),  f o r  ins tance,  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  o f  
two forms o f  Laminar ia  g roen land ica  c o u l d  be exp la ined on t h e  b a s i s  o f  
temperature,  sa 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  wave shock. De Wreede 
(1978) specu la tes  t h a t  Sargassuin muticurn and Zostera mar ina L. w i l l  n o t  
compete due t o  d i f f e r e n t  preferences o f  subs t ra te ,  w h i l e  Vadas (1972) has 
determined t h a t  t h e  upper l i m i t s  f o r  Nereoscys t is  leu tkeana a r e  deterni in-  
ed by t h e  cornpet i t ion  f o r  l i g h t ,  w h i l e  t h e  lower  l i m i t s  a r e  s e t  by l i g h t  
a t t e n u a t i o n .  Both Foreman (1977) and Mann (1977) have docuiiiented a re-  
d u c t i o n  o f  a l g a l  p o p u l a t i o n s  a t  t h e i r  l o w e r  l i m i t s  and a succession o f  
spec ies r e s u l  t i n y  f ro in h e r b i v o r e  graz ing.  

A 

1 .e. Festuca, Juncus, Hordeum) i n h a b i t  c o a s t a l  wetlands. + 
Consequently, green a lgae,  brown algae, and r e d  a lgae should 

- .. .- . .... . .. .- -. . . . . . .  ... . . ,~ ...~. . ,.. . . 
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The i n t e r t i d a l  z o n a t i o n  o f  species on seacoasts i s  documented 
b y  numerous workers (Koz lo f f ,  1973; R i c k e t t s  arid Calv in ,  1968; Care foo t ,  
1977; Stephenson and Stephenson, 1972). On rocky  coasts ,  t h e  upperinost 
zone - t h e  s u p r a l i t t o r a l  f r i n g e  - i s  a f f e c t e d  o n l y  by t h e  h i g h e r  t i d e s  
and wave splash. Th is  band may c o n t a i n  l i c h e n s  (y .  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 lgae y. 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 lgae Fucus d i s t i c h u s ,  ( w i t h  which t h e  barnac les  a r e  c l o s e l y  
assoc ia ted) ,  t h e  r e d  Endoclad ia mur ica ta ,  Curnayloia anderson i i ,  Bangia 
f u s c o  u r  urea, and Por h r a  spp. and t h e  yreen a lgae U l v a  as t h e  major  
seaweeds. T e l o w e r  m i  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, b u t  t h e  most common a r e  U1 va, Spongomorpha coa l  i t a  (green 
a1 gae) ; Hedophyl 1 um sess i  1 e, Fucus and Leathes i  a d i  f f o r m i  s, ( brown 
a1 gae) ; and H a l  osacc ion g l  andiforrne ( r e d  a1 gae) . 
r e g i o n  a r e  found t h e  s u r f g r a s s  Phy l lospad ix ,  inany Laminar ians (e.g. 
Laminari,a s e t c h e l l i i ) ,  Eyreg ia  m e n z i e s i i ,  Pterygophora c a l i f o r n i c a ,  

Nerocyst i s 1 uetkeana , Sargassuni mut i cum; t h e  green A1 a r i a  margi  nata , 
Codium f r a g i l e ;  t h e  r e d  a lgae G i y a r t i n a  exasperata and I r i d a e a  cordata.  

E s t u a r i n e  areas and quiescent  mud/ sand shores 
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  - U l v a  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  a r e  a v a i  1 ab1 e, and, s u b t i d a l  beds o f  
Zostera marina ( e e l g r a s s ) .  Wi th  t h e  growth o f  ee lg rass  i n  t h e  summer 
months, numerous a lgae species (such a s  t h e  red  a lgae Smithora naiadurn) 
c o l o n i z e  t h e  leaves  w h i l e  o t h e r s  i n h a b i t  t h e  sur face  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  f rom numerous p l a n t  spec ies w i t h i n  
ee lg rass  beds, and i t s  subsequent i n v a s i o n  by b a c t e r i a  forms one o f  t h e  
most p r o d u c t i v e  ecosystems known. 

S a l  tmarshes e x h i b i t  zonat ion  f rom t h e  sea landward a1 though t h e  
c r i t i c a l  f a c t o r  t h a t  determines band w i d t h  i s  t h e  t o l e r a n c e  o f  spec ies 
t o  s a l t w a t e r .  C loses 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 n i a r i l y  mud s u b s t r a t e  
i s  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 l o w e r i n g  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  a r e  d i a t o n i s , - 6 1 a n d  
b l  uegreen a1 gal  mats .  The sa 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 arrowyrass 
T r i g l o c h i n  mari t imum a r e  coinrnonly assoc ia ted  w i t h  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 1  and towards a f reshwater  i n f l  uence one 
encounters Sc i rpus,  Typya, Carex, Juncus communities. 

5.4.3 PMRINE MAMMALS 

- 
- 

--=++I+ 

I n  t h e  i n f r a 1  i t t o r a l  

The mar ine riiammals o f  t h e  S t r a i t  o f  Georgia and Juan de Fuca 
i n c l u d e  s i x t e e n  genera o f  t h e  o r d e r  Cetacean (whales and dol  ph ins)  and 
two f a m i l i e s  o f  p inn ipeds  - O t a r i i d a e  ( t h e  eared sea ls )  and Phocidae 
( t h e  e a r l e s s  s e a l s  - Tab le  3 m n  t h e  s tudy  area Orc inus orca  
( k i l l e r  whale) i s  t h e  l a r g e s t  r e s i d e n t  species. Three f a m i l y  groups o f  
80 i n d i v i d u a l s  a r e  r e s i d e n t  a l l  months o f  t h e  year  and a r e  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 o f  t h e  k i l l e r  
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L TABLE 3 - CETACEANS O C C U R R I N G  IN WASHINGTON STATE AND BRITISH COLUMBIA 

Order Cetacean--whal es and  dol phi ns British Columbia 

Suborder Mysticeti--whal ebone whales 
Fainily Eschrichti idae--gray whales 

Eschrichtius robustus Lill  jeborg, gray whale 
Fainil Y Bal aenoDteridae--furrow-throated whales 
- Baiaenoptera physalus Linnaeus, f in  or finback whale 
B. boreal i s 1 esson, peri whal e 
B. acutorostrata lacepede l i t t l e  piked whale, minke whale 
B.  inuscul us Li nnaeus , bl ue whal e 
Meyaptera novaeangl i ae Borowski , humpback whale 

Family Bal enidae--smooth-throated whales 
ea1 ena gl aci a1 i s  I.lul1 er , northern or b l  ack right whal e 

Suborder Odontoceti--toothed whales and dol phins 
Fairiily Zi  phi idae--beaked whales 

Berardius bairdii Stejncger, Baird's beaker whale 
Mesopl odon stejnegeri True Stej neyer beaked whal e 
M. car1 hubbsi Moore, tiubbs' beaked whale 
Ziphius cavirostr is  Cuvier, Cuvierls beaked wtialc 

Physeter catodon Li nnaeus, sperni whale 
Kogia breviceps Blainville,  pygmy speriii whale 

Family Del phinidae--ocean dolphins 
Stenel 1 a sp., spotted dol phi n 
Delphinus delphis Linnaeus, Pacific cormon d o l p h i n  
Lissodelphis borealis Peale, northern right-whale dolphin 
Lagenorhynchus obliguidens Gi l l ,  Pacific white-sided dolphin 
Orcinus orca Li nnaeus, ki 1 1  e r  whal e o r  orca 
Grampus griseus Cuvier, gray grampus or Ri sso l  s dol phi n 
Globicephala inacrorhyncha, shortfin pi1 o t  whale 
Phocoena phocoena Linnaeus, Pacific ha rbour  porpoise 
Phocoenoides dall i True, Dall porpoise 

Faiiii 1 y Physeteri dae- -sperm whal es 

C 

C 
C 

N C 
NC 
NC 

R 

C 
R 
R 
R 

C 
rjc 

R 
R 
R 
C 
A 
R 

NC 
A 
C 

Note: A =  a b u n d a n t ,  C =  COlillnOtl ,  NC= no t  coinmon, R= rare. 

SOURCE:  Adapted froiii: Pike and MacAskie 1969. 
C.A. Simenstad, B.S. Mil 1 e r ,  C. F. Nybl ade, K. T h r o n b u r y h ,  and L. J. 
Bledsoe. 1379. Food web relationships of northern Puget Sound and 
the S t r a i t  o f  Juan de Fuca. U.S. Environrncntal Protection Agency, 
Washington. p. 260. 
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whale i n  t h e  s t u d y  a rea  i s  about  200 n a u t i c a l  m i l e s ,  a l t h o u g h  t h e  n o r t h -  
e r n  pods froin Johns ton  S t r a i t  do n o t  mix  w i t h  t h e  sou the rn  pods. The 
a rea  immed ia te l y  n o r t h  o f  Cape Lazo r e p r e s e n t s  t h e  sou the rn  l i m i t  o f  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  o f  t h e  sou the rn  pods' range. 
C o i n c i d e n t a l l y ,  a mee t ing  o f  t h e  f l o o d  t i d e s  f rom Johns ton  and Juan de 
f u c a  S t r a i t s  occu rs  i n  t h i s  area. 

g r a t o r y  r o u t e s  a r e  commonly between one and t h r e e  m i l e s  o f f s h o r e  where 
t h e y  a r e  t h o u g h t  t o  p r e y  p r i m a r i l y  on salmon and o t h e r  f i s h .  P u b l i s h e d  
d a t a  f o r  n o r t h e r n  Puget Sound and t h e  S t r a i t  o f  Juan de Fuca (Sinlenstad 
e t  a1 1979) suyges t ,  however, t h a t  p r e y  frori i  seve ra l  t r o p h i c  l e v e l s  a r e  
t a k e n  ( T a b l e  4 ) .  A1 though a p r e f e r r e d  h a b i t a t  o f  k i l l e r  whales i s  i den -  
t i f i e d  n o r t h  o f  t h e  c u r r e n t  s t u d y  a r e  a (Robson B i g h t )  no such areas  dre 
known w i t h i n  t h i s  r e g i o n .  

The harbour  s e a l s  p o p u l a t i o n s  o f  t h e  s t u d y  area  a r e  permanent 
r e s i d e n t s  d l  though t h e y  a r e  nomadic between haul  ou ts .  
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  r o c k s  and s h a l l o w  sub1 i t t o r a l  wa te rs  
w i t h i n  t h e  r e g i o n .  T h e i r  d a i l y  inovements i n c l u d e  h a u l i n g  o u t  d u r i n y  l o w  
t i d e s  w h i l e  d u r i n g  h i g h  t i d e s  t h e y  d i s p e r s e  ove r  seve ra l  m i l e s  t o  feed. 
Harbour s e a l s  g e n e r a l l y  use h a u l o u t s  t h a t  a r e  n o t  e a s l i y  approached by  
p reda to rs .  
spec ies  a r e  taken.  ( T a b l e  4 ) .  

a r e a  d u r i n g  t h e  w i n t e r  inonths frori i  November t o  March. D u r i n g  t h e  suinnier, 
C a l i f o r n i a  sea l i o n s  m i g r a t e  sou th  w h 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 t u d y  a rea  t h e  two spec ies  i n t e r m i x  on t i d a l  rocks .  These s i t e s  a r e  
o f t e n  chosen i n  good f e e d i n g  areas  near  deep wa te r  i s o l a t e d  frori i t e r r e s -  
t r i a l  p reda to rs .  Sea 1 i o n s  a r e  noc tu r r i a l  f eeders ,  l e a v i n g  t h e  water  
d u r i n g  t h e  dayt ime. They p r e y  p r i m a r i l y  on f i s h  a l though ,  as docuiriented 
i n  t h e  Puget Sound area ,  many o t h e r  spec ies  a r e  ea ten  ( T a b l e  4 ) .  

K i l l e r  whales a r e  nomadic, c r u i s i n g  a t  3-4 kno ts .  T h e i r  m i -  

They f requen t  

Sea ls  p r e y  m a i n l y  on l i t t o r a l  f i s h  a l t h o u g h  a number o f  o t h e r  

Sea l i o n s ,  S t e l l a r  and C a l i f o r n i a ,  a r e  r e s i d e n t  i n  t h e  s t u d y  

5.4.4 MARINE BIRDS 

The e s t u a r i e s  and c o a s t a l  wa te rs  o f  t h e  s t u d y  r e g i o n  a r e  rr iajor 
r e s t i n g  s i t e s  f o r  m i g r a t i n g  b i r d s  on t h e  P a c i f i c  flyway, and o v e r w i n t e r -  
i n g  areas f o r  a l a r y e  p o p u l a t i o n  o f  m a r i n e  b i r d s .  The env i ronmen ta l  
advantages o f  t h i s  r e g i o n  d u r i n g  t h e  w i n t e r  months i n c l u d e  a r e l a t i v e l y  
m i l d  w i n t e r  c l  i inate,  abundant food,  and a r e l a t i v e l y  she1 t e r e d  coas t1  i ne .  
D u r i n g  t h e  summer inonths t h e  m a r i n e  b i r d  p o p u l a t i o n  i s  low. The p a u c i t y  
o f  b r e e d i n g  spec ies  a t  t h i s  t i m e  i s  t h o u g h t  t o  be a response t o  t h e  
genera l  v a r i a b i l  i t y  o f  environrr iental  f a c t o r s  such as ocean c u r r e n t s  and 
rne teoro loyy  (Myres, 1979) i n  s p i t e  o f  t h e  success t h a t  w i n t e r i n y  pop- 
u l a t i o n s  have found. The Canada Land I n v e n t o r y  r a t e s  a l l  o f  t h e  G u l f  
I s l a n d  shorezone and much o f  t h e  n o r t h e r n  s t u d y  area  coas t  as i m p o r t a n t  
f o r  w i n t e r i n y  m i g r a t o r y  b i r d s .  It i s  cons ide red  l e s s  i rnpo r tan t  f o r  
p r o d u c t  i on. 

I; 
li 
u 
li 
li 
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TABLE 4 - FUNCTIONAL FEEDING GKOUPS FNO REPRESENTATIVE PREY TAW\.OF WINE W W S  KNOM OR 
SUSPECTED TO OCCUR I N  NORTH PUGET SOIJND AM) THE STRAIT OF JUAN DE RlCA 

Habitat Feeding Group Predator Species 

Nearshm (bl iyate pi  scivore b r t h e r n  sea 1 ion 
Cal i f o m i a  sea 1 ion 
Pacif ic harbour seal 
Harbur p rpo ise  

Facultative 
carnavore 

h a  ( k i l l e r  h a l e )  

Remsentative Prev Taxa 

Pacif ic Herring (C. harengus pal 1 asi ) 
Pacific sard lance (A. hexapterus) 
k l l e y e  p l l o c k  (T. c h a l c o g r m )  
Salmon (Oncorhynchus sp.) 
Starry f lowder  (Platichthys stel latus) 
Pacif ic tancod (Microgadus pacificus) 
Rockfish (Sebastes sp.) 
Skate (Rajiidae) 
Pacif ic cod (Gadus macrocephalus) 
Pacif ic hake (M. productus) 
Spiny dogfish (Squal us acanthi as) 
P1 a in f in  inidshipnan (Porichthys notatus) 
Green1 ing (Hexajrainidae) 
Shiner prch (Cymatogaster aggregata) 
Shriirip 
Crab (Cancer 9.) 
octopls (Octopus $.) 
Cal i fo rn ia  sea 1 ion (Zalophus califomianus) 
Northern sea l i o n  (EuEtoDias iubatus) 
Harbour seal (@oca v i  tu1 ing) 
E l  ephant seal (Mi rounga cal ifomianus) 
Harbor prpi se (P hocoena phoccena) 
Dall  prpise (Phoecoenoides d a l l i )  
Minke h a 1  e (Bal aenoptera acutorostrata) 
Nursing calves o f  hun@ack (kgaptera 

novaengl iae) , f i n b x k  (Balaenoptera 
physalus), and gray \ha1 e (Eschrichtius 
robustus) 

Lingcod (0. elongatus) 
Salmon (Oncorhunchus sp.) 
Steel head trout (Salm gairdneri) 
Pacif ic ha1 ibut (Hippoglossus stenolepis) 
Pacif ic herring (C. harengus pal lasi)? 

SOlRCE: Wapted +an: C.A. Simenstad. 1979. Food w b  wlationships o f  mrthern Pug& Sould and 
the St ra i t  o f  Juan de Fuca. U.S. Environnental Protection kpr-cy, Washington. p. 3 2  - 
264 
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Seab i rds  a r e  a t  t h e  t o p  o f  m a r i n e  f o o d  webs. They e a t  a v a r i e t y  
o f  organisms and feed i n  a v a r i e t y  of  environments.  
s e a b i r d  p r e y  t a x a  f o r  m a j o r  spec ies  common t o  t h e  s t u d y  a rea  b u t  sampled 
i n  n o r t h e r n  Puget Sound and t h e  S t r a i t  o f  Juan de Fuca. It i s  e v i d e n t  
t h a t  sa l t rnarsh  and mar ine  p l a n t s  p l a y  an i m p o r t a n t  r o l e  i n  p r o v i d i n g  f o o d  
f o r  mar ine  b i r d s .  Indeed, many o f  t h e i r  p r e y  spend some, i f  n o t  a l l  o f  
t h e i r  l i f e  c y c l e  w i t h  i n  t h e  p r o t e c t i o n  o f  a l g a l  c o w u n i t i e s .  

(Rodway and Campbell , 1976) a l t h o u g h  r e l a t i v e  t o  b r e e d i n g  grounds n o r t h  o f  
t h e  s t u d y  a rea  t h e  p o p u l a t i o n s  a r e  smal l .  
become a m a j o r  b r e e d i n g  ground a r e  obscure,  a l t h o u g h  f o o d  a v a i l a b i l i t y  and 
p r e f e r r e d  n e s t i n g  h a b i t a t  may be s i g n i f i c a n t  1 i m i t i n g  f a c t o r s .  The pop- 
u l a t i o n s  o f  s e a b i r d  p r e y  s p e c i e s  a r e  themselves s u b j e c t  t o  f l u c t u a t i o n  and 
s h i f t s  i n  geography. Many s e a b i r d s  have s u r v i v e d  by  a d a p t i n g  one o r  inore 
o f  t h e i r  f u n c t i o n s  ( i . e .  r e p r o d u c t i o n )  t o  t h e  b e h a v i o r  o f  a p r e y  spec ies  
( i . e .  h e r r i n g  spawn). When t h e  expec ted  b e h a v i o r  o f  a p r e y  s p e c i e s  f a i l s  
t o  r n a t e r i a l  i z e ,  however, c a t a s t r o p h i c  r e s u l t s  rnay occu r  t o  t h e  s e a b i r d  
p o p u l a t i o n  i n  t h e  fo rm o f  r e p r o d u c t i v e  f a i l  u res  o r  a d u l t  m o r t a l  i t y .  When 
r e p r o d u c t i v e  f a i l  u r e s  becollie c h r o n i c  because o f  n a t u r a l  o r  human pe r tuba -  
t i o n s ,  t h e  e x i s t e n c e  o f  a c o l o n y  o r  p o p u l a t i o n  i s  t h rea tened ,  a l t h o u g h  an 
a d u l t  enumera t ion  may n o t  r e v e a l  t h e  se r iousness  o f  t h e  even t  f o r  suine 
t ime.  Compl i c a t i n y  n a t u r a l  f a c t o r s  t h a t  p l a y  i m p o r t a n t  r o l e s  i n  t h e  
dynamics o f  s e a b i r d  popul a t i o n s  may be i l i issed, l e a d i n g  t o  e r roneous con- 
c l u s i o n s  about t h e  reasons  f o r  c o l o n y  e x t i n c t i o n .  
about  t h e  c y c l  i c a l  phenomena o f  s e a i r d  p o p u l a t i o n s .  

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  p o p u l a t i o n s  r e s u l t  f ro in  a 
v a r i e t y  o f  n a t u r a l  and human p e t u r b a t i o n s .  I nc reased  commercial and 
r e c r e a t i o n a l  b o a t  t r a f f i c  d i s r u p t s  t h e i r  b e h a v i o u r a l  p a t t e r n s  re1  a t e d  t o  
f e e d i n g  and seek ing  she1 t e r  d u r i n g  bad weather;  shore1 i n e  developrnents 
d e s t r o y  h a b i t a t  o r  d i s t u r b  b r e e d i n g  t i m e s  l e a d i n g  t o  h i g h e r  m o r t a l i t i e s  o f  
t h e  young; and p r e d a t o r s  i n t r o d u c e d  t o  i s o l a t e d  i s 1  ands s i g n i f i c a n t l y  r e -  
duce t h e  r e p r o d u c t i v e  success o f  b r e e d i n g  p o p u l a t i o n s .  B reed ing  c o l o n y  
d i s t u r b a n c e s  b y  r e c r e a t i o n i s t s  r e s u l t s  i n  t h e  temporary  abandonment o f  
n e s t s  and p r e d a t i o n  o f  t h e  young by  o t h e r  b i r d s .  Corririiercial f i s h i n g  
c l a i m s  s e a b i r d s  b y  drowning  i n  f i s h i n g  nets.  O i l  s p i l l s  and chemical  
p o l l u t i o n  f rom t r a n s p o r t a t i o n  a c t i v i t i e s  pose a d d i t i o n a l  t h r e a t s  t o  t h e  
i n t e g r i t y  o f  s e a b i r d  p o p u l a t i o n s .  

Tab le  5 p r e s e n t s  

Severa l  m a j o r  b r e e d i n g  c o l o n i e s  a r e  found i n  t h e  G u l f  I s l a n d s  

Reasons why t h e  area  has n o t  

Very l i t t l e  i s  known 

5.4.5 FISH AND SHELLFISH RESOURCES 

5.4.5.1 I n t r o d u c t i o n  

5.4.5.1.1 The Na tu re  o f  Mar ine  Resources 
The geograph ic  spread o f  a spec ies  i s  i t s  ranye, b u t  n o t  e v e r y -  

where i n  i t s  range i s  a spec ies  e v e n l y  d i s t r i b u t e d .  F o r  t h e  purpose o f  
c o a s t a l  r e s o u r c e  rnanayeinent and impact  assessment t h e  i n t e r p r e t a t i o n  o f  
env i ronmenta l  and b i o t i c  d a t a  r e q u i r e s  a so l  i d  unders tand ing  o f  spec ies  
d i s t r i b u t i o n s .  Mar ine  p o p u l a t i o n s ,  excep t  f o r  b i r d s ,  soiiie i l i a r ine  riiailiiiial s 
and c e r t a i n  i n t e r t i d a l  organisms, a r e  n o t  e a s i l y  observed. Rlniost 



Table 5 - FUNCTIONAL F E E D I N G  GROUPS AND REPRESENTATIVE PREY TAXA OF MARINE AND SHORE BIRDS COMMON TO 
NORTHERN PUGET SOUND AND THE STRAIT OF J U A N  DE FUGA 

H a b i t a t  T roph ic  p o s i t i o n  P r e d a t o r  species P rey  taxa 

Of f shore  n e r i t i c  O b l i g a t e  p i s c i v o r e  Common murre Nor the rn  anchovy 
Black-legged k i t  t iwake Eulachon 
Common tern 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 a n c e  
Western g rebe  Juv .  r o c k f i s h  

J u v .  P a c i f i c  salmon 
Surf  s m e l t  
N igh t  s m e l t  
Walleye p o l l o c k  
Th r e e s p  i n e  s t i ck leb  ack 

F a c u l t a t i v e  p i s c i v o r e  T u f t e d  p u f f  i n  
Marbled m u r r e l e t  
Ancient  m u r r e l e t  

Ob l i g a t e  p l ank  t i v o r e  Cassins 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  
B o n a p a r t e ' s  g u l l  

P a r  as i t e  Pa ras i t i c  j a e g e r  

P a c i f i c  s and  l a n c e  
P a c i f i c  h e r r i n g  
Surf  s m e l t  
Nor the rn  anchovy 
Rockf i sh  
S h i n e r  pe rch  
JUV . r o c k f i s h  
Sea  u r c h i n s  
Bivalve m o l l u s c s  
Euphaus i id s  

Ca lano id  copepods 
H y p e r i i d  amphipods 
Euphaus i id s  

Euph aus  i d s  
H y p e r i i d  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  s and  lance ( l a r v a e ? )  

Foods of g u l l s  and terns 

I 

c-' 
LD 

I 



Nearshore k e l p  beds  F a c u l t a t i v e  a v i v o r e  Bald e a g l e  

O b l i g a t e  p i s c i v o r e  B r a n d t ' s  cormorant 

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

I n s h o r e  rocky O b l i g a t e  b e n t h i v o r e  Black o y s t e r c a t c h e r  
l i t t o r a l  Whimbrel 

I n s  ho re s and- grave  1 
be aches  

Nearshore s h a l l o w  
sub l i t t o r a l  

O b l i g a t e  b e n t h i v o r e  S p o t t e d  s a n d p i p e r  
S u r f b i r d  
L e a s t  s a n d p i p e r  
S a n d e r l i n g  

G u l l s  
P igeon g u i l l e m o 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 
Dol ly  Varden 
C u t t h r o a t  t r o u t  
F l a t f i s h e s  
S c u l p i n s  
S e a  u r c h i n s  
Crabs 

Redt a i  1 s u r f p e r c h  
Kelp g r e e n l i n g  
Black r o c k f i s h  
Cab e z on 
P a c i f i c  sand l a n c e  

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

Limp e t s 
Chi tons  
Black t u r n s  tone  
Biva lve  mol luscs  
B a r n a c l e s  
P o ly chae t e anne li d s  

P o l y c h a e t e  a n n e l i d s  
Amphipods 
Bib a l v e  mo l l u s  cs 
Univalve mol luscs  

O b l i g a t e  p i s c i v o r e  Doub le- c r e s  t e d  cormorant Penp o i n  t gunne 1 
Red-necked grebe  
Common merganser 

Cres c e n t  gunne 1 
P a c i f i c  sand l a n c e  
S h i n e r  perch 
Snake p r i c k l e b a c k  
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 
Nor thern  anchovy 

I 

N 
0 

I 



F a c u l t a t i v e  p i s c i v o r e  Arc t ic  loon 
Common loon 
Red-throated loon 
P e l a g i c  cormorant 
Pigeon g u i l l e m o t  
Redpbreasted merganser 
Caspian t e r n  

O b l i g a 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  b e n t h i v o r e  Lesser scaup 
Common goldeneye 
Buff lehead  
0 I d s  q u aw 
Surf  s c o t e r  

I n s h o r e ,  s a l t m a r s h  
and mudf la t s  O b l i g a t e  h e r b i v o r e  Canada goose 

Black b r a n t  
Snow goose 
American coot  

Omnivore, Mallard 
F a c u l t a t i v e  h e r b i v o r e  P i n t a i l  

Nor thern  s h o v e l e r  
American widgeon 

Omnivore Dunlin 
Knot 
Western s a n d p i p e r  

Cres c e n t  gunne 1 
P a c i f i c  sand l a n c e  
Penpoin t  gunnel  
S taghorn  s c u l p i n  
Nor thern  c l i n g f i s h  
Snake p r i c k l e b a c k  
P a c i f i c  h e r r i n g  
Surf  s m e l t  
Black p r i  ckleb ack 
Threespine  p r i c k l e b a c k  
J u v .  f l a t f i s h  
Snake p r i c k l e b a c k  
Shrimp 
Crabs 

Mysids 
Amphipods 

Biva lve  mol luscs  
Crus taceans  
F ish  
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  
Sal tmarch p l a n t s ,  seeds 
Amphipods 
I n s e c t  larvae 

Sal tmarsh  p l a n t s ,  s e e d s  
Amphipods 
Polychae te  a n n e l i d s  
0 l i g  och ae t es 
Biva lve  mol luscs  
Tanaids  
Nematodes 

I 

r\) 
c.L 

I 



O b l i g a t e  p i s c i v o r e  Great b l u e  heron  Staghorn s c u l p i n  
S t a r r y  f l o u n d e r  
S h i n e r  perch 
Penpoin t gunne 1 

Ob l i g a t e  b e n t  h i v o r e  S h o r t - b i l l e d  dowi tcher  P o l y c h a e t e  a n n e l i d s  
Lon g-b i l l e  d dowi t che r Univalve mol luscs  

Biva lve  mol luscs  
Crabs 
Shrimp 
Isopods 
Amphipods 

F a c u l t a t i v e  b e n t h i v o r e  Greater y e l l o w l e g s  Molluscs 
Crustaceans 
F i s h  

F a c u l t a t i v e  b e n t h i v o r e  Glaucous-winged g u l l  
Western g u l l  I 

N 
N 

I 

Unive r s a1  Chi tons  
S t a r f i s h  
Sea cucumbers 
S e a  u r c h i n s  
Crabs 
Bivalve mol luscs  
P o l y c h a e t e  anne l i d s  
P a c i f i c  h e r r i n g  
Nor thern  anchovy 
S u r  f s m e  It 
P a c i f i c  h e r r i n g  eggs 
Cormorant f l e  dg l i n g s  
Murre f l e d g l i n g s  

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 n o r t h e r n  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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e v e r y t h i n g  known about a spec ies d i s t r i b u t i o n  i s  based upon i n d i r e c t  ob- 
s e r v a t i o n  o r  sampl ing.  Popul a t i o n - o r i e n t e d  i n v e s t i g a t i o n s  a r e  few. It i s  
o f t e n  d i f f i c u l t  t o  s e t  d i s t r i b u t i o n  boundar ies w i t h  c u r r e n t  i n f o r m a t i o n  
and, p a r t i c u l a r l y  i n  t h e  case o f  most f i s h  species,  map boundar ies a r e  n o t  
r e p r e s e n t a t i v e  o f  p o p u l a t i o n  l i m i t s ,  b u t  r a t h e r  o f  areas o f  known 
c o n c e n t r a t i o n .  

F i s h  e x h i b i t  seasonal behaviour.  T h e i r  d i s t r i b u t i o n  p a t t e r n s  a r e  
d i f f u s e  and s h i f t i n g .  Consequently, our  understanding o f  f i s h  d i s t r i b u -  
t i o n s  i s  l i m i t e d  t o  e a s i l y  observable events such as major  spawning miy ra-  
t i o n s .  I n  a r e s t r i c t e d  sense, t h e  e x p l o i t a t i o n  p a t t e r n s  o f  our  f i s h e r i e s  
may be taken as a rough guide t o  t h e  a c t u a l  d i s t r i b u t i o n  o f  t h e  species.  
S u b j e c t  t o  o t h e r  f a c t o r s  such as l o c a t i o n ,  s e a s o n a l i t y ,  economic, and 
r e c r e a t i o n a l  va lues  o f  each f i s h e r y  - e x p l o i t a t i o n  p a t t e r n s  h e a v i l y  f a v o u r  
areas o f  s t o c k  abundance. 

economic va lue,  t h e r e  i s  i n c r e e a s i n g  awareness t h a t  f u t u r e  problems i n  t h e  
management o f  t h e  sea may occur  a t  lower  l e v e l s  o f  t h e  food chain.  A t  
l e a s t  equal e f f o r t  i s  r e q u i r e d  t o  i n v e s t i g a t e  t h e  s t r u c t u r e  and dynamics 
o f  mar ine ecosystems as i s  now devoted t o  t h e  s tudy o f  p a r t i c u l a r  species.  

A l though our l e v e l  o f  understanding o f  f i s h  i s  r e l a t e d  t o  t h e i r  

5.4.5.2.1 Impor tance o f  t h e  Study Area 
The waters  o f  t h e  s tudy  area fonn an i n t e g r a l  p a r t  o f  t h e  S t r a i t  

o f  Georgia system, and ’ a r e  an impor tan t  producer o f  sa l  inon, h e r r i n g  , 
g r o u n d f i s h ,  shrimp, o y s t e r ,  clams and o t h e r  resource  species which a r e  
e x p l o i t e d  by commercial and r e c r e a t i o n a l  f i s h i n g .  

The r e c o r d i n g  o f  f i s h e r i e s  catches and measures o f  resource  abun- 
dance and y i e l d  i s  by S t a t i s t i c a l  Areas, o f  which t h e r e  a r e  f i v e  i n  t h e  
s t u d y  area ( F i g u r e  9) .  

The re1 a t i v e  impor tance o f  t h e  f i s h  and she1 l f i s h  resources i n  
t h e  s tudy  area i n  r e l a t i o n  t o  t h e  S t r a i t  o f  Georgia i s  shown i n  Table 6. 
As shown i n  t h i s  t a b l e ,  a p a r t  f rom catches o f  commercial salmon and clams, 
t h e  y i e l d  t o  f i s h e r i e s  o f  t h e  major  resource  groups i s  upwards o f  one h a l f  
and more o f  t h e  t o t a l  h a r v e s t  i n  t h e  S t r a i t  o f  Georgia. More than h a l f  o f  
t h e s e  resource  groups exceed t h r e e  q u a r t e r s  o f  t h e  h e r r i n g  spawning s tock,  
n e a r l y  a l l  o f  t h e  o y s t e r s  and a l l  o f  t h e  impor tan t  g r o u n d f i s h  s tocks  i n  
t h e  S t r a i t  o f  Georgia. It a l s o  a t t r a c t s  inore than two t h i r d s  o f  t h e  s p o r t  
salmon fl e e t  . 

The breakdown by area ( T a b l e  6 )  r e v e a l s  t h a t  t h e  major  spec ies 
caught i n  t h e  n o r t h e r n  and c e n t r a l  s e c t o r s  a r e  salmon, h e r r i n g  and s h e l l -  
f i s h  w h i l e  g r o u n d f i s h  dominate catches i n  t h e  south. 

5.4.5.2 F i s h e r i e s  ( f i n  f i s h )  

5.4.5.2.1 Salmonids. 

5.4.5.2.1.1 Resource 
A comprehensive r e v i e w  o f  t h e  salmon f i s h e r y  i n  B r i t i s h  Columbia 

(1951-63) i s  p rov ided by Aro and Shepard (1967). T r a d i t i o n a l  salmon f i s h -  
i n g  areas i n c l u d e  t h e  s tudy  area a l though commercial a c t i v i t i e s  a r e  
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FIGURE 9 ,  FISHERIES STATISTICAL AREAS OF THE STRAIT OF CEORGIA PLUS 
NORTHERN (AREA 13) AND SOUTHERN (AREAS 1 9 ,  20) APPROACHES. 

