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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 COASTAL RESOURCES -- FOLIO PROJECT _- 

The p u r p o s e  o f  t h e  C o a s t a l  R e s o u r c e s  F o l i o  P r o j e c t  i s  t o  
p r o v i d e  a n  i n v e n t o r y  and s y n t h e s i s  o f  e x i s t i n g  b i o p h y s i c a l  and l a n d /  
w a t e r  u s e  i n f o r m a t i o n  i n  a f o r m a t  u s e f u l  f o r  e n v i r o n m e n t a l  a s s e s s m e n t s ,  
i n t e g r a t e d  and s i n g l e  p u r p o s e  p l a n n i n g  and management p r o g r a m s ,  c o a s t -  
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  n e e d s .  

The C o a s t a l  R e s o u r c e s  F o l i o  P r o j e c t  was i n i t i a t e d  by t h e  
Lands  D i r e c t o r a t e ,  Envi ronment  Canada i n  t h e  f a l l  of 1 9 7 9 .  

T h i s  f o l i o  - C o a s t a l  R e s o u r c e s  F o l i o :  B a r k l e y  Sound-Albern i  
I n l e t  - i s  t h e  f o u r t h  and f i n a l  of a s e r i e s  f o r  t h e  B r i t i s h  Columbia  
C o a s t a l  Zone. Due t o  t h e  t e r m i n a t i o n  of t h e  Lands D i r e c t o r a t e  C o a s t a l  
R e s o u r c e s  Program, t h i s  f o l i o  i s  i n c o m p l e t e ,  s i n c e  i t  d o e s  n o t  c o n t a i n  
i n f o r m a t i o n  on t h e  i m p o r t a n t  f i s h  and s h e l l f i s h  r e s o u r c e s  o f  t h e  area. 

1 . 2  THE STUDY AREA 

The f o l i o  s t u d y  area e x t e n d s  from P o r t  A l b e r n i  s o u t h w e s t  t o  
Cape B e a l e  and n o r t h w e s t  t o  t h e  e n t r a n c e  of l j c l u e l e t  I n l e t .  
e a s t e r n  boundary  i n c l u d e s  t h e  P i p e s t e m  and Ef f ingham i n l e t s .  
ward boundary  e x t e n d s  t o  a p p r o x i m a t e l y  t h e  150 m e t r e  (500 f o o t )  e l e v a t i o n .  

The  n o r t h -  
The  l a n d -  

1 . 3  ?IETH@DOLOGY 

The f o l l o w i n g  s t e p s  a r e  used  t o  d e v e l o p  t h e  C o a s t a l  R e s o u r c e s  
F o l i o :  

- O v e r a l l  p u r p o s e ,  a p p r o a c h  and c o n t e n t  of f o l i o  d e v e l o p e d ;  

- M e e t i n g s  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  a g e n c i e s  t o  

- 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 

s e e k  a d v i c e  on p r i o r i t i e s  and t o  l o c a t e  s o u r c e s  o f  b a s e l i n e  i n f o r m a t i o n ;  

b a s e l i n e  i n f o r m a t i o n  begun;  

C o n t a c 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 
a d v i c e  on t h e  t y p e  of i n f o r m a t i o n  t h a t  s h o u l d  be p r e s e n t e d  i n  t h e  F o l i o ;  

- 

- I n f o r m a t i o n  t r a n s f e r r e d  t o  working  maps, t ab les  and  r e p o r t s ;  

- L i m i t e d  f i e l d  work s u p p o r t e d  by a i r  p h o t o  and v i d e o  t a p e  i n t e r p r e t a t i o n  
u n d e r t a k e n  t o  f i l l  some d a t a  g a p s  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 ,  m a r i n e  
v e g e t a t i o n  and l a n d / w a t e r  u s e s ;  

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

, 
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1 . 4  USE AND L l M l T A T l O N S  - - _---- 

1 . 4 . 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  b e e n  rr,ade 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  n a d e  
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  p r i m a r y  - b a s e l i n e  fo rm.  The t r a n s -  
f o r m a t i o n  of t h e  b a s e l i n e  d a t a  i n t o  such  i n t e r p r e t a t i o n s  a s  e r o s i o n  
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 r b a n  s u i t a b i l i t y ,  b i o l n g j c a l  
p r o d u c t i v i t y  and p o t e n t i a l  u s e s  o r  c o n f l i c t s ,  a r e  l e f t  t o  t h e  user 
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 i - i  t e r i a  
and i n f o r m a t i o n  n e e d s .  

1 . 4 . 2 '  L i m i t  a t  i o n s  

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 :  

1. The F o l i o  is o n l y  a s  c o m p l e t e  and a c c u r a t e  a s  t h e  i n f o r m a t i o n  upon 
which  i t  i s  b a s e d .  P r i m a r y  d a t a  s o u r c e s  a r e  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  xay  be 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 .  

2. The LandlWater  Use and S t a t u s  theme maps and t a b l e s ,  b e c a u s e  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  l e a s e  i n f o r m a t i o n .  

3 .  The s c a l e  of 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  
i n v e s t i g a t i o n s .  P o c k e t s  of m a r i n e  v e g e t a t i o n ,  s m a l l  p a r k s  o r  m i n e r  
l a n d  u s e  z o n e s  a r e a s ,  f o r  example ,  c a n n o t  b e  d e p i c t e d  a t  t h i s  s c a l e .  
F u r t h e r ,  i n  t h e  t r a n s f e r r i n g  of i n f o r m a t i o n  f rom o n e  s c a l e  t o  a n o t h e r ,  
e r r o r s  i n  t h e  p l acemen t  of b o u n d a r i e s  c a n  r e s u l t .  Fo r  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  s h o u l d  a l c a y s  b e  c o n s u l t e d .  

4 .  The m a r i n e  s u b s t r a t e s ,  p h y s i c a l  s h o r e  zone ,  s eaweeds  and s a l t r . a r s h e s  
d a t a  were supp lemen ted  by a e r i a l  p h o t o  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  
and f i e l d  c h e c k s .  

The  Lands  D i r e c t o r a t e ,  Envi ronment  Canada ,  welcomes c o n n e n t s  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  c h a t  i m p r o v e n e n t s  c a n  b e  
made t o  s u b s e q u e n t  C o a s t a l  R e s o u r c e s  F o l i o  documents .  

1 .5  FOLIO CONTENT AND FORFLAT 

1.5.1 F o l i o  C o n t e n t  

The C o a s t a l  R e s o u r c e s  F o l i o  c o n t a i n s  t h e  f o l l o w i n g  s e c t j o n s .  

1.0 INTRODUCTION 

The i n t r o d u c t o r y  s e c t i o n  i s  d e s i g n e d  t o  i n f o r m  t h e  r e a d e r  a s  t o  t h e  
p u r p o s e ,  c o n t e n t  and a v a i l a b i l i t y  o f  t h e  f o l i o .  



2.0 

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 s 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  a n d / 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  ll themes .  The maps a r e  d e s i g n e d  t o  
p e r m i t  t h e  o v e r l a y  of any co rn6 ina t ion  of two o r  more  theme n a p s .  
Such a n  a p p r o a c h  was d e v e l o p e d  i n  r e c o g n i t i o n  of t h e  v a l u e  and  
u s e  of o v e r l a y  a n a l y s i s  t e c h n i q u e s  t o  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 s e s s m e n t s  of p r o j e c t  p r o p o s a l s ,  and i n  t h e  d e r i v a t i o n  
of s e c o n d a r y  i n f o r c a t i o n  b a s e d  upon t h e  c o m p a r i s o n  a n d / o r  
co inh ina t ion  o f  d i f f e r e n t  d a t a  se ts .  

COASTAL AESOL'RCES ?'LAP S E R J E S  ( 3  : - - -z -  SO 000) --- 

3.0 TABLES --- 

T h i s  s e c t i o n  c o n s i s t s  of Land/ l l 'a ter  Use and S t a t u s  T a b l e s  and 
p r o v i d e s  d e t a i l e d  d a t a  on s u c h  s u b j e c t s  a s :  f o r e s h o r e  l e a s e s  - 
a r e a s ,  u s e  and l e a s e h o l d e r ;  l a n d  t e n u r e ;  t y p e s  of s e r v i c e s  and  
number of b e r t h s  a t  m a r i n a s ;  and z o n i n g  b y l a w s .  D e s c r i p t i v e  
h i g h l i g h t s  a r e  p r o v i d e d  f o r  e a c h  b a s e  map and  a g l o s s a r y  h a s  b e e n  
p r e p a r e d  f o r  e a c h  t a b l e  and t o p i c .  

The p u r p o s e  of t h e  Companion R e p o r t  i s  t o  p r o v i d e  a su.mnary 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 R e p o r t  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 r;,any t o p i c s  a n a  i s  d e s i g n e d  to ccmplement t h o s e  themes  and sub- 
j e c t s  por:rsyed i n  t h e  C o a s t a l  R e s o u r c e s  >?ap Series. 

5 .0  SOI'RCES 

The S o u r c e s  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 r u d y  area.  S o u r c e s  a r e  o r g a n i z e d  u n d e r  t h e  same h e a d i n g s  
a s  t h e  F r e v i o u s  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  prirxiary d a t a  s o u r c e s  s u c h  a s  a e 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 ,  z o n i n g  b y l a w s ,  and p e r s o n a l  
c o m u n i c a t i o n s .  

6 .0  GLOSSARY 

T h i s  s e c t i o n  p r o v i d e s  d e f i n i t i o n s  of s e l e c t e d  terms and c a t e g o r i e s  
c o n t a i n e d  e i t h e r  on  t h e  map m a n u s c r i p t s  o r  i n  t h e  Companion R e p o r t .  

1 . 5 . 2  F o l i o  Format ____--- 

The C o a s t a l  R e s o u r c e s  F o l i o  c o n s i s t s  of two documents :  Volume 1 
is a n  a t l a s  c o n t a i n i n g  S e c t i o n  1 . 0  I n t r o d u c t i o n ,  S e c t i o n  2.0 C o a s t a l  

u 
U 
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R e s o u r c e s  ?lap Series,  and S e c t i o n  3 . 0  T a b l e s .  Volume I c o n s i s t s  
of two s e p a r a t e  f o l i o s  - o n e  f o r  each  of t h e  two b a s e  map a r e a s .  

Volume I1 i s  a r e p o r t  which  a p p l i e s  t o  t h e  e n t i r e  s t u d y  
a r e a  and c o n t a i n s  S e c t i o n  1 . 0  I n t r o d u c t i o n ,  S e c t i o n  5.0 Companion 
R e p o r t ,  S e c t i o n  5.0 S o u r c e s ,  and S e c t i o n  6.0 G l o s s a r y .  U 
1 . 6  COVEMGE A7XD AVAIL4BILITY 

1 . 6 . 1  . C o v e r a g e  

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

1 .6 .1 .1 .  Area  Coverage  

L o c a t i o n a n d  b o u n d a r i e s  of s t u d y  a r e a  and  b a s e  maps. 

COASTAL RESOURCES FOLIO 
(Barkley Sound-Alberni Inlet) 

BRITISH COLUMBIA 

P 
w 
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1 . 6 . 1 . 2  Theme Naps ( C o a s t a l  Resources  Map S e r i e s )  

When o r d e r i n g  1:50,000 theme maps, p l e a s e  q u o t e  y e a r  of p u b l i c a t i o n ;  
b a s e  maps and theme number, i n  a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  c h a r t .  

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

1983 
1983 
1983 
1983 

1983 

1983 

1983 

1983 
1983 

1983 
1983 
1983 
1983 

1 ,  2 

2 

-1 P h y s i c a l  Shorezone  
-1 P h y s i c a l  Shorezone  U n i t s  T a b l e  
-2 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  
- 3  P h y s i c a l  Oceanography - S t a t i o n  

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

- 4  Water R e s o u r c e s  - D i s c h a r g e ,  Use and 

- 5  Seaweeds,  S a l t m a r s h e s  and Mar ine  

-6 Marine Bi rd  Surveys  
-7 G e n e r a l i z e d  Zoning,  Plar ine F a c i l i t i e s  

-8 Land/Water U s e  P l a n s  and P r o p o s a l s  
-9 LandIWater Use and S t a t u s  
-10 F o r e s t  Cover 
-11 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  

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

Summary T a b l e  

C o n t a m i n a t i o n  

Mammal s 

and S e l e c t e d  A d m i n i s t r a t i v e  Boundar ies  

and Access 

For  example 83-1-1 refers  t o  b a s e  map number 1, P h y s i c a l  Shorezone  p u b l i s h e d  
i n  1983. 

1 . 6 . 1 . 3  T a b l e s  

The f o l l o w i n g  t a b l e s  a r e  a v a i l a b l e :  

- Zoning and ? l a r i n e  F a c i l i t i e s  
- Land Use, P l a n s  and F o r e s t  Cover 
- Land and Water S t a t u s  

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

1 . 6 . 1 . 4  Repor t  

Volume I1 p r o v i d e s  c o v e r a g e  f o r  t h e  e n t i r e  Bark ley  Sound-Port  
A l b e r n i  s t u d y  area.  
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1 . 6 . 2  ---__ A v a i l a b i l i t y  

The C o a s t a l  R e s o u r c e s  F o l i o  i s  a v a i l a b l e  e i t h e r  f rom:  

OR YAPS-B.C. Envi ronment  Canada _- 
P.O. Box 1540, 800 B u r r a r d  S t r e e t  S u r v e y s  & R e s o u r c e s  Napp ing  Branch  
Vancouver,  B . C .  1762 2 5 7  B . C .  E i i n i s t r y  of Env i ronmen t  

Phone: (604) 666-5920 P a r l i a m e n t  B u i l d i n g s  
V i c t o r i a ,  B . C .  V 8 V  1x5 

P h o n e :  ( 6 0 4 )  3 8 7 - 1 4 4 1  

1 . 6 . 3  O r d e r s  and  C o s t  _- 

R e q u e s t s  s h o u l d  be p l a c e d  by m a i l .  The F o l i o  c a n  b e  o r d e r e d  
by base map, r e s o u r c e  theme,  o r  by s e c t i o n .  Section 2 . 0  C o a s t a l  R e s o u r c e s  
Map S e r i e s  (1:50,000) M a n u s c r i p t s  c a n  b e  o r d e r e d  a s  e i t h e r  o z a l i d s  ( p p e r  
p r i n t s )  o r  as  f i l m s  ( d i a z o  o r  a u t o - p o s i t i v e s ) .  

The c o s t  of your  o r d e r  w i l l  b e  i n  a c c o r d a n c e  w i t h  t h e  
f o l l o w i n g  a r r a n g e m e n t .  

Document R 

Volume I - 
A t l a s  

Number of C o p i e s  

L i m i t e d  number o f  
s i n g l e  copy theme 
naps o r  t a b l e s  

H u l t i p l e  ( d u p l i -  
c a t e )  c o p i e s  of 
theme maps o r  
t a b 1  es 

i u e s t  _I__I_- __ 
Tvpe of P r o d u c t  

O z a l i d  ( p a p e r  p r i n t )  
- -_____- - 

F i l m s  ( d i a z o  o r  a u t o -  
p o s i t i v e s  

O z a l i d s  ( p a p e r  p r i n t s  

- ~ - - _ _ _  

c o s t  - 
_ _ _ ~  

No c h a r g e  

A t  c u r r e n t  r a t e s  
e s t a b l i s h e d  by  
l o c a l  p r i n t i n g  
f i r m s  o r  by t h e  
P r o v i n c i a l  ?lap 
P r o d u c t i o n  Labor- 
a t o r y .  D i r e c t  
b i l l i n g  t o  a p p l y .  

A t  c u r r e n t  r a t e s  
e s t a b l i s h e d  by 
l o c a l  p r i n t i n g  
f i r m s  o r  by  t h e  
P r o v i n c i a l  ?lap R e -  
p r o d u c t i o n  Labora-  
t o r y .  D i r e c t  
b i l l i n g  t o  a p p l y .  
E s t i m a t e d  C o s t  
(1983 q u o t a t i o n s )  

p e r  p r in t ' . .  
$1.05 - $ 3 . 0 0  

Volume I1 . L i m i t e d  number of c o p i e s  a v a i l a b l e  f r e e  o f  c h a r g e .  
R e p o r t  

* 
P r i c e s  s u b j e c t  t o  change .  
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4 . 1  INTRODUCTION 

PURPOSE 

The purpose of t h i s  r e p o r t  i s  t o  provide  complementary in fo rma t ion  
t o  t h e  maps and t a b l e s  of t h e  C o a s t a l  Resources  Fo l io .  B 

P 

0 
0 

0 
0 

THE STUDY AREA 

The Barkley Sound-Alberni I n l e t  Resources  F o l i o  s tudy  area ex tends  
from P o r t  A lbe rn i  southwes t  t o  Cape Beale and nor thwes t  t o  t h e  entrance of 
Uc lue le t  I n l e t .  The n o r t h e a s t e r n  boundary i n c l u d e s  t h e  Pipestem and 
Eff ingham i n l e t s .  
(500 f o o t )  e l e v a t i o n .  

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

4 . 2  THE BARKZEY SOUND-ALBERNI INLET ECONOMY 

4 . 2 . 1  GENERAL SETTING 

The s tudy  a r e a  f a l l s  w i t h i n  t h e  Regional  D i s t r i c t  of Albern i -  
Clayoquot. F o r e s t r y  i s  t h e  pr imary i n d u s t r y  i n  t h e  area wi th  most of  t h e  
6 , 4 4 9  squa re  k i l o m e t r e s  (km) of l and  i n  t h e  r e g i o n a l  d i s t r i c t  under  tree farm 
l i c e n c e .  The r e g i o n a l  d i s t r i c t  popu la t ion  is es t ima ted  a t  32,558, w i t h  t h e  
m a j o r i t y  of people  l i v i n g  i n  P o r t  A lbe rn i  and t h e  A l b e r n i  Val ley .  Located a t  
t h e  head of A lbe rn i  I n l e t ,  P o r t  A lbe rn i  s e r v e s  as a deep  sea p o r t  and t h e  s i t e  
f o r  t h r e e  sawmills and a pulp  m i l l .  

Bamfield, s i t u a t e d  on t h e  southwes t  c o a s t  of  Barkley Sound, is t h e  
l o c a t i o n  of t h e  Western Canadian U n i v e r s i t i e s  Marine B i o l o g i c a l  S t a t i o n .  
Bamfield I n l e t ,  a des igna ted  p u b l i c  harbour ,  c o n t a i n s  t h e  Coas t  Guard L i f e  
Saving S t a t i o n ,  two small c r a f t  harbours  and a wharf (Gray, 1980). 

A.1l.G. Management Sc ience  Ltd.  (1980) p rov ides  a n  account  of  t h e  
l abour  f o r c e  i n  t h e  Alberni-Clayoquot Regional  D i s t r i c t .  A comparison of  t h e  
r e g i o n a l  d i s t r i c t  l abour  f o r c e  w i t h  t h a t  of t h e  p rov ince  i s  provided i n  T a b l e  1. 

4 . 2 . 2  FORESTRY 

Tab le  2 l ists  t h e  a r e a  of v a r i o u s  f o r e s t  cover  types .  The 
p r o v i n c i a l  Crown owns 88% of t h e  f o r e s t  l and  i n  t h e  s tudy  area w h i l e  12% i s  
p r i v a t e l y  he ld  by f o r e s t  companies (B.C. F o r e s t  S e r v i c e ,  1983) .  The p r o v i n c i a l  
crown land  i s  con ta ined  i n  t h e  Clayoquot and Juan d e  Fuca p r o v i n c i a l  f o r e s t s  
and i s  admin i s t e red  by t h e  B . C .  F o r e s t  Se rv ice .  The B.C. F o r e s t  S e r v i c e  a l s o  
a d m i n i s t e r s  t imber  t e n u r e s  under t h e  Nootka Timber Supply a r e a .  MacMillan 
Bloedel  i s  t h e  major p r i v a t e  ho lde r  o p e r a t i n g  Tree Farm Licences  20 and 21 .  
B.C.  F o r e s t  P roduc t s  o p e r a t e s  Tree Farm Licence  22 .  
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TABLE 1 u 
LABOUR FORCE - BY INDUSTRY 1981 

ALBERNI-CLAYOQUOT REGIONAL DISTRICT 

I n d u s t r y  D i v i s i o n  B r i t i s h  Columbia % of T o t a l  Alberni-Clayoquot % of T o t a l  
Regional Dis t r ic t  

T o t a l  Labour Force  1,389,215 16,370 

A l l  I n d u s t r i e s  1,376,230 15 ,965  

Primary I n d u s t r i e s *  99,687 7 2,600 16 .5  

A g r i c u l t u r e  31,575 2 . 2  125 

F o r e s t r y  37,035 3 . 0  2,020 

F i s h i n g  and Trapping 5,335 . 4  420 

Secondary I n d u s t r i e s *  312,000 22.6 5,590 

.78 

12 .6  

2.6 

35.4 

Manufacturing 204,020 14.8 4,785 

C o n s t r u c t i o n  107,980 22.6 68 5 

T e r t i a r y  I n d u s t r i e s  964,550 69.7 7,555 

30.9 

4.5 

4 7 . 7  

T r a n s p o r t a t i o n ,  Cormnun- 
i c a t i o n  and Other  
U t i l i t i e s  126,550 9 .1  

Trade  243,190 17.6 

Finance, In su rance  
and Real Estate 78,110 5.6 

Community, Bus iness  and 
P e r s o n a l  S e r v i c e  417,910 30.3 

P u b l i c  Admin i s t r a t ion  
and Defense 98,790 7 . 1  

8 50 

2,010 

425 

3,390 

7 60 

5.5 

12.9 

2 . 8  

2 1 . 7  

4 . 8  

* 
Not a l l  t h e  i n d u s t r i e s  which comprise t h e  major i n d u s t r i a l  d i v i s i o n  a r e  shown. 
The re fo re ,  t h e  major i n d u s t r y  t o t a l s  do no t  c o i n c i d e  wi th  t h e  sum of t h e  
d e t  a i l e d  indus t r i a l  groupings  . 

SOURCE: S t a t i s t i c s  Canada, 1983. 1981 Census of Canada. 
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TABLE 2 
1 FOREST COVER - AREA I N  HECTARES BY FOREST COVEK CATEGORY 

FOR THE BARKLEY SOUND-ALBEKNI INLET AKEA 
- 

Base Map Immature % M a t u r e  % Not S a t i s f a c  % Noli-Commercial % T o t a l  F o r e s t  Non F o r e s t  T o t a l  Land 
Number t o r i l y  S t o c k e d  

1 5 055  62 2 611 32 534 7 - 8 200 900 9 100 

2 5 775  1 2  39 764 84  1 886 4 1 3  .02 47 438 14  219 61 657 

TOTAL 1 0  8 3 0  1 9  4 2  475  76  2 420 4 13 .02 5 5  638 1 5  119  7 0  757 

'The a r e a s  i n  some' cases r e p r e s e n t  an  a r e a  l a r g e r  t h a n  t h e  a c t u a l  b a s e  map s h e e t .  

SOURCE: B . C .  F o r e s t  S e r v i c e ,  1983.  V l c t o r i a .  
I 

W 

I 



4 . 2 . 3  FISHING. 

I n  1980; 284 commerc f i s h i n g  v e s s e l s  were l i c e n s e d  Pn t h e  
s t u d y  area. The commercial vaEue of salmon, h e r r i n g ,  h a l i b u t  and g roundf i sh ,  
expresses als t h e  t o t a l  ave rage  landed v a l u e ,  is shown i n  Tab le  3 .  The t o t a l  
ave rage  landed  v a l u e  od s h e l l f i s h ,  exc luding  o y s t e r s ,  f o r  t h e  same (1975-1981) 
pe r iod  is shown i n  Tab le  4 .  

P o r t  Allberni Fish!  Company Ltd .  i s  t h e  on ly  f i s h  p rocess ing  p l a n t  
o p e r a t i n g  i n  t h e  s t u d y  area,, and is licenised t o  p rocess  sailmon and ground- 
f i s h  (T. Proverbs ,  pe r s .  c o r n . ,  1983) .  

In1 3982, t h e  s p o s t s  f i s h e r y  w a s  worth am es mated $1!,07 0,8 3 5. 
Residfent angl iers  f i s h e d  a t o t a l  of 71,989 days.  Salmon1 w a s  t h e  l a r g e s t  
c a t c h ,  w i t h  chinook t h e  favoured  s p e c i e s .  Table  5 presenl ts  a comparison of 
s p o r t  f i shPng  e f f o r t  over  t h r e e  y e a r s .  T h i s  iniformation is p a r t  of t h e  
Department of F i s h e r i e s  and Oceans B.C.  Tiidal S p o r t f k h i n g  Diacry Program. 
(L. Bi js tervePdt ,  p e r s .  co rn . ,  1983) .  

TABLE 3 

AVERAGE LANDED VALUES (1975-198E)~ OF SALMON, HERRING AND GROUNDFISH 

STATISTICAL AREA 23 

F i s h e r y  Area 23 
6 $0 00,) 

Salmon S l!3$,.996 

Herr ing  14 ,, i! 12’ 

Groundf+sh 3 ,,384 

Ha l ibu t  

T o t a l  

SOURCE : 

1063 

$:32,.198 



- 5 -  

TABLE 4 

SHELLFISH AVERAGE LANDED VALUES 1975-1981 
($000)  

Spec ie s  1975 1976 1977 1978 1979 1980 1981 

Shrimp & Prawns $37 36 157 112 120 106 249 

C l a m s  

Abalone 

Crab 

Geoduck 

T o t a l  

- - 34 1 6  12 13 3 
- - - - - 2 4 

4 - 9 1 5  2 9 
- - - 120 217 145 

- 
- 

77 56 169 134 263 325 403 

0 SOURCE : F i s h e r i e s  and Oceans Canada, P a c i f i c  Region. 1975-1981 B.C. 
Catch S t a t i s t i c s .  

TABLE 5 

1 
SPORT FISHING EFFORT 1980-1982 

F i s h e r i e s  S t a t i s t i c a l  Area 23 

1980 1981 1982 

35,139 51,500 71,989 1 Angler Days 

$ Value 527,085. 772,500. 1,079,835. 