Source :  Adapted from F i s h e r i e s  and Oceans Canada 

Note: Areas 1 4 ,  1 7  and 18 enc lose  n e a r l y  a l l  of t h e  s tudy  a r e a  which 
ex tends  only a s h o r t  d i s t a n c e  i n t o  Area 13 ,  
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TABLE 6 - FISH AND SHELLFISH RESOURCES OF THE EAST COAST OF VANCOUVER ISLAND 
STUDY AREA ( F i s h e r i e s  S t a t i s t i c a l  Areas 14,17,  and 18) 

TOTAL-STUDY AREA* 
n 

SA LM 0 N 22% 
6 8% 

HERRING 99% 
7 7% 

GROUNDFISH 43% 
85% 

u 
n 
U 7 6% 

1 0  o f  10 

Commercial (1975-79) 
Spor t  (1972-76),  i n c l . ,  areas 13, 19A 

Roe Landings (1974-78) 
Spawning Stocks (1971-79) 

Lingcod (1973-77) , i n c l  . , area 13 
Dogf i sh  (1960-77) 
Groundf ish (1960-77) , i n c l  , areas 12, 13 
Kegul a ted  Areas (most p r o d u c t i v e )  

SHELLFISH 43% Shrimp (1975-79) ,  i n c l . ,  area 13 
38% Clarris (1975-79),  i n c l . ,  a r m  13 
86% Sea Urch in  (1975-79),  i n c l . ,  area 13 
43% Geoduck C1 am (1975-79) , i n c l  . , area 13 
922 Oyster  (1975-79),  i n c l . ,  area 13 

0 
0 

INDIVIDUAL FISHING AREAS 

AREA 14 

SALMON 13% Coinniercial (1975-79),  second o n l y  t o  Howe Sound - F rase r  
R i v e r  (areas 28, 29)  

27 o f  51 Spawning streams (1975-79) ,  s tudy  area 
12 o f  24 Streams Average > 1000 spawners/yr. , s tudy  area 
1 o f  2 Streanis Average } 10,000 spawnerslyr.,  s tudy  area 
3 o f  4 SEP Major  F a c i l i t i e s  

a 
u 
I] 

0 
0 
0 

42% Spor t  (1972-76),  i nc l . ,  areas 13,19A 

HERRING 56% Roe Landings (1974-78) 
57% Average Spawn Abundance (1942-79),  s tudy  area 
60% Spawning Stocks (1971-79) 

GROUNDF I S H  6% Lingcod (1973-77),  i n c l . ,  area 13 
17% Dogf i sh  (1960-77) 
20% Groundf ish (1960-77),  i n c l .  , areas 12, 13 

7 o f  10 Regulated Areas (most p r o d u c t i v e )  
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INDIVIDUAL FISHING AREAS (cont . )  

A R E A  14 (cont . )  

SHELLFISH 8% Shrimp (1975-79) ,  i n d l . ,  a r e a s  13 
14% Clams (1975-79) ,  i n c l . ,  a r e a  13 
25% Sea Urchins (1975-79),  i n c l . ,  a r e a  13 
25% Geoduck Clam (1975-79),  i n c l . ,  a r e a  13 
75% Oyster  (1975-79) , i n c l  . , a r e a  13 

AREA 17 

SALMON 6% Commercial (1975-79) 
11% S p o r t  (1972-76),  i n c l . ,  a r e a s  13,19A 

1 5  o f  51 Spawning Streams (1975-79),  s t u d y  a r e a  
8 o f  24 Streams Averaging 1000 spawners/yr . ,  s t u d y  a r e a  
2 o f  9 Streams Averaging)  10,000 spawners/yr . ,  s t u d y  a r e a  

HERRING 44% Roe Landings (1974-78) 
41% Average Spawn Abundance (1942-79),  s t u d y  a r e a  
10% Spawning Stocks (1971-79) 

GROUNDF ISH 31% Lingcod (1973-77) ,  i n c l . ,  a r e a  13 

2 o f  10 Regulated Areas (most product ive)  
30% Dogfish (1960-77),  inc l  , a r e a s  12, 13 

SHELLFISH 

AREA 18 

SALMON 

HERRING 

21% Shrimp (1975-79) ,  i n c l  . , a r e a  13 
21% Clanis (1975-79) ,  i n c l . ,  a r e a  13 
18% Sea Urchins (1975-79),  i n c l . ,  a r e a  13 
17% Geoduck Clams (1975-79) ,  i n c l . ,  a r e a  13 
17% Oyster  (1975-79) , i n c l  . , a r e a  13 

3% Commercial (1975-79) 
15% S p o r t  (1972-76) , s t u d y  a r e a  

3 o f  51 
2 o f  24 

Spawning streailis (1975-79) ,  s t u d y  a r e a  
Streailis Averaging > 1000 spawnerslyr .  , s t u d y  a r e a  

2% Average Spawn Abundance (1942-79),  s t u d y  area  
7% Spawning Stocks (1971-79) 
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INDIVIDUAL FISHING AREAS (cont.)  

AREA 18 (cont . )  

GROUNDFISH 6% L ingcod  (1973-77), i n c l  . , area 13 
38% D o g f i s h  (1960-77) 
34% Ground f i sh  (1960-77), i n c l . ,  areas 12,  13 

1 o f  10 Regu la ted  Areas (most p r o d u c t i v e )  

SHELLFISH 16% Shrimp (1975-79), i n c l  ., area 13 
3% C1 anis (1975-79) , i n c l  . , area 13 

1% Geoduck Clam (1975-79), i n c l . ,  a rea  13 
43% Sea Urch ins  (1975-79), i n c l . ,  a rea  13 

NOTES: 1. D i f f e r e n c e s  i n  Geographical  area and l e n y t h  o f  c o a s t l i n e  between 
areas  a r e  n o t  t a k e n  i n t o  c o n s i d e r a t i o n .  A smal l  p o r t i o n  o f  a rea  13 
f o r m i n g  t h e  n o r t h e r n  t i p  o f  t h e  s t u d y  area  cannot be p a r t i t i o n e d  
away froir i  t h e  remainder o f  t h a t  area which covers  D iscove ry  Passage 
and E a s t e r n  Johnstone S t r a i t .  

2. A r e g i o n a l  p e r s p e c t i v e  o f  salmon spawning streams i s  l i m i t e d  t o  t h e  
s t u d y  area. 

* I n  p r o p o r t i o n  t o  t h e  t o t a l  f i s h e r i e s  y i e l d  i n  t h e  S t r a i t  of Georgia 
(Areas  14,15,16,17,18,28 and 29)  p l  us a d j o i n i n g  waters  where 
s p e c i f i e d .  
rough gu ide ) .  

( C a l c u l a t i o n s  a r e  approximate and in tended  o n l y  as a 

SOURCES: F i s h e r i e s  and Oceans Canada, B.C. Catch S t a t i s t i c s ;  Salmon 
Enhancement Program (SEP), Annual Repor ts ;  and D i s t r i c t  F i  s h e r i e s  
O f f i c e r s  Salmon Stream and Spawning Reports.  
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concentrated i n  locations depicted i n  the Coastal Resources Map Series 
(1:50,000) sect ion,  F i s h  and Shellfish Resources. 

The average annual salrnon catch between 1975-1979 in southern 
Brit ish Columbia is  given in Table 7. The S t r a i t  of Georyia plus the 
lower half of Johnstone S t r a i t  and Discovery Passage (Area 13) accounted 
f o r  approximately one quarter (24%)  o f  the average a n n u a l  salmon catch 
during t h i s  period. Similarly,  areas 14, 17 and 18 produce nearly one 
quarter (22%)  of the  average annual salmon catch i n  the S t r a i t  of Georgia 
(excluding the northern approach) - the second largest  harvest a f t e r  the 
Fraser River and Howe Sound f ishery (Areas 28 and 2 9 ) .  

Canada) led t o  a revision of e a r l i e r  sport catch estimates f o r  the period 
1972-76 (Table 8 ) .  The sport catch (number of f i s h )  of chinook and coho 
salmon h a s  been close t o  three times greater  t h a n  the coriiniercial t r o l l  
f ishery f o r  these species - or 75% o f  the total  catch - and i t  i s  believed 
t h a t  th is  estimate may be conservative. 

Georgia and adjoining waters i s  taken along the eastern coast of Vancouver 
Island : coho 76%, chinook 60% and p i n k  (including riiinor catches of sock- 
eye and churn) 45%. Aerial surveys froiii 1965 t o  1971 revealed intensive 
coinpetitiori between cornrnercial t r o l l e r s  and sports fishing boats prirliarily 
in  three areas: Nanoose Harbour t o  Nanaimo, Hornby and Dennian Islands,  
and  in the Campbell River region. Further detailed studies of the sport 
f ishery a re  current1 y under way (Fi sher ies  and Oceans Canada). 

The S t r a i t  of Georyia Head Recovery Prograin (Fisher ies  and Oceans 

A substantial  portion of the total  sport catch in the S t r a i t  of 

5.4.5.2.1.2 H a b i t a t  Requi reinents. 

Spawning Escapement 
Most salrnon return t o  freshwater habitat  t o  spawn,  although some 

chum spawn in in te r t ida l  approaches t o  streams. The average annual  spawn- 
ing escapement t o  streaiiis on the east  coast o f  Vancouver Island i n  the 
period 1975-79 i s  given in Table 9. 

With few exceptions, coho and churn are the predominant spawners 
i n  local streams t h r o u g h o u t  t h i s  region. I n  the five-year period, 24 
streams averaged over 1000 spawners annual ly. Nine strearris accoriimodated 
over 10,000 f i s h  each: Canipbell , Chernainus, Cowichan, Koksilah, L i t t l e  
Qual  icurn, Nanaiino, Puntledge, Big Qui1 icuni and Quinsurri r ivers .  There i s  a 
1 arge difference i n  escapeirient f igures between the th i rd  ranking r i v e r ,  
L i t t l e  Qualicurii (37,505) and the top two r ivers ,  Cowichan and Big 
Q u a l  iculii, which received over 100,000 spawners annually. Over f i  fty-one 
r ivers  and creeks i n  the study area support salmon spawning populations 
( D i s t r i c t  Fisheries Officers,  1980 pers. cornrli.). 

An annotated bi bl iography of sal inon streain env i roririients i n  
Brit ish Colunibia i s  availdble in Schmidt -- e t  a l .  (1979) .  
specif ies  four priinary determinants of spawning struaiii sui tabi l  i t y  for  
salrnon production: 

This report  

( a )  water temperature - the key fac tor  i n  regulation of 
biol ogical a c t i v i t y ,  s t r e s s  and rnortdl i t y ;  

Ij 

li 
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- C H I t r n  1 4 4 l . 7 7 1 9  

aM) 

CKM ZLI 9 6 -  

sou(M 3 58 61 

PINK 8 17 39 

0 

53 50 r n 1 9 3 4 %  

1 8 7 3 2 8 8 2 9 2 9 2 l 2 6 E 9 G D  

2 w5 1l58 3941 

- fi 1622u114 7251 

2 4 0 3 9 3 5 3 0 8 3 9 3  

ti 

TABLE 7 - REGIONAL PERSPECTIVE OF AVERAGE ANNUAL SALMON CATCH 
(mTRIC TONS) FOR THE PERIOD 1975-79. 

14 17 18 15 16 + 2 8  I3 
29 CQAST 

SPEC I ES 

I 
ALL SPECIES 563 293 I33 I 86 236 3119 3lil7 31531 

I 

Y - A V F m -  Al l  SPfllEs 

m m  Sas 23 
STRAIT OF E O R G I A  (MCLLIDING AREA u) A93-L 1sf6_ 

yu9 UXH 

NOTE: 1. No l a n d i n g s  w e r e  r e p o r t e d  f o r  t h e  Canadian s i d e  
of t h e  s o u t h e r n  approach (Area 19) 

t o n .  Landings below 1 metr ic  t o n  are o m i t t e d .  
2 .  Pre-1978 l a n d i n g s  conver ted  t o  n e a r e s t  met r ic  

SOURCE: F i s h e r i e s  and Oceans Canada. B .  C. Catch S t a t i s t i c s .  
Annual Repor ts .  
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TABLE 8 - REGIONAL PERSPECTIVE OF AVERAGE ANNUAL SPORT SALMON CATCH 
(NUMBER OF FISH) FOR THE PERIOD 1972-75. 

TUlA 
m 
AJEA 

! 
l5 * I 470 

1 

2 5 9  -% 

x 
S N D Y  
AREA 

76% 

m 

4% 

6% 

m: 1. SPORT SALMN FISHING IN ARu\ 13, W E R I N G  M FoRll€RJi 

APpRo4DI To Ttf STRAIT OF QCRGIA,  IS PRElXMlNWlLY 

WITHIN TI€ STUDY A E A  IN TI€ W B E U  RIVER REGION. 

S o u r c e :  A.W. Argue ,  J. C o u r s l e y  and  G.D.  Harris. 1977.  P r e l i m i n a r y  
r e v i s i o n  of G e o r g i a  S t r a i t  and  J u a n  d e  Fuca  S t r a i t  t i d a l  s l l n o n  
s p o r t  c a t c h  s t a t i s t i c s ,  1 9 7 2  t o  1976,  b a s e d  on G e o r g i a  S t r a i t  
Head Recovery  Program d a t a .  Canada,  F i s h e r i e s  and Mar ine  S e m i  ct . 
T e c h n i c a l  Repor t  S E r i e s  PAC/T- 7 7- 1 6 .  

u 

Li 

Li 
Ll 
li 
u 
li 
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U TABLE 9 - AVERAGE SALMON SPAWNING ESCAPEMENT TO EAST COAST VANCOUVER 
ISLAND RIVERS AND CREEKS I N  THE PERIOD 1975-1979 

Ll 
0 mu 1 ALL SPECIES MU1 

U m 
100 
140 
471 - 

- 

573 
39 

1&uL 
3EL 0 Bt;ll 
510 
680 
125 13 26 

5673 
6Kl 
285 
1K1 
2 

1070 
160 
1350 

36 
95 

310 
m 

2980 
286 
22 

2880 
3603 

37714 

5 
173 

1418 
136 
128 
452 
44 
36 
A 

1932 
880 
7 
4 
44 
121 

0 
U 
U - 

5% 
2870 0 

i i '  
0 Note: Water Courses  , r e c e i v i n g  over 1000 spawners  a n n u a l l y  on a v e r a g e  are u n d e r l i n e d ,  

o v e r  10 ,000  spawners  marked w i t h  an  a s t e r i s k .  

0 rSource :  D .E .  M a r s h a l l ,  R.F. Brown, V.D.  Chahl-ev and D.G. Demont ie r .  1976.  P r e l i m i n a r y  
c a t a l o g u e  of salmon streams and spawning  e scapemen t s  of  S t a t i s t i c a l  Areas 
18 (Nanaimo-Ladysmith-Duncan). Canada, F i s h e r i e s  and Mar ine  S e r v i c e .  Data 
Repor t  S e r i e s  PACID-76-6. 

17  and 

R.F. Brown, V . D .  Chahley and D . G .  Demont ie r .  1977 .  P r e l i m i n a r y  c a t a l o g u e  of 
salmon streams and spawning e scapemen t s  of S t a t i s t i c a l  Area 14 (Comox-Parksvi l le )  . 
Canada,  F i s h e r i e s  and  Mar ine  S e r v i c e .  Data Repor t  S e r i e s  PAC/D-77-12. 0 
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(b)  stream h y d r a u l i c s  - w a t e r  depth, v e l o c i t y ,  w id th ,  

( c )  spawning gravel  - de te rm in ing  success o f  egg and 

( d )  downstream m i g r a t i o n  - i n t e r f e r e n c e  due t o  water 

channel shape, g r a d i e n t  and bed roughness; 

a1 e v i n  subgravel  devel opment: and 

use c o n f l  i c t s .  

Spawn i ng Streains 
Table 10 p r o v i d e s  an i n v e n t o r y  o f  t h e  ma jo r  p h y s i c a l  streairi 

c h a r a c e r i s t i c s  o f  spawning streams and a check1 i s t  o f  u t i 1  i z a t i o n  by 
i n d i v  i d u a l  sa l  inonid species. 

E s t u a r i n e  and Nearshore Rear ing 

emergence froin stream spawning g rave l .  Chinook d e l a y  t h e i r  descent t o  
e s t u a r i e s  f o r  t h r e e  months t o  a year ,  w h i l e  coho and sockeye reinain i n  
f r e s h w a t e r  f rom one t o  severa l  y e a r s  b e f o r e  m i g r a t i n g  t o  sea. 

A l though  ch inook and churn a r e  t h e  main users o f  e s t u a r i e s ,  soine 
s tocks  o f  coho, p i n k  and sockeye salmon , h e r r i  ny , fl ounders and shr i inp 
a r e  a l s o  known t o  depend on e s t u a r i e s  i n  t h e i r  j u v e n i l e  stages. 
Ex tens i ve  nearshore waters o f  t h e  s t u d y  area suppor t  t h e  deve lop ing  
young of a l l  f i v e  salinon species.  Some l o c a l i z e d  obse rva t i ons  o f  
h e r r i n g  and fl ounder r e a r i n g  have a1 so been repo r ted .  

c e n t l y .  
l a t e d  f o r  a number o f  e s t u a r i n e  r e g i o n s  i n c l u d i n g  Campbell R i v e r  (E.V.S. 
Consul tants ,  1978), Lynn Creek and B i g  Qua l i cum R i v e r  (Mason, 1974), t h e  
Nanaimo R i v e r  (Nanimo Es tu ray  Task Force, 1980), t h e  Chernainus R i v e r  (M. 
Healey, pers. cornin.) and Cowichan Bay ( B .  H i l l a b y ,  pers. comrii. 1980). 

J u v e n i l  e chum show coinpl ex p a t t e r n s  o f  t r a n s i t i o n  froiri 
f r e s h w a t e r  t o  s a l t w a t e r .  They p r e f e r  f reshwa te r  l a y e r s  i n  e s t u a r i e s  
which serves t o  d e l a y  seaward i n i g r a t i o n  (Mason, 1974). 
es tua ry ,  chum fry a r r i v e  i n  e a r l y  March t o  June. 
t o  t h e  e s t u a r y  reinain t h e  l o n g e s t  ( s e v e r a l  weeks) w h i l e  t h e  l a s t  runs 
pass th rough  t h e  e s t u a r y  i n  a few days and occupy o t h e r  nearshore 
n u r s e r y  areas (Nanairno Es tua ry  Task Force, 1980). 
churii i n  t h e  Nanaimo e s t u a r y  i s  a sinal1 bo t to in -dwe l l i ng  copepod which i s  
most abundant among eelgrass.  
b y  t h e  abundance o f  t h i s  prey. 

three-week s t a y  b e f o r e  moving of fshope.  
be r e s t r i c t e d  e n t i r e l y  t o  t h e  b r a c k i s h  waters o f  e s t u a r i e s ,  a v o i d i n g  
f r e s h  and mar ine waters. 
o f  a spectruri i o f  s u i t a b l y - s i z e d  foods. 
snial 1 bottoin-dwel 1 i n g  copepods and c l  adocerans; 1 a t e r  i n  t h e  season , 
when t h e  f i s h  a r e  l a r g e r ,  ariiphipods and niysids a re  iiiore i r i ipor tant .  

P i n k  and chum h a t c h l i n g s  a r r i v e  i n  t h e  e s t u a r i e s  s h o r t l y  a f t e r  

E s t u a r i n e  r e a r i n g  o f  j u v e n i l e  salmon has been s t u d i e d  o n l y  r e -  
I n  t h e  s t u d y  area, ev idence o f  salmon r e a r i n g  has been accuniu- 

I n  t h e  Nanairno 
The e a r l i e s t  a r r i v a l s  

The p r i n c i p a l  f ood  o f  

The growth of chum i s  p o t e n t i a l l y  l i m i t e d  

J u v e n i l e  ch inook use e s t u a r i e s  f ro in March t o  May f o r  a 
U n l i k e  chum, chinook appear t o  

J u v e n i l e  chinook depend upon t h e  a v a i l a b i l i t y  
I n  e a r l y  s p r i n g ,  t h e  f i s h  ea t  

0 
n 
Y 

0 

id 
ti 
u 
U 
ki 
c 
u 
11 



TABLE 10 - IIIVENTORY OF WJOR PHYSICAL STREAM CHARACTERISTICS OF SPAWNING STREAMS AND A CHECKLIST OF UTILIZATION BY INDIVIOUAL SALM)NILl SPECIES 

A n n i e  C r .  B l a c k  Cr. Chef C r .  Cook Cr. Cougar  C r .  STREAM HAME Carrpbel l  R. M e i i z i e s  Cr. Mohun C r .  Quinsuin R i v e r  Siinms C r .  Swansky C r .  
, .  

STATISTICAL 'AREA 13 13 

LENGTH ( M I )  3.5 1.0 

WlDTli ( F T )  

WETTED AREA ( Y D  SQ) 

SPAWNING AREA ( Y D  SQ) 

DRAINAGE (141 SO) 679 

BEDROCK ) 
BOULDER ) 
COARSE ) 
FINE )= 2 

S l L T / W N D  ) 

OTHER ) 

TEMPEIlATURE 

x DISCHARGE (CFS) 1540 CFS (1957) 

MAX DISCHARGE 

13 13 13 13 

6.0 16.0 

107 16 

L o w e r  d r e a :  B o u l d e r s /  

G r a v e l  

U p p e r  a r e a :  G r a v e l /  

i l u d  

14 14 
16.4 

18  

173,184 

58,000 

25.0 

12 

17 

17 

42 
P o o l s  12 

41F (Nov 15-30, 1968) 
211 CFS (1976) 

720.0 

14 

3.4 

15 

29,920 

21,oou 

2. 7 

8% 
34% 

39% 

11% 
POUlS 8 

14 14 
1.6 
33 

30,976 

14,OUO 

7.3 

1% 
40% 

18% 

28% 

Poo ls  13 

MIN DISCHARGE 562-1660 CFS 31.4-81.8 CFS 0.0 

F a n l i i i i y  8 Coiiiiiion ) v e r y  s t a b l e  Severe,  Coiiiiiion LOW FLOWS S e v e r e ,  F r e q u e n t  C o m o n  

HIGH FLOWS L a n d c l e a r i n g  1 Cx t r e i l e  
SCOURING 68 F l o o d s  Caused 

SILTATION Damage 

FRY STANDING 

DEBRIS O c c a s i o n a l l y  bad L a y  jd lns coinnion 
COVER C u l v e r t s  P1 ug C u l v e r t s  p l u g g e d  a t  t i icies G Q O ~  

A w l .  RUNOFF Abundant  Y e r y  good. 2nd g r o w t h  

INO. WASTES 

DOMESTIC WASTES 

309 P r o n e  

WATEK LICENCES 9 16 3 5 13 

WATEK LICENCE) TOTAL 17,ZU9 CFS .014 189.7 1. 15 ( U u r i n y  Sulaoer) 
MIN FLOW REQUIREU 
BANK MOD1F1CATION Bank P r o t e c t i o n  

HATCHERY Yes 

OTHER C l e a r a n c e  i n  

BED MOOIFICAITON 

P a r t i a l  S t o r a g e  Dam FLOW CONTROL Yes 

SOCKEYE X X 

CHINOOK X X 

COHO X X X X X X 

CHUM X X X X 

PINK (0 o r  e )  x (0.e) x (o,e) x (o ,e)  x ( o s @ )  

STEELHEAD X X 

CUTTHROAT 

DOLLY VARDEN X 
RA 1 RBOW 

TYPE OF tSTIMATE C o u n t i n g  Fence 

X 

X 

X 

X 

X 

C o u n t i n y  Fence 

X X 

X X 

X 
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TABLE 10 - INVENTOKY OF MRJOR PHYSICAL STKCAM CHARACTCRISTICS OF SPAWNING STREAMS AN0 A CHECKLIST OF UTlLIZATlON BY IHUlVlUUAL SALbUNIU SPECICS 

- ._.__ __._ ____._~_~~.___ 

STKEAM NAi4E N i l e  Cr .  o y s t e r  R. Punt ledge R. Q u a l i c m i  a. Rosewall C r .  Thai,ies C r .  T ren t  R. Tsable R. T s o l m  R. Water loo Cr .  W i l f red  Cr .  
STATISTICAL AREA 14 14 14 14 14 14 14 14 14 14 14 

LENGTll (141) 3.3 13.0 8.8 6.5 2.4 3.4 5.6 3.2 18.0 2.0 2.4 
WIDTH (FT) 26 100 195 75 48 54 75 72 18 39 

WETTEU AREA ( Y O  SQ) 50.297 7G2.590 1 .OU6,720 305,100 67,584 177,408 140,800 760.320 21 * 120 54.912 
SPAWNING AREA ( Y O  S i ) )  35,000 1G0,OOO 131,000 140,300 3G, 000 17.700 53,500 244,000 5,300 27,400 

DRAINAGE (MI SQ) 7.0 70.0 200.0 58.0 17.5 25.2 42.0 98.0 3.2 12.8 

BEUROCK ) 3GZ 38% ) 45% 5% 
BOULDER ) 51 3 62 232 27% 31% ) 45% 56% 38% 75% 4 72 
COARSC ) 352 12% 8% 23% 27% ): Gravel and Boulders 5% 19% 16% 13% 27% 
FINE ) =  X 3 51 91 5% 23% 27% ) 5% 19% l G %  12% 23% 

SILT/SANO ) ) 1% 
OTHER ) Poo ls  25 Pools 7 Poo ls  26 Pool i 27 Pools 15 ) Pools 6 Poo ls  24 Pools 3 

TEHPEKATUKC 

x DISCHARGE (CFS) 24.6 (1970) 508 (1915) 746 (1942) 161 (1970) GO. 7 (May-Sept) 262 (1970) 
MAX DISCHARGE 377 
M I N  UISCHARGE 2.3-7.7 35.0-90.0 180.0-470.0 13.7-124.0 1.1-14.2 1.1-14.2 
LOW FLOWS Colnmon Comion (Water D ive r -  Cominon Acute, Frequent 

HIGH FLOWS Frequent s i o n )  
SCO!Jl? 1!4G Severe, Frequent F i n e  Gravel  S h i f t s  Coinmon Occasional  Extreiiie 

Ll! . i  :l.lN Cumnon, Problens L i g h t ,  i n  LuWest Por- Constant Heavy i n  75  Severe i n  Win te r  Severe i n  75 Moderate 

FKY STRANDING t i o n  Gravel  Removal Opera- Moderate 

OEiiitIb 

COVER 

AMI. UNOFF Run Decreased Several  

I N O .  WASTES Decades Aye Due t o  Mine E f f l u e n t  a t  one 

t i o n s  i n  1944 

OOESTIC WASTES Mine E f f l u e n t  T i  me 
WATER LICENCES # 4 4 6 2 1 5 31 11 

WATER LICENCES TOTAL 0.19 0.43 676.59 696.1 10.0 
RIN FLOW RCQUIKEU 
BANK ROUIFICATION Uank P r o t e c t i o n  

BE0 MOUIFICAITON Some Gravel Reiooval 

HATCHEKY Spaminy  Chaiinel, Yes 

OTHCK Rearing Ponds Spaw ing  channels,ponds F i e l d  S t a t i o n  

0.05 U. 61 

Bank P r o t e c t i o n .  Uykes Bank P r o t e c t i o n  

Occas iona l l y  Mine Ex tens i ve  Gravel  

E f f l u e n t s  Enters Rellioval 

0.25 

Bank Protec- 

t i o n  

T ransp lan t  

FLOW CONTROL Yes Yes Yes FRBC Yes, From Wolf  Lake 1958 

SOCKCYE 
CHIWOK x ( S S f )  X 

COHO X X X X X X X X X X X 

CHUM X A X X X X x X X X 

PINK (0 o r  e )  x (e.0) x (e.0) x (0.e) x ( 4  

STEELHEAD x ( s , w )  x I?) X X X X X X X X 

CUTTHROAT X X X X X X X 

UOLLY VARDEII X 

RAINBOW X 

TYPE OF ESTli4ATE Count ing Fence 

JUVENILE ENUMERATION .~~ Yes 



TABLE 10 - INVENTORY OF W O R  PHYSICAL STREAM CHARACTERISTICS OF SPAWING STREAMS AN0 A CHECKLIST OF UTILIZATION BY INDIVIDUAL SALKINID SPECIES 

STREAM WME H o l  I and Cr. K n a r s t o n  Cr .  Naiioose Cr. Nanaiino R. P o r t e r s  Cr. K o c k y  Cr. S t o c k i n g  Cr. W a l k e r s  Cr .  

STATISTICAL AREA I7 17 17 17 17 17 17 17 
LENGTH ( M I )  2.0 3.0 22 1.0 0.25 0.30 1.25 
WIDTH (FT)  36 ) C h m  27 ) C h u t , i  33 ) Chum 12 ) Chwdi 

WETTEO AREA ( Y O  SQ) 13,386 ) S p a w n i n g  39,126 ) S p a i m i n g  2,697 ) Spawning 1.711 ) S p a w n i n g  

SPAWNING AREA (YD S Q )  1,999 ) A r e a  16,017 ) A r e a  1,445 ) A r e a  239 ) A r e a  
DRAINAGE (MI S Q )  264 

BEDROCK B e d r o c k .  B o u l d e r s  / 1 
BOULDER ) Above Highway;  Good ) 

FINE )= % 1 
SILT/Y\NO ) ) 
OTHEK ) H i g h  ( a b o v e  70 deg F.) ) 

COARSE G r a v e l  B e l o w  ) V e r y  Good G r a v e l  

TEMPERATURE V e r y  F l a s h y .  B u t  995 (1970) 
x DISCHARGE (CFS) S t a b i l i z i n g  

MAX DISCHARGE 
MIN DISCHARGE 0.01-0.02 0.17-0.30 43.2-224 
LOW FLOWS R e s i d e n t i a l  Use Comnon Common Yes 

HIGH FLOWS P o t e n t i a l  P r o b l e n s  
SCOURING A l m o s t  N o n - E x i s t a n t  

SILTATION V e r y  l i t t l e  

FRY STANDING V e r y  l i t t l e  

OEBKIS  Coinnon P o l k i n y h o i o e  Channel  Yes, H e l p s  C o n s e r v e  

COVER S e v e r a l  L o y  Jains L a r g e  A d o u n t s  W a t e r  
AQ7I. RUNOFF E x c e l  1 e n t  

IND. WASTES 

OOESTIC WASTES 
WATER LICENCES I 3 S e r i o u s l y  L a r g e :  12 5 5 5 
WATER LICENCES TOTAL 1.52 0.017 0.39 125.41 0.21 
M I N  FLOW REQUIRED 
BANK MOOIFICATION L o g  Jains C l e a r e d  1967 Bank P r o t e c t i o n  
BED MOOIFICAITON C l e a r a n c e  R e l o c a t e d  i n  1971 
HATCHERY G r a v e l  Reinoval C u l v e r t s  I m p a s s a b l e  

OTHER B e a v e r s  Dams Removed C l e a r a n c e  A t  LOU Flows.  Sand- 

B a g  C u l v e r t  t o  F l o w  FLOW CONTROL 

SOCKEYE X 

Yes, S t o r a g e  Oain & D i v e r s i o n  

CHINOOK x ( S P )  

COHO X X X X X X X X 

CHUM X X X X X X X X 

PINK (0 o r  e )  X 

STEELHEAD X X 

CUTTHROAT X X X 

DOLLY VARDEN X X X 

RAINBW X 

TYPE OF ESTIMATE P 
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TABLE 10 - INVEIITURY OF N J U K  PHYSICAL STREAM CHARACTERISTICS OF SPAWING STKEAMS ANU A CHECKLIST OF UTILIZATION BY INDIVIDUAL SALK)NlU SPECIES 

STIEAII W!E Woods C r .  Bloods C r .  Bone11 C r .  Bonsal l  Cr. Bush C r .  Chase R. Chsiiainus 17. Depar tu re  C r .  

STATISTICAL AKEA 14 17 17 17 17 17 17 17 

WIUTH (FT) ' 39 ) Chum 24 33 ) Chun 
UETitU AREA ( Y O  SU) 10.739 ) Spawning 7,208 22,014 ) Spawning 163,864 ) S p a w i n g  

SPAAY:IING AKEA (YO SQ) 6,589 599 5.000 ) Area 
UKAIHAGE ( M I  S i ) )  13 Approx. 

BCUKOCK .) Boulders and Upper: M a i n l y  Sand, S i l t  Gravel ,  Stones t o  Power- Ma in l y  Gravel and M i l e  39-25: Gravel ,  Stones. Sand 
BOULDCK ) Coarse Gravel and tnud. v e r y  l i t t l e  l i n e  then Rock. Bou lde is  Boulders i I i l e  25-7: Bedrock, Boulders 

COARSE ) Lower M i l e :  Gravel Bars Gravel  M i l e  7 : Sand. Gravel 
FI#E ) =  1. 
SILT/SANU ) 
OTHEK ) , 

TENPCRATUKE Extreiiie F1 uc tua t i ons  

x DISCHAllGE (CFS) H i y h l y  Va r iab le  F l o w  Very Constant, S tab le  10.7 (1976) 461 (1957) Ex t re i i e  F1 uc. 