1 - one a n g l e r  day i s  worh $15. 

SOURCE: L .  B i j s t e r v e l d ,  1983. Persona l  Communication. 
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4.2.4 TOURISM 

The P a c i f i c  R i m  Na t iona l  Pa rk  a t t r a c t s  over  h a l f  a m i l l i o n  v i s i t o r s  
t o  t h e  area each  yea r  (CanadafBC, 1983) .  The pa rk  i s  made up of t h r e e  u n i t s :  
Long Beach, t h e  Broken I s l a n d s  Group and t h e  West Coas t  T r a i l .  The Broken 
I s l a n d s  Group and p a r t  of t h e  West Coas t  T r a i l  a r e  l o c a t e d  i n  t h e  s tudy  a r e a .  

The C i t y  of P o r t  A lbe rn i  r e c e i v e s  on ave rage  30,000 v i s i t o r s  a y e a r .  
The Lady Rose c r u i s e / t r a n s p o r t a t i o n  o p e r a t i o n ,  MacMillan B l o e d e l ' s  Pulp and 
Paper  M i l l ,  b o a t  c h a r t e r s  and t h e  museum are  t h e  major t o u r i s t  a t t r a c t i o n s .  

The C i t y  of P o r t  A lbe rn i  has  a l s o  under taken  a harbour  pa rk  develop- 
ment p r o j e c t  which i s  a commercial, r e c r e a t i o n a l  and c u l t u r a l  r e v i t a l i z a t i o n  
of t h e  harbour  f r o n t  (Canada/BC, 1983) .  

4.2.5 AGRICULTURE 

I n  1974, t h e  A g r i c u l t u r a l  Land Commission des igna ted  7 933 ha of  
l a n d  as A g r i c u l t u r a l  Land Reserve;  s i n c e  then  on ly  40 ha have been exempted. 
I n  1981, seventy- three  farms were o p e r a t i n g  i n  t h e  a r e a ,  twenty-one of  which 
w e r e  cons ide red  commercial o p e r a t i o n s ,  w i t h  t h e  remainder be ing  hobbv fa rms .  
( S t a t i s t i c s  Canada, 1983) .  

4.3 PHYSICAL FEATURES 
c 

4 . 3 . 1  PHYSIOGRAPHY 

The s tudy  area's physiography ref lects  r epea ted  g l a c i a l  and i n t e r -  
g l a c i a l  e v e n t s  of t h e  Wisconsin pe r iod .  Large i ce  s h e e t s  of  g r e a t  t h i c k n e s s  
covered t h e  e n t i r e  area. F igu re  1 i l l u s t r a t e s  t h e  p robab le  i c e  t h i c k n e s s  over 
t h e  r eg ion .  The weight  of ice  caused t h e  land  m a s s  t o  d e p r e s s  r e l a t i v e  t o  t h e  
sea. Upon d e g l a c i a t i o n  t h e  land  r o s e  which, f o r  t h i s  a r e a ,  meant an  e l e v a t i o n  
change r e l a t i v e  t o  sea level of 90 t o  100 m a t  P o r t  A lbe rn i  and C 5 0  m on t h e  
w e s t  c o a s t  of t h e  i s l a n d .  (Clague, 1981) .  F i g u r e s  2 and 3 show t h e  a r e a s  
of mar ine  o v e r l a p  and e l e v a t i o n  change f o r  c o a s t a l  B r i t i s h  Columbia. 

The s tudy  area s t r a d d l e s  two d i s t i n c t i v e  phys iographic  r e g i o n s  - t h e  
Estevan C o a s t a l  P l a i n  and t h e  Vancouver I s l a n d  Mountains ( p a r t  of t h e  I n s u l a r  
Mountain Chain) .  
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SOURCE: J . J .  Clague,  J . R .  Harper ,  R . J .  Hetda and D.E.  Howes, 1982. Later Quaternary 
Sea Leve l s  and C r u s t a l  Movements, Coas t a l  B r i t i s h  Columbia. Canadian Journa l  
of E a r t h  Sc iences ,  1 9 ( 3 ) .  O t t a w a .  
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SOURCE: J . J .  Clague,  1981. Late Quaternary Geology and Geochronology of B r i t i s h  Columbia: 
P a r t  2 - Summary and D i s c u s s i o n  of Radio Carbon-Dated Quaternary  H i s t o r y .  GSC 

Paper 80-35. Canada ,  Department of Energy, Yines and Resources .  Ottawa. 
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Estevan C o a s t a l  P l a i n  

P 
T h i s  nar row lowland e x t e n d s  from J u a n  d e  Fuca  S t r a i t  t o  t h e  

Brooks P e n i n s u l a ,  a t o t a l  of a b o u t  270 km. I t s  w i d t h  r a r e l y  
exceeds  4 Ian, w h i l e  i t s  e l e v a t i o n  i s  g e n e r a l l y  less  t h a n  50 m .  
(Clague  and Bornhold ,  1980) .  

The E s t e v a n  C o a s t a l  P l a i n  i s  b e s t  deve loped  on t h e  n o r t h w e s t  
s i d e  of Ba rk ley  Sound. 

Ba rk ley  Sound r e p r e s e n t s  a m a r i n e  component of t h e  Es t evan  
C o a s t a l  P l a i n .  I t  is  a sou thwes t  by n o r t h e a s t  t r e n d i n g  d e p r e s s i o n  
d i s s e c t e d  by many c h a n n e l s  and i s l a n d s .  The t h r e e  major  c h a n n e l s  
Loudoun, I m p e r i a l  E a g l e ,  and T r e v o r ,  have  t h e  f o l l o w i n g  d imens ions  
( C a r t e r  , 1971) .  

Length(km) Width(km) Average depth(m)  Maximum depth(m)  

Loudoun 1 1 . 2  2.4 48  7 7  

I m p e r i a l  E a g l e  1 9 . 3  6.4  88 1 1 7  

Trevor  22.5 2.2 135  259 

Carter (1971) a l s o  comments t h a t  t h e  bot tom topography of Bark ley  
Sound i s  v e r y  complex, w i t h  two d i s t i n c t  h a l v e s .  The s o u t h e a s t  h a l f  
c o n t a i n s  s e v e r a l  e l o n g a t e d  d e p r e s s i o n s  a l i g n e d  w i t h  t h e  Sound ' s  a x i s .  
Average d e p t h s  are 109 m ,  w h i l e  t h e  d e e p e s t  b a s i n  i s  n e a r  t h e  mouth 
of A l b e r n i  I n l e t  a t  255 m. The n o r t h w e s t  h a l f  of  t h e  Sound i s  much 
s h a l l o w e r ,  a v e r a g i n g  a b o u t  3 7  m. 

Bamfield I n l e t ,  as d e s c r i b e d  by Carter (19711, i s  t y p i c a l l y  
s h a l l o w ,  h a s  no s i l l  a t  mouth, and h a s  we l l -deve loped  t i d a l  f l a t s  a t  
i t s  head .  H e  s u g g e s t s  t h a t  i t  i s  a n  i c e  e r o s i o n  f e a t u r e  m o d i f i e d  by 
heavy s e d i m e n t a t i o n .  The c e n t r a l  c h a n n e l ,  h e  f e e l s ,  i s  a t i d a l  s c o u r  
f e a t u r e .  

Vancouver I s l a n d  Mounta ins  

These  moun ta ins  a re  t h e  s o u t h e r n  e x t e n s i o n  of t h e  I n s u l a r  Mountains 
p h y s i o g r a p h i c  r e g i o n  d e s c r i b e d  by H o l l a n d ,  1964.  They domina te  t h e  
topography of Vancouver I s l a n d  and a t t a i n  e l e v a t i o n s  of up t o  2200 m 
(Clague  and Bornhold ,  1980) .  Wi th in  t h e  s t u d y  area,  however,  1000 m 
peaks  are more common. T h i s  rugged topography i s  i n d e n t e d  by numerous 
i n l e t s ,  f i v e  of which o c c u r  w i t h i n  t h e  s t u d y  area.  Carter (1971) 
c l a s s i f i e s  t h e s e  i n l e t s  as  f j o r d s  s i n c e  they  have  s t e e p  s i d e s ,  a r e  
v e r y  deep ,  have  s i l l s ,  and g e n e r a l l y  have  a "U"-shaped p r o f i l e .  
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The f o l l o w i n g  t a b l e  p r o v i d e s  t h e  compar isons  of t h e  i n l e t s .  Note 
t h a t  U c h u c k l e s i t  I n l e t  d o e s  n o t  have  a s i l l .  

TABLE 6 CHARACTERISTICS OF INLETS 

Length(km) Average Mid-channel Maximum d e p t h  S i l l  d e p t h  
I n l e t  Width(km) Depth(km) (m 1 (m 1 
U c h u c k l e s i t  , 5 . 8  1 . 0  3 5  8 6  - 
Useless 4 . 8  . 5  3 1  4 4  1 5  

P i p e s  t e m  8 .1  . 6  4 5  7 0  34 

E f  f ingham 1 4 . 5  1 . 2  9 5  2 0 5  5 6  

A l b e r n i  5 9 . 5  1.1 1 4  5 3 6 5  88 

SOURCE: L.  Carter, 1971. S u r f i c i a l  Sediments  of Ba rk ley  Sound and t h e  
Ad jacen t  C o n t i n e n t a l  S h e l f ,  Vancouver I s l a n d ,  B r i t i s h  Columbia. 
U n i v e r s i t y  of B r i t i s h  Columbia,  Department of Geology. Vancouver. 
Unpubl i shed  Ph.D t h e s i s .  

4 . 3 . 2  GEOLOGY 

Bedrock 

The s t u d y  area i s  a complex of s e d i m e n t a r y ,  metamorphic and i g n e o u s  
r o c k s .  Dominant a re  b a s a l t s ,  a n d e s i t e s ,  G r a n o d i o r i t e ,  and d i o r i t e s  of 
Yesozoic  a g e .  T e r t i a r y  s a n d s t o n e s  and g l a c i a l  d e p o s i t s  o v e r l a y  t h e s e  
r o c k s  on t h e  c o a s t a l  p l a i n .  ( C a r t e r ,  1973) .  

Geo log ic  mapping of t h e  a r e a  h a s  been  done  by M u l l e r  (1970) and 
Roddick e t  a1 (1979) .  -- 
S u r f i c i a l  Geology 

The u n c o n s o l i d a t e d  s u r f i c i a l  materials a r e  p r i m a r i l y  of g l a c i a l  and 
i n t e r g l a c i a l  o r i g i n  which have  been f u r t h e r  mod i f i ed  by s e a - l e v e l  
changes  and r e c e n t  f l u v i a l  p r o c e s s e s .  Modern s e d i m e n t s  a r e  r e p r e s e n t e d  
by c h a n n e l ,  f l o o d p l a i n ,  a l l u v i a l  f a n ,  d e l t a i c  and beach  d e p o s i t s .  The 
Es tevan  C o a s t a l  P l a i n  i s  e x t e n s i v e l y  o v e r l a i n  by g l a c i a l  t i l l  of 
v a r i a b l e  t e x t u r e s ,  e s p e c i a l l y  on t h e  n o r t h e r n  s i d e  of Bark ley  Sound. 
Much of t h i s  same area h a s  a l s o  been  m o d i f i e d  by m a r i n e  and g l a c i o -  
mar ine  p r o c e s s e s .  G l a c i o - f l u v i a l  l a n d  forms such  as terraces, 
abandoned c h a n n e l s  and i c e  c o n t a c t  f a n s  a re  a l s o  p r e s e n t ,  though more 
abundant  i n  t h e  A l b e r n i  V a l l e y  and a d j a c e n t  u p l a n d s .  
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C o l l u v i a l  and till v e n e e r  d e p o s i t s  domina te  t h e  mounta inous  and 

s t e e p  s l o p e d  p a r t s  of t h e  s t u d y  area.  Organ ic  d e p o s i t s  have  
deve loped  i n  p o o r l y  d r a i n e d  d e p r e s s i o n a l  a r e a s  and a t  l a k e  m a r g i n s .  

Accounts  of  t h e  g l a c i a l  h i s t o r y ,  s t r a t i g r a p h y  and t e x t u r e s  of  
s u r f i c i a l  deposits c a n  b e  found i n  Day, -- e t  a1  ( 1 9 5 9 ) ,  F y l e s  (1963) ,  
Carter (1970, 1 9 7 3 ) ,  and C lague  (1981) .  Reconna i s sance  t e r r a i n  
i n v e n t o r y  mapping h a s  been  done  bv t h e  B r i t i s h  Columbia M i n i s t r y  o f  
Environment (1972) .  

4 .3 .3  SOILS 

The s o i l s  of t h e  s t u d y  area a r e  p redominan t ly  of  t h e  P o d z o l i c  Orde r .  
Ferro-humic p o d z o l s  are  p r i m a r i l y  found on t h e  lowland p a r t  of t h e  s t u d y  a r e a ,  
w h i l e  humo-fer r ic  p o d z o l s  dominate  t h e  mounta inous ,  e a s t e r n  p o r t i o n  of t h e  
s t u d y  area. 

I n  g e n e r a l ,  s t e e p  s l o p e s  tend t o  have  s h a l l o w ,  c o a r s e  t e x t u r e s  and 
r a p i d l y  d r a i n e d  s o i l s ;  bed rock  o u t c r o p s  a r e  common. Less s t e e p  t e r r a i n  h a s  
sandy t o  g r a v e l l y  s o i l s  w i t h  r a p i d  t o  i m p e r f e c t  d r a i n a g e .  G e n t l y  s l o p i n g ,  
l o w  l y i n g  p o s i t i o n s  have  medium t o  f i n e  t e x t u r e d  s o i l s  s u b j e c t  t o  water t a b l e  
f l u c t u a t i o n s .  D e p r e s s i o n a l  o r  l e v e l  areas u s u a l l y  u n d e r l a i n  by mar ine  c l a y s  
g e n e r a l l y  have  o r g a n i c  s o i l s .  G lac io -mar ine  and g l a c i o - f l u v i a l  d e p o s i t s  
( e s p e c i a l l y  t e r r a c e s )  have  c o a r s e  t e x t u r e d ,  and v e r y  r a p i d l y  d r a i n e d  s o i l s  
on modera t e  s l o p e s  (F rank ,  1980) .  

Mapped s o i l s  i n f o r m a t i o n  f o r  t h e  A l b e r n i  V a l l e y  i s  a v a i l a b l e  i n  
Day, e t  a1 (1959) .  V a l e n t i n e  - -  e t  a 1  (1978) p r o v i d e  a g e n e r a l  a c c o u n t  of  s o i l  
l a n d s c a p e s  of t h e  a r e a .  

4 .3 .4  CLIMATE 

Tempera tu re  and P r e c i p i t a t i o n  

The s t u d y  area h a s  a r e l a t i v e l y  homogeneous t e m p e r a t u r e  reg ime.  
Annual means do n o t  v a r y  g r e a t l y  among t h e  1 2  r e c o r d i n g  s t a t i o n s ,  
r a n g i n g  from 8 . 6 "  C t o  10.1' C .  
do  r e f l e c t  t h e  modera t ing  e f f e c t  of t h e  ocean  on o u t s i d e  c o a s t a l  
s t a t i o n s .  Extremes f o r  t h e  f o u r  c o a s t a l  s t a t i o n s  r a n g e  from 28.9 t o  
32.8 C f o r  maximums and from -10.6O t o  -15 .6OC f o r  minimums. 
c o n t r a s t ,  t h e  e i g h t  i n l a n d  s t a t i o n s  show ex t r emes  of  34.4' t o  4 1 . 7  
f o r  h i g h s  and from -14 .6 '  t o  -25 .6 '  C f o r  l o w s ;  a much g r e a t e r  r a n g e  
of v a l u e s .  (Atmospheric Environment S e r v i c e ,  1 9 8 3 ) .  

Extreme maximums and minimums, however, 
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R a i n f a l l  v a l u e s ,  t o o ,  can a l s o  b e  grouped be tween the c o a s t a l  
and  i n l a n d  s t a t i o n s .  P o r t  A l b e r n i  and area have  a similar r a i n f a l l  
r eg ime  a c c o r d i n g  t o  t h e  mean a n n u a l  v a l u e s  f o r  t h e  e i g h t  s t a t i o n s  - 
t h e  r a n g e  w a s  from 1853.5  mm t o  2176.8 mm. The s e v e n  c o a s t a l  
s t a t i o n s  r e c o r d i n g  p r e c i p i t a t i o n  showed much h i g h e r  v a l u e s ,  w i t h  
r a n g e s  from 2770.5 rmn t o  3455.1  mm. S c h a e f e r  (1983 p e r s .  comm.) 
commented t h a t  some of t h e  west f a c i n g  moun ta ins  east o f  U c l u e l e t  
a r e  p robab ly  t h e  wettest  places i n  Canada. He c i t e d  U c l u e l e t  Brynnor 
Nines  w i t h  a mean a n n u a l  r a i n f a l l  t o t a l  of o v e r  6000 mm! 

Wind P a t t e r n s  

The topography of t h e  s t u d y  area g r e a t l y  i n f l u e n c e s  t h e  wind 
p a t t e r n s .  Winds a r e  c o n s t r a i n e d  by t h e  Vancouver I s l a n d  Mounta ins  
so t h a t  t h e y  blow g e n e r a l l y  i n  s o u t h e a s t e r l y  o r  n o r t h w e s t e r l y  
d i r e c t i o n .  The i n l e t s ,  however,  f u n n e l  t h e  winds s o  t h a t  d i r e c t i o n s  
g e n e r a l l y  p a r a l l e l  t h e  c h a n n e l  a x i s .  The p r e v a i l i n g  winds  of the 
s t u d y  area blow s o u t h e a s t e r l y  i n  w i n t e r  and n o r t h w e s t e r l y  i n  summer 
on t h e  o u t e r  c o a s t  (Fau lkne r  and S c h a e f e r ,  1 9 7 8 ) .  I n  A l b e r n i  I n l e t  
and t h e  Somass V a l l e y ,  however, t h e  p r e v a i l i n g  winds  a r e  form t h e  
s o u t h  i n  summer and t h e  n o r t h w e s t  i n  w i n t e r  (Mor r i s  and Leaney ,  1980) .  
Dur ing  summer,land-sea b r e e z e s  o c c u r  o v e r  t h e  Somass E s t u a r y .  Wi th in  
A l b e r n i  I n l e t ,  winds a r e  n o t  u n i f o r m l y  d i s t r i b u t e d  a c r o s s  t h e  w i d t h  
o f  t h e  c h a n n e l ,  e s p e c i a l l y  a t  t h e  bends  (Mor r i s  and Leaney, 1978) .  

4 . 3 . 5  WATER RESOURCES 

Hydrology 

D i s c h a r g e  d a t a  f o r  two s t a t i o n s  ( S a r i t a  R i v e r  a n d  Somass R i v e r )  
a re  p rov ided  i n  F i g u r e s  4 and 5. The m o i s t u r e  b a l a n c e  d a t a  a re  
i l l u s t r a t e d  i n  F i g u r e s  6 and 7 .  

U 

U 

Water Q u a 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  ma jo r  c o n t a m i n a n t s  
of m a r i n e  and f r e s h w a t e r s  of t h e  s t u d y  r e g i o n .  Sewage o u t f a l l s ,  s e p t i c  
t a n k s ,  and wastes from v e s s e l  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  s e v e r a l  i n d u s t r i a l  and commercial  o u t f a l l s  add p o i s o n s ,  
metals ,  and h e a t .  Although most m a r i n e  waters a re  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  a c t i o n ,  water q u a l i t y  i n  many n e a r s h o r e  areas i s ,  o r  
i s  s u s p e c t e d  t o  b e ,  below t h e  s t a n d a r d s  se t  f o r  s h e l l f i s h  h a r v e s t i n g  
and wa te r  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  u s e  and waste d i s p o s a l  
p r a c t i c e s  a d j a c e n t  t o  e s t u a r i e s ,  c o a s t a l  f r e s h w a t e r  l a k e s  and r i v e r 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  reduced  q u a l i t y  of t h e s e  water b o d i e s .  

a 
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Figure 6 Moisture Balance for Amphitrite Point 
500 

MEAN ANNUAL PRECIPITATION 2998 m m  
480- MOISTURE DEFICIT 2mm 

9 . 5 O  c MEAN ANNUAL TEMPERATURE 

MOISTURE SURPLUS 

Precipitation 

Figure 7 Moisture Balance for Lupsi Cupsi 

MEAN ANNUAL TEMPERATURE 9.5OC 
1842 m m  ME AN ANNUAL PREC lPl TATION 

MOISTURE DEFICIT 187 mm 
MOISTURE SURPLUS 1386 m m  
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S()URCI:: Canada, Dcpnrtmcnt of  Environment ,  19G3. F r o m  Data provided  by Atmospheric  Environment - --_-- 
S e r v i c e ,  Vancouver.  
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4.4 BIOLOGICAL RESOURCES 

4 . 4 . 1  TERRESTRIAL VEGETATION 

0 
U 

The b i o g e o c l i m a t i c  u n i t s  of 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  f o r m a t i o n s ,  s e v e n  r e g i o n s ,  and e l e v e n  zones .  Of t h e s e ,  
t h e  s t u d y  area f a l l s  w i t h i n  Mesothermal B i o g e o c l i m a t i c  Forma t ion ,  t h e  P a c i f i c  
C o a s t a l  Mesothermal F o r e s t  Region ,  and t h e  C o a s t a l  Western Hemlock Zone. 

The b i o g e o c l i m a t i c  mapping of K l i n k a ,  N u s z d o r f e r ,  and Skoda (1979)  f o r  
t h i s  s t u d y  area i n d i c a t e s  t h e  p r e s e n c e  of two zones  w i t h  

. C o a s t a l  Western  Hemlock Zone - 

. C o a s t a l  Douglas  f i r  Zone - 

Wetter Maritime - 
C o a s t a l  Western 
Hemlock Subzone 

Drier Maritime - 
C o a s t a l  Western  
Hemlock 

Wetter-Maritime - 
C o a s t a l  Douglas  
f i r  

s u b d i v i s i o n s :  

Es t evan  and West 
Vancouver I s l a n d  
Submontane Wetter 
Maritime 
C o a s t a l  Westen Hemlock 

West Vancouver I s l a n d  
Montane Wetter Maritime 
C o a s t a l  Western Hemlock 

East Vancouver I s l a n d  
Drier Maritime C o a s t a l  
Western  Hemlock 

Nanaimo and Georg ia  
Wetter Maritime C o a s t a l  
Douglas  f i r  

The c l i m a t i c  c h a r a c t e r i s t i c s ,  c h a r a c t e r i s t i c  combina t ion  of s p e c i e s ,  
and a s c h e m a t i c  p r o f i l e  o f  w e s t e r n  Vancouver I s l a n d  are  i l l u s t r a t e d  i n  t a b l e s  
T a b l e s  7 ,  8 and F i g u r e  8 r e s p e c t i v e l y .  
p r o v i d e  a s y n o p s i s  o f  t h e s e  zones  and t h e i r  s p e c i f i c  c h a r a c t e r i s t i c s .  
d a t a  p r o v i d e d  by t h e s e  r e s e a r c h e r s  i n d i c a t e s  t h a t  t h i s  r e g i o n  e x h i b i t s  a h i g h  
d i v e r s i t y  of tree s p e c i e s  (number of t ree  s p e c i e s  - 20 t o  29) compared t o  o t h e r  
areas of t h e  p r o v i n c e .  

K r a j i n a ,  K l i n k a ,  and W o r r a l l  (1982) 
F u r t h e r  

4.4.2 SEAWEEDS AND SALWRSHES 

There  a r e  i n  e x c e s s  of  500 s p e c i e s  of a t t a c h e d  m a r i n e  a i g a e  i n  B r i t i s h  
Columbia ( S c a g e l ,  1 9 7 8 ) .  
m e n t a t i o n ;  hence  t h e  a l g a l  g r o u p s  a r e  Ch lo rophyceae  ( g r e e n  a l g a e ) ,  Phaeophyceae  
(brown a l g a e ) ,  and Rhodophyceae ( r e d  a l g a e ) .  
g r a s s e s ,  have  two g e n e r a  o c c u r r i n g  i n  B r i t i s h  Columbia - Z o s t e r a  and P h y l l o s p a d i x  
S a l t m a r s h  s p e c i e s  i n c l u d e  t h e  g e n e r a  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 .  
S e v e r a l  g e n e r a  ( i . e .  S c i r p u s ,  Typha, Ca rex )  a re  b e t t e r  a d a p t e d  t o  b r a c k i s h  
waters, w h i l e  o t h e r s  ( i . e .  F e s t u c a ,  J u n c u s ,  Hordeum) i n h a b i t  c o a s t a l  w e t l a n d s .  