MAX UISCHAKGE 60 (es t ima ted )  300 (Est imated) 
M I N  DISCHARGE 1 (es t ima ted )  0.05 1 (Est imated) 2.5 2.5-40.0 
LOW FLOWS Extral ie.  Frequent Common Ex t ra l i e  

HIGH FLOWS com1non Severe 

SCOUK I l i G  COlNiiOn Very L i t t l e  Dank, Channel 5 ' s  

s I L r A r  ION Very L i t t l e  Ex tens i ve  Below Resi-  Heavy 

FRY STANUING F r y I M u l  t s  Stranded d e n t i a l  
OCBKIS SOlne LOgging Oebris T i d a l ,  Gravel Bu i l dup  Log Jams 

COVER Poor 

LENGTH (141) 4.0 0.5 3.0 5.0 1.5 3.0 8.0 .75 
120 )CllU,,l 

23,316 ) Area 

Coilunon; Upper Sect ions Common i n  Whitehores CR 

AGRI. KUNOFF 

IND. YASTES 

DOMESTIC WSTES 

WATER LICENCES Q 4 8 1 4 14 2 

UATEK LICENCES .TOTAL 0.0% 0.13 0.33 1.0 2. GO 0.006 

M I N  FLOW ~REQUIKEU Bank P r o t e c t i o n  
BANK ~IOUIFICATION 

BE3 ;IOUIFlCAITON Escaperiient Annua l l y  Uredyiny f o r  

HATCIiEKY , T ransp lan t  1970-cleaning F lood  Con t ro l  

OTHEK . , I n t e r t i d a l  Spawn (Chum) I n d i a n  Food F i s h e r y  P r o v i n c i a l  Park I n d i a n  Fishery-Mater D i v e r s i o n  

FLOW CONTKOL COlluiWtl R e s e r v o i r  Dam 
SOCKEYE 

DredyinyIGravel  Ka~ioval  Gravel Removal t o  ltiiprove C I  earance 

CHINUOK 

COHO X 

CHUM 

PIllK (0 o r  e) 

STEELHEAD 

CUTTHROAT 

DOLLY VAKUEll 

RA1NUO.d 

TYPE OF ESTIIMTE 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Mal k d o m  , Count i  ny 
Weir 

x 

X 

X 

X X 

X 

JUVENILE ENUMERATION Yes Yes 



TABLE 10 - INVENTORY OF MJOR PHYSICAL STREAM CHARACTERISTICS OF SPAMING STREAMS AND A CHECKLIST OF UTILIZATION BY INDIVIDUAL SALM)NID SPECIES 

STREAM NAME 

STATISTICAL AREA 

LENGTH (MI) 

WIDTH (FT) 
WETTED AREA ( Y O  SQ) 
SPAWNING AREA ( Y D  SQ) 
DRAINAGE ( M I  SQ) 
BEDROCK ) 
BOULDER ) 

COARSE ) 
FINE )= % 
SILT/SdNO ) 
OTHEK ) 
TEMPERATURE 

x DISCHARGE (CFS) 

MAX DISCHARGE 

C r a i g  C r .  

14 
2.0 
10 

11,616 
5,200 
5.9 

22% 
2 3% 
4 9% 
Poo ls  6 

Englishman R. 

14 
10.0 

130 
762,603 

130,000 
110.5 

8% 
6 9% 

12% 
5% 

Poo ls  6 

450 (1915) 

F i l l o n y l e y  Cr .  French C r .  
14 14 
1.4 9.2 

40 

21 5,858 

86,WO 
28.2 

19% 
19% 
2 Wb 
2 OZ 

Poo ls  22 
See Burns 1971 

Har t  C r .  
14 

0.5 

K i t t y  Colenan C r .  

14 
1.4 

6 
4.928 

2,400 
4.0 

50% 
2 Sb 

25% 

Lard Cr .  

14 

1.5 
15 
13,200 

9,900 
1.4 

5% 
30% 

45% 

20% 

10 Dey. Warnier than Sur- 

rounding s t reans  

L i t t l e  R. 

14 
1.0 

13 

1.6 

12% 

13% 

75% 

L i t t l e  Q u a l i c m  R. 

14 
7.2 

93 
392.832 

209,000 
96.0 

3% 

8% 
27% 

27% 

McNaughton Cr. 
14 

1.5 
30 

26.400 
15,000 
3.4 

3 7% 
2 9% 
2 9% 

Pools 35 Poo ls  5 

282 (1970) 

MIN DISCHARGE 

LOW FLOWS 

HIGH FLOWS 

SCOURING 

SILTATION 

FRY STANDING 

DEBKIS 

COVER 

AGRI. RUNOFF 

IND. WASTES 

3.0-40.8 0.0-0.03 26.0-94.4 
P a r t i a l l y  Sp r ing  Extreiiie Common Acute. Frequent Coiniiion 1970-75 Coirmon-not severe R e s i d e n t i a l ,  CFB, Farniing Coininon 

Fed, Cooimon Extreine Occasional Uses k c a s s i o n a l  

Lower Since 1972 Severe, E s p e c i a l l y  n e l i z a t i o n  

Severe Severe i n  68, 72. 73 Moderate, New Chan- 

Severe Heavy 
Some P r o b l e m  73, 75 

Logging Debr i s  L e f t  

At One Time Coal 

Washing F a c i l i t y  75 F r y  Poisoned By 
DOKSTIC MSTES . E f f l u e n t  

WATER LICENCES # 2 16 La rge  I 4 2 Large 15 
WATER LICENCES TOTAI 0.063 2.43 5.98 0.004 45.38 

MIN FLOW REQUIRED Dykes/Bank 
BANK MODIFICATION Swamp P o r t i o n  Modi- Bank P r o t e c t i o n  Bank P r o t e c t i o n  

Gravel Reitioval 1972-Log Jams, 8. Oairs P r o t e c t i o n  BED MODIFICAITON f i e d  1974 
HATCHERY Gravel Rerooval C1 earance 1970 C1 eared 

OTHER Clearance Channel Cleaniny 

FLOW CONTROL 

SOCKEYE 

CHINOOK 

COHO 

CHUM 

PINK (0 o r  e) 

STEELHEAD 

CUTTHROAT 

DOLLY VARDEN 

RAINBCW 

TYPE OF ESTIMATE 

Darn no l o n g e r  f u n c t i o n s  

X 11 X 

X 0.25 X 

X X X X X X X X X X 

X X X X X X 

X 

x(1ieaviest  Sp) X X 

X X x @ , A )  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

JUVENILE ENUERATION Yes 

- 37 - 



- 38 - 

TABLE 10 - INVENTORY OF MAJOR PHYSICAL STREAM CHARACTERISTICS OF SPAWNING STREAMS AND 

A CHECKLIST OF UTILIZATION BY INDIVIDUAL SALMONID SPECIES 

STREAM NAME Cowi chan R i v e r  Ful f o r d  C r .  K o k s i l a h  R. 

SOCKEYE 

C H I  NOOK x ( S P , S U )  x bP,SU) 
COHO X X X 

CHUM X X X 

P I N K  (0 o r  e) 
STEELHEAD X X 

C UT THR OAT X X X 

DOLLY VARDEN X X 

RA I NB OW X X 

TYPE OF ESTIMATE F1 o a t ,  Wal kdown Wal kdown F1 o a t ,  Wal kdown 

JUVENILE ENUMERATION Yes No Yes 

SOURCES: T h i s  t a b l e  was compi led f rom t h e  f o l l o w i n g  re fe renced sources i d e n t i f i e d  by 
J. F r y x e l l  , Lands D i r e c t o r a t e ,  Environment Canada (1980):  

D i s t r i c t  F i s h e r i e s  O f f i c e s ,  F i s h e r i e s  and Oceans, Canada F i s h  and W i l d l i f e  
Branch, M i n i s t r y  o f  Recreat ion  and Conservat ion,  B r i t i s h  Columbia. 

Water R i g h t s  Branch, M i n i s t r y  o f  Environment, B r i t i s h  Columbia. 
!?.F. Brown e t  a l .  1977. P r e l i m i n a r y  ca ta logue o f  salmon streams 
e s c a p e m e n t s . - o f S t a t i  s t i c a l  area 14 (Comox-Parksvil l e ) .  F i s h e r i e s  
Env i ronmen t Ca nad a. 

T. Burns 1971, Stream summaries of  Vancouver I s l a n d  streams, B.C. 
Wi ld1 i f e  Branch. 

and spawning 
and 

F i s h  and 

J.E. Burns 1971, Cheniainus R i v e r  Stream Survey, B.C. F i s h  and W i l d l i f e  
Branch 
R. Hamil t o n  1978, B1 ack Creek, Vancouver Is1  and, B.C. : Hydro1 ogy f i s h e r y  
resource  and watershed devel oprnent. 

A.F. L i l l  e t  a l .  1975, Conservat ion o f  F i s h  and W i l d l i f e  o f  t h e  
Cowichan-Koksi lah F lood P1 a in .  Canada F i s h e r i e s  and Marine Serv ice  and B.C. 
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A r e c e n t  su r face  water survey i n  t h e  southern h a l f  o f  t h e  s tudy 
area (see subsect ion on Expl o r a t o r y  Surveys and Resource P o t e n t i a l  ) found 
j u v e n i l e  salmon c l o s e  t o  Vancouver I s l a n d  and w i t h i n  t h e  p r o t e c t i o n  o f  
t h e  G u l f  I s l ands ,  and r a r e l y  i n  t h e  open waters o f  t h e  S t r a i t .  Coho were 
t h e  rnost abundant i n  t h e  survey f o l l o w e d  by chum, chinook, p i n k  and 
sockeye. 
K u l l e e t  Bay and Yel low P o i n t  i n  S t u a r t  Channel. A t  t h e  n o r t h e r n  s e c t i o n  
o f  S t u a r t  Channel chum out numbered t h e  t h r e e  o t h e r  species. Coho were 
b y  f a r  t h e  dominant r e a r i n g  salmon on t h e  east  coast  o f  G a b r i o l a  I s l a n d  
w h i l e  chum dominated the ca tch  i n  Pylades Channel oppos i te  G a b r i o l a  
Passage. 
F u l f o r d  Harbour, Saanich I n l e t ,  and Cowichan Bay were one h a l f  t h a t  
caught i n  t h e  K u l l e e t  Bay - Ye l l ow  P o i n t  area. 
popu la t i ons  o f  chinook and coho. 
i n  southern Pylades Channel and t h e  l e a s t  number were captued i n  
Trincoinal i Channel , Capta in Passage, and a t  t h e  head o f  Swansurn Channel. 

Most o f  t h e  salmon sampled were captured i n  t h e  v i c i n i t y  o f  

The number of r e a r i n g  salmon captured i n  t h e  approaches t o  

Sampling revealed equal 
A smal l  number o f  salrrion were counted 

5.4.5.2.1.3 Salnionid Enhancenient Program. 
The Salmonid Enhanceriient Prograrn (SEP), i n t i t i a t e d  i n  1977, i s  a 

Ma jo r  salrrionid enhancement f a c i l  i t i e s  a re  l o c a t e d  on Quinsorli, 

j o i n t  f e d e r a l - p r o v i n c i a l  e f f o r t  t o  enhance P a c i f i c  salmon popul a t i o n s  t o  
h i s t o r i c a l  l e v e l s  (1930 's )  which were double those o f  today. 

Punt ledge, B i g  Qual  icuiii and L i t t l e  Qual icum Rivers.  The l a t e s t  f a c i l i t y  
t o  be developed on t h e  L i t t l e  Qualicuri i  R i ve r ,  i s  expected t o  be i n  f u l l  
p r o d u c t i o n  by  1984 w i t h  an a n t i c i p a t e d  annual c o n t r i b u t i o n  o f  100,000 
chuiii t o  f i s h e r i e s .  C o n s t r u c t i o n  o f  spawning channels began i n  1978 and 
was completed i n  t i m e  f o r  t h e  1979 auturrin run. The f i r s t  r e t u r n i n g  
salrrion a re  expected i n  1983. 

Table 11 shows t h e  average annual p r o d u c t i v i t y  o f  t h e  SEP f a c i -  
l i t i e s  on t h e  o t h e r  t h r e e  r i v e r s  f rom 1977 t o  1973, t h e  1979 escapement 
o f  r e t u r n i n g  salmon, and an es t ima te  o f  1980 smo l t s  re leased froi l i  two o f  
t h e  f a c i l i t i e s .  The f r a c t i o n  o f  s u r v i v i n g  salmon which j o i n  t h e  f i s h e r y  
s tocks  i s  est imated t o  be 2% chum, 3% chinook, 4% steelhead and 15% 
coho. 

The B ig  Qual icurn R i v e r  f a c i l i t y  i s  t h e  most p r o d u c t i v e  (2.8 
m i l  1 i o n  sniol t s )  , f o l  lowed by t h e  Quinsurn R i v e r  f a c i l  i t y  (2.4 r n i l l  i o n  
srnol t s )  and t h e  Punt1 edge R i v e r  (0.5 m i l  1 i o n  smol ts)  . 

F o l l o w i n g  renova t ions  t o  spawning channels a t  t h e  B ig  Qualicurn 
R i v e r  f a c i l i t y  i n  1979, 45 m i l l i o n  chum were re leased i n  t h e  s p r i n g  o f  
1980. The va lue o f  chum t o  l o c a l  economies i s  i l l u s t r a t e d  by two g i l l n e t  
and se ine  f i s h e r i e s  which, i n  1978, cap tu red  160,000 chum from t h e  B i g  
Qual  icum r i v e r  stocks.  

Quinsum R i v e r  f a c i l  i t y  w i t h  chinook t h e  nex t  rnost corniiion species. Dur ing  
1980 p i n k  salinon a re  expected t o  outnumber chinook. 
w i l l  r ep resen t  t h e  l a r g e s t  p i n k  salmon p r o d u c t i o n  o f  dny o f  t h e  SEP 
f a c i l i t y  i n  t h e  s tudy area. Complete 1980 p r o d u c t i o n  f i g u r e s  w i l l  be 
made a v a i l a b l e  i n  t h e  corresponding SEP annual r e p o r t  i ssued  i n  1981. 

Coho were t h e  most abundant salilion i n  t h e  1377-79 p e r i o d  a t  t h e  

I f  t h i s  occurs t h i s  
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TABLE 11 - PRODUCTIVITY, I N  TERMS OF SMOLT RELEASES, OF MAJOR 

SALMONID ENHANCEMENT PROGRAM (SEP) FACILITIES ON 
THE EAST COAST OF VANCOUVER ISLAND: 

Sa1 T RI FASFS x loo0 
SPEC I ES 1977 1978 1979 

CHINOOK 964 776 849 
COHO 2102 567 I572 
CHUll 237 

STEELtlEAD 36 36 55 
PINK 

ALL SPECIES AVERAGE - 
CHINOOK 133 639 724 
COHO 20 25 40 
CHUI  

PINK 
Sl-EEwEAD 3 1 1 

~ ~~ 

ALL SPECIES AVERAGE 

w 
CHINOOK m 2806 2555 
COHO 783 838 615 
CHUI 48 
STEELHEAJI 24 39 72 

Au. SPECIES AVERAGE 

NOTE : 1, EXPECTED FIGURES 

2, NOT APPLICABLE, SEE TEXT 

m 

863 
1414 

79 

42 

2398 

498 
28 

2 

528 

2028 
745 
16 
45 

2834 

1980' 

m 
2950 

m 
20 

670 
1330 
1503 

75 
31 

N/A2 

looQ 
3979) 

1 
12 

1 
3 
25 
ll 
21 

1l 
63 
I32 

1 

S o u r c e :  F i s h e r i e s  and Oceans Canada and Sa lmonid  Enhancement 
Program. Annual r e p o r t s .  
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Steelhead t r o u t  a re  be ing  produced by a l l  f o u r  f a c i l i t i e s  i n  
numbers w e l l  below those o f  salmon. The steelhead commercial c a t c h  i s  
i n s i g n i f i c a n t  r e l a t i v e  t o  s p o r t s  stream a n g l i n g  f o r  t h i s  f i s h .  A stream- 
by-stream summary o f  s tee lhead a n g l i n g  ca tch  i n  t h e  p e r i o d  1975-78 i s  
p rov ided  i n  t a b l e  12. 

A nuniber o f  in inor p r o j e c t s  admin i s te red  by t h e  Salmonid Enhance- 
ment Program a re  l o c a t e d  i n  t h e  s tudy area. The Cowichan I n d i a n  Band has 
operated an i n c u b a t i o n  box f o r  Cowichan R i v e r  chum f o r  several  years.  I n  
1979 t h i s  f a c i l i t y  rea red  700,000 churn f ry  which were released. F l o a t i n g  
pen f a c i l i t i e s  o f f  F u l f o r d  Creek i n  F u l f o r d  Harbour are small  p r o j e c t s  
which a re  expected t o  y i e l d  10,000 coas ta l  c u t t t i r o u t  t r o u t  annual ly .  
Fu l  f o r d  Creek i s  a Val uable c u t t h r o a t  producer. D e t a i l  s concern ing t h e  
n a t u r e  and l o c a t i o n s  o f  these and o t h e r  l o c a l  p r o j e c t s  a re  a v a i l a b l e  f rom 
t h e  Salmonid Enhanceiiient Progam, F i s h e r i e s  and Oceans, Canada and frol i i  t h e  
B r i t i s h  Columbia, M i n i s t r y  o f  Environment. 

5.4.5.2.2 H e r r i  ny . 
5.4.5.2.2.1 Resource. 

Recent s t u d i e s  o f  t h e  commercial h e r r i n g  f i s h e r y  and spawning 
s tock  assessriient a re  r e p o r t e d  by Hourston (1979),  Hourston and Hanier, 
(1979) and Webb, Hourston, and J u b i n v i l l e  (1980). 

The re-opening o f  t h e  h e r r i n g  f i s h e r y  i n  1971, f o l l o w i n g  t h e  
c o l l a p s e  o f  t h e  f i s h e r y  i n  t h e  l a t e  1 9 6 0 ' ~ ~  brought a changeover froni 
r e d u c t i o n  process ing o f  h e r r i n g  t o  f o r e i g n  market ing o f  t h e  h e r r i n g  roe. 
H e r r i n g ,  which have t r a d i t i o n a l l y  been f i s h e d  on t h e i r  f a l l  m i g r a t i o n  
r o u t e s  and h o l d i n g  grounds, a re  now taken  i n  w i n t e r  as imminent spawners 
on t h e  irntriediate approaches t o  t h e i r  spawning grounds. 

d i f f i c u l t  t o  p r e d i c t .  Area 14 was t h e  o n l y  r e g i o n  i n  t h e  n o r t h e r n  S t r a i t  
o f  Georgia w i t h  a r o e  f i s h e r y  i n  1978. A t o t a l  c a t c h  o f  1700 m e t r i c  t ons  
was taken by  200 g i l l n e t t e r s  between March G and 14. The inair! f i s h e r y  
occu r red  i n  t h e  r e g i o n  o f  Denman and Hornby I s l a n d ,  Qual icum Eeach and 
Northwest Bay where a week's f i s h i n g  produced 11% o f  t h e  t o t a l  B.C. r o e  
h e r r i n g  catch. 

Areas 14 and 1 7  accounted f o r  13% o f  t h e  p r o v i n c i a l  c a t c h  d u r i n g  
1974-75 t o  1978-79 (Table 13). 

I n  a p r o v i n c i a l  con tex t ,  most o f  t h e  food and b a i t  h e r r i n g  a re  
taken  i n  Areas 17 and 18  i n  t h e  G u l f  I s l a n d s  r e g i o n  because o f  t h e  abun- 
dance o f  r e s i d e n t  and m i g r a t i n g  h e r r i n g  s tocks and t h e  p r o x i m i t y  t o  shore 
process ing f a c i l  i t i e s .  The p r i n c i p a l  f i s h i n g  l o c a t i o n s  i n c l u d e  S a t e l l i t e  
Channel, P1 umper Sound, Navy Channel , Trinconial i Channel and Pyl ades 
Channel. Most o f  t h e  catches occur between November and January,  p r i o r  
t o  t h e  r o e  f i s h e r y .  

Dur ing  a r e c e n t  s u r f a c e  water survey (see sub-sect ion on Explor-  
a t o r y  Surveys and Resource P o t e n t i a l )  , P a c i f i c  h e r r i n g  were ve ry  abundant 
i n  southern Pylades Channel oppos i te  P o r l i e r  Pass and i n  c e n t r a l  S t u a r t  
Channel. 
eas t  o f  G a b r i o l a  I s l a n d  and i n  n o r t h e r n  Pylades Channel. 

The r o e  f i s h e r y  i s  ex t reme ly  s h o r t  i n  d u r a t i o n ,  i n t e n s i v e  and 

T h e i r  numbers were one o r d e r  o f  magnitude g r e a t e r  t han  those 
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TABLE 1 2  - SUMMARY OF REPORTED ANNUAL STEELHEAD TROUT CATCH 

(NUMBERS OF FISH) AT EAST COAST VANCOWER ISLAND 
STREAMS I N  THE STUDY AREA I N  THE THREE SEASON 
PERIODS 1975-76 t o  1977-78. 

SEASON 

STREAM 1975-76 1976-77 1977-78 

BLACK CR, 10 16 
!2tEwJL Ji2.L 78 
CHASE R, 1 
CHEMAINUS R, 42 
COAL CRi 2 
COURTENAY R i 1 
cQkuwLL _277 
D G I  ISHM4N R, JL 
FRENCH CRi 12 
HASLAM CR, u 
HOLLAND CRn 1 
KOKSIIAK R, 37 - 
MIHLJIJ CRm 9 
l!lmmLL 2Q2 
OYSTER R, 83 
PUNTLEDGE R, 42 
QUALICW R, (BIG) 87 
TRENT CR, 12 
TSABLE R i  8 
TSOLUM R ,  32 

13 
1 

189 
71 
4 
1 

13 
49 

m 
24 
6 

66 
8 
5 
7 

5 
75 

32 

296 
37 
7 
2 

26 
71 
1 
u9 
12 
12 
252 

6 
2 
8 

TOTAL l254 701 963 

Note: Streams w i t h  r e p o r t e d  c a t c h e s  i n  any season  exceed ing  100 s t e e l h e a d  
are u n d e r l i n e d .  

Source: B r i t i s h  Columbia M i n i s t r y  of R e c r e a t i o n  and Conse rva t ion .  1979. 
S t e e l h e a d  H a r v e s t  A n a l y s i s .  F i s h  and W i l d l i f e  Branch, V i c t o r i a ,  B . C .  
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TABLE 13 - AVERAGE ANNUAL ROE HERRING AND FOOD AND B A I T  HERRING CATCHES 

(1000 TONS) OVER THE 1974-75 TO 1977-78 SEASONS BY HERRING 
D I V I S I O N  AND FISHERY STATISTICAL AREAS. 

)IVISION 

NJEEN Ct-WILOl lE 

JORM COAST 

INTRAL 

JOWSTONE STRAIT 

XRAIT OF GEORGIA 

rOTAL Sa OF GEORGIP 

EST COAST 
VANCOWER ISLAND 

IVERAU TOTAL 

FE HERRING' 
FOOD PfD MIT2 

HERR1 NG 

12 

2 
1 
2 

2 
9 

1 

5 
4 - 

9 

Y 
_. 

68 

% STRAIT 
OF 

GEORGIA 

56 
44 

1m 
- 

I 

x 
OVERALL 

CATCH 

17 

7 

16 

2 

u 

44 

100% 

i 

x 
OVERALL 

CATCH 

36 

64 

- 

100% 

NOTES: 1. Excluding areas w i t h  c a t c h e s  less than 1000 tons.  
2 .  Excluding areas w i t h  c a t c h e s  less than 500 tons.  

Source: L.A. Webb. 1966. R e v i e w  of t h e  1975-76 h e r r i n g  f i s h e r y  and spawn abun- 
dance. Canada, F i s h e r i e s  and Marine Service,  T e c h n i c a l  Report  Series 

L.A. Webb, A.S. Hourston and B . C .  J u b i n v i l l e .  1980. Review of t h e  1977-78 
B r i t i s h  Columbia h e r r i n g  f i s h e r y  and spawn abundance. Canadian I n d u s t r y  
Report  of F i s h e r i e s  and Aquat ic  S c i e n c e s  . No. 112 .  

PAC/T- 76- 19. 
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Based on spawning ground assessments, t h e  reg ions  o f  Cornox t o  
Nanaimo, Yel low Po in t ,  Ganges Harbour and Plumper Sound have produced 77% 
of t h e  average annual h e r r i n g  s tock i n  t h e  S t r a i t  o f  Georgia (Tab le  14).  
The Cornox-Nanairno r e g i o n  produced between 4 5 4 0 %  o f  t h e  h e r r i n g  stock.  

5.4.5.2.2.2 H a b i t a t  Requirements and Locat ions.  
The r e p r o d u c t i o n  o f  h e r r i n g  occurs on a l i m i t e d  number of i n t e r -  

t i d a l  and sha l l ow  s u b t i d a l  spawning grounds. Few areas throughout  t h e  
West Coast appear t o  o f f e r  a s u i t a b l e  spawning h a b i t a t  b u t  where these 
occur,  t h e y  a r e  h e a v i l y  u t i 1  ized.  

e r a t u r e s  a re  reduced. Feniale f i s h  d e p o s i t  adhesive eggs onto seaweeds, 
p r i m a r i l y  rockweed (Fucus), Japweed (Sargussum) , and eel grass (Zos te ra ) .  
The d e p o s t i t i o n  of eggs can range from above l o w  water t o  1 5  metres below. 
Egg s u r v i v a l  d u r i n g  t h e  i n c u b a t i o n  p e r i o d  o f  two t o  t h r e e  weeks does n o t  
exceed 30% due t o  p r e d a t i o n  by marine b i r d s ,  i n t e r t d a l  f i s h  and exposure 
t o  storms. 

H e r r i n g  spawn i n  w i n t e r  and e a r l y  s p r i n g  when s a l i n i t y  and temp- 

TABLE 14 - A REGIONAL PERSPECTIVE OF P A C I F I C  HERRING ABUNDANCE (1000 TONS) 
I N  THE STRAIT OF GEORGIA BASED ON SPAWNING GROUND SURVEYS BY 
HERRING MANAGEMENT U N I T  I N  THE PERIODS 1951-70 AND 1971-79 

- 
MNAGEMENT U N I T  I_ SPAWNING STOCK 

I I 1951-70 1971-79 
Number I Name I Tons % I Tons % 

I 

I I 

(x1OOO) O v e r a l l  I ( x 1 O O O )  O v e r a l l  
Abundance Abundance 

I 

22 I 

23 I 

24 
25 
26 I 

21 I 

37 I 

I 

Comox-Na n a i  mo 58 
Ye l l ow  P o i n t  25 
Ganyes-P1 umper 16 
Area 29-Fraser R i v e r  I 16 
U t  h e r  (Ma i n l  and) 6 
Powel l  R i v e r  5 
O the r  (Vancouver Is.  I 2 

I 

I 

I 

1 45 58 60 
20 77 I 10 10 77 
12 6 7 I 

I 3 
1 

1 

I 

23 I 1 7  23 
1 

I I 

OVERALL TOTAL - I 128 100% 96 100% 

SOURCE: A.S. Hourston, 1979. Stock assessment f o r  B r i t i s h  Col unibia 
h e r r i n g  management u n i t s  i n  1979 and f o r e c a s t s  o f  t h e  a v a i l a b l e  
r o e  c a t c h  i n  1980. Canada, F i s h e r i e s  and Marine Serv ice,  
Manuscr ip t  Report No. 1550. 
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H e r r i n g  m o r t a l i t y  i s  es t ima ted  a t  99% d u r i n g  t h e  l a r v a l  phase. 
The evidence suggests t h a t  t h e i r  movement o f f s h o r e  by wind-dr iven s u r f a c e  
c u r r e n t s ,  t h e  l a c k  o f  lava1 food ( p l a n k t o n ) ,  and p r e d a t i o n  a re  major 
causes o f  mor ta l  i ty .  By summer, j u v e n i l e s  school i n  s h a l l o w  bays and 
i n l e t s ,  t y p i c a l l y  near k e l p  beds, f e e d i n g  i n  su r face  waters a t  dawn and 
dusk on zoopl ankton (copepods, euphausids and ai iphipods). 

Near t h e  end o f  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  froin t h e  
S t r a i t  o f  Georgia t o  o f f s h o r e  feed ing  grounds, m a i n l y  o f f  t h e  l ower  west 
coas t  o f  Vancouver Is1 and . A smal l  number o f  h e r r i n g  remain t o  forni 
minor  r e s i d e n t  populat ions.  The f a l l  r e t u r n  m i g r a t i o n  begins 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  o f  Georgia h e r r i n g  remain separate from 
s tocks  elsewhere on t h e  coast  d u r i n g  t h e i r  spawning rn igrat ions,  so a l l  
p r o d u c t i o n  and r e c r u i t m e n t  o f  t h e  f i s h e r y  s tock  must come from w i t h i n  t h e  
S t r a i t  of Georgia system, p a r t i c u l a r l y  t h e  present  s tudy area. 

s t u d y  area i s  a v a i l  a b l e  (Hourston and Hamer, 1979). 
spawning i n t e n s i t y ,  t i m i n g  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  a re  c u r r e n t l y  
b e i n g  analyzed by researchers o f  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  ( F i s h e r i e s  
and Oceans, Canada). 

There i s  no apparent 
r e l a t i o n s h i p  between t h e  i n t e n s i t y  o f  spawning and spawning d u r a t i o n .  
Furthennore,  evidence suggests t h a t  changes i n  p r e f e r r e d  spawni ny grounds 
a r e  r e l a t e d  t o  v a r i a t i o n s  i n  env i ronmenta l  c o n d i t i o n s ,  b u t . i t  i s  n o t  ;<?own 
whether such s h i t t s  are t h e  resu l r ;  OT cndriyeb i r i  r i e r r i r i y  i i i iyrdiury pd tce rns  o r  
i n  v a r i a b l e  s u r v i v a l  r a t e s  f o r  d i f f e r e n t  h e r r i n g  p o p u l a t i o n s .  The a c t u a l  t i i i i i r i g  
o f  spawning i n  any y e a r  ana i o c a l i - t y  appears t o  be r e l a t e d  t o  l o c a l  vagar ies o f  t h e  
environment r a t h e r  than t o  oceanographic and c l  i m a t i c  pa t te rns .  

A 1 i s t  o f  i n d i v i d u a l  h e r r i n g  spawning grounds throughout  t h e  
H i s t o r i c a l  data o f  

H e r r i n g  a re  u n p r e d i c t a b l e  i n  spawning. 

5.4.5.2.3 Groundf i sh. 

5.4.5.2.3.1 Resource. 
The S t r a i t  o f  Georgia g round f i sh  t r a w l  f i s h e r y  i s  i i i inor compared 

t o  t h e  o f f s h o r e  f i s h e r y .  
prov i nc i a1 economy. 

Most o f  t h e  c a t c h  i s  taken i n  t h e  w i n t e r  f i s h e r y  f rom October t o  
March (Tab le  15). 

The most p r o d u c t i v e  r e g i o n  f o r  g round f i sh  l a n d i n g s  has been t h e  
southern s e c t i o n  o f  t h e  G u l f  I s l a n d s  p l u s  Nanoose Bay area (Area 1 7 ) .  
They account f o r  over  h a l f  t h e  t o t a l  g round f i sh  l a n d i n g s  i n  t h e  S t r a i t  o f  
Georgia and a d j o i n i n g  waters. 

Trawl i n g  i s  r e s t r i c t e d  i n s i d e  a number o f  Regulated Areas (RA's) 
i n  an e f f o r t  t o  conserve major  spawning popu la t i ons  and r e a r i n g  f i s h .  
Table 16 shows t h e  r e l a t i v e  p r o d u c t i v i t y ,  i n  terms o f  corninercial landings,  
f o r  S t a t i s t i c a l  Areas 14, 17 and 18 p l u s  t h e  enclosed r e g u l a t e d  areas f o r  
which accu ra te  da ta  a re  a v a i l  able. R e s t r i c t i v e  measures appear t o  have 
f a i l e d  i n  p reven t ing  a d e c l i n e  o f  some impor tan t  g round f i sh  s tocks i n  most 
o f  t h e  r e g u l a t e d  areas. 

( i n  terms o f  ca tch )  f o r  g round f i sh  w h i l e  87% o f  t h e  w i n t e r  c a t c h  i n  Area 

Never the less i t  i s  an impor tan t  p a r t  o f  t h e  

The area between D iscove ry  Passage and Cape Lazo i s  unp roduc t i ve  
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TABLE 15 - AVERAGE LANDINGS (10001bs) OF ALL FOOD GROUNDFISH (EXCLUDING 

DOGFISH) I N  THE STRAIT OF GEORGIA AND ADJOINING I N S I D E  WATERS 

BY STATISTICAL AREA ON AN ANNUAL (OCTOBER-SEPTEMBER) AND A 
WINTER SEASON (OCTOBER-WRCH) B A S I S  FOR THE PERIOD 1960-77. 

AREA LANDINGS (1000 lb . )  

Octo ber-S e p t  em b e r  Oc t ober-Ma r c  h 

-- 

18 

19 

28 

29 

107 

333 

393 

632 

304 

6% 

18% ' 
I 

21% 

34% 

16% 

7 3% 

85 6% 

511 34% 

225 15% 

91 5% 

- -- 
50 3% 

-- 

1860 100% 1515 100% 

SOURCE: S.J. Westrheirn, 1980. The t r a w l  f i s h e r y  i n  t h e  S t r a i t  o f  

Georgia and v i c i n i t y ,  1945-77. Canadian Manuscr ip t  Report  o f  

F i s h e r i e s  and Aquat ic  Sciences No. 1563. 
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14, dur ing  1960-77, was taken  froin the r e g u l a t e d  a r e a s ,  RA1-3, RA6 and 
RA7. Closures  e l  sewhere and u n s u i t a b l e  s u b s t r a t e  l i m i t  t rawl  i n y  i n  Area 
17  p r i m a r i l y  i n  RA8 and RA9. 

S t u d i e s  o f  the groundf ish  trawl f i s h e r y  i n  the r e g u l a t e d  a r e s  a r e  
a v a i l  ab1 e ( F o r r e s t e r  and Ketchen , 1963; Ketchen, 1979; Westrheiin , 1974, 
1977, 1980).  Popula t ions  o f  the three p r i n c i p a l  species, Engl ish s o l e ,  
P a c i f i c  cod, and Linycod have r e c e n t l y  d e c l i n e d  i n  the  RA's 1-3 (Cape Lazo 
- Baynes Sound) , RA7 (Qual icum - P a r k s v i l l e )  , R A 8  (Nanoose Bay) , and RA9 
(Boat Harbour - Pylades Channel). Regulated a r e a s  RA4 (Fanny Bay) and RA5 
(Deep Bay) a r e  permanently c losed  t o  trawl i n g  t o  p r o t e c t  r e a r i n g  Engl ish 
s o l e .  
f l o u n d e r  i n  the  S t r a i t  o f  Georgia. 

RA6 s u p p o r t s  the major commercial s t o c k s  of  Rock s o l e  and S t a r r y  

TABLE 16 - AVERAGE LANDINGS (1000 l b s )  OF A L L  FOOD GROUNDFISH (EXCLUDING 
DOGFISH) BY FISHERY STATISTICAL AREAS AND THE ENCLOSED REGULATED AREAS 
( R A )  OF THE EAST COAST OF VANCOUVER ISLAND GROUND FISHERY, OCTOBER TO 
MARCH 1960-77. 