The c l a s s i f i c a t i o n  of a l g a e  i s  based  p a r t l y  on p ig -  

A f o u r t h  g roup  of p l a n t s ,  t h e  s e a -  

A c o n s p i c u o u s  f e a t u r e  of most c o a s t l i n e s  i s  t h e  z o n a t i o n  of seaweeds .  
Seaweeds o c c u r  a s  h o r i z o n t a l  b a n d s ,  t h e o r e t i c a l l y  a t  l e a s t ,  a s  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  w a v e l e n g t h s  of t h e  l i g h t  s p e c t r u m ,  and t h e  
d i f f e r e n t i a l  a t t e n u a t i o n  of w a v e l e n g t h s  w i t h  i n c r e a s i n g  w a t e r  d e p t h .  C o n s e q u e n t l y ,  
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TABLE 7 

CLIMATIC CHARACTERISTICS ' ' I  

Means  (upper figures) and standard deviations (lower f igures) of differentiating cl imatic characteristlcs for subzones and variants of the CDF. CWH and MH zones 
characteristics 

P biogeoclimetic units 

Drier M ari t i m e 
Coastal Douglas-fir 

Wetter Maritime 
Coastal Douglas-fir 
Drier Maritime Coastal 
Western 

East Vancouver Island 
Drier Marllime 
Coastal Western Hemlock 
Pacific Rangen 
Drmr Mwtome 
Coastal Wsstarn Hemlock 

Wetter Maritime Coastal 
Werlern Hemlock'*I 

Estevan Submontane 
Welter Marlt ime 
C o e s t a ~  Western Hemlock 
Weat Vancouver I Submon 
lane Weltar M a r t i m e  
coaslel  Weslarn Hemlock 

We11 Vancouver Island 
Montane Wetter Marltima 
Coastal Western Hemlock 
East Vancouver I Submon. 
lane Wetter  Maritime 
Coastal Western Hemlock 

7 - 
drier 
Cab 

~~ 

WOttBr 
C i b  

drier 
Clb 

- 

W a l t e r  
Clblc 

East Vancouver I$land 
Montane W e t ~ e r  Maritime 
Coastal Western Hemlock 

111 Cherecferisttcs derived bv dircrimineni 

m m  

901 
140 
1202 
233 
1887 

- - 
- 
- 
2119 

2080 

I185 
232 

287 -- 

3038 
1048 

3018 
71 

3819 
853 

3841 
412 
1904 
728 

1892 
141 

- 
- 
- 

- 
__ 

- 

I 1 I 1 I I I I 1 I I I I I I 

2 0  13 43000 219 1 8 8  is78 217 28  197 81 5 2  0 0  788 181 3 4  I O  i o  583 405 88 358 
1 I 4 1430 52 1 1  185 24 1 43 0 1  0 1  0 0  223 35 0 7  1 1  1 0  19 38 5 
1 4  15 40800 

40 

I I I I I I I i -  I 1 

0 9  1 5  42200 404 188 1540 188 38 347 a 7  5 0  0 0  18213 133 2 2  35 2 2  587 432 ie  398 
1 I 5 2130 38 15 214 18 4 41 0 0  0 0  0 0  283 17 0 4  20 1.2 19 13 2 ie 
1.8  I4 38900 498 11.5 1189 218 50 2131 0.7 5.6 0.0 1278 45 1 . 8  12 1.0 551 505 82 459 
0.8 4 1580 58 0.8 184 I7 10 40 0.0 0.5 0.0 214 28 0.8 10 0.8 18 28 5 30 

I ' I  I I 1 I I I 4 I 

18 41400 376 13.6 878 150 ae 324 6 4  37 2 1  1512 i o e  2.3 130 5 5  488 381 19 388 
3 .  + i ~ o  121 0.e 88 . 14 I O  122 0 4  0.7 08 702 52 0.7 71 0 8  23 43 I O  48 

nslyrir from 130 obrervafronr, w i f h  32 vnrinblos anch. from ell the climatic ( 2 )  Differentiating climetic characteristics are not 
stations located within ;he coastal area of the Vencouver Forest Raglon. Oafs  suppllsd bv (he ClIm4:y Dlvlrlon, 
Resource Analysis Branch. Ministry of the Environment 
The discriminant anelysis incorporated observed as well 8s predicted data. Climatic date for the Alpine Tundra Zone 
wore not available from a sufficient number of stations to justify inclusion in the #ndySh 

nrmsnfod for !ha W w I  Vnncouvsr fdnnd Drlnr Marl. 
t ime Coastal Wscrern !fernlrxb. ?ad110 Rrngr  Map 
lane Wetter Marit ime Coestal Wastarn Hemlock and 
Pacific Ranges Meritime Forested Mountain Hemlock 
verhnts due to the lack of climatlc data 

I 

c 
4 

I 

SOURCE: K. K l i n k a ,  F.C. Nuszdor fe r ,  L. Skoda, 1979.  B i o g e o c l i m a t i c  L i m i t s  of C e n t r a l  and S o u t h e r n  
Vancouver I s l a n d ,  B r i t i s h  Columbia M i n i s t r y  of  F o r e s t s ,  V i c t o r i a .  



TABLE 8 CHARACTERISTIC COMBINATIONS OF SPECIES 
~~ ~ 

Abies grendis 
Arbutus meniiesii 
Cornus nuttellii 

1 Pseudotsoga rnanziesii 
(Amelenchier elnifoliel 

8.  .., 

EoiibialC ,: (Apocynum 

'i r Arctostaphylos columbien 
OU g I endroseemitolium'l 

Gaultheria shellon 
Holodiscus discolor 
(Juniperus scopulorum'l 

1 Mehonie equifolium i Mehonie nervose 
Oemlerie ceresiformis ' 

I -  

(Rosa gymnocarpel 
Symphoricerpos mollis 
(Vecciniurn parvilolium) 
Aira ceryophyllee' 
Allotrope virgate 
Boschniekie hookeri 
Cempanuk scouleri 

e' Delphinium meniiesii' 
Moehringie mecrophylle 
Neverretie squarrose' 
Plectritis congests. 
Rhylidiedelphus Iriquetrus 
Sfokesielle oregene 
Trechybryum megeptilum 

Ribes lobbii 

1 

estern 

Tsuge heterophylle 
(Menriesie farrugineel 
(Oplopenex horridus'l 
Blechnum spicent 
Cornus csnedensis 
Dryopreris eustriace 
Beiienie embigus 
Beiienie denuders 
Beiienie tricrenete 
Isopterygium elegens 
lsothecium stoloni ferum 
Plagiotheciurn undulelum 
Rhylidiadelphus loreus 
Scapenie bolenderi 
Loberia oregene 
Usnee mollis 

Drlar 
Marltlme 
Coaitel 
Wastam 
Hemlock 

... I 

f'yqp ::; 
1 . .  

wetter i:' 
Maritime 
Coertel 
Wertern 
Hemlock 

-- - 
Poe bulbare' Quercus gerryene ' Collinsia grendlflore 

Lonicere hispidule Denthonie celltornke ' Senicule cressiceulis 
Brodieee coronerla' Dodecetheon hendersonll Sin yrinchium douglesii ' 
Brornus carinatus Elythronium oregonum Vulpie mlcrwtech ys ' 
Cemessie ieichtlinii. Gelium eparine 
Camessie quamesh' 
Carex pensylvenica* Mimulus ablnoldes ' 
Cleytonia perfoliate Nemophila pervlflore 

(Tsuge heterophyllal (Hvpopitys monotropa) comblnrtlons of rpecies for the variant8 
(Paxisirme myrsinrtesl (Lister8 cordate) 
(Cerex rossir') (Pyrola picte) 
(Chimephila meniiesii) (Smilecine stellate) 
HarnitOmeS congestum 

Lo me tium utriculetum 
A ringla verient la recognized in each 
rubrone of the CDF Zone on thin map 
sheet. Therefore. charecterirtic 

ere Identical to those for the subzoner 

hcer  mecroph yllum) 
(kburus meniiesii 7 
(Cornus nuttallii7 
(Pseudo Is uge menziesiil 
Geultherie shellon 
Mahonia nervose 
( Veccinium parvifoliuml 
Achlys triphylle 
IStokesielle oregene) 

Abies amebilis 
Veccinium eleskeense 
f Veccinium ovelifoliuml 
(Clintonia uniflorel 
(Rubus pedatusl 
(Pilophoron cle vetus.1 

b Montane Wetter Msritlma I (Truge mertenrknr'l (Rhlxamnlum nudum7 I. Coastal Wertern Hemlock I /Sorbus sltchen:bl I Rh ytldlopsir roburtrl 

(31 Plant species Ilsted in perenlherle ere lei: chrrrctrrlarlc or hrs Iroquonllv 1 ' 1  The selected plant spocies ere errenged elphabeticelly in the order of troes, shrubs, herbs, mosses (including 

121 Cherecteristic combination of species for e subrone elso includes species listed for the corresponding zone. 
occurring In e partlculer comblnrtlon Sprclrs mrrkrd wlth en ratorirk occur 

I-- 
\ /rverworls/ and lichens 
1 either on drlrr. wetter. poorer or rlchrr edlr thrn thmr  In xmrl r r o r v t m r  

Charscterislic combinetion of species listed for e variant elso includes species listed for the correspondlng 

SOURCE: Ibid. Table 7. - 



broueoclrnialrc subzone I W e t t e r  M a r i t i m e  I F o r e s t e d  
- -. 

lsldnd 
I I - - -  

_. ._ . __ 
Eslevan West Vancouver West Vancouver West Vancouver 

Submontane -1 lsldnd Submontdne lbland M o n t d i l e  
biogeoclin,alrc varianl 

1 2 4 

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

Vancouver Island .. 

1 2 3a 4 3 

Ovtl I l W d  Rhyt id iadi lphul  - S l o h O i i t l l ~  - - 
Oval Ieevad Rhvlidi~dfi lphus -_ 
b A l n i k a n  - Douples I l r  - Blusbtrrv - 
BluabPirr - Wes i i rn  Amibilir f i r  - 

M o u n 18 I n 
W o m r n  Hamlock - on 1- Htmloch 
on f t r r o  Humic I on 
f e r r o  Humic Podrol with 1- Ferro Humic 

cornpaclad 
mycelial 

compactad - mor 
myCditl  humua 
mor humus mor humui 

b Aliiken 

SiIfiI - 
Red Huchlabarry Rad Hucklabsrry 
b Altrhtn 

Sitka sprucfi b Aatbilir f i r  - Amebilil Fir - - Himlock 
Blueborry - 

Amobilir fir - Westtrn Hamlock - 
Wasinin Hamlock 
on F i i i o  Humic - 
Farm Humic 
Pedro1 with - liirble mor 
Iriibla mor 
humus 

Podtol W i t h  I f l8bla I Podrol W i t h  

I i I 

FOREST 
P R O D U C T I V I T Y  

medium 

i 

r -, 
SOIL PROFILE SYMBOLS 
ORGANIC HORIZON - accumulation of organic matter 
mainly derlved from leaves, twigs and woody material 

d i f f icu l t  t o  recognize 

I. - original structures easily discernible 
F - material per t ly  decomposed. original structure 

H - material decomposed. original structure indiscernible 

' matter 
m - slight alterat ion by hydrolysis. oxidation Or SOlUtiOn. 

f j  - some accumulation of pyrophosphete-extractabla 
or combination of a l l  three processes 

AItFe but  not enough to  meet the l imits of Bf horizon 
C HORIZON - mineral horizon comparatively unaffected 

by pedogenic processes 
R -  consolidated bedrock thet is  too hard to  break wi th  

the hands or t o  d i g  w i th  a spade when moist and 
doer not  meet the requirements of a C horizon 

SOURCE: - Ibid. Table 7 .  
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g r e e n  a l g a e ,  brown a l g a e ,  and  r e d  a l g a e  s h o u l d  i n h a b i t  t h e  u p p e r ,  m i d d l e ,  and 
lowermost zones  r e s p e c t i v e l y .  
l a r g e  p a r t  i n  t h e  d i s t r i b u t i o n  o f  seaweeds .  
d e s s i c a t i o n  ( t e m p e r 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  arc i m p o r t a n t  
i n  s e t t i n g  t h e  uppe r  l i m i t s  of growth  w h i l e  t h e  lower  l i m i t s  may b e  d e t e r m i n e d  b y  
t h e  c o m p e t i t i o n  be tween s p e c i e s .  F u r t h e r ,  p r e f e r e n c e s  f o r  a p a r t i c u l a r  s u b s t r a t e ,  
t h e  wave e n e r g y  env i ronmen t  and s e a w a t e r  t e m p e r a t u r e s  a r e  i m p o r t a n 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  limits of s p e c i e s .  D r u e h l  ( 1 9 6 7 ) ,  f o r  i n s t a n c e ,  found 
t h a t  t h e  h o r i z o n t a l  d i s t r i b u t i o n s  of two fo rms  of Lamina r i a  g r o e n l a n d i c a  c o u l d  
b e  e x p l a i n e d  on t h e  b a s i s  of t e m p e r a t u r e ,  s a l i n i t y  g r a d i e n t s ,  and t o l e r a n c e  t o  
wave shock .  D e  Wreede ( 1 9 7 8 ) s p e c u l a t e s  t h a t  Sargassum muticum and Z o s t e r a  
mar ina  L.  will n o t  compete  d u e  t o  d i f f e r e n t  p r e f e r e n c e s  of s u b s t r a t e ,  w h i l e  
Vadas (1972) h a s  d e t e r m i n e d  t h a t  t h e  uppe r  l i m i t s  f o r  N e r e o s c v s t i s  l e u t k e a n a  
are  de te rmined  by t h e  c o m p e t i t i o n  f o r  l i g h t ;  t h e  lower  l i m i t s  a r e  set  by 
l i g h t  a t t e n u a t i o n .  Both Foreman (1977) and Mann (1977) have  documented a 
r e d u c t i o n  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 ower  l i m i t s  and a s u c c e s s i o n  of s p e c i e s  
r e s u l t i n g  from h e r b i v o r e  g r a z i n g .  