SOURCE : 

'AC I F I C 
COD 

SF€CIES-pRopoRTIoisS OF CATCH (2) 
STARRY 
FLDUDEl 

OTHER 
:LOUDER 

Westrtieiin, S.J. 1980. The Trawl F ishery  i n  the S t r a i t  o f  Georgia 
and V i c i n i t y ,  1945-77. Canadian Manuscript Report o f  Fisheries 
and Aquatic Sc ience  No. 1563. 
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Dogf ish a re  abundant i n  t h e  S t r a i t  o f  Georgia - est imated i n  1975 between 
26-40 m i l  1 i o n  f i s h  o r  about one t h i r d  o f  t h e  ha rves tab le  s tocks throughout  
t h e  west coast  and s i n c e  t h e  1970’s rep resen ts  an i n c r e a s i n g  commercial 
f ood  f i s h e r y .  I n  t h e  p e r i o d  1960-77, t h e  p r i n c i p a l  source o f  d o g f i s h  has 
been i n  Areas 14 (17%),  17 (30%) and 18 (38%). 

Wall  eye pol  l o c k  became commercial l y  a t t r a c t i v e  i n  1976 t o  supple- 
inent catches o f  t r a d i t i o n a l  g round f i sh  w l i c h  were no l o n g e r  be ing adequate- 
l y  supp l i ed  t o  markets. By 1975, t h e  G u l f  I s l a n d s  and open water o f  t h e  
S t r a i t  y i e l d e d  14% o f  t h e  t o t a l  west coast  landings.  It i s  est i inated t h a t  
t h e  S t r a i t  o f  Georgia c o n t a i n s  almost t w i c e  t h e  amount o f  p o l l o c k  as t h e  
o t h e r  major  producing area, Dixon Entrance - Nor th  I iecate S t r a i t .  

5.4.5.2.3.2 H a b i t a t  

P a c i f i c  Cod 
P a c i f i c  cod spawn 

i n  t h e  water column. F e r t  
i n  t h e  sea, b u t  l a b o r a t o r y  
bottom. Bottom teinperatur 
usual  l y  7-8OC. 

Small cod prey on 

Requirements. 

i n  February and March. The eggs a re  f e r t i l i z e d  
1 i z e d  eggs have n o t  been observed o r  c o l  l e c t e d  
evidence suggests t h a t  cod eggs i ncuba te  on t h e  
s on spawning grounds i n  B r i t i s h  Columbia a re  

p l  ar ik ton ic  organisms (euphausids and shrinip) 
w h i l e  l a r g e r  i n d i v i d u a l s  p rey  on crab, shr imp and o t h e r  f i s h  ( m a i n l y  
h e r r i n g  and sandlance). 
congregate t o  spawn. They move i n t o  deeper water i n  autumn and r e t u r n  t o  
sha l l ow  water i n  spr ing.  

n o r t h e r n  s tock  l i e s  n o r t h  o f  Nanoose Bay, ( i n  t h e  Yel low Rock t o  Cape Lazo, 
a rea ) ,  and i s  separate f rom t h e  southern s tock  i n  t h e  Nanoose Bay and G u l f  
I s l a n d s  reg ion.  
southern S t r a i t  o f  Georgia and U. S. waters. 

I n  t h e  S t r a i t  o f  Georgia, cod d i spe rse  t o  feed and 

Two major  popu la t i ons  o f  cod a re  found i n  t h e  s tudy area. The 

The southern s tock  mixes t o  some e x t e n t  w i t h  f i s h  o f  t h e  

Engl i s h  Sol e 
T h i s  f i s h  i s  most abundant on grounds where t h e  bot tom i s  coinposed 

o f  s o f t  sand o r  mud. A f t e r  ha tch ing  E n g l i s h  s o l e  a re  found i n  t h e  i n t e r t i -  
da l  zone and sha l l ow  waters,  moving i n t o  deeper waters as t h e y  grow. Edch 
y e a r  t h e  f i s h  move i n t o  sha l l ow  waters i n  spr i t tg  and deeper wi i ters i n  
w i n t e r .  

Lazo a re  independent s tocks which do n o t  mix. 
Cape Lazo and northwestwards may occur , Union Bay f l o u n d e r s  p r i m a r i l y  
m i g r a t e  south t o  Fanny Bay where t h e y  spawn i n  w in te r .  O f f s p r i n g  can be 
found r e a r i n g  i n  Fanny Bay and Deep Bay f rom where ma tu r ing  f i s h  r e t u r n  t o  
Union Bay t o  j o i n  t h e  commercial stock.  Young f i s h  a re  cornmonly found i n  
sandy i n t e r t i d a l  a r m s .  Food f o r  t h i s  f l o u n d e r  cons s t s  i na in l y  o f  claiiis 
and o t h e r  i i ~ o l l ~ S C S ,  i i iar ine wornis, sitid11 crab,  shri i i ip and b r i t t l e  s t a r s .  

Tagging s t u d i e s  have shown t h a t  a d u l t  f i s h  o f  Union Bay and Cape 
Al though minor  i r i i g ra t i ons  t o  

L ingcod 
Lingcod a re  sedentary  f i s h  which appear t o  

1 oca1 i z e d  independent stocks.  
i v e  i n  l a r g e  b u t  

I 

d 

‘ii 

ill 

6 

Ij 

r- 

! I  

i; 

si u 



hi 

P 

- 49 - 

u 
Q 

B 

P 

Th is  f i s h  spawns i n  rocky,  current -swept  areas, d e p o s i t i n g  l a r g e  
egg masses i n  c r e v i c e s  where t h e  iiiale o f  t h e  species broods f o r  severa l  
months. T h i s  h a b i t  exposes t h e  male t o  excess ive f i s h i n g  pressure,  
p a r t i c u l a r l y  from s p o r t s  spear - f i sh ing .  Stocks appear t o  have decl  i n e d  
d r a i n a t i c a l l y  throughout  t h e  S t r a i t  o f  Georgia i n  recen t  years.  

Dog f i sh  
The female d o g f i s h  ( a  t r u e  shark) c a r r i e s  i t s  young f o r  two yea rs  

which l i m i t s  t h e  f e c u n d i t y  o f  t h e  popu la t i on .  As w i t h  o t h e r  slow-growing, 
l a te -ma tu r ing ,  l o n g - l i v e d  species,  t h e  d o g f i s h  i s  h i g h l y  s u s c e p t i b l e  t o  
o v e r - f i  sh i  rig. 

Newborn d o g f i s h  form l a r g e  schools i n  su r face  waters, where they  
reinain up t o  1 5  years.  

Dur ing  a r e c e n t  su r face  water survey (see sub-sect ion on Explor-  
a t o r y  Surveys and Resource P o t e n t i a l ) ,  young dogf ish were more abundant i n  
t h e  open S t r a i t  and open waters between Nanoose Harbour and Depar ture Bay 
that1 i n  t h e  s h e l t e r e d  waters o f  t h e  G u l f  Is lands.  Furthermore, a d i s t i n c t  
i nc rease  i n  t h e  abundance o f  r e a r i n g  d o g f i s h  was observed w i t h  i n c r e a s i n g  
d i s t a n c e  o f f sho re .  

Youny d o g f i s h  prey upon p1 ank ton ic  organisms, a1 though a d u l t s  
w i l l  a1 so ea t  p l a n k t o n i c  euphausids. P r i n c i p a l  foods i n c l u d e  h e r r i n g ,  
hake, sandlance, and a wide v a r i e t y  o f  i n v e r t e b r a t e s  such as crab,  shr imp 
and octopus. L i t t l e  evidence e x i s t s  t o  i n d i c a t e  t h a t  d o g f i s h  a re  se r ious  
p reda to rs  o f  sal  inon. 

They a r e  l a t e r  caught as groundf ish.  

Pol 1 ock 
L i t t l e  i s  known o f  t h e  l i f e  h i s t o r y  o f  p o l l o c k  d e s p i t e  a mid- 

1970 's  survey conducted i n  Swanson Channel. P o l l o c k  may spawn i n  S t u a r t  
Channel s ince  mature i n d i v i d u a l s  have been observed t h e r e  i n  February, 
imminent spawners i n  March-Apr i l ,  and spawned out p o l l o c k  i n  May. I t  i s  
n o t  known i,f a d u l t  p o l l o c k  a re  r e s i d e n t  i n  S t u a r t  Channel. 

5.4.5.2.4 Midwater F i  sh 
A r e c e n t  w i n t e r  survey ( see  sub-sect ion on E x p l o r a t o r y  Surveys 

and Resource P o t e n t i a l ) ,  revea led  t h e  WSt abundant midwater f i s h  species 
t o  be P a c i f i c  hake. Some popu la t i ons  were l o c a t e d  i n  deep water c l o s e  t o  
shore, s p e c i f i c a l l y  by  S h e l t e r  P o i n t  - Cape Lazo, Qual icum - P a r k s v i l l e ,  
and t h e  Bal lenas - F i v e  F inge r  I s l a n d s  regions. By summer, c o n c e n t r a t i o n s  
o f  rnidwater f i s h  have moved i n t o  sha l l ow  waters i n  t h e  50-150 metres 
range. These f i s h  a re  e s p e c i a l l y  abundant c l o s e  t o  shore f rom n o r t h  o f  
Cape Lazo t o  south of Denrnan and Hornby I s l a n d s  b u t  a l s o  occurs i n  patches 
o f f  P a r k s v i l  l e  - Bal  l enas  Is1 and, Nanoose Bay and n o r t h  o f  Gabr io l  a 
I s land .  
sou th  o f  Hornby I s land .  Dense schools  of hake a re  found between Snake 
I s l a n d  and F i v e  F inge r  I s l a n d  a t  100-160 metres depth. 

and smal l  a d u l t  hake, a l t hough  o l d e r  hake may consume i n c r e a s i n g  propor-  
t i o n s  o f  schoo l i ng  f i s h  (sandlace, h e r r i n g ,  eulachon). 
i n c l  ude mixed 1 a n t e r n - f i  sh, young r o c k f i s h ,  panda1 i d  shrimps, n o r t h e r n  

Young d o g f i s h  a r e  abundant c l o s e  t o  shore o n l y  i n  t h e  r e g i o n  

Euphausids i n  t h e  p l a n k t o n  a re  t h e  most coininon food  o f  b o t h  l a r g e  

Other foods 
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anchovy, as w e l l  as squid and ke lp.  

5.4.5.3 S h e l l f i s h  

5.4.5.3.1 Resource and H a b i t a t  Requirements 
- F o r t y - s i x  percent  o f  a l l  s h e l l f i s h  taken i n  southern B r i t i s h  

The p r o p o r t i o n  o f  t h e  c a t c h  f o r  each resource  
Columbia come frorii t h e  S t r a i t  o f  Georgia where 40% a re  cap tu red  i n  t h e  
s tudy  area (Tab le  17).  
group i n  t h e  S t r a i t  i s  c rab  (14%), prawn (20%), shr imp (25%),  clams (38%),  
Geoduck clam (43%), sea u r c h i n  (86%), and o y s t e r  (91%). 

5.4. 5.3.1.1 Crab. 
The P a c i f i c ,  e d i b l e  o r  Dungeness c rab  i s  g e n e r a l l y  t rapped  on 

firm sand bottoi i is i n  l e s s  t h a n  20 fathoms (38 inetres) o f  water. N e g l i y i -  
b l e  commercial catches a re  inade i n  Area 14. Highest  l a n d i n g s  a re  r e p o r t e d  
froin t h e  southern G u l f  I s l a n d s  (Area 18) where t h e  ca tch  i s  over  t h r e e  
t imes  t h a t  o f  a d j o i n i n g  Area 17. 

t o  100 fathoms. Spawning ocurs i n  l a t e  f a l l  o r  e a r l y  w i n t e r  w i t h  eggs 
c a r r i e d  by t h e  female u n t i l  s p r i n g  hatch ing.  Crab l a r v a e  swim f r e e l y  
among t h e  p l a n k t o n  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 n c l u d e s  clanis, mar ine worms, and sinal1 f i s h .  

The e d i b l e  c rab  l i v e s  m a i n l y  on f i r m  sand frorn t h e  l o w  t i d e  inark 

5.4.5.3.1.2 Shrimp. 

i n  50-70 fathoms (95-130 metres).  
bot toms where t h e y  a re  taken by means o f  b a i t e d  t raps .  
Hornby I s l a n d s  r e g i o n  i s  one o f  t h e  t h r e e  commercial shr imp grounds i n  t h e  
S t r a i t  o f  Georgia; t h e  rnajor channels o f  t h e  G u l f  I s l a n d s  a re  a l s o  coriiiner- 
c i a l l y  f i shed .  These areas con t inue  t o  suppor t  a m a l 1  b u t  a c t i v e  f i s h e r y  
w i t h  h i g h e s t  l a n d i n g s  i n  1975-79 corning froin t h e  G u l f  I s l ands .  

p e l a g i c  t o  demersal).  Shrirnp a r e  o f  g r e a t  va lue  i n  t h e  d i e t s  o f  coiiiiiier- 
c i a 1  f i s h ,  mar ine mammals 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 ,  shr imp prey 
upon o t h e r  crustaceans, i n a d v e r t e n l y  r e c y c l i n g  dead o r  decaying o rgan ic  
ma t te r .  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  e x i s t  because o f  t h e  d i f f i c u l t i e s  
i n  species i d e n t i f i c a t i o n .  

Commercial shr imp a r e  t r a w l e d  m a i n l y  f rom inuddy o r  sandy bottonis 
Prawns, and some shri i l ip, l i v e  on rocky  

The Deniiian - 

Shrimp a re  found i n  a wider  v a r i e t y  o f  h a b i t a t s  ( r o c k  t o  iiiud, 

5.4.5.3.1.3 C1 ams. 
T r a d i t i o n a l l y ,  t h e  clam f i s h e r y  has i nc luded  B u t t e r  clams, 

Japanese L i  ttl eneck o r  Manil  a c l  arils, and t h e  N a t i v e  L i  ttl eneck c l  ain. 
Landings o f  Geoduck clams f i r s t  r e p o r t e d  i n  1977 exceed t h e  average ar?nual 
l and ings  o f  t h e  t r a d i t i o n a l  species i n  t h e  s tudy area. Horse clams were 
f i r s t  r e p o r t e d  i n  t h e  coiiirnercial f i s h e r y  i n  1979. 

Comox Bar i s  one o f  t h e  riiost impor tan t  coiriiriercial clamming re-  
g ions  o f  t h e  s tudy  area along w i t h  s c a t t e r e d  shoals and beaches throughout  
Areas 14 and 17. Whi le  1975-79 clam l a n d i n g s  i n  Area 14 a r e  g e n e r a l l y  
improved over 1951-60 land ings ,  bo th  Areas 17 and 18 have exper ienced a 
d e c l i n e  i n  l a n d i n g s  o f  two o r  t h r e e  o f  t h e  t r a d i t i o n a l  species. 
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TABLE 17 - A V M  M LANDINGS (M3RIC TONS) OF SHELLFISH IN THE SmAIT OF GEORGIA, Including Northern (Area 13) and 
Southern (Area 19) Approaches plus Total South Coast Landings in the Period 1975-79. 

I FISHERY AREAS 
I 

I East Coast I Strait o f  Mrjia  

I 14 17 18 14 % 13 15 16 28,B 19 I All % South % 
- I 17,18 Clams I Areas I (A) Coast I (B) 

I I I 

I I I She1 1 fish I Vancouver Island I (A) and Approaches (B) I 

I 

I I 1 I I I I I 

Pram 
Shrimp 

Crab 

Razor Cl  an 
Butter Cl an 
Manila Clan 
Littl ewck C1 an 
Horse Clan (1979) 
Unsorted Claa 

Cieod~~ k (1 977-79) 

Qyster (shucked xlo00 
U.S. gallon) 

Sea kchin (1979) 

I 4 6 2 ' 1 2  I 10 2 21 16 ' 6 1 ' 2 0  ' 1 5 0  ' 4 1  
1 18 21 ' 4 0  - 1 116 157 I 25 I 1681 I 3 I -- - 

I I 52 I 218 I 24 1831 I 

I I I I I I I I 

I 14 45 59 I I 3  1 329 44 I 436 14 659 I 66 
I 1 I I 1 I 1 I 

I I 1 I 

I 3 8  45 7 ' 9 0  I 3 8  I 9  2 
I 4 57 6 I 67 28 I 47 154 21 
I 12 30 7 ' 4 9  ' 2 0  ' 3 7  1 3 1 8  

26 I 26 ' 11 I 7 
8 3 ' 1 8  31 26 I 5  3 

I 85 135 28 I 240 I 1oo"k I 

-- - - - -  
I I 1 I 

I 

I 

I 

I 

I 

5 '  
4 

I 

I 

101 
289 I 

117 
3 3 l  
a t  

628 
- 

1 

I 

I 

I 

I 

I 

I 

3 8 l  
I 

2 
322 
350 
206 
37 
97 

1012 
- 

I 

I 

I 

I 

I 

I 

' 6 2  
I 

I 122 123 5 I 310 I til 221 30 98 720 I 43 I 1240 ' 58 
I I I I 1 I I I 

I I I I 1 I I I 

1 
I 44 10 ' 5 4  4 1  I 5 9 ' 9 1  80 ' 7 4  
I I I I 1 I I I 

I 
I 77 56 133 266 I 45 I 311 I 86 I 317 98 
I I I I I I I I 

I TOTAL (excludinq oyster) I 393 362 226 927 I 2313 I 40% I 5059 4677 

SOLRCE: Fisheries and (keans Canada - Annual Reprts, and B.C. Catch Statistics. 
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The B u t t e r  clair1 i s  found i n  inany t y p e s  o f  sediments b u t  i s  niost 
abundant i n  t h e  l o w e r  t h i r d  o f  t h e  i m t e r t i d a l  zone o f  beaches and ba rs  
composed o f  a m i x t u r e  o f  sand, b roken  s h e l l  and g rave l .  Man i l  a c l  anis 
l i v e  on mud-gravel beaches a t  about t h e  m i d - t i d e  mark w h 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  clam, i s  t y p i c a l l y  found i n  a m i x t u r e  o f  
f i n e  sand, s h e l l  arid g r a v e l  i n  t h e  l o w e r  h a l f  o f  t h e  i n t e r t i d a l  zone. 
The main p o p u l a t i o n s  o f  t h e  l a r g e  Geoduck clair1 a r e  found i n  s u b t i d a l  
sand o r  mixed sand-mud, b u t  t h e y  can a l s o  be found i n  t h e  l o w e r  p a r t  o f  
an i n t e r t i d a l  beach. 

5.4.5.3.1.4 Oys ter .  
D u r i n g  1975-79, Areas 14 and 1 7  accounted f o r  91% o f  t h e  t o t a l  

Area o y s t e r  p r o d u c t i o n  o f  t h e  S t r a i t  o f  Georgia and a d j o i n i n g  waters.  
1 4  i s  b y  f a r  t h e  most i m p o r t a n t  p roducer  o f  o y s t e r s ,  y i e l d i n g  75% o f  t h e  
S t r a i t  of  Georg ia  shucked o y s t e r s .  The B r i t i s h  Col unibia o y s t e r  i n d u s t r y  
i s  based on t h e  P a c i f i c  o y s t e r ,  o r i g i n a l l y  i n t r o d u c e d  f rom Japan. 
s t u d y  a rea  i s  t h e  c e n t r e  o f  o y s t e r  c u l t u r e  i n  t h e  p rov ince .  

b road  f l a t s  of  firm mud, sand o r  g r a v e l ,  a l t h o u g h  i t  i s  grown cornmer- 
c i a l l y  a t  t h e  l e v e l  o f  l o w e s t  t i d e s .  Oys te rs  r e q u i r e  r e l a t i v e l y  she l -  
t e r e d  su r round ings ,  f r e e  frori i wave a c t i o n  wh ich  m i g h t  d i s l o d g e  o r  b u r y  
i t  i n  t h e  sediment. O f t e n  t h e  r i g h t  cor l ib ina t ion  o f  s h e l t e r  and s o i l  is  
found i n  e s t u a r i e s ,  b u t  commercial o p e r a t i o n s  occu r  a long  many p a r t s  of 
t h e  e a s t  coas t .  Conox Harbour,  Baynes Sound and Lambert Channel, f o r  
example, a r e  w e l l  s u i t e d  t o  o y s t e r  c u l t u r e  o p e r a t i o n s .  The e x a c t  l o c a -  
t i o n s  o f  commercial o y s t e r  l e a s e s  a r e  shown i n  t h e  Coasta l  Resource Map 
S e r i e s  (1:50,000) s e c t i o n  "Land/Water S ta tus " .  

as s p a t f a l l .  Oys te rs ,  l i k e  most mar ine  an imals ,  b e g i n  l i f e  as m ic ro -  
s c o p i c  l a r v a e  wh ich  d r i f t  i n  t h e  wa te r  column. 
metamorphose and f a l l  f r om t h e  wa te r  column, s e t t l  i n g  o n t o  v a r i o u s  
s u i t a b l e  s u r f a c e s  as m i n i a t u r e ,  s h e l l - l e s s  a d u l t s  o r  spa t .  

s p a t  can a t t a c h ,  and f u t u r e  abundance o f  h a r v e s t a b l e  a d u l t s  i s  guaged i n  
l a r g e  measure b y  t h e  i n t e n s i t y  o f  s p a t f a l l  wh ich  can be h i g h l y  v a r i a b l e  
f ro in  y e a r  t o  year .  

c a t i o n s  i n  t h e  S t r a i t  o f  Georg ia  was well be low t h e  h i g h  l e v e l s  reco rded  
i n  1942, 1958, and 1961 ( H e r i t a g e  and Bourne, 1979). O y s t e r  b r e e d i n g  
was r e p o r t e d  f o r  1977 f r o m  t h r e e  separa te  l o c a t i o n s  i n  Baynes Sound and 
s p a t f a l l  was observed i n  t h e  Union Bay area  i n  l a t e  August o f  t h a t  yea r .  
Other  r e c o r d s  f o r  t h a t  y e a r  came froi i i  Depar tu re  Bay and Ladysmi th  
Harbour. 

t o  t h e  o y s t e r  i n d u s t r y  b u t  s p a t f a l l  t h e r e  has d e c l i n e d  d r a s t i c a l l y  i n  
r e c e n t  years .  A t  p resen t ,  s p a t  a r e  c o l l e c t e d  i n  P e n d r e l l  Sound and 
t r a n s p o r t e d  t o  Comox Harbour where t h e y  a r e  s t o r e d  t e i i i p o r a r i l y  and 
d i s t r i b u t e d  l a t e r  t o  coinmercial o p e r a t o r s  i n  t h e  Baynes Sound r e y i o n .  

The 

The n a t u r a l  h a b i t a t  o f  t h e  P a c i f i c  o y s t e r  i s  i n i d - t i d e  l e v e l  on 

The r e p r o d u c t i o n  o f  o y s t e r s  occu rs  b y  a n a t u r a l  p rocess  known 

E v e n t u a l l y  t h e  l a r v a  

Commercial c u l t u r i n g  p r o v i d e s  a v a r i e t y  o f  s u r f a c e s  t o  wh ich  

D u r i n g  t h e  summer o f  1977 s p a t f a l l  o c c u r r i n g  i n  t h e  usual  lo- 

T r a d i t i o n a l l y ,  Ladysmi th  Harbour was t h e  m a j o r  source  o f  s p a t  
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5.4.5.3.1.5 Sea Urchin.  
L i m i t e d  h a r v e s t i n g  o f  r e d  sea u r c h i n  i n  t h e  S t r a i t  o f  Georgia 

began i n  1972. I n  t h e  p e r i o d  1975-79 86% o f  t h e  sea u r c h i n  ha rves t  f rom 
southern B r i t i s h  Columbia came from t h e  s tudy  area w i t h  t h e  o n l y  o t h e r  
s i g n i f i c a n t  l a n d i n g s  recorded f o r  Area 19. 
have been made i n  Area 18, f o l l o w e d  by Areas 14 and 17. Harves t i ng  i s  done 
b y  d i v e r s  who a re  l i m i t e d  i n  t h e i r  ope ra t i ons  by depth and cu r ren ts .  There- 
f o r e ,  o n l y  t h e  densest popu la t i ons  can economical ly  suppor t  t h e  f i s h e r y .  

The densest p o p u l a t i o n s  o f  r e d  sea u r c h i n s  occur on rocky  bottoms 
i n ,  o r  near l a r g e  a lgae beds, g e n e r a l l y  3-5 metres below l o w  t i d e .  Popula- 
t i o n s  below 15 metres a re  l i m i t e d  t o  small  i s o l a t e d  c l u s t e r s .  

The 1 a rges t  coriimercial catches 

5.4.5.3.1.6 Squid. 
The r e d  and opal squid have commercial p o t e n t i a l  i n  t h e  S t r a i t  o f  

Georgia. Widely  d i s t r i b u t e d  near o r  on t h e  bottom, red  squid a re  commonly 
an i n c i d e n t a l  c a t c h  i n  t h e  g r o u n d f i s h  t r a w l  f i s h e r y .  Opal squid a re  usu- 
a l l y  t o o  d i spe rsed  t o  be f i s h e d  economical ly  except when t h e y  congregate t o  
spawn. 
t e s t  f i s h i n g  s t u d i e s  have been conducted a1 though i n c i d e n t a l  catches have 
been moni tored s i n c e  1977 by t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  ( F i s h e r i e s  and 
Oceans , Canada). 

Desp i te  t h e  p o s s i b i l  i t y  o f  suppor t i ng  an i n d i v i u a l  t r a w l  f i s h e r y ,  
t h e  b i o l o g y  o f  t h e  r e d  squid remains unknown. The opal squid i s  found i n  
most sha l l ow  waters o f  t h e  west coast.  Squid spawn throughout  most o f  t h e  
y e a r  b u t  one major  s p a m i n g  occurs d u r i n g  March i n  t h e  S t r a i t  o f  Georgia. 
Eggs a re  deposi ted on f l  a t  sand o r  mixed sand and mud bottoms i n  she1 t e r e d  
bays and i n l e t s  between 5-40 metres depth. Several squid spawning grounds 
a r e  shown i n  t h e  Coastal Resource Map Ser ies  (1:50,000) s e c t i o n ,  " F i s h  
Spawning and Reariny".  Hatch1 i n g s  grow r a p i d l y  i n  rnid-water, a t  f i r s t  
s c h o o l i n g  near t h e  s u r f a c e  b u t  l a t e r  s c a t t e r i n g  near t h e  bottoin as t h e y  
develop. 
t h r e e  y e a r s  l a t e r .  

N e i t h e r  comprehensive surveys o f  d i s t r i b u t i o n  and abundance no r  

They r e t u r n  t o  su r face  schoo l i ng  when approaching m a t u r i t y  one t o  

5.4.5.3.1.7 Mussel s. 
The Bay mussel i s  r e l a t i v e l y  abundant i n  B r i t i s h  Columbia b u t  

Canadian p r o d u c t i o n  occurs p r i m a r i l y  on t h e  At1 a n t i c  coast.  Only  1 i i n i t e d  
s t u d i e s  e x i s t  o f  t h e  p o t e n t i a l  f o r  mussel c u l t u r e  on t h e  P a c i f i c  coast.  
One p r e l i m i n a r y  s tudy  (Quay le ,  1978) o f  t h i s  p o t e n t i a l  f i s h e r y  recommends 
two l o c a t i o n s  - Depar tu re  Bay and Baynes Sound, f o r  f u r t h e r  s i t e - s p e c i f i c  
s tud ies .  

5.4.5.4 E x p l o r a t o r y  Surveys and Resource P o t e n t i a l  

5.4.5.4.1 Resource 

5.4.5.4.1.1 Sur face F i  sh. 
The i n i t i a l  survey o f  f i s h e s  i n h a b i t i n g  t h e  s u r f a c e  waters o f  t h e  

S t r a i t  o f  Georgia, i n c l u d i n g  t h e  s tudy area between Nanoose Harbour and 
S a t e l l i t e  Channel (Areas 17 and 1 8 ) ,  was conducted i n  t h e  summer months o f  
1974. O f  14 spec ies  sampled, most were r e a r i n g  cornrnercial species,  
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i n c l u d i n g  f i v e  species o f  salinon, coas ta l  c u t t h r o a t  t r o u t ,  P a c i f i c  h e r r i n g ,  
s p i n y  d o g f i s h  p l u s  s i x  non-commercial species. Table 18 sunirnarizes t h e  
ma jo r  commercial species and t h e i r  numbers captured i n  survey t r a w l  se ts  
l o c a t e d  i n  t h e  general areas i n d i c a t e d  i n  t h e  Coastal Resources Map Ser ies  
(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". 

5.4. 5.4.1.2 Midwater Fish.  
Midwater surveys i n  t h e  mid 1 9 7 0 ' s  showed P a c i f i c  hake t o  be t h e  

The S t r a i t  o f  Georgia P a c i f i c  hake s tock  rep resen ts  an impor tan t  

Midwater p o l l o c k  a re  n o t  abundant enough 

most abundant f i s h  i n  bo th  w i n t e r  and summer, f o l l o w e d  by s p i n y  d o g f i s h  i n  
w i n t e r  and Walleye p o l l o c k  i n  surnrner. 

p o t e n t i a l  f i s h e r y  s i n c e  t h e  o n l y  o t h e r  known major s tock i n  B r i t i s h  
Columbia waters forms p a r t  o f  t h e  l a r g e  o f f s h o r e  m i g r a t o r y  p o p u l a t i o n  which 
i s  e x p l o i t e d  by f o r e i g n  f l e e t s .  
t o  suppor t  an i n d i v i d u a l  f i s h e r y  w h i l e  d o g f i s h  a r e  p r i i i i a r i l y  young 
i n d i v i d u a l s .  

5.4.5.4.1.3 Bottom F i  sh. 
Bottom t r a w l  surveys i n  1975 revea led  a s p a t i a l  d i s t r i b u t i o n  o f  

cornriiercial species s i m i l a r  t o  t h e  l o c a t i o n  o f  rnajor f i s h e r i e s .  A survey o f  
bot toni  f i s h  a t  numerous l o c a t i o n s  i n  t h e  s tudy  area i s  p rov ided  i n  Table 
19. 

f l a t f i s h  species than  d i d  CaDe Lazo b i q h t  o r  t h e  Delagic  waters o f f  Cape 
W i t h i n  Area 14, Baynes Sound supported a l a r g e r  nuinber o f  cod and 

Lazo. P o l l o c k ,  and hake, were t h e  most abundant c 
s o l e  and Slender s o l e  ( t h e  l a t t e r  n o t  commerc ia l ly  
o f  t h e  f l o u n d e r  catch. 

h i g h  d i v e r s i t y  o n l y  i n  t h e  P o r l i e r  Pass - Trincoina 
were absent i n  t h e  t r a w l  survey o f  Houston Passage 
l a r q e r  than  those o f  f l o u n d e r s  i n  most waters. 

Cod a re  general l y  coinmon throughout  Area 

d species,  w i t h  Engl i s h  
v i ab 1 e) coni p r  i s i ng [nos t 

7. F lounders showed 
i Channel reg ion.  They 

Cod popu la t i ons  a re  
1 

Cod species were e q u a l l y  as d i v e r s e  i n  Area 18 as i n  Area 17, b u t  
t h e  number o f  f l o u n d e r s  was g r e a t e r  i n  t h e  l a t t e r  area. P o l l o c k  remained 
t h e  dominant cod, b u t  Dover s o l e  outnumbered E n g l i s h  s o l e  and Slender sole. 
The d i v e r s i t y  o f  f l o u n d e r s  i n  t h e  eas te rn  s e c t i o n  o f  S a t e l l i t e  Channel a t  
t h e  approach t o  F u l f o r d  Harbour and a t  t h e  head o f  Swanson Channel was 
coinparable t o  t h a t  found i n  t h e  surveys o f  Cape Lazo - Baynes Sound. 

5.4.5.4.1.4 Geoduck C1 am. 
An e x t e n s i v e  survey o f  Geoduck clams i n  southern B r i t i s h  Coluiiibia 

i n  1977 (Cox and Charman, 1978) show t h a t  t h e  o n l y  impor tan t  s tocks a re  
l o c a t e d  i n  t h e  s tudy area. 

Most o f  t h e  p o p u l a t i o n s  a re  d c c e s i b l e  i n  t h e  depths rang ing  between 1-13 
metres. Highest  counts a r e  recorded o f f  Qual icum Beach. Major  l o c a t i o n s  
i n  Area 17 which suppor t  commercial q u a n t i t i e s  o f  Geoduck i n c l u d e :  
Nanoose , southeast Gabr io l  a I s1  and , S t u a r t  Channel , The t i  s I s1  and , Pyl ades 
Channel , southern Ladysmith Channel and Kuper Is1 and. Many o f  t h e  sinal 1 
bays and harbours i n  t h e  southern s e c t i o n  o f  t h e  G u l f  I s l a n d s  have 
u n s u i t a b l e  s u b s t r a t e  f o r  Geoducks. T h e i r  abundance i n  Area 18 i s  low. 

Much o f  t h e  s u b s t r a t e  i n  Area 14 i s  f avourab le  f o r  Geoduck growth. 
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TABLE 18 - MAJOR SPECIES AND AVERAGE NUMBERS CAPTURED PER TRAWL SET 
I N  THE SURFACE WATERS OF THE GENERAL AREAS LABELLED I N  
THE COASTAL RESOURCES MAP SERIES (1:50,000), "FISH AND 
SHELLF I SH RESOURCES 'I  

WLPI 
COtD 
CHI NOOK 
PINK 

TOTAL SALMON I==---- 
(# SETS AVERAGED) 

P A C I F I C  HERRING 

(# SETS AVERAGED) 

SPINY DOGFISH 

s1 s 2  s 3  s 4  S S  s 6  s 7  

5 l5 23 3 32 2 1 
31 5 7 3 8 4 12 
2 6 3 5 12 1 15 
5 37 34 2 3 1 1 

43 33 47 u 55 8 29 

H i  ti2 H 3  H4 

Di D2 D3 

3 54 149 

Source: R . J .  Bearnish, J . R .  Scarsbrook and F.P. Jordan.  1976a. A bottom 
t r a w l  s t u d y  of P a c i f i c  hake and Walleye p o l l o c k  a long  t h e  i n s h o r e  
areas a d j a c e n t  t o  Vancouver I s l a n d  i n  t h e  S t r a i t  of Georgia.  
Canada, F i s h e r i e s  and Marine Service, Data Record No.4. 

P 
P 



TABLE 19 - ABUNDANCE OF GROUNDFISH SPECIES CAPTURED I N  RESEARCH BOTTOM - TRAWL SETS i n  t h e  

(A)  Cape Lazo - Baynes Sound Regions  ( B )  N o r t h e r n  S e c t i o n  of t h e  Gulf (C) S o u t h e r n  S e c t i o n  of t h e  Gulf 

(Area  14)  I s l a n d s  (Area  1 7 )  I s l a n d s  (Area  18) 

I t 

9 2 1  3 8 5 
lM la4 a 33 143 
1 2  1 

No, SRCIES 

S o u r c e :  Adapted from R . J .  Beamish,  J . R .  S c a r s b r o o k  and F.P. J o r d a n  1976a .  
and Wal leye  p o l l o c k  a l o n g  t h e  i n s h o r e  areas a d j a c e n t  t o  Vancouver  I s l a n d  i n  t h e  S t r a i t  of G e o r g i a .  
F i s h e r i e s  and Marine Service, Data Record No.4.  

A b o t t o m  t r a w l  s t u d y  of P a c i f i c  hake  
Canada 
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The 1977 Geoduck survey i n d i c a t e d  t h a t  h ighest  d e n s i t i e s  were 
found i n  Area 17, a l though t h e  h ighes t  l a n d i n g s  from 1975 t o  1979 
occurred i n  Area 14. Geoduck l o c a t i o n s  are shown i n  t h e  Coastal 
Resources Map Ser ies  (1: 50,000) s e c t i o n  "F ish  and S h e l l f i s h  Resources". 

5.4.5.5 Species Names 

I n  t h i s  r e p o r t ,  common names a r e  used throughout bu t ,  i n  o r d e r  
t o  avo id  confus ion,  t h e  s c i e n t i f i c  naines a r e  g iven below. Common naines 
o f  f i s h ,  shrimp, and clams are  those prov ided r e s p e c t i v e l y  by H a r t  
(1973), B u t l e r  (1980), and Quayle and Bourne (1972). 

Salmon 

Chum 
Chi nook 
Coho 
P ink  
Sockeye 
Coastal C u t t h r o a t  t r o u t  
S tee l  head 

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

Groundf ish/Midwater F i s h  

P a c i f i c  cod 
W a l l  eye pol  1 ock 
Pac i f i c hake 
Tomcod 

Slender s o l e  
Engl i s h  (Lemon) sol  e 
F1 athead sol  e 
Rex s o l e  
Rock s o l  e 
Dover so l  e 
Sand s o l e  
Arrowtooth f l  ounder 
B u t t e r  so l  e 
S t a r r y  f l  ounder 
Spec k l  ed sanddab 

Rockf i sh 
Spiny d o g f i s h  
L ingcod 

Oncorhynchus keta 
0. tshawytscha 
0. k i  su tch  
0. gorbuscha 
0. nerka 
Salmo c l a r k i  c l a r k i  
S. g a i r d n e r i  

C1 upea pal 1 a s i  i 

Gadus macrocephal us 
Theragra chal  cogranima 
Mer1 ucc ius productus 
Mocrogad us prox imus 

Lyopset ta  e x i l  i s  
Parophys v e t u l  i s  
H i  ppoylossoides e l  assodon 
G l  y tocephal  us zachi  r u s  
Lepidopset ta  b i l  i neata 
M i  c r o s t  omus pac i f i c us 
P s e t t i c h t h y s  me1 anost i c t  us 
A t  heres t he s s t om i a s 
I s o p s e t t a  is01 ep i  s 
P1 a t i c h t h y s  s t e l  1 a tus  
C i t h a r i c h t h y s  stigmaeus 

Scorpaen i d a e  
Squal us ocanth ias 
Ophiodon e l  origatus 

P 
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She1 1 f i s h  

Pandal us P1 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. danae 
Pandal o p s i  s d i s p a r  

Prawn 
Shr imp 

-. 

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

Razor c l  arn 
B u t t e r  c lam 
M a n i l a  c lam 
L i t t l e n e c k  c l  ain 
Horse cam 
Geoduck c l  arn 

Cancer may i s t e r  

S i 1  i q u a  p a t u l  a 
Sax i don us y i g an t e us 
Venerupi  s j a p o n i c a  
P r o t o t h a c a  starninea 
Tresus capas 
Panope generosa 

O y s t e r  C rasso t rea  g i g a s  

Sea u r c h i n  S t r o n g y l o c e n t r o t u s  f r a n c i s c a n u s  

li; Mytil us edul  i s  Mussel s 

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

B e r y t e u t h i s  m a g i s t e r  
Lo1 i y o  opanescens 

5.5 RECREATIONAL RESOURCES 

The e a s t e r n  coas t  p r o v i d e s  abundant o p p o r t u n i t i e s  f o r  o u t d o o r  rec -  
r e a t i o n .  There a r e  numerous bays , harbours ,  s c e n i c  shore1 i n e s ,  and sho re  
process  f e a t u r e s  t o  a t t r a c t  r e c r e a t i o n i s t s .  Small  sand and she1 1 beaches 
a r e  cornnion, a1 thouy  h beaches o f  c o n s i d e r a b l e  s i z e  w i t h  good qual  i t y  sand 
a r e  few. The many l e v e l  backshore  c l e a r i n g s  a r e  i d e a l  f o r  camping and up- 
l a n d  a c t i v i t i e s  and are ,  i n  t h e  G u l f  I s l a n d s ,  t h e  o n l y  means o f  access t o  
some c o a s t a l  areas. The m a j o r  e s t u a r i e s  p r o v i d e  easy access t o  t h e  shore- 
zone f o r  v iew ing ,  wa lk ing ,  n a t u r e  s t u d y  and b o a t i n g ,  w h i l e  t h e  r o c k y  c o a s t s  
c o n t a i n  a d i v e r s i t y  o f  spec ies  t h a t  a t t r a c t s  d i v e r s .  W i t h i n  t h e  c o a s t a l  
up1 ands, i n a r i n e - o r i e n t e d  r e c r e a t i o n a l  o p p o r t u n i t i e s  a r e  cornpl in iented by  
r e c r e a t i o n a l  r i v e r s ,  h i k i n g  t r a i l s ,  s c e n i c  environrnents, and parks.  The 
Canada Land I n v e n t o r y  r a t e s  much o f  t h e  shorezone o f  t h e  s t u d y  area  c l a s s  1 
t o  c l a s s  4, s i g n i f y i n g  t h a t  t h e  s t u d y  coas t  has a v e r y  h i g h  t o  inoderate 
c a p a b i l  i t y  f o r  o u t d o o r  r e c r e a t i o n .  

i' 

5.5.1 COMPETITION FOR SPACE AND RESOURCES 

Competing f o r  t h e  resources  o f  t h e  s t u d y  area  b y  1985 w i l l  be 
r e c r e a t i o n i s t s  f ro in a p r o j e c t e d  l o c a l  p o p u l a t i o n  o f  255 thousand and a b 

c 
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r e g i o n a l  p o p u l a t i o n  o f  1.5 m i l  1 i o n  people. 
S t r a i t  o f  Georgia r e g i o n  adds almost 2 m i l l i o n  people annual ly.  
about 83 thousand households w i t h i n  t h e  r e g i o n  owned 1 o r  inore recrea-  
t i o n a l  boats;  a l s o  i n  1973, n e a r l y  10 thousand t o u r i s t  boaters  v i s i t e d  t h e  
coas ta l  waters o f  t h e  S t r a i t .  By 1985, t h e  boater  p o p u l a t i o n  i s  expected 
t o  increase by 32% (Eby, 1979); t h e  demand f o r  boat ing  f a c i l i t i e s  and 
assoc ia ted  coasta l  r e c r e a t i o n  areas may be e q u a l l y  h i g h  i n  v iew o f  t h e  
p r o j e c t e d  popul a t i o n  growth. 

Doubt1 ess, cornpet i t ion f o r  resources w i  11 be mani fested a t  t h r e e  
l e v e l s :  a) between rnajor c lasses o f  a c t i v i t i e s  ( i .e .  r e c r e a t i o n a l  use o f  
e s t u a r i e s  vs i n d u s t r i a l  development), b)  between subgroups 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  boat  no ise vs shorel  i n e  r e c r e a t i o n a l  c o t t a g e  
areas) ,  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  increase i n  r e c r e a t i o n  
demands rnay i n c l  ude myriad forrns o f  management approaches, b u t  as evidence 
froin o t h e r  j u k i s d i c t i o n s  shows, o n l y  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, ( f rorn v i r g i n  w i l d  l a n d  t o  hiyh-use s i t e s  managed accord ing t o  
mu1 t i p l e  o r  compat ib le-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 ed. 

The c o m p e t i t i o n  f o r  space and resources i s  c u r r e n t l y  most acute 
i n  several  o f  t h e  major  e s t u a r i n e  areas. I n d u s t r i a l  developments and 
commercial opera t ions  are  o f t e n  a t t r a c t e d  t o  e s t u a r i e s  because o f  t h e  
degree o f  coas ta l  p r o t e c t i o n  provided, and by t h e  economics o f  c o n t r u c t i o n  
i n  e s t u a r i e s  versus rocky coasts. A v e r y  small  percentage o f  t h e  t o t a l  
e s t u a r i n e  area i s  p r e s e n t l y  a1 l o c a t e d  f o r  r e c r e a t i o n a l  purposes. Whi le 
much o f  t h e  fo reshore  o f  t h e  s tudy coast1 i n e  remains una1 ienated,  numerous 
a u t h o r i z e d  and unauthor ized s t r u c t u r e s  have been const ructed.  These 
s t r u c t u r e s  i n c l  ude concrete ramps f o r  boat 1 aunching, 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  foreshore.  Occasional ly ,  evidence o f  
excavat ion  and l e v e l i n g  by machines i s  found i n  t h e  i n t e r t i d a l  areas. 
These occurrences may be 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  o f  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  m a t e r i a l  s f o r  personal 
p r o j e c t s  . 

Whil e many impor tan t  r e c r e a t i o n a l  resources are  c u r r e n t l y  protec-  
t e d  from a l i e n a t i o n  w i t h i n  t h e  coas ta 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 those 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 n c l u d i n g  scuba d i v i n g  
s i t e s ,  shore process fea tures ,  beaches, backshore camping areas, and 
r e c r e a t i o n a l  r i v e r s ) ,  remain unprotected. With t h e  p r e d i c t e d  p o p u l a t i o n  
growth, c o m p e t i t i o n  f o r  many o f  t h e  areas w i l l  doubt less increase.  For  
ins tance,  expansion o f  c u r r e n t  uses such a s  l o g  storage, commercial 
f i s h i n g ,  shore l  i n e  r e s i d e n t i a l  developiiient, and coiririiercial 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  fo reshore  o r  backshore zones preempts r e c r e a t i o n a l  use 
as e f f e c t i v e l y  as numerous 1 icenced water wi thdrawal s froin r i v e r s  prevent 
r i v e r  b o a t i n g  o r  f i s h i n g .  
(crowding) ,  misuse ( v e h i c u l a r  t r a f f i c ) ,  i n a p p r o p r i a t e  use (excavat 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  o f  longshore sediment t r a n s p o r t  t h a t  feed 
beaches. It i s  obvious t h a t  p r o t e c t i o n  o f  unique, r e c r e a t i o n a l l y  va luab le  
s i t e s  must occur r e l a t i v e l y  soon w h i l e  they  s t i l l  remain, and w h i l e  t h e  
c o s t s  o f  a c q u i s i t i o n  a r e  n o t  p r o h i b i t i v e .  

Cur ren t ly ,  t o u r i s m  w i t h i n  t h e  
I n  1973, 

Beaches become a l i e n a t e d  through overuse 

3 
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5.2.2 ACCESS I 

One o f  t h e  most p ress ing  coas ta l  zone problems o f  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) i s  t h e  l a c k  o f  p u b l i c  access t o  
t h e  sho re l i ne .  A l though much o f  t h e  s tudy s h o r e l i n e  i s  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  a re  v i r t u a l l y  i naccess ib le .  A combinat ion o f  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  i n  t h e  G u l f  
I s l a n d s  prec ludes t h e  use o f  many p o t e n t i a l  r e c r e a t i o n a l  areas, by  t h e  
non-boat ing pub1 i c .  S i m i l a r l y ,  marinas w i t h  s e c u r i t y  fences, and ad jacen t  
cornrnerc ia l / indust r ia l  developments e i t h e r  p h y s i c a l l y  prevent  access o r  
render  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  coas ta l  areas, access t o  t h e  water i s  e i t h e r  uriiiiarked o r  inadequate 
f o r  v e h i c l e s  and pedestr ians.  Log booming and s to rage  on t h e  i n t e r t i d a l  
f l  a t s  o f  major  e s t u a r i e s  s i rn i l  a r l y  p reven ts  t h e i r  unobst ructed enjoyment 
w h i l e  a l s o  reducing t h e  h a b i t a t  o f  r e c r e a t i o n a l  w i l d l i f e  species. 
Backshore devel opments and fo reshore  1 eases d e s t r o y  t h e  w i  1 derness 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  o f  scenic  coast.  
unobst ructed shore1 i n e  remain f o r  r e c r e a t i o n i s t s  w ish ing  t o  en joy  t h e  
scenery and b i o t a  o f  t h e  coas ta l  zone i n  s o l i t u d e  and beyond s i g h t  o f  
human a c t i v i t i e s ,  t h e  issuance o f  new fo reshore  leases i n t o  new areas 
c o u l d  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  o f  i s o l a t i o n  i n  t h e  s tudy  area. 

5.5.3 POLLUTION 

Whi le  many i r i i les  o f  

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 mun ic ipa l -  
i t  i es and c i t i e s  a re  responsi  b l  e f o r  numerous she1 1 f i sh c l  osures a1 ong t h e  
coast.  Boat wastes i n  marinas and 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 froin r e c r e a t i o n a l  boats  i n  
open waters  i s  n o t  y e t  i d e n t i f i e d  as problemat ic ,  a1 though several  h e a v i l y  
used anchorages evidence poor v i s u a l  and a e s t h e t i c  water qual i t y .  

Water c o n t a c t  s p o r t s  ( i . e .  swimming) conducted i n  area o f  
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 
f rom l o g  booming and storage, and e f f l u e n t  from coas ta 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  Val ue o f  coas ta l  waters by j e o p a r d i z i n g  t h e  
i n t e g r i t y  o f  coas ta l  ecosystems. The consumption o f  mar ine and i n t e r t i d a l  
b i o t a  a re  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; wa te r  q u a l i t y ,  
t h e r e f o r e ,  i s  o f  g r e a t  concern. I n  many instances,  t h e  c o s t s  o f  p o l l u t i o n  
a r e  ex te rna l  t o  t h e  o r i g i n a t i n g  sources and a re  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 C1 imate 

An 
waves under 

understanding o f  t h e  p o t e n t i a l  f o r  a body o f  water  t o  produce 
c e r t a i n  c o n d i t i o n s  i s  impor tan t  from a eny inee r ing ,  p lanning,  
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and r e c r e a t i o n a l  p o i n t  o f  view. Engineers a re  concerned w i t h  t h e  e f f e c t  
o f  waves on coas ta l  s t r u c t u r e s  such as breakwaters o r  wharves as w e l l  as 
t h e  sed imen ta t i on  o f  harbours. Planners,  on t h e  o t h e r  hand, a re  concerned 
w i t h  wave e f f e c t s  on coas ta l  b l u f f s ,  t h e  p r o b a b i l i t y  o f  i n u n d a t i o n  d u r i n g  
stornis, and t h e  s e n s i t i v i t y  o f  c e r t a i n  shoreforms, such as s p i t s ,  t o  
eros ion.  R e c r e a t i o n i s t s  a r e  concerned about t h e  s t a b i l  i t y  o f  c o a s t a l  
b l u f f s  ( o n  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 o f  sandy beaches. 

The f o l l o w i n g  d i s c u s s i o n  does n o t  a t tempt  t o  cover  t h e  c u r r e n t  
s t a t e  o f  t h e  a r t  i n  wave theory,  b u t  rev iews what i s  known i n  t h e  s tudy  
area. 
layman's  t e x t .  For  works i n  t h e  f i e l d  r e l a t i n g  t o  t h e  Canadain 
c o n d i t i o n s ,  r e p o r t s  by ACKOSES (1980), and McCann (1980) are a v a i l a b l e .  
A lso,  an e x c e l l e n t  s e r i e s  o f  a r t i c l e s  by  Thompson (1974 t o  1977) app ly  
d i r e c t l y  t o  t h e  s tudy area. 

Fo r  f u r t h e r  read ing  on t h e  sub jec t ,  Bascom (1980) i s  an e x c e l l e n t  

5.6.1.1 Wave H e i g h t s  

Wave h e i g h t  i s  a f u n c t i o n  o f  t h e  generat ing wind, i t s  s t r e n g t h ,  
(speed),  d u r a t i o n ,  ( t i m e  f o r  which i t  has been b low ing  a t  a p a r t i c u l a r  
speed), and f e t c h  ( t h e  unobstructed l e n g t h  o f  water over which t h e  wind 
can blow).  

5.6.1.1.1 Wind S t r e n g t h  
Owens (1980) ,  i n  h i s  work on S a l t s p r i n g  I s l a n d ,  notes t h a t  t h e  

d i r e c t i o n  o f  s t r o n g e s t  winds i s  more s i g n i f i c a n t  i n  wave genera t i on  than  
p r e v a i l  i n g  w i  nd pa t te rns .  McCann and Hal e (1980) , s t u d y i  ng sediment 
d i s p e r s a l  p a t t e r n s  on t h e  eas te rn -cen t ra l  coast chose wind speeds o f  
between 32 and 48 km/hr t o  s imu la te  storni cond i t i ons .  Hale and Greenwood, 
(1980),  i n  t h e i r  work on storm wave claniatology, s e l e c t e d  1 9  krn/hr. (12  
rni/hr.) as t h e  l owes t  speed t o  d e f i n e  a storrii. F i g u r e  10 d i s p l a y s  t h e  
seasonal percentage frequency o f  hours w i t h  wind speeds g r e a t e r  than 30 
km/hr (17 k n o t s )  f o r  a r e p r e s e n t a t i v e  area: Entrance I s l a n d  near Nanairno. 
Here winds b low almost e x c l u s i v e l y  froin t h e  east t h rough  southeast o r  west 
t h rough  northwest.  The wind from a l l  o t h e r  d i r e c t i o n s  accounts f o r  l e s s  
t h a n  0.5 pe rcen t  o f  t h e  hours on an annual basis.  The r e v e r s a l  o f  t h e  
summer and w i n t e r  p a t t e r n s  and t h e  t r a n s i t i o n a l  na tu re  o f  s p r i n g  and f a l l  
a r e  c l e a r l y  e v i d e n t  i n  the  f i g u r e  (Schaefer,  1980). These va lues a p p l y  t o  
t h e  inore exposed "ou ts ide "  coasts  o f  t h e  s tudy area. Winds on t h e  ' ' i ns ide "  
coas ts  a re  h i g h l y  v a r i a b l e  r e f l e c t i n g  topographic  c o n t r o l s  r a t h e r  than  
seasonal c l  irnate. 

recorded winds a t  most s t a t i o n s  a re  sou theas te r l y ,  b u t  i n  some months ( f o r  
exampl e, January a t  Entrance I s 1  and) s t ronges t  winds a r e  n o r t h w s t e r l y . "  

Guenther and Faulkner  (1978) s t a t e :  ''We f i n d  t h a t  t h e  s t r o n g e s t  

5.6.1.1.2 Wind D u r a t i o n  
Ha le  and Greenwood (1980) a r b i t r a r i l y  chose s i x  hours as t h e  min- 

imum d u r a t i o n  of a storm event (i.e. winds g r e a t e r  t han  19 km/hr.) s t a t i n g  
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F i g u r e  10. PERCENTAGE FREQUENCIES OF HOURS WITH WIND SPEEDS 30 km/hr ( 1 7  k n o t s )  OR-GREATER 
FOR ENTRANCE ISLAND (1969 - 7 7 )  
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S e r v i c e  . Van couver  . 

I 

m 
Iv 

I 



- 63 - 'il 

t h a t  "waves t a k e  a c e r t a i n  l e n g t h  o f  t i m e  t o  develop over  any s i g n i f i c a n t  
fetch...". 
r e l a t e d  t o  t h e  ac tua l  s e r i e s  o f  storm events s tud ied.  McCann and Hale 
(1980) a l s o  chose s i x  hours as t h e  minimum d u r a t i o n  i n  t h e i r  f o recas ts .  
Harper (1980 pers.  comm.), on t h e  o t h e r  hand, f e e l s  t h a t  a minimum d u r a t i o n  
of  o n l y  one hour would produce s i g n i f i c a n t  waves f o r  l e s s  exposed s i t e s .  
He bases t h i s  comment on h i s  work on t h e  Saanich Peninsula (Harper,  i n  

The f o l l  owi ny c l  i r na t i c  p a t t e r n  i s  f r e q u e n t l y  observed (Guenther 

They a l s o  note t h a t  t h i s  f i g u r e  proved t o  be c o n s e r v a t i v e  when 

Prep* )  

and Faul kner,  1978): " A  P a c i f i c  f r o n t a l  system i n  a g e n e r a l l y  no r th -sou th  
l i n e  approaches t h e  coast  from t h e  west. As i t  does so, e a s t e r l y  o r  south- 
e a s t e r l y  winds f reshen  reach ing  t h e i r  peak, o f t e n  ga le  s t r e n g t h  o r  g r e a t e r ,  
j u s t  ahead o f  t h e  f r o n t .  A f t e r  t h e  f r o n t a l  passage winds veer t o  the  south 
o r  southwest, s lacken and g r a d u a l l y  r e t u r n  t o  t h e i r  usual e a s t e r l y  o r  
s o u t h e a s t e r l y  d i r c t i o n .  However, i f  t h e  f r o n t  i s  accoiiipanied by a v e r y  
sharp t r o u g h  o f  l o w  pressure,  as i s  o f t e n  the  case, winds may veer s h a r p l y  
t o  t h e  nor thwest  and s t reng then  q u i c k l y  t o  g a l e  force.  A f t e r  b low ing  from 
t h e  nor thwest  f o r  a few hours, o r  perhaps a day, t h e y  g r a d u a l l y  abate and 
s l o w l y  r e v e r t  t o  eas te r l y . "  

5.6.1.1.3 Fetch 
Dunn (1980) has found i n  t h e  Coastal Resources Map Ser ies  

(1:  50,000) s e c t i o n  Phys ica l  Shorezone, t h a t  maximum f e t c h e s  f o r  t h e  s tudy 
area a re  g r e a t e r  t han  150 kin. I n  a l l  cases t h e  maximum fe tches  a re  a l i g n e d  
w i t h  t h e  a x i s  o f  t h e  S t r a i t  o f  Georgia. Maximum fe tches  occur on o u t e r  
exposed coasts  o f  t h e  s tudy area. McCann and Hale (1980) found maximum 
f e t c h e s  o f  120 kin and 40 km t o  t h e  southeast and east ,  r e s p e c t i v e l y .  Owens 
(1980) recorded a maximum f e t c h  o f  29 km on S a l t s p r i n g  I s l a n d  bu t  more 
f r e q u e n t l y  recorded f e t c h e s  o f  l e s s  than  5 km. These va lues a r e  i n d i c a t i v e  
o f  i n n e r  coasts.  

5.6.1.1.4 Synthes is  
The s tudy area i s  f e t c h  and d u r a t i o n  l i m i t e d  i n  develop ing s i ze -  

a b l e  sea waves (Owens, 1980; McCann and Hale, 1980). A lso,  d e t a i l e d  
s t u d i e s  a re  l a c k i n g ;  t h e r e f o r e ,  t h e  probable s i g n i f i c a n t  wave he igh t  
( h i g h e s t  1/3 o f  t h e  waves) p r e d i c t i o n s  f o r  t h e  s tudy area a re  f o r  deep 
water  condi tons.  
c o n s i d e r a t i o n  o f  nearshore slope, t i d e s ,  c u r r e n t s ,  and o b s t r u c t i o n s .  A 
ru le-of - thumb i s  t o  m u l t i p l y  deep water va lues by 1.5 t o  approximate near- 
shore wave h e i g h t s  (Thornson, 1977a; and Kraue l ,  1980). 
(1980) s t a t e  t h a t  t h e  l a r g e s t  waves i n  t h e  S t r a i t  o f  Georgia occurred 
d u r i n g  t h e  autumn, w i n t e r  and s p r i n g  w i t h  t h e  sma l les t  waves observed i n  
summer. 
nor thwest ,  w h i l e  doininant waves t e n d  t o  be from t h e  southeast.  They no te  
t h a t  l o c a l  winds generate waves o f  l e s s  than 0.9 metres 80% o f  t h e  t ime. 
Owens (1980) on t h e  o t h e r  hand, suggests t h a t  maximum wave he igh ts ,  d u r i n g  
storni  c o n d i t i o n s ,  c o u l d  be 0.5 t o  0.7 metres on exposed coasts.  She l te red  
coas ts  ( f e t c h  l e s s  than  5 km) would r a r e l y  have waves exceeding 0.5 metres. 

P r e d i c t i o n s  o f  wave h e i g h t s  a t  t h e  s h o r e l i n e  r e q u i r e s  t h e  

Clague and Bornhold 

The l a r g e s t  waves a re  generated by winds from t h e  southeast o r  
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McCann and Hale (1980) p r e d i c t  maximum waves o f  2 metres f o r  t h e i r  study. 
Thompson (1977) c a l c u l  a tes  t h e  most probable maximum waves a f f e c t i n g  t h e  
edge o f  t h e  Fraser  R i v e r  t i d a l  f l a t s  t o  be 2.9 metres from t h e  northwest.  
These a re  enhanced by shoa l i ng  and opposing ebb t i d e s  d u r i n g  h i g h  r i v e r  
d i scha rge  (Luternauer ,  1980). Frank (1980) i n  h i s  work i n  t h e  G u l f  
Is1 ands, est imates t h a t  maximum waves s t r i k i n g  t h e  o u t e r  coas ts  o f  
Gal iano, Mayne and Valdes I s l a n d s  a r e  2.4 metres f rom t h e  northwest.  

Only f o u r  se ts  o f  r e a l  wave da ta  app ly  t o  t h e  s tudy area: 
Sturgeon Bank ( w i n t e r  1974 and s p r i n g  1976) H a l i b u t  Bank ( w i n t e r  and 
s p r i n g  1974) and two f o r  French Creek (one sha l l ow  water and t h e  o t h e r  
deep water - w i n t e r  1976 t o  1977). The f o l l o w i n g  reco rds  were obtained. 

Sturgeon Banks, S t a t i o n  102 at-100 metres 

0 

0 
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L a r g e s t  Wave Record: 2.9 metres w i t h  peak p e r i o d  between 6 and 7 
seconds. 

Greatest  Percentage Wave Height  and Per iod:  76 pe rcen t  l e s s  than  0.9 
metres w i t h  2-4 second 
per iods.  

Exceedance: 10 pe rcen t  probable iuaximurn exceedance o f  1.2 metre waves. 

H a l i b u t  Bank, S t a t i o n  97, -53 metres 

La rges t  Wave Recorded: 1.8 metres w i t h  peak p e r i o d  between 4 and 6 
seconds. 

Greatest  Percentage Wave He iyh t  and Per iod :  80 percent  l e s s  than 0.9 
metres w i t h  2-4 second 
per iods.  

Exceedance: 10 pe rcen t  probable exceedance o f  1.2 metre waves. 

French Creek, S t a t i o n  115 ( o u t e r ) ,  .-72 metres 

La rges t  Wave Recorded: 1.2-1.5 metre w i t h  peak p e r i o d  between 6 and 7 
seconds. 

Greatest  Percentage Wave Height and Per iod:  42 percent  l e s s  than  0.9 
metres w i t h  3-4 second 
p e r i o d s  (McCann and Hale, 
1980). 

Exceedance: l e s s  than  1 percen t  probable exceedance o f  0.4 metres. 

P 
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French Creek, S t a t i o n  114 ( i n n e r )  ,-3.6 metres 
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L a r g e s t  Wave Recorded: 0.6 metre w i t h  peak p e r i o d  5 t o  6 seconds. 

Grea tes t  Percentage Wave Height  and Per 

Exceedance: l e s s  than  1 percen t  probab 

5.6.1.2 Wave Energy 

od: 64 percent  l e s s  than  0.3 
nietres w i t h  4 t o  5 second 
per iods.  

e exceedance o f  0.4 metres. 

Wave energy i s  a f u n c t i o n  o f  wave h e i g h t ,  wave p e r i o d  and near 
shore slope. An impor tan t  end product  o f  waves b reak ing  on t h e  shore i s  
t h e  genera t i on  o f  a l i t t o r a l  c u r r e n t .  Thompson (1975a) has developed a 
t a b l e  (see Table 20) d e p i c t i n g  t h e  r e l a t i o n s h i p  between f a c t o r s  de te rm in ing  
wave h e i g h t  and t h e i r  energy. 

5.6.1.2.1 Wave Per iod  
Wave p e r i o d  i s  d e f i n e d  as t h e  t i m e  r e q u i r e d  f o r  one coinplete wave 

Frank (1980) notes t h a t  w h i l e  w i n t e r  storms b r i n g  heavy seas f rom 

McCann and Hale (1980) c a l c u l a t e  a wave p e r i o d  of  5 t o  

- t rough  t o  t r o u g h  t o  pass a g i ven  p o i n t .  

t h e  southeast,  t h e y  c a r r y  l e s s  energy than  wave t r a i n s  over a l o n g e r  f e t c h  
f ro in t h e  northwest.  
5.5 seconds f o r  t h e i r  study. Krauel (1980) uses a ranye of  per iods  froin 1 
t o  6 seconds f o r  h i s  Kye Bay h' jndcast rnodel. 

maximum values o f  6 t o  8 seconds b u t  more f r e q u e n t l y  i n  t h e  2 t o  4 second 
range. 

Wave p e r i o d  data f o r  t h e  f o u r  s t a t i o n s  mentioned e a r l i e r  show 

5.6.1.2.2 Water Level s 
Owens (1980) notes t h a t  as t h e  t i d a l  range increases,  a v a i l a b l e  

wave energy d i s s i p a t e s  o v e r  a l a r g e r  v e r t i c a l  area. ,'laximum 
t i d a l  ranges i n  t h e  s tudy area v a r y  f rom 3 metres i n  t h e  south t o  more than 
5 metres i n  t h e  n o r t h  (Giovando, 1977). 
h i g h  t i d e s  can cause storm surges which can exceed h i g h  t i d e  l e v e l s  by  as 
much as 0.5 metres (Owens, 1980; Holden, 1980). Storm surges o f  t h i s  
magnitude have a 50 t o  100 y e a r  r e t u r n  p r o b a b i l i t y  (Holden, 1980). 

A combinat ion o f  s t r o n g  winds and 

5.6.1.2.3 Nearshore S1 ope 
The amount o f  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 i s  a f u n c t i o n  i n  p a r t ,  o f  t h e  nearshore slope. Long sha l l ow  
s lopes d i s s i p a t e  energy as t h e  wave approaches t h e  shore wh i l e ,  s teep 
s lopes a l l o w  t h e  wave energy t o  be d i s s i p a t e d  d i r e c t l y  on t h e  shore. 
Headlands g e n e r a l l y  concen t ra te  wave energy w h i l e  ernbaynients d i f f u s e  it. 
Krauel  (1980) used nearshore bathymetry  f o r  development o f  a wave rnodel f o r  
Kye Bay. tie notes,  however, t h a t  t h e  a v a i l a b l e  i n f o r m a t i o n  i s  n o t  adequate 
f o r  accurate r e f r a c t i o n  p r e d i c t i o n .  
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TABLE 20 - M I N I M U M  FETCH AND DURATION TO PRODUCE FULLY DEVELOPED SEAS OF 
VARIOUS WIND SPEEDS 

Wind Speed ( k n o t s )  

F e t c h  ( n a u t i c a l  m i l e s )  

D u r a t i o n  (hou rs )  

Average He igh t  ( f e e t )  

S i g n i f i c a n t  He igh t  ( f e e t )  

Average o f  t h e  h i g h e s t  10% 
( f e e t )  

P e r i o d  hav ing  t h e  g r e a t e s t  

c o n c e n t r a t i o n  o f  eneryy  

(seconds) 

1 0  1 5  2 0  25 30 40 50 

1 0  34 75 160 280 710 1420 

24 6 1 0  16 23 42 69 

0.9 2.5 5 9 14 28 48 

1.4 3.5 8 1 4  22 44 78 

1.8 5 10 18 28 57 99 

4 6 8 10 12 16 20 

The S i g n i f i c a n t  He igh t  i s  t h e  average h e i g h t  o f  t h e  h i g h e s t  1/3 o f  t h e  

e x i s t i n g  waves. The inaxiriiurli waveheight i s  about 1.9 t i m e s  t h e  s i g n i f i c a n t  

u 

li 

1; 

u 

u 

h e i g h t .  w 
SOURCE: R.E. Thoinson, 1975a. "Waves - The Phys ica l  Oceanography o f  t h e  U.C. 

Coast - P a r t  3". P a c i f i c  Yacht iny ,  Vol. 9, No. 4. 
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5.6.1.3 L i t t o r a l  C u r r e n t s  

L i t t o r a l  c u r r e n t s  a re  generated by waves s t r i k i n g  t h e  shore1 i n e  
a t  an angle. Thompson (1977a) s t a t e s  t h a t  s h o r t  p e r i o d  waves produce 
s t r o n g e r  c u r r e n t s  than  l o n g  p e r i o d  waves as t h e y  a re  l e s s  s u s c e p t i b l e  t o  
r e f r a c t i o n .  Bauer (1977),  i n d i c a t e s  a c o n s i s t e n t  northward d r i f t  o f  
sediment a long t h e  e a s t e r n  coast  w i t h  o n l y  few except ions - Goose S p i t .  
Clague and Bornhold (19130) a l s o  n o t  t h e  c o n s i s t e n t  northward t r e n d  of 
s p i t s  i n  t h e  southeast p a r t  o f  t h e  s tudy  area. Harper (1980) observes 
t h a t  seasonal changes o f  wind d i r e c t i o n  i n  r e s t r i c t e d  fe t ches  niay produce 
seasonal r e v e r s a l s  o f  l i t t o r a l  d r i f t .  McCann and Hale (1980) f i n d  no 
dominant d i r e c t i o n  o f  longshore t r a n s p o r t  i n  t h e i r  s tudy area a1 though 
t h e y  i d e n t i f y  e i g h t  1 i t t o r a l  d r i f t  compartments. They note t h a t  s t r a i g h t  
s t r e t c h e s  o f  coast  ( i .e .  Qualicurri Beach) are h i g h l y  exposed ( f e t c h  window 
t o  180"); consequent ly,  r e v e r s a l s  o f  l i t t o r a l  d r i f t  a re  common though n e t  
sediment t r a n s p o r t  i s  1 ow. 