But o t h e r  b i o l o g i c a l  and p h v s i c a l  f a c t o r s  p l a y  a 
A s p e c i e s '  t o l e r a n c e  t o  t h e  f a c t o r s  o f  

The i G t e r t i d a 1  z o n a t i o n  of s p e c i e s  on s e a c o a s t s  i s  documented by  
numerous w o r k e r s  ( R i c k e t t s  and C a l v i n ,  1968; S t e p h e n s o n  and S t e p h e n s o n ,  1 9 7 2 ) ,  
K o s l o f f ,  1973;  C a r e f o o t ,  1 9 7 7 ) .  On rocky  c o a s t s ,  t h e  uppermost  zone - t h e  
s u p r a - l i t t o r a l  f r i n g e  - 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 s p l a s h .  
T h i s  band may c o n t a i n  l i c h e n s  (g. V e r r u c a r i a ) ,  and where  f r e s h  w a t e r  s e e p a g e  
o c c u r s ,  t h e  g r e e n  a l g a e  g. Enteromorpha i s  o f t e n  found .  T h e  upper  m i d - l i t t o r a l  
zone u s u a l l y  h a r b o u r s  t h e  brown a l g a e  Fucus  d i s t i c h u s ,  ( w i t h  which t h e  b a r n a c l e s  
a re  c l o s e l y  a s s o c i a t e d ) ,  t h e  r e d  E n d o c l a d i a  m u r i c a t a ,  Cumagloia a n d e r s o n i i ,  
Bangia f u s c o p u r p u r e a ,  and Porphvra  s p p .  and t h e  g r e e n  a l g a e  Ulva a s  t h e  major  
seaweeds .  The lower  m i d - l i t t o r a l  and s u b - t i d a l  zones  c o n t a i n  numerous g e n e r a ,  
b u t  t h e  most  common a r e  Ulva ,  Spongomorpha c o a l i t a  ( g r e e n  a l g a e ) ;  Hedop:iyllum 
sessi le ,  Fucus and L e a t h e s i a  d i f f o r m i s  (brown a l g a e ) ;  and H a l o s a c c i o n  y l a n d i f o r n e  
( r e d  a l g a e ) .  I n  t h e  i n f r a l i t t o r a l  r e g i o n  a r e  found tlle s u r f g r a s s  P h y l i c s p a d i s ,  
many L a m i n a r i a n s  ( e . & .  Lamina r i a  s e t c h e l l i i ) ,  E g r e g i a  m e n z i e s i i ,  P t e rygophora  
c a l i f o r n i c a ,  Alar ia  m a r g i n a t a ,  N e r e o c v s t i s l u e t k e a n a ,  Sargassum muticurr: t n t  g r e e n  
a l g a e  Codium f r a g i l e ,  and t h e  red a l g a e  G i g a r t i n a  e x a s p e r a t r i  and l r i d a e z  c o r d a t ? .  

E s t u a r i n e  a r e a s  and q u i e s c e n t  mudisand s h o r e s  c h a r a c t e r i s t i c t i l i y  
e x h i b i t  Enteromorpha i n  t h e  uppe r  zone where f r e s h w a t e r  s e e p a g e  i s  p r e v a i e n t ,  
s c a t t e r e d  Ulva i n  t h e  lower  i n t e r t i d a l  where  s u b s t r a t e  f o r  h o l d f a s t s  i s  a v a i l a b l e ,  
and s u b t i d a l  b e d s  of Z o s t e r a  mar ina  ( e e l g r a s s ) .  W i t h  t h e  growth  of eelgrass i n  
t h e  summer months ,  numerous a l g a e  s p e c i e s  ( such  a s  t h e  r e d  a l g a e  Smi tho ra  
naiadum) c o l o n i z e  t h e  l e a v e s  w h i l e  o t h e r s ,  t h e  s u r i a c e  muds a round t h e  base,  
The g e n e r a t i o n  of d e t r i t u s  from numerous p l a n t  s p e c i e s  w i t h i n  e e l g r a s s  b e d s ,  and I 

i t s  s u b s e q u e n t  i n v a s i o n  by b a c t e r i a ,  forms  o n e  o f  t h e  most  p r o d u c t i v e  ecosys t ems  
known. 

S a l t m a r s h e s  e x h i b i t  z o n a t i o n  from t h e  s e a  landward  a l t h o u g h  t h e  
c r i t i c a l  f a c t o r  t h a t  d e t e r m i n e s  band w i d t h  is t h e  t o l e r a n c e  of s p e c i e s  t o  s a l t -  
water. C l o s e s t  t o  s a l i n e  c o n d i t i o n s  i n  a p r i m a r i l y  mud s u b s t r a t e  i s  found 
S a l i c o r n i a  v i r g i n i c a  and S. eu ropaea  commonly known a s  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  Cuscu ta  s a l i n a  and growing  b e n e a t h  i t  on t h e  
s u b s t r a t e  a r e  d i a t o m s ,  b l u e ,  and b l u e g r e e n  a l n a l  mats. The s a l t R r a s s  Dis t r ich l - i?  
s p i c a t a  and a r r o w g r a s s  T r i g l o c h i n  maritimum a r e  commonly a s s o c i a t e d  w i t h  S a l i c o r n i a  
s p p .  Moving p r o g r e s s i v e l y  i n l a n d  towards  a f r e s h w a t e r  i n f l u e n c e ,  one  e n c o u n t e r s  
S c i r p u s ,  Ca rex ,  Typha, and J u n c u s  communi t i e s .  
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The e c o l o g i c a l  i m p o r t a n c e  of seaweeds  and s a l t m a r s h e s  i s  documented 
i n  t h e  l i t e r a t u r e  ( P e r k i n s ,  1974;  Cushing  and Walsh, 1976;  C a r e f o o t ,  1977;  and 
H a r r i s o n ,  1980) .  Seaweeds p r o v i d e  food  f o r  g r a z e r s ,  s h e l t e r  f o r  numerous 
o rgan i sms  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) .  
F u r t h e r ,  some seaweed and s e a g r a s s  s p e c i e s  a r e  e x t r e m e l y  i m p o r t a n 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  w a t e r s .  
shock  t h e y  a l l o w  n u t r i e n t - r i c h  s e d i m e n t s  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  o u t ,  
t h u s  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  f a u n a .  H a r s h e s  a r e  i n v a l u a b l e  as 
n u t r i e n t  r e s e r v e s  w i t h i n  es tuar ies ,  a s  up land  mammal and r e p t i l e  h a b i t a t ,  and 
a s  m a r i n e  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  eat  t h e  s a l t -  
marsh p l a n t  S a l i c o r n i a ,  w h i l e  e e l g r a s s  i s  a n  i m p o r t a n t  food  s o u r c e  f o r  b r a n t .  

By r e d u c i n g  w a t e r  c u r r e n t  v e l o c i t i e s  and wave 

The economic impor t ance  of seaweeds  i s  i d e n t i f i e d  by G r e e n i u s  (1967)  
and C a r e f o o t  (1977) .  The n a t u r a l  p r o d u c t s  of r e d  and brown a l g a e  i n c l u d e  a g a r ,  
c a r r a g e e n a n ,  and a l g i n .  They a r e  used  i n  myr iad  commerc ia l  p r o d u c t s  f rom food  
t o  s o a p s ,  pape r  p r o d u c t s ,  and p h a r m a c e u t i c a l s .  The g e n e r a  G i g a r t i n a ,  I r i d a e a ,  
K e r e o c v s t i s ,  M a c r o c y s e ,  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 r e  e s p e c i a l l y  i m p o r t a n t  
f o r  t h e s e  p u r p o s e s .  C u r r e n t l y  t h e r e  are  s e v e r a l  s i tes  w i t h i n  Bark ley  Sound where  
e x p e r i m e n t a l  a l g a l  c u l t u r e  i s  b e i n g  conducted  f o r  P leu rophycus  g a r d n e r i ,  Cymathere 
t r i p l i c a t a ,  and Lamina r i a  s a c c h a r i n a  (Drueh l ,  1980a;  1980b; 1981) .  and o n e  
s i t e  f o r  t h e  s t u d y  o f  t h e  eco logy  o f  f i s h  i n  N e r e o c y s t i s  beds  (Leaman, 1980) .  

4 .4 .3  F U R I N E  %!,ALS 

The m a r i n e  mammals o f  t h e  S t r a i t  of Georg ia  and J u a n  d e  Fuca S t r a i t  
i n c l u d e  s i x t e e n  g e n e r a  of t h e  o r d e r  Cetacea (whales  and d o l p h i n s )  and t w o  
f a m i l i e s  of p i n n i p e d s  - O t a r i i d a e  ( t h e  e a r e d  s e a l s )  and  Phoc idae  ( t h e  earless 
seals - T a b l e  9) .  
a l t h o u g h  t h e  Grey w h a l e  ( E s c h r i c h t i u s  r o b u s t u s  is t h e  l a r g e s t  s p e c i e s  t h a t  p a s s e s  
th rough  as  a m i g r a n t  be tween Alaskan  and  s o u t h e r n  Mexican waters. 

Wi th in  t h e  s t u d y  area most of t h e s e  s p e c i e s  a lso o c c u r ,  

Killer wha les  (Orc inus  o r c a )  a r e  r e g u l a r  v i s i t o r s  t o  Bark ley  Sound, - 
a l t h o u g h  less  is known of t h e s e  pods t h a n  t h e  pods  of t h e  S t r a i t s  of Georg ia  
and J u a n  d e  Fuca (Bigg,  1983,  p e r s .  comm.). They a re  nomadic, c r u i s i n g  a t  
3-4 k n o t s .  T h e i r  m i g r a t o r y  r o u t e s  a re  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  are  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  Puge t  Sound and t h e  S t r a i t  o f  J u a n  d e  Fuca (S imens tad  
e t  a1 1979) s u g g e s t ,  however,  t h a t  p r e y  from s e v e r a l  t r o p h i c  levels  are t a k e n  
( T a b l e  l o ) .  No p r e f e r r e d  h a b i t a t  of k i l l e r  wha le s  is  i d e n t i f i e d  w i t h i n  t h i s  
r e g i o n .  

-- 

The h a r b o u r  sea ls  of t h e  s t u d y  area a re  permanent  r e s i d e n t s ,  a l t h o u g h  
t h e y  roam between h a u l o u t s .  They f r e q u e n t  e s t u a r i e s ,  r i v e r  d e l t a s ,  t i d a l  r o c k s  
and s h a l l o w  s u b l i t t o r a l  w a t e r s  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  movements i n c l u d e  
t ~ a u l i n g  o u t  d u r i n g  low 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  o v e r  s e v e r a l  
iniles t o  f e e d .  
D y  p r e d a t o r s .  S e a l s  p rey  ma in ly  on l i t t o r a l  f i s h ,  a l t h o u g h  a number of o t h e r  
f o o d s  a r e  t a k e n .  ( T a b l e  1 0 ) .  