Clague (1976) f i n d s  t h a t  t h e  e ros ion  o f  coas ta l  b l u f f s  p rov ides  
t h e  m a t e r i a l s  f o r  l i t t o r a l  d r i f t .  He observes t h a t  f i n e  sediments accu- 
mu la te  a t . t h e  base o f  e rod ing  b l u f f s  d u r i n g  summer and f a l l  months and are 
n o n - e x i s t e n t  d u r i n g  t h e  w i n t e r .  Features - such as Goose S p i t  
- erode and acc re te  i n  concer t  w i t h  t h i s  seasonal c y c l e  o f  sediment t r a n s -  
p o r t .  Krauel (1980) notes t h a t  coas ta l  b l u f f s  a r e  more s u s c e p t i b l e  t o  
e r o s i o n  when t h e y  a re  sa tu ra ted  w i t h  water. An increased supply  o f  sedi -  
ments t o  t h e  l i t t o r a l  zone would then  occur.  Owens, (1980)  noted t h a t  
1 i t t o r a l  c u r r e n t s  i n  t h e  narrow bays o f  S a l t s p r i n g  I s l a n d  moved t h e  sedi -  
ments towards t h e  head, n e t  t r a n s p o r t  r a t e s  however were low. 

5.6.2 CIRCULATION, TIDAL CURRENTS, TEMPERATURE AND SALINITY 

5.6.2.1 O v e r a l l  P a t t e r n s  

C i r c u l a t i o n  i n  t i l e  S t r a i t  o f  Georyia i s  a n t i - c l o c k w i s e  w i t h  t h e  
ebb t i d e  s t ronges t  and l o n g e s t  i n  d u r a t i o n  along t h e  east coast  o f  
Vancouver I s 1  and where t h e  n e t  c i r c u l a t i o n  i s  southward. Primary f a c t o r s  
i n  producing c u r r e n t s  a r e  t i d e s ,  winds, and r i v e r  r u n - o f f .  The C o r i o l i s  
f o r c e  and topography i n f l u e n c e  t h e  a n t i - c l o c k w i s e  c i r c u l a t i o n .  I n  narrow 
passayes o f  t h e  S t r a i t ,  t h e  c u r r e n t s  a r e  d r i v e n  predominant ly  by t i d a l -  
a c t i o n  such as th rough  D i  scovery, Gabr io l  a, Por l  i e r ,  A c t i v e  and Boundary 
passes. 

I n  t h e  Nor thern S t r a i t ,  t i d a l  c u r r e n t s  a re  weak and v a r i a b l e .  
T i d a l  c u r r e n t s  i n  t h e  Centra l  S t r a i t  a r e  g e n e r a l l y  s t r o n g e r  than those t o  
t h e  n o r t h  w h i l e  t h e  s t ronges t  t i d a l  c u r r e n t s  a r e  found i n  t h e  Southern 
S t r a i t .  F i v e  oceanographic reg ions  a r e  i d e n t i f i e d .  

5.6.2.1.1 D i  scovery Passage 
T h i s  r e g i o n  i s  c h a r a c t e r i z e d  by i n t e n s e  t i d a l  i n i x ing  which re-  

su l  t s  i n  phys i ca l  and chemical homogeneity. Surface d i l  u t i o n  by Campbell 
R i v e r  i s  l i m i t e d  t o  a sinal1 zone a t  t h e  r i v e r  niouth. 

3 
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5.6.2.1.2 N o r t h e r n  S t r a i t  
Bounded t o  t h e  n o r t h  by  D iscove ry  Passage, t h i s  r e g i o n  ex tends  

A h a l o c l i n e  i s  u s u a l l y  p resen t  
sou th  t o  t h e  v i c i n i t y  o f  Ba l l enas  I s l a n d  (Waldichuk, 1957) o r  Ent rance 
I s l a n d  (Her l i nveaux  and Giovando, 1969). 
except  f o r  nor thernmost  a reas  d u r i n g  w i n t e r .  

5.6.2.1.3 C e n t r a l  S t r a i t  
T h i s  r e g i o n  ex tends  sou th  t o  A c t i v e  Pass, e x c l u d i n g  waters  

w i t h i n  t h e  G u l f  I s l a n d s .  
R i v e r ,  p a r t i c u l a r l y  d u r i n g  t h e  r u n o f f  f rom May t o  September. 
produces marked v e r t i c a l  s t r a t i f i c a t i o n  i n  sa l  i n i t y  and temperature.  

The s u r f a c e  l a y e r  i s  doni inated by t h e  F rase r  
T h i s  

5.6.2.1.4 The G u l f  I s l a n d s  
The G u l f  I s l a n d s  a c t  as a p a r t i a l  b a r r i e r  t o  Cen t ra l  S t r a i t  

water. G u l f  I s l a n d  waters  a r e  d i l u t e d  by Cen t ra l  S t r a i t  water  t h a t  moves 
t h r o u g h  t h e  passes ( i .e.  Po r l  i e r  Pass). S t r a t i f i c a t i o n  i s ,  however, 
p o o r l y  developed i n  t h e  sou the rn  s e c t i o n  o f  t h e  G u l f  I s l a n d s .  
I s 1  ands r e g i o n  i s  connected by m a j o r  channe ls  t o  t h e  Southern S t r a i t  
reg ion .  

The g u l f  

5.6.2.1.5 Southern  S t r a i t  
T h i s  r e g i o n  i s  c h a r a c t e r i z e d  by i n t e n s e  t i d a l  m i x i n g  which pro- 

duces a homogenous water  column th rouyhou t  t h e  year .  T h i s  i s  
p a r t i c u l a r l y  t r u e  f o r  i s 1  and passages such as Haro S t r a i t .  

5.6.2.2 Loca l  Fea tu res  

5.6.2.2.1 Baynes Sound 
C i r c u l a t i o n  i n  n o r t h e r n  Baynes Sound i s  dominated by t i d e s .  

The f l o o d  c u r r e n t  e n t e r s  Comox Bar frorn t h e  open s t r a i t ,  d i v e r g i n y  i n t o  
Comox Harbour and Baynes Sound. Ebb c u r r e n t s ,  frorti Coniox Harbour f l o w  
i n t o  Baynes Sound, so t h a t  n e t  c i r c u l a t i o n  t h r o u g h  Baynes Sound i s  
southward th roughou t  t h e  t i d a l  c y c l e .  Net c i r c u l a t i o n  i s  g e n e r a l l y  
a n t i - c l o c k w i  se around t h e  Denrnan - Hornby I s1  ands reg ion .  

The area  o f  Coinox Harbour - Baynes Sound i s  c h a r a c t e r i s e d  by  
s u r f a c e  s t r a t i f i c a t i o n  w i t h  a t h i n  (2-3 met re)  s u r f a c e  b r a c k i s h  l a y e r .  
The t h i c k n e s s  o f  t h i s  l a y e r  and i t s  s a l i n i t y  v a r i e s  w i t h  t h e  seasonal 
r u n o f f  o f  t h e  Courtenay R ive r .  

S t r o n g e s t  winds occur  f rom t h e  southeas t  i n  w i n t e r ,  i i i i x i ng  
deeper s a l i n e  waters  i n t o  t h e  b r a c k i s h  s u r f a c e  l a y e r  thus  r e t a r d i n g  t h e  
seaward f l o w  o f  s u r f a c e  water. 
sou theas t  o f  Cape Lazo (see Coastal  Resources Map S e r i e s  (1:50,000) sec- 
t i o n  "Oceanography") i s  ev idence o f  deep water  upwel l  ing .  

The warm, h igh -sa l  i n i t y  wa te r  recorded 

5.6.2.2.2 Nanoose Bay 
Nanoose Bay, an i n l e t  w i t h  a t y p i c a l  s h a l l o w  s i l l  a t  t h e  en- 

t r a n c e  has neg l  i b l  e f r e s h - w a t e r  i n f l o w .  Oceanographic p a t t e r n s  i n  
Nanoose Bay a r e  c l o s e l y  re1  a t e d  t o  events  a t  Ent rance I s1  and i n  t h e  open 
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S t r a i t .  Du r ing  p e r i o d  o f  s o u t h e a s t e r l y  winds, s a l i n i t y  i nc reases  and t h e  
temperature decreases. Conversely, n o r t h w e s t e r l y  winds c o i n c i d e  w i t h  a 
d r o p  i n  s a l i n i t y  and a r i s e  i n  temperature.  Decreasing s a l i n i t y  i n  Nanoose 
Bay r e s u l t s  f rom t h e  i n t r u s i o n  o f  s u r f a c e  water froni t h e  S t r a i t  d u r i n g  
p e r i o d s  o f  nor thwest  winds i n  summer w h i l e  i n c r e a s i n g  su r face  sal i n i t y  
r e s u l t s  f rom t h e  i n t r u s i o n  o f  subsur face water over  t h e  s i l l  and d i sp lace -  
ment o f  s u r f a c e  water seawards d u r i n g  s o u t h e a s t e r l y  winds over  t h e  S t r a i t  
i n  w i  n te r .  

5.6.2.2.3 F i v e  F i  nger I s1  ands 
I n  t h e  r e g i o n  o f  F i v e  F inge r  I s l a n d s  summer s u r f a c e  s t r a t i f i -  

c a t i o n  occurs t o  about 15 metres. Winter  su r face  c o o l i n g  and wind-induced 
m i x i n g  d e s t r o y  s t r a t i f i c a t i o n ,  producing a un i fo rm densi ty .  Oceanographic 
p r o p e r t i e s  i n  t h i s  area a re  r e p r e s e n t a t i v e  o f  c o n d i t i o n s  i n  t h e  Centra l  
S t r a i t .  Local l ong  term n e t  c i r c u l a t i o n  i s  e a s t e r l y  o r  n o r t h e a s t e r l y .  
I nsho re  c i r c u l a t i o n  i s  confused by t i d a l  c u r r e n t s  among t h e  many i s l a n d s  
and channel s. 

5.6.2.2.4 Gul f Is1 ands 
S t u a r t  Channel i s  t y p i c a l  o f  G u l f  I s l a n d s  channels i n  terms o f  

s a l i n i t y  and temperature s t r a t i f i c a t i o n .  Low s u r f a c e  sal  i n i t y  i n  S t u a r t  
Channel i n  w i n t e r  i s  caused by r i v e r  r u n o f f  and, i n  summer, by  t h e  i n t r u -  
s i o n  o f  b r a c k i s h  water o f  t h e  Centra l  S t r a i t .  
c o n d i t i o n s ,  and l o w  sal  i n i t y  i n  suinrner, produce h i g h l y  s t a b l e  s t r a t i f i c a -  
t i o n .  Low temperatures i n  autumn and w i n t e r  combined w i t h  s t r o n g  winds and 
l a r g e  t i d e s  r e s u l t s  i n  inore r e a d i l y  mixed water. T i d a l  c u r r e n t s  predorn- 
i n a t e  a l though  l o c a l  winds may have a s i g n i f i c a n t  e f f e c t .  
southeast  winds cause a c lock -w ise  eddy i n  Osborne Bay. 

High temperatures,  calm 

For  example, 

5.6.2.2.5 Ladysmith Harbour 
Three s a l i n i t y  minima i n  a yea r  have been recorded i n  Ladysni i th 

Harbour: two d u r i n g  t h e  autumn and w i n t e r  f r e s h e t s  and one i n  mid-summer. 
They a r e  caused by t h e  i n t r u s i o n  o f  b rack i sh ,  Centra l  S t r a i t  water i n t o  t h e  
S t u a r t  Channel - Trincoinal i Channel system. 

5e.6.3 SEDIMENTATION 

5.6.3.1 Nearshore Sedimentat ion 

The nearshore zone extends frotn t h e  h i g h  t i d e  l i n e  to-20 metres 
depth (10 fathoms).  
nearshore zone a r e  p r i m a r i l y  t h rough  e r o s i o n  o f  unconsol i d a t e d  depos i t s  on 
t h e  backshore (McCann and Hale, 1980; Clague, 1975 and 1976; Clague and 
Bornhold,  1980; Owens, 1980; K raue l ,  1980; and Harper, 1980). McCann and 
Hale (1980) s t a t e  t h a t  l i t t l e  o r  no sediment supply  occurs froin o f f s h o r e  
sources. The c o n t r i b u t i o n  o f  r i v e r  Sediments i s  minor  f o r  t h e  Nor thern 
S t r a i t  (Clague, 1975; McCann and Hale, 1980). Clague (1976) notes t h a t  
sandsized sediments assoc ia ted  w i t h  Wil lernar B1 uff-Goose S p i t  system a re  

There i s  agreement t h a t  sources o f  new sediment t o  t h e  
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t r a n s p o r t e d  o f f s h o r e  and across  an a d j a c e n t  bas in .  
o f  sediments i s  a l s o  noted by Krauel  (1980) f o r  Kye Bay, and by McCann and 
Ha le  (1980) f o r  Kye Bay t o  P a r k s v i l l e .  These rnoveinents r e p r e s e n t  a n e t  
l o s s  o f  sediments from t h e  i n t e r t i d a l  area. 

F y l e s  (1963)  s t a t e s  t h a t  r e c e n t  mar ine  sediments tend  t o  be l e s s  
t h a n  3 met res  i n  t h i c k n e s s  ove r  o l d e r  t i l l  d e p o s i t s  o r  bedrock. The deep- 
e s t  sediments a r e  assoc ia ted  w i t h  Quadra sands and a c c r e t i o n  forms such as 
s p i t s .  McCann and Hale (1980) measured t h i c k n e s s e s  o f  y r e a t e r  t h a n  1.5 
met res  a t  18 met res  depth  f o r  t h e  sandy o f f s h o r e  sediments d e p o s i t e d  by 
e r o s i o n  o f  t h e  i n t e r t i d a l  areas. 
v e r i f y  t h a t  r e c e n t  sediments over1  i e  c o a r s e r  and o l d e r  unconsol i d a t e d  de- 
p o s i t s .  

Rates o f  sed imen ta t i on  o f  t h e  nearshore  zone a r e  unknown a l t h o u g h  
t h e r e  a r e  da ta  f o r  c o a s t a l  b l u f f  r e c e s s i o n  (K raue l ,  1980). The r a t e  of 
nearshore  sed imen ta t i on  i s  i n f l u e n c e d  by t h e  presence o f  bedrock and coarse  
t e x t u r e d  m a t e r i a l s .  
d e b r i s  i n  t h e  upper t i d a l  area stab1 i z e d  u n d e r l y i n g  sediments. 

The o f f s h o r e  movement 

McCann and Hale (1980) and Clague (1976) 

Owens (1980) a l s o  no tes  t h a t  t h e  presence of l o g  

5.6.3.2 Deep B a s i n  Sed imen ta t i on  

The areas c o n t a i n i n g  deep b a s i n s  may be cons ide red  i n  t h r e e  p a r t s  
( Wal d i c  huk , 1957 ) . 

5.6.3.2.1 N o r t h e r n  S t r a i t  
Deep b a s i n  sediment sources a r e  p r i m a r i l y  c o a s t a l  b l u f f s  and 

s h a l l o w  submarine banks; sediments from r i v e r s  a r e  l o w  (Clague 1975, 1977). 
C lague 's  (1976) work near  Cornox d i scove red  t h a t  f i n e  sediments ( s i l t  and 
c l a y )  a r e  t r a n s p o r t e d  i n  suspension and s e t t l e  i n  areas o f  l o w e r  energy  ( i e  
t h e  deep b a s i n ) .  
d a l  c u r r e n t s  around D iscove ry  Passage, however, p r e v e n t  t h e  d e p o s i t i o n  o f  
f i n e  m a t e r i a l s  t o  depths  o f  230 met res  (Clague, 1975). 
t h e  sediments a r e  c a l c u l a t e d  t o  be  f r o m  23 met res  t o  175 met res  i n  t h e  deep 
b a s i n s  (Clague, 1977). 

Sand may be t r a n s p o r t e d  i n  t r a c t i o n  t o  deeper water.  T i -  

The t h i c k n e s s  o f  

5.6.3.2.2 C e n t r a l  S t r a i t  
The F r a s e r  R i v e r  i s  t h e  m a j o r  source  o f  sediments,  e s p e c i a l l y  

d u r i n g  f reshe ts  (Pharo  and Barnes, 1976).  
suspension northwestward, though f o r  p a r t s  o f  t h e  y e a r  i t  i s  southeas tward  
( i . e .  d u r i n g  f r e s h e t )  w i t h  t h e  plume r e a c h i n g  t h e  G u l f  I s l a n d s .  
p a r t i c l e  s i z e  decreases moving wes t  and n o r t h w e s t  from t h e  d e l t a  (Pharo and 
Barnes, 1976).  
(1969) b e l i e v e s  t h a t  t u r b i d i t y  c u r r e n t s  a l s o  move sed iments .  
r i d g e s  and banks may p r o v i d e  sediments t o  a d j a c e n t  b a s i n s ,  b u t  because o f  s t r o n g  
c u r r e n t  r e c e i v e  no d e p o s i t i o n  o f  f i n e  m a t e r i a l  (Clague, 1975; Pharo and Barnes 
1976).  The t h i c k n e s s  o f  t h e  sediments i s  c a l c u l a t e d  t o  be  f rom 15 t o  300 met res  
moving n o r t h  t o  sou th  (Mathews and Murray,  1966 and Cockbain, 1963).  

Finc!  sediments d re  c a r r i e d  i n  

Sediment 

Sediments may a l s o  be t r a n s p o r t e d  by  t r a c t i o n  c u r r e n t s .  T i f f i n  
Coarse t e x t u r e d  

5.6.3.2.3 Southern  S t r a i t  

f i c a n t  s e d i m e n t a t i o n  i n  t h i s  s e c t i o n .  
Pharo and Barnes (1976) p o s t u l a t e  t h a t  t h e r e  i s  p r e s e n t l y  no s i g n i -  

The o r i g i n  o f  e x i s t i n g  sediments 

li 
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i s  o l d e r  f l u v i a l  and d e l t a i c  d e p o s i t s  reworked b y  s t r o n g  c u r r e n t s .  No d a t a  
on  t h i c k n e s s  o r  sediments a r e  a v a i l a b l e .  

channe ls  o f  t h e  G u l f  I s l a n d s .  
No work has been done on t h e  s e d i m e n t a t i o n  o f  t h e  passage and 

Sed imen ta t i on  r a t e s  a r e  c a l c u l a t e d  f o r  t h e  S t r a i t  of Georg ia  
( T a b l e  2 1 ) .  

TABLE 21 - ESTIMATED RATES OF SEDIMENTATION 

AREA *SEDIMENTATION SIGNIFICANCE OF SOURCE 
RATE ( c m l y r )  RATE 

F r a s e r  D e l t a  f r o n t  
about  - 37 met res  

F r a s e r  D e l t a  f r o n t  
about  - 90 met res  

S t r a i t  o f  Georg ia  o f f  
F r a s e r  D e l t a  

N o r t h e r n  C e n t r a l  S t r a i t  
o f  Georgia 

B a l l  enas B a s i n  

M a l  asp i  na Bas in  

N o r t h e r n  S t r a i t  o f  
Geory i a  

N o r t h e r n  S t r a i t  o f  
Georg ia  

34 

37 

2.7 

0.6 

2.6 

2.3 

0.1 

1.4 

Average f o r  a c t i v e  
d e l t a  f r o n t  

Average f o r  a c t i v e  
d e l t a  f r o n t  

Maximum 

Average i n  b a s i n s  

Max i in uiri 

Max i lii um 

Average f o r  e n t i  r e  
a rea  

Maximuiri i n  b a s i n s  

Mathews 8 Shepard 
1962 

Mathews d Shepard 
1962 

Mathews & Mur ray  
1966 

Mathews & Mur ray  
1966 

T i f f i n  1969 

T i f f i n  1969 

C1 ague 1977 

Clayue 1977 

*Mathews and Mur ray  (1966) ,  and T i f f i n  (1966) assumed p o s t - g l a c i a l  t i m e  t o  
10,000 y e a r s ,  w h i l e  Clague used 12,500 f o r  h i s  c a l c u l a t i o n s .  

SOURCE: Summarized f rom C1 ague, J. J., 1977. Holocene sediments i n  n o r t h e r n  
S t r a i t  of Georgia,  B r i t i s h  i n  n o r t h e r n  S t r a i t  o f  Georgia, B r i t i s h  
Columbia. In: Repor t  o f  A c t i v i t i e s ,  P a r t  A, Geo log ica l  Survey o f  
Canada, paper 77-1A, pp. 51-58. 
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5.6.4 ATMOSPHERIC M I X I N G  

The f o l l o w i n g  i n f o r m a t i o n  i s  p rov ided  by Schaefer (1980). 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  po l  1 u ta r i t s  i s  determined by  
t h e  f a c t o r s  o f  t i o r i  zon ta l  t r a n s p o r t  and v e r t i c a l  mix ing.  H o r i z o n t a l  
t r a n s p o r t  i s  a f u n c t i o n  o f  wind speed and d i r e c t i o n ;  v e r t i c a l  m i x i n g  i s  a 
f u n c t i o n  o f  t h e  s t a b i l i t y  o f  t h e  l o w e r  atmosphere. C o n d i t i o n s  which 
i n h i b i t  v e r t i c a l  m i x i n g  and/or h o r i z o n t a l  t r a n s p o r t  a r e  ground based 
i n v e r s i o n s  and 1 i y h t  s u r f a c e  winds. 

(speeds l e s s  t h a n  12 krn'/h) i s  presented i n  F i g u r e  11. 
based on a Canadian s t u d y  by  Shaw, Iiirt and T i l l e y  1972. 

c e n t r e s  produce s i g n i f i c a n t  l i g h t  wind episodes w i t h  those p e r s i s t i n g  48 
hours o r  more l e s s  cominon than  those  p e r s i s t i n g  o n l y  24-47 hours. 
summer months, a f te rnoon  sea breezes occur. Calms a r e  most f r e q u e n t  i n  t h e  
hours around s u n r i s e  and sunset,  when r e v e r a l s  i n  t h e  l a n d  and sea breeze 
c i r c u l a t i o n s  t a k e  place. 

d i s p e r s a l  o f  p o l l u t a n t s .  I n v e r s i o n s  a r e  most corilrnonly caused by  noc tu rna l  
c o o l i n g  o f  t h e  e a r t h ' s  sur face.  I n  such cases, a f t e r n o o n  h e a t i n g  norr i ia l ly  
r e s t o r e s  c o n v e c t i v e  m ix ing .  I n  t h e  s tudy  area, however, seve ra 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  which may l a s t  t h roughou t  t h e  day. 
These i n c l u d e ;  ove r runn ing  warm a i r  f rom more s o u t h e r l y  p a r t s  o f  t h e  
P a c i f i c  Ocean, p a r t i c u l a r l y  i n  f a l l  and w i n t e r ;  c o o l i n g  e f f e c t s  of t h e  sea 
breeze i n  l a t e  s p r i n g  and suiiiiiier; and t h e  occasional  presence of c o l d  
A r c t i c  a i r  f ro in t h e  main land d u r i n g  w i n t e r  months. 

ground-based i n v e r s i o n s  f o r  t h e  s tudy  a r e  8p& prov ided  i n  F i g u r e  12. 
Values a r e  based on a n a t i o n a l  s tudy  by  Munn, Tonilain, and T i t u s  (1970) ,  a 
r e g i o n a l  s tudy  by Emsl ie  (1979) and c o n s i d e r a t i o n s  o f  l o c a l  f a c t o r s .  
Considerable v a r i a t i o n  f rom t h e  i n d i c a t e d  va lues can be expected d'ue t o  t h e  
l o c a l  i n f l u e n c e  o f  water  bod ies  and topography. 

termed 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  can be c a l c u l a t e d  a t h e  product  o f  t h e  
h e i g h t  o f  t h e  c o n 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 .  
f o r  t h e  B r i t i s h  Columbia coas t ,  mean a f t e r n o o n  va lues o f  t h e  v e n t i l a t i o n  
c o e f f i c e n t  peak s h a r p l y  i n  s p r i n g  ( A p r i l ) ,  d e c l i n e  th roughou t  t h e  sumiiier 
and p e r s i s t  a t  l o w  l e v e l s  d u r i n g  f a l l  and w i n t e r .  Problems o f  p o l l u t a n t  
b u i l d u p  a r e  g e n e r a l l y  l i m i t e d  t o  p e r i o d s  o f  calm o r  l i g h t  winds which 
c o i n c i d e  w i t h  p e r s i s t e n t  ground-based inve rs ions .  Dur ing  t h e  wet season, 
po l  1 u t a n t s  a r e  p a r t i a l l y  removed f rom t h e  l ower  atmosphere by r a i n .  

An e s t i m a t e  o f  t h e  seasonal f requency o f  p e r s i s t e n t  l i g h t  winds 

D u r i n g  f a l l  and w i n t e r ,  s t a t i o n a r y  o r  s low moving h i g h  p ressu re  

I n  t h e  

These va lues a r e  

I n v e r s i o n s  p reven t  c o n v e c t i v e  r i i ix ing and 1 i r n i t  t h e  v e r t i c a l  

Es t ima tes  o f  t h e  d i u r n a l  and seasonal percentage f requenc ies  o f  

A measure o f  t h e  d i s p e r s i v e  c a p a b i l i t y  o f  t h e  l o w e r  atmosphere 

P o r t e l l i ' s  (1977) s tudy  o f  t hese  f a c t o r s  i n d i c a t e  t h a t ,  

li 

li 
u 

ii 



OCCURRENCES 
PER 

SEASON 

8 

6 

4 

2 

n 

I 1 24-47 HOURS 

48 HOURS OR 
MORE 

F i g u r e  11. FREQUENCIES OF EPISODES OF PERSISTENT LIGHT SURFACE WINDS(SPEEDS LESS THAN 12KM/HR) BY SEASON 

S o u r  ce : $,haw, H i r t  and T i l l e y ,  1972.  P e r s i s t e n c e  of l i g h t  s u r f a c e  w i n d s  i n  Canada. 
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5.6.5 SE I S M 1  C I T Y  

The B.C. coas t  has a 1 i n  100 p r o b a b i l i t y  o f  an earthquake 
exceeding a h o r i z o n t a l  a c c e l e r a t i o n  o f  6 p e r c e n t  o f  g r a v i t y .  
h i g h  as 8 p e r c e n t  o f  g r a v i t y  have been c a l c u l a t e d  f o r  t h e  s t u d y  area (B .C .  
Hydro, 1980). H o r i z o n t a l  a c c e l e r a t i o n  i s  an accepted index o f  ground 

earthquake damage i s  a f u n c t i o n  o f  earthquake magnitude, i t s  dep th  o f  focus 
and inechanism, s o i l  type,  d i s tance ,  and t h e  q u a l i t y  o f  b u i l d i n g  
c o n s t r u c t i o n .  

Values as 

I m o t i o n  f o r  e n g i n e e r i n g  puposes. Witharn and M i l  ne (1972) no te  t h a t  

5.6.5.1 Magnitude 

A comrnon measure o f  earthquake magnitude i s  t h e  R i c h t e r  system; 
Earthquake i n t e n s i t i e s  a r e  a l s o  desc r ibed  by t h e  M o d i f i e d  Mercal i scale.  
Table 22 p r o v i d e s  a coi l iparison o f  t h e  two methods o f  measurement. 

The t h r e s h o l d  f o r  s i g n i f i c a n t  daniaye d u r i n g  earthquakes i s  s e t  
a t  magnitude 5 on t h e  R i c h t e r  scale.  
occu r red  i n  1946 west o f  Cornox. It r e g i s t e r e d  7.3. M i l ne ,  Rogers, 
Kiddihough, McMechan and Iiyndman (1978) c a l c u l a t e d  a f requency o f  one i n  
t e n  yea rs  f o r  p o t e n t i a l l y  damaging earthquakes. F i g u r e  13 p r o v i d e s  
corfiparison 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 t h a t  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 lope  w i t h  few l a r g e  r e l e a s e s  o f  
s t r a i n .  The c o n t i n e n t a l  area graph, however, shows l a r y e  s teps which a r e  
i n d i c a t i v e  o f  h i g h  s t r a i n  r e l e a s e  d u r i n g  l a r g e  earthquakes. The s t r a i g h t  
l i n e s  rep resen t  an e s t i m a t e  o f  t h e  s t r a i n  accumulat ion r a t e  ( M i l n e  e t  a1 
1978). From t h i s  graph, t h e  au tho rs  p o s t u l a t e  t h a t  i f  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 rnajor p a r t  o f  t h e  
p resen t  accurriul a ted  s t r a i n  c o u l d  be re leased  i n  a S i g n i f i c a n t  earthquake 
w i t h i n  t h e  n e x t  decade. 

The inaxiniuni recorded earthquake 

5.6.5.2 S o i l  Type 

The t y p e  o f  m a t e r i a l  upon which s t r u c t u r e s  a r e  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  i n t e n s i t y  o f  earthquakes. Table 23 p r o v i d e s  t h e  aiiipl i f i -  
c a t i o n  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  m a t e r i a l  s and rep resen ts  t h e  iliiniriiurii 
des ign  requi rements reconimended under t h e  Na t iona l  B u i l d i n y  Code. Mar ine 
o r g a n i c  and course t e x t u r e d  fl u v i a l '  d e p o s i t s  would be s u s c e p t i b l e  t o  t h e  
h i g h e r  i n t e n s i t i e s .  

5.6.5.3 DeDth o f  Focus. Mechanism and D i s t a n c e  

The depth o f  e p i c e n t e r s  i n  t h e  r e g i o n  range f rom 30 km t o  70 km. 
The Beau fo r t  Range earthquake o f  1946 rep resen ts  t h e  sha l l owes t ,  w h i l e  t h e  
deeper events a r e  iiiore coinmon. 

s t r i k e - s l i p  and normal f a u l t i n g  ( M i l n e  1978; Rogers, Riddihough, McMachan 
and tiyndiiian , 1978; S1 awson and Savage, 1979). 

The p r i m a r y  mechanisms o f  eathquakes i n  t h i s  r e g i o n  a r e  
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TABLE 22 - MODIFIED MERCALLI SCALE OF EARTHQUAKE INTENSITIES WITH APPROXIWTELY 
CORRESPONDING RICHTER WGNITUDES 

Intensity Magnitude Approximately 
( Mod i f i ed 
Mercall i Highest Intensity 

Corresponding t o  

Scale) Description of Characteristic Effects Reached ~ 

VI I 

VI11 

I X  

X 

I Instrumental : detected only by seismography 
I 1  Feeble: noticed only by sensit ive people 
I11  Slight:  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 floors 

IV Moderate: f e l t  by people while walking; 
rocking o f  loose objects, including 
standing vehicles 

V Rather S t r o n g :  f e l t  general ly ;  most sl eepers 
are woken and bel ls  ring 

VI S t r o n g :  t rees  sway and a l l  suspended objects 
swiny; damage by overturning and fa1 1 i n y  
of loose objects 

pl as ter  fa1 1 s 

masonry fissured; chimneys fa1 1 ; poorly 
constructed buildings damaged 

begins t o  crack; pipes break open. 

destroyed and ra i l  way 1 ines bent; land- 
sl ides on steep slopes 

bridges destroyed; a1 1 services ( r a i l  way, 
pipes, cables) out  o f  action; great land- 
sl ides and floods. 

into a i r ;  ground r ises  and f a l l s  in waves 

Very S t rong :  general alarm, walls crack and 

Destructive: car drivers seriously disturbed; 

Ruinous : 

Disastrous: 

some houses col 1 apse where ground 

ground cracks badly; many buildings 

Very Disastrous: few buildings remain standing 

XI I Catastrophic: total  destruction; objects thrown 

XI 

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 1 

t o  
6.9 

7.0 t o  7.3 

7 .4  t o  8.1 

8.1+ 

- ~~ ~~ 

l a f t e r  Holmes, 1965 
SOURCE:  D. Ma n a r d ,  1979. Terrain Capability f o r  Residential Settlements: Summary 

Repor!, Resource Analysi s Branch, V i  c tori  a. 61 p. 
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Figure  13. STRAIN RELEASE AS A F U N C T I O N  OF TIME 
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'ce: Milne,  W.G. ,  G . C .  Rogers ,  R.P .  Riddihough,  G . A .  McMechan, and R . D .  Hundman, 
1978 .  " S e i s m i c i t y  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 ,  
V O ~ .  15.  pp.1170-1193. 
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TABLE 23 - S E I S M I C  AMPLIFICATION FACTORS FOR DIFFERENT GEOLOGICAL MATERIALS il 

TYPE AND DEPTH OF MATERIAL AMPLIF I C A I T O N  FACTOR 

- - 

Q 

0 

1. Rock, dense and very  dense coarse-gra ined sediments, 

v e r y  s t i f f  and hard f i n e - g r a i n e d  sediments, compact 

coarse-gra ined sediments and firm and s t i f f  f i n e -  

g ra ined sediments frorli 0 t o  15 rn deep ........................... 1.0 

2. Compact coarse-grained sediiiients, firm and s t i f f  

f i n e - g r a i n e d  sediments w i t h  a depth o f  g r e a t e r  than 

15 ai; ve ry  loose coarse-grained sediments and very  

s o f t  and s o f t  f i n e - g r a i n e d  sediments f rom 0 t o  
15 rri deep ....................................................... 1.3 

3. Very loose and loose coarse-gra ined sediments and 

v e r y  s o f t  and s o f t  f i n e - g r a i n e d  sediments w i t h  

depths g r e a t e r  than 15 m ........................................ 1.5 

NOTE: Prepared by t h e  Associate Committee o f  t h e  Nat ional  B u i l d i n g  Code 1977b 

SOURCE: D. Maynard, 1979. T e r r a i n  C a p a b i l i t y  f o r  Res ident ia l  S e t t l  ernents: 

Sumiiiary Report,  Resource Ana lys is  Branch, V i c t o r i a .  61 p. 

n 



Earthquake damage d im in i shes  w i t h  d i s t a n c e  from t h e  source 
(Whitman and Smith, 1970). A c t i v e  f a u l t s  i n  recen t  geo log i ca l  t imes a r e  
t h e  Beaufor t ,  San Juan, and Leech R i v e r  f a u l t s .  M i l ne ,  Rogers, Riddehough, 
McMechan and Hyndriian (1978) r e p o r t  t h a t  t h e  iiiore a c t i v e  earthquake areas 
correspond t o  t h e  boundar ies o f  major  t e c t o n i c  p l a t e s  on t h e  coast .  The 
S t r a i t  o f  Georgia - Puget Sound a re  s p e c i f i c a l l y  i n f l u e n c e d  by t h e  c o n t a c t  
o f  t h e  Juan de Fuca and America p l a t e s ,  w h i l e  c e n t r a l  Vancouver I s l a n d  
appears t o  be i n f l u e n c e d  by t h e  E x p l o r e r  and America p la tes .  
and Rogers (1970) p o s t u l a t e  t h a t  earthquake e p i c e n t r e s  i n  t h e  G u l f  I s l a n d  
a r e  evidence o f  a t e c t o n i c  f e a t u r e  on t h e  S t r a i t  o f  Georgia - Puget sound 
a x i s .  

The secondary e f f e c t s  o f  earthquakes i n c l  ude tsunarrii and 1 and- 
s l i d e s .  The p robab i l  i t y  o f  a damaging tsunami i n  t h e  rey io r i  i s  l e s s  than  
t h e  p r o b a b i l i t y  o f  a damaging earthquake. 
waves were generated i n  t h e  S t r a i t  o f  Georgia by  t h e  1946 earthquake 
(Hodgson, 1946). The p r o b a b i l i t y  o f  lands1 i d e s  froi i i  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 o f  unconsol idated depos i t s  and j o i n t e d  bed- 
rock.  Steepy sloped coas ta 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  a r e  most 
vu1 nerabl  e t o  f a i l  ure. Lands1 i d e s  were corninon i n  t h e  Courtenay-Cornox area 
d u r  i ng 1946 earthquake . 

Mi lne ,  Smith; 

There i s  evidence t h a t  smal l  sea 

u 
li 

u 
u 
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5.7 FACTORS OF BIOLOGICAL PRODUCTIV ITY 

5.7.1 THE AREA 

The e a s t e r n  shorezone o f  Vancouver I s l a n d  o f f e r s  a iiiosaic o f  
1 andscapes, shore processes, and h a b i t a t s .  Geol o g i c a l  processes and wave 
energy have m o d i f i e d  t h e  c o a s t l i n e  t o  c r e a t e  a range o f  geomorphic fornis, 
frorn l ow  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 o f  t h e  s i z e  and c o n f i g u r a t i o n  o f  t h e  
S t r a i t  o f  Georgia, a ranye o f  energy environments e x i s t s .  

A c l a s s i f i c a t i o n  system t h a t  desc r ibes  t h i s  environrnent and i s  
complementary t o  t h a t  o f  R i c k e t t s  and C a l v i n  (1968) would i n c l u d e  ( a )  estu- 
a r i e s ,  ( b )  p r o t e c t e d  shore1 ines,  ( c )  channel s and p r o t e c t e d  i n n e r  coasts ,  
and (d )  unprotected i n n e r  coasts.  W i t h i n  these environments d i f f e r e n c e s  i n  
subs t ra te ,  wave energy, and t h e  phys i ca l l chemica l  enviroirient a re  revea led  
b y  t h e  d i f f e r e n e s  i n  t h e  indigenous b i o t a .  

5.7.2 THE PHYSICAL/CHEMICAL ENVIRONMENT 

Water temperature,  sa l  i n i t y ,  1 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 s o l v e d  oxygen a re  ir iajor f a c t o r s  i n f l  uenciny pr i i l ia ry  p r o d u c t i o n  i n  t h e  
sea. Many o f  t h e  p h y s i o l o g i c a l  f u n c t i o n s  ( i .e .  rep roduc t i on ,  c e l l  growth, 
r e s p i r a t i o n )  o f  marine organisms a r e  temperature regul  ated, o c c u r r i n g  o n l y  
w i t h  a narrow temperature range. 
r e g u l a t e  t h e i r  i n t e r n a l  environrnent i n  response t o  changes w i t h i n  t h e i r  
e x t e r n a l  medium, riiust reiriain w i t h i n  a r e l a t i v e l y  narrow range o f  s a l i n i t i e s  
f o r  s u r v i v a l .  L i g h t  p e n e t r a t i o n  i s  necessary f o r  photosynthes is  by  

S i m i l a r l y ,  o r g a n i s m  t h a t  a re  unable t o  

u 

u 
II 
u 
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c 
plants ,  and  f o r  visual predators. Nutrients are  required by a l l  marine 
l i f e  forms; and  dissolved oxygen i s  of course necessary f o r  respirat ion t o  
occur. 

Water teriiperatures within a col umn of seawater are  re1 a t ive ly  
hoiriogeneous during the winter, a u t u m n ,  and spring. During the suriiiner 
riionths, however, the upper layer  of water - perhaps 30 metres deep - 
becomes warmer as sol ar radiation increases. The resul tant  temperature 
gradient inh ib i t s  mixing w i t h  the deeper water by vir tue of the density 
gradient t h a t  accoriipanies a temperature chanye. Mixing continues, however, 
w i t h i n  the upper layer as surface winds c i rcu la te  the water, t h u s  maintain- 
ing relatvely constant temperatures within t h i s  s t ra ta .  

The s a l i n i t y  of seawater varies with the quantity and r a t e  of 
prec ip i ta t ion ,  evaporation, and r iver  discharge. Precipi ta t ion and r iver  
discharge di l  Ute rliarine surface waters, while evaporation increases the 
s a l i n i t y .  
t h e  water column increases with depth. 
waters increases with increasing distance froin r iver  inflows. 

turbidi ty .  Turbidity r e s u l t s  froin suspended par t iculate  matter and d i s -  
solved organic substances t h a t  s c a t t e r  and diffuse incident l i g h t .  Coastal  
waters typ ica l ly  receive no l i g h t  below 30 metres; the  depth t o  which 1% 
1 i g h t  transmission occurs (which demarcates the lower 1 iiiiit of pl a n t  
g rowth )  i s  c h a r a c t e r i s t i c a l l y  10 metres (Sumich, 1976) .  

The d is t r ibu t ion  of  dissolved oxygen within surface waters i s  
usually hoinogeneous because of frequent wave action and surface [nixing. 
Minor varidtions iiiay be evident between regions because of atmospheric or 
surface phenomena. Dissolved oxygen concentrations in areas of good t ida l  
exchange are  noriiial l y  adequate for  a1 1 organisiris. 

decl ines duriny the g r o w i n y  season as p l a n t  production increases. Regions 
of upwelliny resu l t  in a replenishrnent of nutr ients  froin the lower s t r a t a .  
River discharges and nutrient regeneration frorii shallow muds a1 so contr i -  
bute t o  the nutr ient  pool. Tidal and wind currents fur ther  red is t r ibu te  
nutr ient  r ich water within the coastal zone. 

The interested reader will re fe r  t o  the Coastal Resources Map 
Series  (1: 50,000) section - "Oceanography-Temperature" and "Oceanography- 
Sal ini ty"  f o r  S t r a i t  o f  Georgia d a t a  on these topics. 
section should also be consulted f o r  s tudies  re la t ing t o  the physical and 
chemical environment. 

As fresh water i s  l e s s  dense t h a n  s a l t  water, the s a l i n i t y  of 
Also, the s a l i n i t y  of surface 

The penetration of l i y h t  into the water column i s  a function of 

The availabil  i t y  of nutr ients  f o r  growth within surface waters 

The "Sources" 

5.7.3 PRIMARY P R O D U C T I O N  - PHYTOPLANKTON 

Priiiiary production i s  the creation of organic material from 
carbon dioxode, water, and nutr ients  a t  the  expense of solar  energy. Gross 
primary production re fers  t o  the to ta l  aniount of organic iriaterial produced 
by photosynthesis; net primary production re fers  t o  the amount of organic 
material available t o  other leve ls  of the food chain a f t e r  losses t o  res- 
p i ra t ion ,  reproduction, and mortal i t y  are  considered. Pririiary production 
i s  usually reported in grariis of carbon fixed by photosynthesis within a 
square metre per unit of t i n e  (gC/rn*/year). 
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Data for the s t u d y  a r e a  ( F i g u r e  14)  r evea l  r e l a t i v e l y  h i g h  r a t e s  
o f  pr imary  p r o d u c t i v i t y  a1 ong the she1 t e r e d  c o a s t l  i ties o f  Baynes Sound and 
Ladysmith t o  Kulleet Bay. 
t o  h igh  r a t e s  o f  p r o d u c t i v i t y .  The Race Point-Cape Lazo n e a r s h o r e  zone  i s  
the leas t  p r o d u c t i v e  section of coastl  ine. 

Much o f  the reiiiaining c o a s t l i n e  shows modera t e  

FIGURE 14: GENERALIZED PATTERN OF PRIMARY (PHYTOPLANKTON) PRODUCTION, IN 
THE STRAIT OF GEORGIA 

SOURCE: J.G. S t o c k n e r ,  D.D. Cl i f f  and K.R.S. S h o r t r e a d .  1979. 
Phy top lank ton  Ecology o f  t he  S t r a i t  o f  G e o r g i a ,  British Columbia. 
of F i s h e r i e s  Research  Board o f  Canada. 36: 657-666. 
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W i t h  the exception of estuaries,  the areas of highest produc- 
t i v i t y  occur where temperature s t ra t i f ica i ton  i s  well developed, sa l in i ty  
i s  consistently h i g h ,  and other factors of the physical/cheniical environ- 
ment, described ea r l i e r ,  are in a b u n d a n t  supply. Where th i s  occurs, pri- 
mary production i s  1 imited primarily by the grazing ac t iv i t ies  of organisriis 
higher on the food web. When the supply of one or inore factors exceeds the 
tolerance 1 irnits of phytoplankton species, however, yrowth of the indivi- 
d u a l  and the population i s  curtailed. Primary productivity i s  a1 so 1 iiiiited 
by the factor i n  least  supply. Figure 15 i l l u s t r a t e  the iiIiportance of  each 
of the factors of  yrowth i n  inaintaining hiyh productivity. 
show, for  example, t h a t  a reduction i n  the "quaritity" of one factor ( i .e .  
nutrients) results in diminished pririiary productivity which sequentially 
1 itnits the energy transmitted t o ,  and populations sustained a t ,  higher 
levels of the food web. 
low zooplankton crop which in t u r n  supports fewer juvenile salrnon. 

Important  f isher ies  resources i n  the study area (see Coastal 
Resources Map Series (1: 50,000) section-Fi sh and She1 1 f ish Resources") 
found priiiiarily in the regions o f  moderate t o  hiyh primary productivity. 

The fiyures 

Siriiply s ta ted,  a low phytoplankton crop supports a 

are 

5.7.4 PRIWRY PRODUCTION - SEAWEEDS AND SALTWRSHES 

The productivity o f  seaweed and sal tiiiarsh coiniiiunities i s  
impressive (Figure 16) .  
Laminaria longieururis on a rock substrate will produce up t o  20  tiriies the 
in i t i a l  weight o f  the bldde over a two-year period even t h o u g h  35 t o  40% of 
the yross production i s  liberated as dissolved organic matter during ttie 
same period (Carefoot, 1977) .  Such high rates of production result  froin 
the constant provision of nutrients t o  the leaves by currents, adequate 
teiiiperature and 1 i g h t .  I n  estuaries,  detr i ta l  based eel yrass ecosysteiris 
are a1 so highly productive. 
interaction of numerous species t h a t  have evolved cornpl ex symbiotic 
relationships within these cornrnunties. 

icantly hiyh proportion of brackish water - water of intermediate sal inity.  
Numerous classif icat ions o f  brackish water exist a1 t h o u g h  a coinrrion standard 
i s  0.2O/oo t o  3O.O0/oo (Rernaine and Schlieper, 1971).  Brackish water 
water originates when s a l t  water i s  mixed with fresh water. Because o f  
differential  inputs o f  heat and s a l t  water, s t ra t i f ica t ion  in estuaries i s  
n o t  common. 
as plankton, de t r i tus ,  or sediiiient uplifted frorn the substrate o r  dis- 
charged by r ivers ,  Iiiay diminish 1 i g h t  penetration and reduce p l a n t  growth. 
Normally, brackish water i s  poor in species diversity re la t ive t o  fresh and 
s a l t  waters; however the popul ations of species present are usually laryer 
(Rernane arid Schieper, 1971). f o r  instance, the lowest nuriibcr of species 
occurs a t  the 5-7O/oo sa l in i ty  level (figure 1 7 ) .  
smaller size i s  attained by organisnis living in brackish conditions a l -  
t h o u g h  species t h a t  migrate t o  sea water ( i .e .  salriionids) general l y  a t ta in  
r a p i d  yrowth thereafter.  

Seaweed studies froiii Nova Scotia indicate t h a t  

Their productivity derives froiii ttie 

Estuaries are transitional areas, and as such, contain a siynif- 

Under r i g h t  wind or wave conditions, particulate matter such 

I n  a d d i t i o n ,  a 

An impor t an t  seagrass in the ecology of estuaries 
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Figure 15 - S C H E M A T I C  OF E N E R G Y  T R A N S F E R  B E T W E E N  T R O P H I C  L E V E L S  

IN U N L I M I T E D  ( A )  A N D  L I M I T E D  ( B )  E C O S Y S T E M S  
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Note: Decrease of 
primary and succeeding 
levels of production due r-1 
to  limited availability 
of nutrients. 

Carnivore  

Herbivore 

Pr imary Product ion 
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FIGURE 16: AVERAGE ANNUAL RATE OF NET PLANT PRODUCTION FOR SELECTED 
ECOSYSTEMS 

E X T R E M E  D E S E R T  

D E S E R T  S C RU E 

O P E N  O C E A N  

TEMPERATE GRASSLAND 

A G R I C U L T U R A L  LAND 

C O N I F E R O U S  FOREST 

T E M P E  RATE FOREST 

T R O P I C A L  FOREST 

S W A M P S  AND M A R S H E S  

ATTACHED ALGAE AND ESTUARIES 

NOTE: 
parenthese i s  area i n  106krn2. 

The number a f t e r  t h e  bar  i s  Kcal/rn2/yr; t h e  number w i t h i n  

SOURCE: 
H a l l  Inc. New Jersey. 

Adopted from E. G. Korrliandy 1976, Concepts o f  Ecology, P r e n t i c e  
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i s  Zos te ra  marina. It i s  a c c l i m a t e d  t o  b r a c k i s h  water  c o n d i t i o n s  and sur -  
v i v e s  t o  t h e  3 O / O o  s a l t  c o n c e n t r a t i o n  l e v e l .  The e s t u a r i n e  phase i s  an 
e x t r e m e l y  i m p o r t a n t  p a r t  o f  t h e  l i f e  c y c l e  f o r  rliany organisms ( i . e .  salinon- 
i d s ,  shr imp) as i t  prepares  them for s u r v i v a l  i n  t h e  sea. 

FIGURE 17:  NUMBER OF SPECIES I N  RELATION TO SALINITY LEVEL (O/oo) 
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SOURCE: A. Reinaine, and C. S c h l i e p e r ,  1971. B i o l o g y  o f  B r a c k i s h  Water. 
John W i l  ey and Sons, I nc .  
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The ecol  o g i c a l  importance o f  seaweeds and sa l  tniarshes i s  
documented i n  t h e  1 i t e r a t u r e  (Perk ins ,  1974; Care foo t ,  1977; Cushing and 
Walsh, 1976; and Har r ison ,  1980). Seaweeds p r o v i d e  food f o r  grazers,  
she1 t e r  f o r  numerous organisms i n c l u d i n g  f i s h ,  and s u b s t r a t e  f o r  
r e p r o d u c t i o n  (e.g. h e r r i n g  spawn). 
spec ies a r e  ex t remely  impor tan t  i n  n u t r i e n t  c y c l i n g  w i t h i n  c o a s t a l  waters. 
By reduc ing  water c u r r e n t  v e l o c i t i e s  and wave shock t h e y  a l l o w  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  m a t t e r  t o  s e t t l e  ou t ,  thus  e n r i c h i n g  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 r e  i n v a l u a b l e  as n u t r i e n t  reserves  
f o r  e s t u a r i e s ,  as upland inaminal and r e p t i l e  h a b i t a t ,  and as mar ine and 
s h o r e b i r d  h a b i t a t .  Geese, widgeon, and p i n t a i l s  e a t  t h e  sa l  tmarsh p l a n t  
S a l i c o r n i a  w h i l e  ee lg rass  i s  an impor tan t  food source f o r  b ran t .  

The economic importance o f  seaweeds a r e  i d e n t i f i e d  by Greenius 
(1967) and Carefoot  (1977). The n a t u r a l  products  o f  r e d  and brown a lgae 
i n c l u d e  agar, carrayeeman, and a l g i n .  They a r e  used i n  myr iad  commercial 
p roduc ts  f rom food t o  soaps, paper products,  and pharmaceut icals.  The 
genera G i y a r t i n a ,  I r i d a e a ,  Nereocys t is ,  Macroycyst is ,  G r a c i l a r i a  and 
G r a c i l a r i o p s i s  a re  e s p e c i a l l y  impor tan t  f o r  these purposes. 
h a r v e s t i n g  o f  seaweeds has occur red  i n  t h e  s tudy reg ion ,  o n l y  one 
s c i e n t i f i c  p e r m i t  t o  harves t  100 t o n s  o f  M a c r o c y s t i t i s  has been appl i e d  
f o r  i n  t h e  l a s t  decade (Coon, 1980). 
v e r y  l i t t l e  i s  known o f  t h e  e c o l o g i c a l  impacts t h a t  r e s u l t  froin 
harves t  i ng. 

F u r t h e r ,  some seaweed and seagrass 

A1 though some 

As t h e  Greenius r e p o r t  p o i n t s  ou t ,  

5.8 THE ADMINISTRATION AND WNAGEMENT OF COASTAL RESOURCES 

5.8.1 INTRODUCTION 

Numerous agencies a d m i n i s t e r  and rnanage coas ta l  resources. The 
Coastal  Zone Resources Subcommittee publ 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 .  
o f  Lands, Parks and Housing prepared i n  1980, a d i s c u s s i o n  paper e n t i t l e d  
"The M i n i s t r y  o f  Lands, Parks and Housing's Role i n  Foreshore Adr i i in istra- 
t i o n " .  Th is  document i d e n t i f i e s  agency mandates, p lann ing  programs, 
r e s p o n s i b i l  i t i e s  f o r  fo reshore  a d m i n i s t r a t i o n .  The publ i c a t i o n  "Land Use 
Law" by Ince  (1977) p rov ides  an overv iew o f  t h e  l e g i s l a t i o n  govern ing l a n d  
use i n  B r i t i s h  Columbia. 

The Land Use Planning s e c t i o n  o f  t h e  M i n i s t r y  

5.8.2 THE ADMINISTRATION OF COASTAL LAND 

5.8.2.1 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 i s  t h e  p r i m a r y  man- 
agement and a d m i n i s t r a t i v e  agency i n  t h e  coas ta l  zone. The M i n i s t r y  may 
t r a n s f e r  i t s  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  agencies 
( i .e .  Mar ine 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  
an area o r  a resource ( i .e .  o y s t e r  growing areas).  The M i n i s t r y  remains, 
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however, t h e  a u t h o r i t y  f o r  t h e  issuance o f  fo reshore  leases. 
The appl i c a t i o n  process f o r  fo reshore  leases v a r i e s  accord ing  t o  

t h e  t y p e  o f  lease,  and t h e  area i n  which i t  i s  loca ted .  Log s to rage l e a s e  
appl i c a t i o n s  undergo a cornpl ex rev iew process th rough v a r i o u s  1 eve1 s o f  
government ( M i n i s t r y  o f  Lands, Parks and Housing, 1980). On t h e  o t h e r  
hand, a commercial fo reshore  l e a s e  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  submit ted.  I n  areas where managenient 
committees and a management p l a n  e x i s t ,  i n d i v i d u a l  lease appl i c a t i o n s  d r e  
rev iewed f o r  conforn i i ty .  For  example, t h e  Ladysmith Harbour Management 
Committee, represented  by l o c a l  i n t e r e s t  groups, meets on a inonth ly  b a s i s  
t o  adv ise  M i n i s t r y  r e p r e s e n t a t i v e s  on lease a p p l i c a t i o n s  and t h e i r  con- 
f o r m i t y  w i t h  a l o n g  range p l a n  t h a t  t h e  M i n i s t r y  develops w i t h  cornrriittee 
ass is tance.  The concerns o f  o t h e r  agencies and l e v e l s  o f  government a r e  
i n c o r p o r a t e d  th rough t h e  r e f e r r a l  process. 

I n  terms o f  fo reshore  r e g u l a t i o n  t h e  M i n i s t r y  o f  Lands, Parks 
and Housing m o n i t o r s  and en forces  i t s  own p o l i c i e s  be i t  a t respass on 
Crown fo reshore  o r  f u l f i l l m e n t  o f  terms and c o n d i t i o n s  o f  a fo reshore  
1 ease. The M i n i s t r y  i s  a1 so r e s p o n s i b l e  f o r  area management p l  ans. Ex- 
amples o f  such p lans  i n c l u d e  t h e  Ladysmith and Sooke Basin Crown Foreshore 
P1 ans. 

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  coas ta l  zone, d i r e c t  r e s p o n s i b i l  i t i e s  
a r e  a l s o  h e l d  by t h e  M i n i s t r y  o f  Environment, t h e  M i n i s t r y  o f  Fores ts ,  t h e  
M i n i s t r y  o f  Energy, Mines and Petroleum Resources, and t h e  M i n i s t r y  of 
T r a n s p o r t a t i o n  and Highways. 

Whi le  t h e  M i n i s t r y  o f  Lands, Parks, and Housing i s  t h e  pr imary  

5.8.2.2 Crown Lands - Federa l  

The S m a l l  C r a f t  Harbours Branch o f  t h e  Department o f  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  c o n s t r u c t e d  on 
f e d e r a l  p r o p e r t y  o r  w i t h  f e d e r a l  funds. The Canadian W i l d l i f e  Serv ice  may 
e s t a b l  i s h  reserves  f o r  m i g r a t o r y  b i r d s .  
pub1 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.  

Transpor t  Canada a d m i n i s t e r s  
The Department o f  Nat iona l  

Under t h e  I n d i a n  Act,  t h e  band Counci l  t h e  Cabinet and t h e  
f e d e r a l  government (Department o f  I n d i a n  and Nor thern  A f f a i r s )  a r e  
r e s p o n s i b l e  f o r  landuse on I n d i a n  Reserves. Whi le  t h e  Counci l  may 
t h e  reserve  i n t o  zones o f  p e r m i t t e d  use, t h e  f e d e r a l  c a b i n e t  exerc 
u l t i m a t e  c o n t r o l  i n  major  land-use dec is ions .  

5.8.2.3 P r i v a t e  and Other  P u b l i c  Lands 

d i v i d e  
se s 

c t s  t o  The Regional Parks Act o f  1965 a l lows t h e  r e g i o n a l  d i s t r  
acqu i re ,  develop and manage r e g i o n a l  parks. The Comox-Strathcona and 
Cowichan V a l l e y  r e g i o n a l  d i s t r i c t s  have each acqui red one park, b u t  p lan-  
n i n g  and d e v e l o p e n t  have y e t  t o  begin. 

Tree farins a r e  p r i v a t e l y  owned land. The owner agrees t o  f o l l o w  
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  l a n d  i s  valued 
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by t h e  B.C. Assessment A u t h o r i t y  on t h e  b a s i s  o f  t h e  harves t  y i e l d s  pre- 
d i c t e d  f rom an approved p l a n  o f  f o r e s t  management. 

Timber1 and r e f e r s  t o  those f o r e s t  l a n d s  where fee-simp1 e owner- 
s h i p  i s  h e l d  by f o r e s t  companies. 
l a n d s  were o b t a i n e d  t h r o u g h  Crown g r a n t s  riiade e a r l y  i n  t h e  h i s t o r y  o f  t h e  
prov ince .  OLrnership o f  t h i s  t y p e  o f  f o r e s t  l a n d  p r o v i d e s  y r e a t e r  freedoiii 
t o  t h e  owner t o  use and develop t h e  l a n d  and f o r e s t  resources t h a n  i s  t h e  
case w i t h  Crown f o r e s t  tenure.  

A t r e e  farm l i c e n c e  i s  an amalgamation o f  Crown and p r i v a t e  
l a n d s  formed under an agreement between t h e  Crown and t h e  owner t o  corn- 
b i n e  p r i v a t e  1 ands \ v i  t h  unencumbered Crown l a n d  t o  fonn s e l f - c o n t a i n e d  
s u s t a i n e d  y i e l d  rrianageiiient u n i t s .  
e f f i c i e n t  f o r e s t  inanayeinent p r a c t i c e s  which o t h e r w i s e  would n o t  be 
p o s s i b l e  w i t h  d i v i d e d  ownership. 

t a x a t i o n  assessrrient r o l l s .  The l o t s ,  t h e i r  area and boundar ies,  a r e  
found on c a d a s t r a l  riiaps. 

The Esqu imal t  and Nanaimo R a i l w a y  g r a n t  r e p r e s e n t s  a v e r y  
1 arge p r i v a t e  l a n d  h o l d i n g  w i t h  h i g h  f o r e s t r y  values. 

There a r e  no c u t  s t i p u l a t i o n s .  Such 

T h i s  cornbinat ion o f  l a n d s  a l l o w  f o r  

P r i v a t e  l a n d s  a r e  recorded on t h e  B.C. Assessment A u t h o r i t y ' s  

5.8.3 WATER WNAGEMENT 

5.8.3.1 Water Supp ly  and L i c e n c i n g  

5.8.3.1.1 Federa l  Role 
M a j o r  f e d e r a l  l e g i s l a t i o n  deal  i n y  w i t h  water  supp ly  i n c l u d e s  

t h e  Canada Water Ac t  and t h e  F isheres  Act.' The Canada Water a c t  p e r m i t s  
t h e  f e d e r a l  government t o  opera te  a network o f  s t reamf low,  water  l e v e l ,  
and sediment s t a t i o n s ,  t o  develop f l o o d  damage r e d u c t i o n  progranis, t o  
under take fl ood c o n t r o l  measures, t o  under take shore1 i n e  and water  r e -  
source management prograriis, and t o  conduct research  on s u r f a c e  and ground- 
water  hydro logy.  The F i s h e r i e s  Ac t  a l l o w s  t h e  Department o f  F i s h e r i e s  and 
Oceans t o  i n f l u e n c e  f l o w  regimes o f  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  m i g r a t i o n  and spawning h a b i t a t  o f  salmon stocks.  

5.8.3.1.2 P r o v i n c i a l  R e s p o n s i b i l i t i e s  
The M i n i s t r y  o f  Environment manages f r e s h w a t e r  suppl i e s  by 

c o n t r o l l i n g  t h e  issuance o f  water  l i c e n c e s ,  conducts yround and s u r f a c e  
water  research,  and engages i n  r i v e r  and f l o o d  c o n t r o l  proyrariis. Under 
t h e  Mun ic ipa l  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  a r e  r e s p o n s i b l e  f o r  
water  supp ly  and d i s t r i b u t i o n  f u n c t i o n s .  

The r i g h t  t o  wi thdraw and use s u r f a c e  water  i n  t h e  p r o v i n c e  i s  
g r a n t e d  by water  l i c e n c e .  Water l i c e n c e s  a r e  issued by t h e  M i n i s t r y  o f  
Environment,  Water Management Branch f o r  domest ic,  waterworks,  m i n e r a l  
t r a d i n g ,  i r r i g a t i o n ,  min ing ,  i n d u s t r i a l  power genera t ion ,  hydrau l  i c k i n g ,  
s to rage,  c o n s e r v a t i o n ,  f l  urniny, conveying and l a n d  improvement purposes. 
W i t h i n  t h e  s t u d y  r e g i o n ,  domest ic,  waterworks, i r r i g a t i o n ,  i n d u s t r i a l  

c 
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power genera t i on ,  and c o n s e r v a t i o n  purposes r e q u i r e  ma jo r  a1 l o c a t i o n s  o f  
f reshwa te r .  Water l i c e n s e s  have precedence acco rd ing  t o  t h e  da te  o f  
issuance so t h a t  i n  l o w  f l o w  s i t u a t i o n s  soiiie users inay 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  w i t h o u t  1 icence. 

on an ad hoc b a s i s  w i t h  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 ssues  
i d e n t i f i e d n  t h e  appl i c a t i o n  (pe rsona l  coinmunication - Regional  
Engineer,  Water Management Branch, Nanaimo 1980). S t u d i e s  o f  watershed 
c h a r a c t e r i s t i c s  upon which t o  determine op t ima l  p a t t e r n s  of  devel  opi ient 
and resource  a l l o c a t i o n s  a r e  n o t  y e t  a v a i l a b l e .  Streams can be l i c e n c e d  
f o r  d i v e r s i o n s  i n  excess o f  t h e  recorded minimurn d a i l y  d ischarge.  
A l though  n o t  a l l  users d i v e r t  t h e  maximum l i c e n c 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  suppl i e s  c o u l d  
r e s u l t  f o r  some users.  

Col unibia i s  designed t o  account f o r  t h e  stream resource  f l o w  requ i remen ts  
o f  a l l  users i n  o r d e r  t o  avo id  c o n f l i c t s ,  o r  s i t u a t i o n s  where users a r e  
l o s t .  Fo r  i n s t a n c e ,  f o r  t h e  s u r v i v a l  , m i g r a t i o n ,  and spawning o f  f i s h  a 
c e r t a i n  d i s c h a r g e  i s  requ i red .  Spawning h a b i t a t  i nc reases  o r  decreases 
w i t h  g r e a t e r  o r  l e s s e r  f l o w s :  m i g r a t i o n  i s  r e s t r i c t e d  o r  b locked a t  
ex t reme ly  h i g h  o r  l o w  f lows; and s u r v i v a l  is  p o s s i b l e  o n l y  a t  c e r t a i n  
wa te r  temperatures which, i n  smal l  streams, depends y r e a t l y  on t h e  
d i scha rye .  S i n i i l  a r l y ,  r e c r e a t i o n a l  use (canoeing)  i s  p o s s i b l e  o n l y  
w i t h i n  a g i v e n  range o f  d ischarges.  
f o r  f i s h e r i e s  a r e  c a l c u l a t e d  f o r  a l i m i t e d  number o f  r i v e r s .  S i m i l a r  
c a l c u l a t i o n s  a r e  n o t  a v a i l a b l e  f o r  r e c r e a t i o n ,  w i l d l i f e ,  o r  domest ic 
uses. 

5.8.3.2 Water Q u a l  i t y  and Waste Management 

F o r  a1 1 b u t  t h e  l a r g e s t  d i v e r s i o n s ,  water  1 icences a r e  reviewed 

An i n t e r a g e n c y  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  

I n  t h e  s tudy r e g i o n ,  rninimurii f l o w s  

Water q u a l i t y  comes under t h e  purv iew o f  t h e  p r o v i n c i a l  and 
f e d e r a l  governments. Wh i le  nuiiierous a c t s  deal  w i t h  s p e c i f i c  
env i ronmenta l  issues,  o n l y  t h e  rriajor l e g i s 1  a t i o n  i s  rev iewed here. 

5.8.3.2.1 Federa l  Legis1 a t i o n  
The Canada Water Act  and t h e  F i s h e r i e s  Act  a r e  t h e  most power- 

f u l  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  o f  t h e  Canada Water Act t h e  
f e d e r a l  government s e t s  n a t i o n a l  e f f l  uent s tandards and co-operates w i t h  
t h e  p rov inces  i n  c o n t r o l 1  i n y  p o l l u t i o n  o f  s p e c i f i e d  water  bodies.  P a r t  
one o f  t h e  Act  a l l o w s  t h e  fede ra l  government, on f e d e r a l l y  owned water  
bodies,  o r  t h e  f e d e r a l  and p r o v i n c i a l  government t o  d e s i g n a t e  a water  
body as a water management area, thus b r i n g i n g  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 ischarges.  P a r t  two o f  t h e  Act dea ls  w i t h  t h e  problem 
o f  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 lean -  
i n g  agents t h a t  a r e  impor ted i n t o  Canada. The F i s h e r i e s  Act p r o h i b i t s  
t h e  d i s c h a r g e  o f  d e l e t e r i o u s  substances i n  any waters  f requented by f i s h .  
T h i s  i n c l u d e s  l o g g i n g  d e b r i s ,  o b s t a c l e s  t o  m i g r a t i o n ,  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 e a d  t o  e r o s i o n  problems, stream s i 1  t a t i o n ,  o r  
t h e  l o s s  o f  f i s h ,  f i s h  eggs, and o t h e r  mar ine  organisms. 
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5.8.3.2.2 Provincial Legislation 
The Pollution Control Act prohibits the direct  or indirect dis- 

charge of contaminants into any water body without a permit. 
system requires the Comptroller of Water Rights, the Ministry of 
Agriculture, the Ministry of Health, and the Ministry of Recreation and 
Tourism t o  be notified and sent copies of applications t o  discharge 
wastes. The federal Department of Fisheries and Oceans usual ly co-oper- 
ates in the sett ing of terms or perniits in order t o  protect fishery 
concerns. Pollution control objectives are publ ished f o r  forest products, 
municipal discharges, food processing, mining, and chemical and petroleum 
products. They are used primarily as guidelines and have minimal legal 
force. Landfill s i t e s  are also regulated by permit. 

the inunicipal council. The boards have relatively wide powers t o  deal 
with nuisances t h a t  re la te  t o  public health. An official  notice t o  termi- 
nate a nuisance i s  required before action can be taken under the Act. The 
discretionary power i s  held by the Minister and the local board.  The 
Municipal Act deals with nuisances t h a t  may not  d i rect ly  inolve the public 
heal t h .  