Harbour s e a l s  g e n e r a l l y  u s e  h a u l o u t s  t h a t  a r e  n o t  e a s i l y  approached  



- 22 - U 

TABLE 9 - CETACEANS OCCURRING I N  WASHINGTON STATE AND BRITISH COLUMBIA 

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

C e t a c e a  - whales  and  d o l p h i n s  British Columbia 

Order  Myst ice t i - -whalebone  wha les  
Family E s c h r i c h t i i d a e - - g r e y  wha les  

E s c h r i c h t i u s  r o b u s t u s ,  g r e y  whale  
Family Balaenopteridae--furrow-throated whales  

B a l a e n o p t e r a  p h y s a l u s ,  f i n  or f i n b a c k  wha le  
B. b o r e a l i s ,  p e r i  wha le  
B. a c u t o r o s t r a t a ,  l i t t l e  p iked  wha le ,  minke whale  

. B. musculus ,  b l u e  whale  
Megaptera  n o v a e a n g l i a e ,  humpback whale  

Balena g l a c i a l i s ,  n o r t h e r n  or b l a c k  r i g h t  wha le  
Family Balenidae--smooth-throa t e d  wha les  

Order  Odon toce t i - - too thed  wha les  and d o l p h i n s  
Family Ziphi idae- -beaked  wha les  

B e r a r d i u s  b a i r d i i ,  B a i r d ' s  beaked wha le  
Mesoplodon s t e j n e g e r i ,  S t e j n e g e r  beaked whale  
M. c a r l h u b b s i ,  Hubbs' beaked whale  
Z i p h i u s  C a v i r o s t r i s ,  C u v i e r ' s  beaked wha le  

P h v s e t e r  c a t o d o n ,  sperm wha le  
Kogia b r e v i c e p s ,  pygmv sperm wha le  

Family Delphin idae- -ocean  d o l p h i n s  
S t e n e l l a  s p . ,  s p o t t e d  d o l p h i n  
De lph inus  d e l p h i s ,  P a c i f i c  common d o l p h i n  
L i s s o d e l p h i s  boreal is ,  n o r t h e r n  r i g h t - w h a l e  d o l p h i n  
Lagenorhynchus o b l i g u i d e n s ,  P a c i f i c  wh i t e - s ided  d o l p h i n  
Grampus g r i s e u s ,  g r a y  grampus o r  R i s s o ' s  d o l p h i n  

Phocoena phocoena ,  P a c i f i c  ha rbour  p o r p o i s e  
Phocoeno ides  d a l l i ,  D a l l ' s  po rpose  

G l o b i c e p h a l a  macrorhyncha ,  s h o r t f i n  p i l o t  whale  
O r c i n u s  o r c a ,  k i l l e r  whale  

Family Physe ter idae- -sperm wha les  

Family Phocoenidae- -porpoises  

Family G l o b i c e p h a l i d a e - - p i l o t  and k i l l e r  wha le s  

- 
Note:  A= a b u n d a n t ,  C- common, NC- n o t  common, R= rare.  
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SOURCE: Adapted from: C.A. Simenstad -- et a1 (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  Puge t  Sound and t h e  S t r a i t  of J u a n  d e  Fuca. 
P r o t e c t i o n  Agency, Washington,  D.C .  p.262-264. 
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TABLE 10- FUNCTIOlWL FEEDING GROUPS AM) REPRESENTATIVE PREY TAXA OF WINE WMWS WhN CR 
SUSPECTED TO OCaR IN WTH PUCST %UMl ANI THE M T  OF JW DE FUCA 

Habitat Feeding G m p  Predator Species Representative Prey Taxa 

Nearstroe @ligate piscivol-e krthern sea lion Pacific tkrring (C. harengus pallasi) 
California sea lion Pacific sand lance (A. hexaptem) 
Pacific hahow- seal k l l e p  pollock (T. chalcogrm)  
Habw p r p i s e  

Starry flocnder (Platichthys stellatus) 
Pacific tancod (Microqadus pacificus) 
Rockfish (Sebastes sp.) 
Skate (Rajiidae) 
Pacific cod (Gadus macrocephalus) 
Pacific hake (M. poductus) 
Spiny dogfish (Sqwlus acanthias) 
Plainfin midshipan (Porichthys notatus) 
Green1 ing (Hexagrmidae) 

salmon (Oncorfumch us sp.) 

Shiner perch (Cymtwster aggrega t a  1 

Crab (Cancer Sp.) 
kbpls (kW= sp4 

Shrimp 

Facultative h a  (kil ler h a l e )  California sea lion (Zalophus californianus) 
carnavm brthern sea lion (Eunetopias jubatus) 

Ha- seal @hoca vitulina) 
El eFfiant seal (Mimga cal ifornianus) 

Dall porpoise (Phoecmides &Hi)  
Minke ha1  e ( b i  amptera  acutorostrata) 
Nursing calves of hunpack (Megaptera 

novaengl i ae) , f i nbac k ( Bal aenoptera 
pt-palus), and gray h a l e  (Eschrichtius 

krbr prpise (Phocoena phocoe MI 

robustus) 
Lingcod (0. elongatus) 

Steelhead trout (Salm gairdneri) 
Pacific ha1 ibut (Hippoglossus stenolepis) 

salmon (0ncOrtlunchus sp.) 

Pacific herring (C. harenqus pa 1 lasi  )? 

SOlRCE: Wapted fron: C.A.Simenstad -- e t  a l .  1979. Food web r e l a t i o n s h i p s  o f  nor thern  I 
Puget Sound a n d  t h e  S t r a i t  o f  Juan de Fuca. 
Agency, Washington, D . C .  p.262-264. 

U.S. Environmental P ro tec t ion  
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Sea l i o n s ,  S t e l l a r  and C a l i f o r n i a ,  a r e  r e s i d e n t  i n  t h e  s t u d y  a r e a  
d u r i n g  t h e  w i n t e r  months  f rom November t o  March. Dur ing  t h e  summer, 
C a l i f o r n i a  sea l i o n s  m i g r a t e  s o u t h  w h i l e  t h e  S t e l l a r  s e a  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  area t h e  two s p e c i e s  i n t e r m i x  on t i d a l  r o c k s .  These  
s i t e s  a re  o f t e n  c h o s e n  i n  good f e e d i n g  areas n e a r  deep  w a t e r ,  i s o l a t e d  from 
t e r r e s t r i a l  p r e d a t o r s .  Sea l i o n s  a r e  n o c t u r n a l  feeders and p r e y  p r i m a r i l y  
on f i s h  a l t h o u g h ,  a s  documented i n  t h e  Puge t  Sound a r e a ,  many o t h e r  f o o d s  a r e  
e a t e n .  ( T a b l e  l o ) .  

4 . 4 . 4  MARINE BIRDS 

Ecology 

The S t r a i t  of G e o r g i a  p r o v i d e s  a ma jo r  r e s t i n g  and o v e r w i n t e r i n g  
env i ronmen t  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  f lJway. The e n v i r o n m e n t a l  
a d v a n t a g e s  of t h e  r e g i o n  i n c l u d e  a r e l a t i v e l v  m i l d  w i n t e r  c l ima te ,  abundan t  
f o o d ,  and a r e l a t i v e l y  s h e l t e r e d  c o a s t l i n e .  Myriad h a b i t a t  t y p e s  a r e  found 
i n  t h e  e s t u a r i e s ,  i n l e t s ,  c o a s t a l  embayments and w a t e r s  f o r  t h e  many 
s p e c i e s  t h a t  v i s i t  h e r e .  Reasons  why t h e  S t r a i t  of Georg ia  h a s  n o t  become 
a m a j o r  b r e e d i n g  area f o r  most s p e c i e s  a r e  somewhat o b s c u r e ,  a l t h o u g h  food  
a v a i l a b i l i t y  d u r i n g  summer 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 b e  s i g n i f i c a n t  
l i m i t i n g  f a c t o r s .  

Many s e a  b i r d s  s u r v i v e  by a d a p t i n g  o n e  or  a l l  cf t h e i r  f u n c t i o n s  ( e . . g .  
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  of a p r e y  s p e c i e s  ( e . & .  h e r r i n g  spawn).  As 
t h e  p o p u l a t i o n s  of p r e y  s p e c i e s  are s u b j e c t  t o  f l u c t u a t i o n s  and s h i f t s  i n  
l o c a t i o n ,  e x p e c t e d  b e h a v i o r  o r  o c c u r r e n c e  may n o t  m a t e r i a l i z e .  The con- 
s e q u e n c e s  may b e  c a t a s t r o p h i c  t o  s e a  b i r d  p o p u l a t i o n s  i n  t h e  form of re- 
p r o d u c t i v e  f a i l u r e s  and h i g h  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  
become c h r o n i c  b e c a u s e  of n a t u r a l  o r  human p e r t u r b a t i o n s ,  t h e  e x i s t e n c e  
of a c o l o n y  o r  p o p u l a t i o n  is  t h r e a t e n e d .  Adu l t  e n u m e r a t i o n s ,  however ,  may 
n o t  reveal t h e  s e r i o u s n e s s  o f  t h e  e v e n t  f o r  some t i m e ;  c o m p l i c a t i n g  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  of s e a b i r d  p o p u l a t i o n s  
may b e  m i s s e d .  T h i s  l e a d s  t o  e r r o n e o u s  c o n c l u s i o n s  a b o u t  t h e  r e a s o n s  f o r  
co lony  e x t i n c t i o n .  T h e r e  i s  s t i l l  c o n s i d e r a b l e  r e s e a r c h  r e q u i r e d  c o n c e r n i n g  
t h e  c y c l i c a l  phenomena of s e a b i r d  p o p u l a t i o n s .  

Sea b i r d s  p r e y  on a d i v e r s e  a r r ay  of m a r i n e  o r g a n i s m s  ( T a b l e  11) f rom 
s e v e r a l  t r o p h i c  l e v e l s .  T h e i r  method of f e e d i n g  ( T a b l e  1 2 )  i s  a consequence  
o f  t h e i r  a n a t o m i c a l  d e s i g n ,  w h i l e  t h e  l o c a t i o n  of t h e i r  f e e d i n g  h a b i t a t  
i s  d e t e r m i n e d  by t h e  d i s t r i b u t i o n  o f  t h e i r  p r e f e r r e d  p r e y .  S i m i l a r l y ,  
n e s t i n g  h a b i t a t  ( T a b l e  13) f o r  l o c a l  b r e e d i n g  spec ie s  d i f f e r s  s i g n i f i c a n t l y  
among s p e c i e s  and a l m o s t  a lways  i s  a s s o c i a t e d  w i t h  a n  immedia te  s o u r c e  o f  
f o o d .  It i s  i n  t h i s  s e n s e  t h a t  t h e  s a l t m a r s h e s ,  e e l g r a s s ,  and k e l p  beds  
a re  e x t r e m e l y  i m p o r t a n t  w i t h i n  t h e  s t u d y  r e g i o n  f o r  t h e y  c o n t a i n ,  o r  
s u p p o r t ,  t h e  food items t h a t  p e r m i t  o v e r w i n t e r i n g  s u r v i v a l  and r e p r o d u c t i v e  
s u c c e s s .  
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T a b l e  11 - F U N C T I O N A L  F E E D I N G  GROUPS AND REPRESISNTATIVE I ’ W Y  ‘TAXA OF MARINE AND SltORX BIRDS COMNON T O  
NORTHERN P U G E T  SOUND AND THE STRAIT 01: J U A N  DE H I C A  

-- - 

H a b i t  a t  T r o p h i c  p o s i t i o n  P r e d a t o s  s p e c i e s  P r e y  t a x a  

Off s h o r e  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 mur re  N o r t h e r n  anchovy 
Black- legged  k i t t i w a k e  Eulachon 
Common t e r n  P a c i f i c  h e r r i n g  
Rh inoce ros  a u k l e t  P a c i f i c  s and  l a n c e  
Western  g r e b e  J u v .  r o c k f i s h  

J u v .  P a c i f i c  salmon 
S u r f  smelt  
N i g h t  s m e  It 
Walleye p o l l o c k  
Th r e e s p i n e  s t i c k l e b a c k  

F a c u l t a t i v e  p i s c i v o r e  T u f t e d  pu fE in  
Elarb l e d  murre let 
A n c i e n t  murrelet  

Ob l i g a t e  p l a n k  t i v o r e  C a s s i n s  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  
Bonapa r t e  ’ s g u l l  

Parasi te  Pa ras i t i c  j a e g e r  

P a c i f i c  s a n d  l a n c e  
P a c i f i c  h e r r i n g  
S u r f  smelt 
N o r t h e r n  anchovy 
R o c k f i s h  
S h i n e r  p e r c h  
J u v .  r o c k f i s h  
S e a  u r c h i n s  
B i v a l v e  m o l l u s c s  
E u p h a u s i i d s  

C a l a n o i d  copepods 
Hype r i i d amph i pods 
E u p h a u s i i d s  

E u p h a u s i 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 a n d  l a n c e  ( l a r v a e ? )  

Foods of g u l l s  and t e r n s  



N e a r s h o r e  k e l p  b e d s  F a c u l t a t i v e  a v i v o r e  Ba ld  e a g l e  G u l l s  
P i g e o n  g u i  l l e m o  ts 
Co rmor an t s 
Puf f  i n s  
P a c i f i c  h e r r i n g  
P a c i f i c  sa lmon 
D o l l y  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  

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

Facu 1 t a t  i v e  p i s  c i v o r e  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  
l i t t o r a l  

I n s h o r e  s a n d - g r a v e l  O b l i g a t e  b e n t h i v o r e  
b e  a c h e s  

Nea r shore  s h a l l o w  O b l i g a t e  p i s c i v o r e  
s u b  li t t o r  a 1  