A referral 

The Health Act establishes local Boards of Health coinprised o f  

5.8.4 LOCAL P L A N N I N G  

P1 anning varies between regional d i s t r i c t s ,  municipalities, and 
the Islands Trust. 
jur isdict ions,  legis1 ative requirements, and l a n d  use law for British 
Col uinbia. The interested reader i s  referred t o  t h i s  publ  ication for 
further informat ion. 

Briefly, however, there are four  mechanisms t o  control water- 
front o r  watershed devel opment. The Cowichan Val ley and Nanaimo Regional 
Dis t r ic t s ,  several islands of the Islands Trust, the town of Ladysmith, 
a n d  the District  of North Cowichan have adopted waterfront zoning. The 
Campbell River and Comox-Strathcona Regional Distr ic ts  use residential low 
density and publ ic assembly zoning as intermediate irieasures t o  prevent a d  
- hoc development before inanagement plans are adopted. A general inechaniG 
i s  the designation of development permit areas. Within development permit 
areas developers are required t o  obtain permits prior t o  development. The 
permits outline the special nature of area and the rest r ic t ions t o  devel- 
opment. Two clauses under section 717 (Development Permits) of the 
Municipal Act refer specifically t o  the protection of the env.ironinent. 
Perriiits may require the preservation o r  dedication of n a t u r a l  water 
courses and the construction of works t o  preserve and beautify them in 
accordance with the terms and conditions specified in the permit and re- 
quire t h a t  an area of l a n d  specified in the permit above the natural boun- 
dary  of streams, r ivers ,  lakes or the ocean remain free of development, 
except as specified in the permit. 

Watershed zones have been adopted for North Pender and Salt- 
spring islands t o  protect the watersheds of portable water bodies. I n  
addition, set-back provisions are enforced for sewage disposal f ie lds .  

Ince (1971)  defines and describes planniny mechanisms, 
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The Regional S e t t l  errient and Community P1 ans p r o v i d e  pol  i c i e s  and 
guide1 i n e s  f o r  environmental  p r o t e c t i o n .  S e n s i t i v e  environmental  areas 
a r e  i d e n t i f i e d  f o r  p r o t e c t i o n  and development r e s t r i c t i o n s  i n c l  udiny l a n d  
use c o n t r o l s  a r e  determined. 

( S e c t i o n  6 )  p r o v i d e  a comprehensive l i s t i n g  o f  e x i s t i n o  l a n d  use p l a n s .  
The Land/Water Use and S ta tus  t a b l e s  ( S e c t i o n  2 )  and t h e  Sources 

NOTE: Th i s  r e p o r t  i s  o n l y  p a r t  o f  t h e  documentation a v a i l a b l e :  Other 
s e c t i o n s  o f  t h e  Coastal Resources F o l i o ;  Eas t  Coast o f  Vancouver 
I s l a n d  (Race P o i n t  t o  Hatch P o i n t  and ad jacen t  I s l a n d s 1  i n c l u d e  
I n t r o d u c t i o n ,  Coastal Resources Map Ser ies  (1: 50,000), Land/Water 
Use and S ta tus  Tables, Es tua ry  Map Ser ies  (1:15,840), and Sources. 
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6.2 .4  - Oceanography - Temperature and 

6.2.5 Oceanography - S a l i n i t y  

Note 

Most of t h e  diagrams,  graphs and contours  i n  t h e s e  two map series were 
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( i n s u f f i c i e n t  d a t a )  

P e r s o n a l  Communications (1980) 

Giovando, L.  F . ,  F i s h e r i e s  and Oceans Canada, West Vancouver Labora to ry ,  
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6.2.6 Water Resources:  D i scha rge ,  Use and Contaminat ion 
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6 .2 .9  Fish and S h e l l f i s h  Resources and 

6 .2 .10  - Fish  Spawning and Rearing Areas 

Note 

The C o a s t a l  Resources map series (1:  50 ,000)  '!Fish and S h e l l f i s h  Resources' '  
and t h e  complementary ser ies  "Fish Spawning and Rearing Areas" a r e  b a s e d  on 
t h e  pooled p r o f e s s i o n a l  knowledge and judgment of a number of s p e c i a l i s t s  i n  
government, u n i v e r s i t y  and p r i v a t e  a g e n c i e s  whose c o n t r i b u t i o n s  ranged from 
s i t e - s p e c i f i c  d a t a  and l o c a l  knowledge t o  region-wide surveys  and d i r e c t i o n  
t o  t h e  r e l e v a n t  l i t e r a t u r e .  

Up-to-date e x p l o r a t o r y  s u r v e y s  of t h e  d i s t r i b u t i o n  of t h e  a d u l t s  and young of 
commercial s p e c i e s  are l i m i t e d .  F u l l  r e f e r e n c e s  t o  t h e s e  few s t u d i e s  a r e  
provided i n  t h e  Companion Report  s o u r c e s  ( s e e  6.5 .4 .5 .4)  
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F i s h e r i e s  and Oceans Canada, 
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Eby , P .  and A s s o c i a t e s  Ltd. 1979. R e c r e a t i o n a l  b o a t i n g  f a c i l i t y  r equ i r emen t s  t o  
1985 i n  B r i t i s h  Columbia. 
and Oceans Canada, P a c i f i c  Region. 

P r e p a r e d  f o r  Smal l  C r a f t  Harbours Branch, F i s h e r i e s  

Bulk S t o r a g e  F a c i l i t i e s  

Beach, F.G., O.A. Betts and R.L.  Sherwood. 1979. West c o a s t  o i l  s p i l l  coun te r -  
measures s t u d y  y e a r  I Reg iona l  Program Report :  79-28, Environment Canada, 
Env i ronmen ta l  P r o t e c t i o n  S e r v i c e ,  P a c i f i c  and Yukon Region. 

F e r r y  Te rmina l s ,  Wharves and Ramps 

Canada, Depa-tment of Environment. 1976. O i l  and chemical  s p i l l  countermeasures  
series: P h y s i c a l  b a s e ,  l a u d  s t a t u s ,  l a n d  and water u s e .  Environmental  P r o t e c t i o n  
S e r v i c e .  Vancouver, B .  C. 

Marine Pa rks  

B r i t i s h  Columbia, M i n i s t r y  of R e c r e a t i o n  and Conse rva t ion .  1975. Map of P r o v i n c i a l  
p r o v i n c i a l  p a r k s  on Vancouver I s l a n d .  P r o v i n c i a l  Pa rks  Branch, V i c t o r i a ,  B. C .  

P o r t s  

P a c i f i c  P i l o t a g e  A u t h o r i t y .  1979. P o r t  T r a f f i c  Volume S t a t i s t i c s .  

P e r s o n a l  Communications(l980) 

FUOCCO, R. ) 
Greenwood, G. ) 

O i s  t r i c t  of Campbell R ive r  

Becker,  T .  ) 
P o r t e r ,  B .  ) Regional  D i s t r i c t  of Comox-Strathcona, Courtenay , B . C .  
Power, G .  ) 

Bingham, T.  C i t y  o f  Courtenay 

Berkof f ,  J. ) 
Dias,  J. 1 M u n i c i p a l i t y  of  North Cowichan, Duncan, B . C .  

u 
li 
I) 

li 
u 

u 
il 
L3 
u 

P r a t t ,  D .  ) Cowichan Va l l ey  Reg iona l  D i s t r i c t ,  P l a n n i n g  Department,  
Smith,  R. ) Duncan, B . C .  
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Barr, L. 
Morr i s ,  D. ) I s l a n d s  T r u s t ,  V i c t o r i a ,  B. C .  
Rober t s ,  T.) 

Runciman , J.  W. Town of Ladysmith, Ladysmith, B . C .  

Homberg, P .  ) 
Spald ing  , J. ) Regional  D i s t r i c t  of Nanaimo, L a n t z v i l l e ,  B.  C. 
Mayor. S .  ) 

K i r k ,  B.  Town of P a r k s v i l l e  , P a r k s v i l l e ,  B.  C. 

Mar t in ,  B.  B r i t i s h  Columbia M i n i s t r y  of Municipal  A f f a i r s ,  V i c t o r i a ,  B. C. 

D 

6.2.12 Land/Water Use P l a n s  and Proposa ls  

Land Use P l a n s  

B r i t i s h  Columbia M i n i s t r y  of Municipal  A f f a i r s .  1979. T e c h n i c a l  guide f o r  t h e  
p r e p a r a t i o n  of o f f i c i a l  s e t t l e m e n t  p l a n s .  V i c t o r i a ,  B. C. 

0 
u 
iJ 

Province  of B r i t i s h  Columbia. Municipal  A c t ,  RSBC 1979 Chapter 290. 

Proposa ls  

Proposed N a t u r a l  Gas Pipel<.-:- 

B r i t i s h  Columbia Hydro 2nd Power A u t h o r i t y .  
System Corr idor  and Route wornination, P a r t  I1 Route S e l e c t i o n .  Map s c a l e  1:50,000. 
Gas Engineer ing  D i v i s i o n ,  Vancouver, B .  C. 

1980. Vancouver I s l a n d  N a t u r a l  Gas 

D 
Proposed I s l a n d  Highway 

B r i t i s h  Columbia M i n i s t r y  oE ' i r a n s p o r t  , Communications and Highways. 1979. 
P a r k s v i l l e  Major S t r e e t  Network. Map scale 1:13,60G. 

Nanaimo Regional  Dis t r ic t .  u.d.  I s l a n d  Highway - H i l l i e r s  Road - Mud Bay. 
(Map s c a l e  1:50,000). 

0 
Regional  Dis t r ic t  of Comox-Strathcona. 1979. Road Network O f f i c i a l  Regional  P lan .  

Prepared  by t h e  P lanning  Department, Courtenay, Map S c a l e  1 i n c h  t o  1500 f t . .  
11 B . C .  
Y 

P e r s o n a l  Communications (1980) 

S e e  6 . 2 . 1 1  above. 0 
2 . 1 3  S e l e c t e d  A d m i n i s t r a t i v e  Boundaries n u S e e  6 . 3  

0 2 . 1 4  Land/Water S t a t u s  

See 6 . 3  

U 
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P e r s o n a l  Communications (1980) 

S a y l e ,  T . ,  B r i t i s h  Columbia Assessment A u t h o r i t y ,  Timber A p p r a i s a l  Branch, 
V i c t o r i a ,  B .  C.  

Quinn, W . J . ,  B r i t i s h  Columbia M i n i s t r y  of Energy, Mines and 

R u s s e l l ,  L . B . ,  B r i t i s h  Columbia M i n i s t r y  of F o r e s t s ,  Timber 

T i t l e s  D i v i s i o n ,  V i c t o r i a ,  B . C .  

V i c t o r i a , ,  B.  C. 

Lefevre ,  A.) B r i t i s h  Columbia M i n i s t r y  of  Lands, P a r k s  and 
Roberts ,  G . )  Planning  S e c t i o n ,  V i c t o r i a ,  B .  C. 

Petroleum Resources ,  

Management Branch, 

Housing, Land U s e  

Digby, R . ,  B r i t i s h  Columbia M i n i s t r y  of Lands, Parks  and Housing, Crown Grants  

Al ley ,  J . )  B r i t i s h  Columbia M i n i s t r y  of Lands, Parks  and Housing, Regional  
Weir, J .  ) Opera t ions  D i v i s i o n ,  V i c t o r i a ,  B .  C. 

Eagon, J . )  B r i t i s h  Columbis M i n i s t r y  of Lands, P a r k s  and Housing, Land 
E l d o r ,  N.) Management Branch, Courtenay, B.  C.  

Redpath, D . K . ,  Environment Canada, Lands D i r e c t o r a t e ,  VAncouver, B . C .  

Cowtan, P . ,  N a t i o n a l  Second Century Fund, West Vancouver, B . C .  

and Documents, Lands Records S e c t i o n ,  V i c t o r i a ,  B.C.  

6 . 2 . 1 5  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 -- - -__ 

P r o v i n c i a l  Parks  and Reserves 

B r i t i s h  Columbia M i n i s t r y  of  Lands, P a r k s ,  and Housing, Parks  Branch, Nanaimo, B . C .  

E c o l o g i c a l  Reserves 

B r i t i s h  Columbia M i n i s t r y  of Lands, P a r k s ,  and Housing, E c o l o g i c a l  Reserves  U n i t ,  
V i c t o r i a ,  B. C. 

W i l d l i f e  Areas 

B r i t i s h  Columbia M i n i s t r y  of Environment, F i s h  and W i l d l i f e  Branch, Nanaimo, B . C .  

Environment Canada, Canadian W i l d l i f e  S e r v i c e ,  Delta,  B .  C.  

N a t i o n a l  Second Century Fund, Park  Royal,  West Vancouver, B . C .  

Archaeologica l  S i t e s  

B r i t i s h  Columbia M i n i s t r y  o f  P r o v i n c i a l  S e c r e t a r y  and Government S e r v i c e s ,  
H e r i t a g e  Conservat ion Branch, V i c t o r i a ,  B .C .  

il 
u 
11 
ii 
Li 
u 
li 
y 
li 

li 

R e c r e a t i o n a l  S h e l l f  i s h i n g  Areas 

B r i t i s h  Columbia M i n i s t r y  of  Environment, Marine Resources Branch, V i c t o r i a ,  B.  C. 
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ti i k i n  g ‘1’ r a i  1 

B r i t i s h  Columbia M i n i s t r y  of Lands, P a r k s ,  and Housing, Parks  Branch, 
V i c t o r i a ,  B.  C. 

An ch o r age s - 

Canada, Department of 
d a t e s  and scales 

Wolfers tan ,  B.  1976. 
Vancouver, B . C .  

Scuba Diving S i t e  

F i s h e r i e s  and Oceans, Hydrographic c h a r t s .  Various 
. Canadian Hydrographic Service, O t t a w a ,  Ont. 

C r u i s i n g  guide  t o  t h e  Gulf I s l a n d s .  Agency P r e s s  L t d . ,  

Pra t t - Johnson,  B.  1977. 1 4 1  d i v e s  i n  t h e  
B r i t i s h  Columbia. Gordon Soules  Book 

p r o t e c t e d  waters of Washington and 
P u b l i s h e r s ,  Vancouver, B.  C. 

Shore l i n e  Process  F e a t u r e s  

Summers, T. J.  1980. Aerial  reconnaissance  and a i r  photo  i n t e r p r e t a t i o n .  
Environment Canada, Lands D i r e c t o r a t e ,  Vancouver, B . C .  Unpublished. 

Recrea t ion  Areas and A c t i v i t i e s  

Outdoor Recrea t ion  Counci l  of B r i t i s h  Columbia. 1977. B r i t i s h  Columbia’s t r a i l s ,  
r i v e r s  and s h o r e l i n e s :  a s t a t u s  r e p o r t .  A r e p o r t  submi t ted  t o  t h e  M i n i s t e r  
of Recrea t ion  and Conservat ion,  Vancouver, B.  C. 

Beaches 

Bauer,  W .  1977. Shore r e s o u r c e s  i n v e n t o r y  f o r  s o u t h e a s t  Vancouver I s l a n d .  
B r i t i s h  Columbia Department o f  Recrea t ion  and Conserva t ion ,  V i c t o r i a ,  B .  C.  

P u b l i c  Access 

B r i t i s h  Columbia M i n i s t r y  of  T r a n s p o r t ,  World A e r o n a u t i c a l  Char t  E-16. 

Canada Department of Environment. 1976. O i l  and chemical  s p i l l  countermeasures 
series:  Access and land  s t a t u s .  Environmental  P r o t e c t i o n  S e r v i c e ,  Vancouver, 
B .C .  

6 .3  LANDIWATER USE TABLES 

. 3 . 1  Regional  and Local  Zoning 

Regional  Districts 

C a p i t a l  Regional  D i s t r i c t .  1978. Zoning by-law No.103 f o r  Outer  Gulf I s l a n d s .  

Comox-Strathcona Regional  Ds i t r i c t .  1972. Zoning by-law No. 89 f o r  Denman I s l a n d .  

Comox-Strathcona Regional  D i s t r i c t .  

Comox-Strathcona Regional  D i s t r i c t .  

Cowichan Val ley  Regional  D i s t r i c t .  1974. Zoning by-law No.165 f o r  e l e c t o r a l  

1972. 

1974. 

Zoning by-law No. 137 f o r  Hornby I s l a n d .  

Zoning by-law No. 163 f o r  Quadra I s l a n d .  

area G - T h e t i s  I s l a n d .  
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Comox-S t r a t h c o n a  Regional  D i s t r i c t .  1978. Zoning by-law No. 314 f o r  e l e c t o r a l  

Cowichan Val ley Regional  D s i t r i c t .  1971. Zoning by-law No.54 f o r  e l e c t o r a l  

Cowichan Val ley Regional  Dis t r ic t .  1973. Zoning by-law No. 110 f o r  e l e c t o r a l  

Cowichan Val ley Regional  D i s t r i c t .  1973. Zoning by-law No.295 f o r  e l e c t o r a l  

Cowichan Val ley Regional  D i s t r i c t .  1974. Zoning by-law No. 146 f o r  e l e c t o r a l  

Nanaimo Regional  District  . 19 72. Zoning by-law No. 55 f o r  t h e  Parksvi l le -Qual icum 

Nanaimo Regional  D i s t r i c t .  1973. Zoning by-law No.53 f o r  t h e  Nanoose Bay 

Nanaimo Regional  D i s t r i c t .  1974. Zoning by-law No.159 f o r  t h e  Cedar p lanning  area. 

Nanaimo Regional  D i s t r i c t .  1975. Zoning by-law No. 178 f o r  t h e  Cranberry-Bright  

Nanaimo Regional  D i s t r i c t .  1975. Zoning by-law No.203 f o r  t h e  Shaw Hill-Deep Bay 

Nanaimo Regional  D i s t r i c t .  1976. Zoning by-law Nos. 260 and 398 f o r  East 

areas A ,  B y  C y  D.  E and F .  

a r e a  D.  

area A .  

a r e a  C .  

area G .  

p lanning  area. 

p lanning  area. 

p l a n n i n g  area. 

p l a n n i n g  area. 

Wel l ing ton ,  P l e a s a n t  Val ley and L a n t z v i l l e  p lanning  areas. 

I s l a n d s  T r u s t  

I s l a n d s  T r u s t .  1978. Zoning by-law No.5 f o r  Gal iano  I s l a n d .  

I s l a n d s  T r u s t .  1978. Zoning by-law No.5 f o r  North Pender I s l a n d .  

I s l a n d s  T r u s t .  1978. Zoning by-law No.21 f o r  S a l t s p r i n g  I s l a n d .  

M u n i c i p a l i t i e s  

D i s t r i c t  of Campbell River .  1977. Zoning by-law No.760. 

Town of Comox. 1979. Zoning by-law No.513. 

Ci ty  of Courtenay. 1 9 7 9 .  Zoning by-law No.1936. 

C i t y  of Duncan. 1979. Zoning by-law No. 1207. 

Ci ty  of Nanaimo. 1979. Zoning by-law No.2000. 

Corpora t ion  of t h e  D i s t r i c t  o f  North Cowichan. 

Town of Ladysmith. 1965. Zoning by-law No.401. 

Town of P a r k s v i l l e .  1979. Zoning by-law No.520. 

V i l l a g e  of Qualicum Beach. 1978. Zoning by-law No.325. 

1980. Zoning by-law No.1850. 
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6 . 3 . 2  Marinas,  Bulk O i l  S t o r a g e  F a c i l i t i e s  and Sewage Systems and Treatment 

Repor ts  and P l a n s  

Beech, F.C. ,  D.A. Betts and R.L.  Sherwood. 1979. West c o a s t  o i l  s p i l l  counter-  
measures s t u d y  y e a r  I ,  Regional  Program Report  79-28. Environment Canada, 
Environmental  P r o t e c t i o n  S e r v i c e ,  Vancouver, B .  C.  

B e l l ,  L.M. and J . M .  Thompson. 1977. The Campbell River  e s t u a r y  s t a t u s  of environ-  
menta l  knowledge t o  1977. S p e c i a l  E s t u a r y  Series No.7. Report  of t h e  E s t u a r y  
Working Group. F i s h e r i e s  and Environment Canada, Vancouver, B.  C. 

CBA Engineer ing  Ltd .  1980. PIaster p l a n  f o r  t h e  p o r t  of Campbell River .  B r i t i s h  
Columbia Harbours Board Report  No. 7911. 

Canada Department of F i s h e r i e s  and Environment. 1978.  Guide t o  f e d e r a l  f i s h i n g  
and r e c r e a t i o n a l  h a r b o u r s  of B r i t i s h  Columbia, Canadian Hydrographic S e r v i c e ,  
Sidney,  B . C .  

Comox-Strathcona Regional  Dis t r ic t .  1980. Comox Val ley  o f f i c i a l  s e t t l e m e n t  p lan  
d r a f t  two.  P l a n n i n g  Department. 

Eby, P .  and A s s o c i a t e s  L t d .  1973. R e c r e a t i o n a l  b o a t i n g  f a c i l i t y  requi rements  t o  
1985 i n  B r i t i s h  Columbia. Prepared  f o r  F i s h e r i e s  and Oceans Canada, Small  
C r a f t  Harbours Branch, Vancouver, B.C. 

Morr i s ,  S . ,  A .  J.  Leaney, L.M. B e l l  and J . M .  Thompson. 1979. The Courtenay River  
e s t u a r y ,  s t a t u s  of  environmental  knowledge t o  1978. S p e c i a l  E s t u a r y  Ser ies  
No.8. Report of t h e  E s t u a r y  Working Group. F i s h e r i e s  and Environment Canada, 
Vancouver, B .  C. 

!Canairno Regional  D i s t r i c t .  Ja te r  P o l l u t i o n  Cont ro l  Cent re .  n.d.  pamphlet.  

Pyne, B.  1 9 7 7 .  Community p l m .  Report  and a n a l y s i s  survey .  C i t y  of Duncan. 

P e r s o n a l  Communications( 1980) 

B e r i c o f f ,  J .  M u n i c i p a l i t y  of North Cowichan. 

Kew,  R.G. Town of Courtenay. 

Runciman, H . B .  Town of Ladysmith. 

. 3 . 3  Land Use P l a n s  and P r o p o s a l s  

Reports  and Maps 

B r i t i s h  Columbia Hydro and Power A u t h o r i t y .  1980. Vancouver I s l a n d  n a t u r a l  gas 
c o r r i d o r  and r o u t e  nominat ions.  Text volume. Gas Engineer ing  D i v i s i o n ,  
Vancouver, B.  C. 
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B r i t i s h  Columbia M i n i s t r y  of T r a n s p o r t a t i o n  , Communications and Highways. 1979. 
Major s t ree t  network,  P a r k s v i l l e .  

Regional  D i s t r i c t s  

C a p i t a l  Regional  D i s t r i c t .  1971. Community p l a n  f o r  S a l t s p r i n g  I s l a n d .  By-law 
no. 118. P l a n n i n g  Department,  V i c t o r i a ,  B.  C. 

C a p i t a l  Regional  D i s t r i c t .  1973. O f f i c i a l  community p l a n  f o r  South Pender  I s l a n d .  
By-law no. 129 .  Planning Department , V i c t o r i a ,  B.  C. 

C a p i t a l  Regional  D i s t r i c t .  1974. O f f i c i a l  community p l a n  f o r  Gal iano I s l a n d  and. 
area. P lanning  Department , V i c t o r i a ,  B .C .  

C a p i t a l  Regional  D i s t r i c t ,  1975. O f f i c i a l  community p l a n  f o r  North Pender I s l a n d .  
By-law no.218. P lanning  Department,  V i c t o r i a ,  B .C .  

C a p i t a l  Regional  D i s t r i c t .  1375. O f f i c i a l  community p l a n  f o r  S a t u r n a  I s l a n d .  . 
By-law no.250. P l a n n i n e  Department, V i c t o r i a ,  B . C .  

Comox-Strathcona Regional  Dis t r ic t .  1976. Hornby I s l a n d  o f f i c i a l  community p l a n .  
Map. P l a n n i n g  Dep2rtment. 

Comox-S t r a t h c o n a  Regional  D i s t r i c t  . 1977. Comox-Strathcona o f f i c i a l  r e g i o n a l  p l a n .  
Report  and maps.. P l a n n i n z  Department. 

Comox-Strathcona Regional  Dis t r ic t .  1978. Quadra I s l a n d  o f f i c i a l  s e t t l e m e n t  p l a n .  
Report  and maps. Planni i ig  Department. 

Comox-Strathcona Regional  District. 1980. Ci ty  of Courtenay o f f i c i a l  community - 
plan .  D r a f t  r e p o r t  and maps. P l a n n i n g  Department. 

Comox-Strathcona Regional  Dis t r ic t .  1980. Comox o f f i c i a l  commun 
no. 576. Report  and map. P l a n n i n g  Department. 

Comox-Strathcona Regional  Di-strict .  1980. Comox Valley o f f i c i a l  
D r a f t  r e p o r t  and maps. P la i ining Department. 

t y  p l a n  by-law 

s e t t l e m e n t  p lan .  

Cowichan Val ley Regional  Dis t r ic t .  1973. North Oyster-Diamond o f f i c i a l  s e t t l e m e n t  

Cowichan Val ley Regional  D i s t r i c t .  1975. O f f i c i a l  community p l a n  f o r  e l e c t o r a l .  

p l a n .  Report  and map. P l a n n i n g  Department.  

a r e a  D. Urban programme p l a n n e r s .  

Cowichan Val ley Regional  D i s t r i c t .  1977. O f f i c i a l  community p l a n  f o r  e l e c t o r a l  
a r e a  G ( T h e t i s  I s l a n d ) .  
r a t e p a y e r s ,  and I s l a n d s  T r u s t .  

Fepor t  and map. P lanning  Department,  T h e t i s  I s l a n d  

Cowictian Val ley Regional  D i s t r i c t .  1980. S a l t a i r  o f f i c i a l  s e t t l e m e n t  p lan .  
Report and map. P l a n n i n g  Department. 
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Regional D i s t r i c t  o f  Nanaimo. n .d .  French Creek o f f i c i a l  s e t t l e m e n t  p lan .  Draf t  
r e p o r t .  
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P Regional  D i s t r i c t  of Nanaimo. n .d .  O f f i c i a l  s e t t l e m e n t  p l a n ,  Cedar, Cranberry,  
B r i g h t .  F i n a l  d r a f t  . 

I s l a n d s  T r u s t  

Denman I s l a n d  T r u s t  Committee. 1978. Denman I s l a n d  o f f i c i a l  community p l a n .  
Report  and maps. Y 

G a b r i o l a  I s l a n d  T r u s t  Committee. 1978. G a b r i o l a  I s l a n d  community p l a n .  
Report  and map. c1 

Mayne I s l a n d  T r u s t  Committee. 1978. Mayne I s l a n d  o f f i c i a l  community p l a n .  
Report  and map. 0 . M u n i c i p a l i t i e s  

a Corpora t ion  of t h e  D i s t r i c t  of North Cowichan. 
p o l i c y .  Report  and map. By-law No.1765. 

1977. South end community p l a n  

E D i s t r i c t  of Campbeil River .  1979. O f f i c i a l  community p l a n .  Report  and maps. 
U i s  t r i c t  of Campbell River .  P lanning  department .  

0 Nanaimo Ci ty .  1978. O f f i c i a l  community p l a n .  Report  and maps. Des igna t ion  
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0 Qualicum Beach o f f i c i a l  community p l a n .  n.d.  Manuscript  map and r epor t .  

Urban Programme P l a n n e r s .  1978. Town of P a r k s v i l l e  o f f i c i a l  community p l a n .  
Report  and maps. R.F. Mann Ltd.  

ij 
Urban Programme P l a n n e r s .  1979. D i s t r i c t  of North Cowichan, n o r t h  end o f f i c i a l  

community p l a n .  Map. R.F. Mann L t d .  

6 . 3 . 4  - Heavy I n d u s t r i a l  Zones 

il The fo l lowing  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  provided  i n f o r m a t i o n  f o r  
t h e  heavy i n d u s t r y  zones t a b l e s :  

U C i t y  of Nanaimo 
Comox-Strathcona Regional  Dis t r ic t  
Corpora t ion  of t h e  D i s t r i c t  of North Cowichan 
Cowichan Val ley  Regicna l  C i s  t r i c t  
D i s t r i c t  of Campbell River  
Nanaimo Regional  D i s t r i c t  
The Town of Comox 
The V i l l a g e  of Ladysmi th 

D 

.3 .5  Land and Water S t a t u s  

P r o v i n c i a l  Crown Land 

Vacant Crown Land 

B r i t i s h  Columbia M i n i s t r y  of Environment. 1979. B.. C. r e f e r e n c e  - crown land  s t a t u s .  
Map scale: 1: 100,000. Surveys and Mapping Branch, V i c t o r i a ,  B.  C. il 
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Timber S a l e  Licence 

B r i t i s h  Columbia M i n i s t r y  of Environment. 1979. B . C .  r e f e r e n c e  - crown l a n d  
s t a t u s .  Map s c a l e  1:100,000. Surveys and Mapping Branch, V i c t o r i a ,  B .  C. 

. .  P r o v i n c i a l  Park  

B r i t i s h  Columbia Minis t r y  of Lands , P a r k s ,  and Housing. 1980. P r o v i n c i a l  parks  
on Vancouver I s l a n d .  P r o v i n c i a l  Parks  Branch, V i c t o r i a ,  B .  C. 

Energy, Mines and Resources Canada. N a t i o n a l  topographic  series b a s e  maps. Map 
scale 1:50,000. Surveys and Mapping Branch, V i c t o r i a ,  B .C .  

P r o v i n c i a l  F o r e s t  

B r i t i s h  Columbia M i n i s t r y  cf Environment. 1975-76. Reference maps. Map scale 
1:125,000. Surveys and Mapping Branch, V i c t o r i a ,  B . C .  

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  of Environment. 1979. B . C .  r e f e r e n c e  - crown land  s t a t u s .  
Various map scales.  Surveys and mapping Branch, V i c t o r i a ,  B .  C.  

B r i t i s h  Columbia M i n i s t r y  of Lands, P a r k s ,  and Housing. 1980. Computer p r i n t - o u t s  . 
Land Management Branch, V i c t o r i a ,  B .C .  

Foreshore Leases 

B r i t i s h  Columbia M i n i s t r y  of Lands, P a r k s ,  and Housing. 1980. Computer p r i n t - o u t s .  
Land Management Branches i n  V i c t o r i a ,  Nanaimo and Courtenay, B. C .  

Oyster  Leases --- 

B r i t i s h  Columbia M i n i s t r y  of Environment. 1980. Oys ter  c u l t u r e  and management areas, 
and o y s t e r  c u l t u r e  leases and l i c e n c e s .  Marine Resources Branch, V i c t o r i a ,  B .  C .  

F e d e r a l  Crown Land 

I n d i a n  Reserves 

B r i t i s h  Columbia M i n i s t r y  oE Environment. 1975-76. Reference maps. Map scale 
1: 125,000. Surveys and Mapping Branch, O t t a w a ,  Ont . 

Energy, Mines and Resources Canada. N a t i o n a l  topographic  series b a s e  maps. Map s c a l e  
1:50,000. Surveys and Mapping Branch, Ottawa, Ont. 

Other  F e d e r a l  P r o p e r t y  

Environment Canada. 1980. F e d e r a l  l a n d  mapping program, Map scale 1: 50,000. 
Z a n d S - f i r e c t o r a t e ,  Vancouver. B . C .  Unpublished. 

Regional  Park 

Regional  d i s t r i c t  maps. 
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A l i e n a t e d  Land 

Tree Farm 

B r i t i s h  Columbia M i n i s t r y  of F o r e s t s .  1957. I n t e r i m  f o r e s t  cover  ser ies  and 
f o r e s t  i n v e n t o r y  area r e f e r e n c e  system. Map s c a l e  1:126,720. F o r e s t  
Surveys and Inventory  D i v i s i o n .  V i c t o r i a ,  B.C. 

Timber Land 

Same as above. 

N a t i o n a l  Second Century Fund - 

N a t i o n a l  Second Century Fund. 1980. Map of p r o j e c t s .  Vancouver, B . C .  

N a t i o n a l  Second Century Fund of B r i t i s h  Columbia. n .d .  Pamphlet. Vancouver, B .C .  

Other  

Tree Farm Licence 

B r i t i s h  Columbia M i n i s t r y  of Environment. 1975 /76. Reference maps. Surveys and 
Mapping Branch, V i c t o r i a ,  B . C .  

B r i t i s h  Columbia M i n i s t r y  O f  F o r e s t s .  n .d .  Map t o  accompxlv Duncan Bav Tree Farm 
Licence No.2. Timber Management Branch, V i c t o r i a ,  B . C .  

Petroleum and N a t u r a l  Gas P e r m i t  

B r i t i s h  Columbia M i n i s t r y  o f  Energy, Mines and Petroleum Resources .  n .d .  permit map. 

Accreted Land 

B r i t i s h  Columbia M i n i s t r y  of b n d s ,  P a r k s ,  and Housing. n . d .  S t a t u s  maDs. Land 
Management Branch, Courtenay, B.  C. Open f i l e .  

Freehold Coal R i g h t s ,  Coal Licence,  Coal Licence A p p l i c a t i o n s  

M i n i s t r y  of Energy, Mines and Petroleum Resources.  1980. Comox and Nanaimo c o a l  
f i e l d s  p r o p e r t i e s  and geology. Map scale 1:250,000. V i c t o r i a ,  B . C .  

ESTUARY MAP SERIES (1:15,840) 

. 4 . 1  S u r f i c i a l  Sediments 

Dunn, M.W. 1980/81. F i e l d  reconnaissance  mapping of s u r f i c i a l  sediments  f o r  
s e l e c t e d  e s t u a r i e s  - east  Vancouver I s l a n d .  Environment Canada, Lands 
D i r e c t o r a t e ,  Vancouver, B .C.  Unpublished. 

S i b e r t ,  J. and P. R e i m e r ,  1976. T e x t u r a l  a n a l y s i s  of t h e  s u r f i c i a l  sediments  of 
t h e  Nanaimo r i v e r  d e l t a .  F i s h e r i e s  Research Board of Canada Manuscript  Report 
Series No.1405. P a c i f i c  B i o l o g i c a l  S t a t i o n ,  Nanaimo, B . C .  21p. 
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