Black  o y s t e r c a t c h e r  
Whimb re 1 
Black  t u r n s t o n 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  
Least  s a n d p i p e r  
S ande r l i n g  

Double-cres  t e d  cormorant  
Red-necked g r e b e  
Common m c  r L:. i n s  e r 

R e d t a i l  s u r f p e r c h  
Kelp  g r e e n  l i n g  
B lack  r o c k f i s h  
Cabezon 
P a c i f i c  s a n d  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  s a n d  l a n c e  

L impe t s  
C h i t o n s  
B i v a l v e  m o l l u s c s  
B3. r na c 1 e s 
P o l  yc ha e t e a n n e l  i d s  

P o l y c h a e t e  a n n e l i  ds 
Am ph i p o d s 
B i v a l v e  m o l l u s c s  
Un iva lve  m o l l u s c s  

Penpo in  t gunne 1 
C re s c e 11 t gun n e 1 
P a c i ' f i c  s and  l a n c e  
S h i n e r  pe rch  
Snake p r i c k l e b a c k  
S t a g h o r n  s c u l p i n  
P a c i f i c' h e  r r i n g  
J u v .  P a c i f i c  salmon 
N o r t h e r n  anchovy 

I 

h) 
o\ 

I 



F a c u l t a t i v e  p i s c i v o r e  A r c t i c  loon  C r e s c e n t  g u n n e l  
Common loon  P a c i f i c  s and  l a n c e  
Red- t h r o a t e d  Loon Penpoin  t g u n n e l  
P e l a g i c  co rmoran t  S t a g h o r n  s c u l p i n  
P igeon  g u i  l l e m o t  N o r t h e r n  c l i n g f i s h  
Red b r e a s t e d  merganser  Snake p r i  c k l e b a c k  
Cas p i a n  te r n P a c i f i c  h e r r i n g  

S u r f  smelt  
Black  p r i  c k l e b  ack 
Three  s p  h e  p r i  c k l e b  ack  
J u v .  f l a t f i s h  
Shrimp 
C r a b s  

Ob l i g a t e  p l a n k  t i v o r e  Ea red  g r e b e  

F a c u l t a t i v e  b e n t h i v o r e  Lesser s c a u p  
Common go ldeneye  
B u f f l e h e a d  
Oldsq  uaw 
Sur f  s c o t e r  

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

B lack  b r a n t  
Snow goose  
American c o o t  

Omnivore,  M a l l a r d  
P i n  t a i  1 
N o r t h e r n  shove  l e  r 
A m e  r i c an w i d g e on 

Fa c u  It a t  i ve h e  r b  i vo  re 

Omnivore D u n l i n  
Knot 
Wes te rn  s a n d p i p e r  

Mysids 
Amphipods 

B i v a l v e  m o l l u s c s  
C r u s t a c e a n s  
F i sh  
P a c i f i c  h e r r i n g  e g g s  
E e l g r a s s  

E e  l g r  as s 
S a l t m a r s h  p l a n t s  

E e l g r a s s  
S a l t m a r c h  p l a n t s ,  s e e d s  
Amphipods 
I n s e c t  l a r v a e  

S a l t m a r s h  p l a n t s ,  s e e d s  
Amphipods 
P o l y  ch ae t e anne  l i d s  
O l i g o c h a e t e s  
B i v a l v e  m o l l u s c s  
T a n  a i  d s 
Nematodes 

I 

N 
w 

I 



Unive rs a 1  

O b l i g a t e  p i s c i v o r e  Great b l u e  heron 

O b 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  
Long-b i 1 l e d  dowi t che r 

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  

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

Staghorn s c u l p i n  
S t a r r y  f l o u n d e r  
S h i n e r  perch 
Penpoin t gunne 1 

Polychae te  anne l i d s  
Univalve mol luscs  
Biva lve  mol luscs  
Crabs 
Shrimp 
Isopods 
Amphipods 

Molluscs  
Crus taceans  
F i s h  

Chi tons  
S t a r f i s h  
Sea  cucumbers 
Sea  u r c h i n s  
Crabs 
B i v a  l v e  molluscs  
Polychae te  a n n e l i d s  
P a c i f  i c  h e r r i n g  
N o r t h e r n  anchovy 
Surf  smelt 
P a c i f i c  h e r r i n g  eggs 
Cormorant f l e d g l i n g s  
Murre f l e d g l i n g s  

I 

?a m 
I 

Source: Adapted from: C.A. Simenstad,  B . C .  Miller, C.F. Nyblade, K .  Thornburgh, and L . J .  Bledsoe. 1979 .  
Food web r e l a t i o n s h i p s  of 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. p p .  218-224. 



- 29 - 

TABLE 12 - SIZE RELATIONSHIPS AND FEEDING METHODS OF 
MAJOR SPECIES I N  THE EASTERN NORTH PACIFIC 
AND BERING SEA (D-dive, SS-su r face  s e i z e ,  
P P = p u r s u i t  p l u n g e ,  D i = d i p ,  P=p lunge ,  T = t i p ,  
x = e a t s  s e a b i r d s ,  A=p i racy ,  SP=shal low p l u n g e )  

S p e c i e s  Body l e n g t h  B i l l  l e n g t h  F e e d i n g  method 
(cm) (mm> 

Gavia immer 
G .  a r c t i c a  

P o d i c e p s  g r i s e g e n a  
P .  n i g r i c o l l i s  

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

Oceanodroma f u r c a t a  
0.  l e u c o r h o a  

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

Anas spp.  

C langu la  hyemal i s  

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

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

Mergus s e r r a t o r  

H a l i a e e t u s  l e u c o c e p h a l u s  

F a l c o  p e r e g r i n u s  

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

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

Uria a a l g e  
U. lomvia  

Lunda c i r r h a  ta  

C e r o r h i n c a  monoce ra t a  

Cepphus columba 

Brachyramphus marmora tus  

Syn th l ibo ramphus  a n t i q u u s  

61.0 
45.7 

33.0 
22.9 

45.7 

19.0 
19.0 

43.5 

40.0 

38.1  

30.5 

35.6 
40.3 
35.6 

40.3 

ao. o 
37.5 

40.3 

61.0 
55.9 
53.0 

43.5 
35.6 

35.6 
35.6 

31.8 
29.2 

26.7 

20.3 

20.3 

50. a 

80-8 2 

48-50 

51-52 

24-26 

65-76 

15 
16 

33-36 

32-35 

25-27 

25-28 

41-44 
c a . 4 0  
42-47 

4 5- 54 

52-54 

21-25 

32 

55-60 

54-57 
48-54 
4 5- 50 
34-36 

43-47 
39-42 

57-60 
34-35 

32-33 

15 

13 

54=5a 

D 
D 

D 
D 

D 

DiSS 
DiSS 

T 

T 

D 

D 

D 
D 
D 

D 

X 

X 

SS , A  

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

D 
D 

D 

D 

D 

D 

D 

Ptvchoramphus a l e u t i c u s  17.8 19 D 

SOURCE: Adapted from A i n l e y ,  D . G .  and G.A. S a n g e r ,  1979. "Troph ic  R e l a t i o n s  o f  
S e a b i r d s  i n  t h e  N o r t h e a s t e r n  P a c i f i c  Ocean and Ber ing  Sea" I n :  C o n s e r v a t i o n  
of Mar ine  B i r d s  o f  N o r t h e r n  Nor th  America.  J . C .  Ba r tonek  and D . N .  
N e t t l e s h i p  ( e d s . ) .  U.S. Depar tment  of I n t e r i o r ,  F i s h  and W i l d l i f e  S e r v i c e ,  
W i l d l i f e  S e r v i c e ,  W i l d l i f e  R e s e a r c h  Repor t  11, Washington. 
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TABLE 1 3  - NEST-SITE PREFERENCE FOR SEABIRDS BREEDING FROM 
CAPE FAIRWEATHER, ALASKA, TO THE COLUMBIA R I V E R ,  

WASHINGTON 

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

Burrow-rock c r e v i c e  
D i u r n a l  Pigeon g u i l l e m o t  

Horned puff  i n  
T u f t e d  puff  i n  

Nocturna l  

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

C l i f f  f a c e  

F o r k - t a i l e d  s t o r m - p e t r e l  
L e a c h ' s  s t o r m - p e t r e l  
K i t t l i t z ' s  m u r r e l e t  
Ancient  m u r r e l e t  
C a s s i n ' s  a u k l e t  
Rhinoceros  a u k l e t  

Double-crested cormorant 
B r a n d t ' s  cormorant 
Glaucous-winged g u l l  
H e r r i n g  g u l l  
Western g u l l  
Black o y s t e r c a t c h e r  

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

T r e e  branch  Ma.rbl ed  mur r e l  et  

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

S t r e s s  a n d  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  from a v a r i e t y  
of c a u s e s ,  b o t h  natural!  and human. For  i n s t a n c e ,  commercial and r e c r e a t i o n a l  
boa t  t r a f f i c  i s  dtisruptiive t o  f e e d i n g  and l o a f i n g  a c t i v i t i e s ;  s h o r e l i n e  
developments may d e s t r o y ,  h a b i t a t  o r  d i s t u r b  b r e e d i n g  t i m e s ,  r e s u l t i n g  i n  h i g h e r  
m o r t a l i t y  of t h e  young; 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 l a n d s  o f t e n  r e s u l t  
i n  marked r e d u c t i o n s  i n  t h e  b r e e d i n g  p o p u l a t i o n  and i t s  r e p r o d u c t i v e  s u c c e s s ;  
many d i v i n g  b i r d s  are  drowned hnk t h e  n e t s  o f  commercial fishermen;,  a g r i c u l t u r a l  
chemica ls  and s p e n t  l e a d  s h o t  may k i l l  o r  po ison  b i r d s ;  and o i l  s p i l l s  may 
d e s t r o y  e n t i r e  p o p u l a t i o n s  o r  h a b i t a t .  
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0 
0 

U 
0 

0 

Q 

O i l  a f f e c t s  t h e  plumage, p h y s i o l o g y ,  and r e p r o d u c t i o n  of mar ine  b i r d s .  
Contaminat ion o f  t h e  plumage by o i l  r e d u c e s  t h e  i n s u l a t i o n  c h a r a c t e r i s t i c s ,  
t h e r e b y  inducing  thermal  stress.  F u r t h e r ,  s o i l e d  plumage w i l l  impai r  t h e  a b i l i t y  
t o  f l y  o r  f l o a t .  Consequent ly ,  a contaminated  b i r d  w i l l  b e  less  s u c c e s s f u l  a t  
f e e d i n g  o r  escaping  p r e d a t o r s .  The i n g e s t i o n  o f  o i l  by b i r d s  may r e s u l t  i n  a 
v a r i e t y  of i n t e r n a l  d i s o r d e r s  t h a t  a f f e c t  t h e  f i t n e s s  of t h e  i n d i v i d u a l  a s  w e l l  
a s  i t s  a b i l i t y  t o  reproduce .  Con:aminsted a d u l t  b i r d s  r e t u r n i n g  t o  t h e  n e s t  
i n a d v e r t e n t l y  contaminate  thc2 eggs  o r  voung,   tie re by r e d u c i n g  t h e i r  p r o b a b i l i t y  
of s u r v i v a l .  An o i l  v u l n e r a b i l i t y  index  d e v i s e d  f o r  water  b i r d s  p r o v i d e s  some 
i n s i g h t  a s  t o  t h e  r e l a t i v e  r i s k  t o  r e p r e s e n t a t i v e  s p e c i e s  (Table  1 4 ) .  

There  a r e  a i s o  numerous a d d i t i o n a l  human a c t i v i t i e s  which a f f e c t  t h e  
l i v e s  of mar ine  b i r d  s p e c i e s ,  e s p e c i a l l y  i n  e s t u a r i e s  and lagoons .  These  c o a s t a l  
forms  a r e  r e l a t i v e l y  f l a t  and commonly become i n  f o c u s  for  i n d u s t r i a l ,  a g r i c u l t u r a l ,  
and commercial p r o j e c t s .  A s y n o p s i s  of t h e  impacts  caused by many a c t i v i t i e s  
found w i t h i n  e s t u a r i e s  is  p r e s e n t e d  i n  T a b l e  15. 

TABLE 14  - O I L  VULNERABILITY INDEX ( O V 1 )  FOR REPRESENTATIVE 
WATERBIRDS I N  THE NORTHEAST PACIFIC REGION 

* 
Family,  common name and s c i e n t i f i c  name 01'1 

Gavi i d a e  
Common loon  (Cavia immer) 
A r c t i c  loon  ( G .  A r c t i c a  

Pod ic iped idae  
Western g r e b e  (Aechmorphorus o c c i d e n t a l i s )  

Hvdrobat idae 
L e a c h ' s  s t o r m - p e t r e l  (Oceanodroma leucohoa)  

Ljouble-crested cormorant (Phalacrocorax  a u r i t u s )  
E r a n d t ' s  cormorant  ( f .  p e n i c i l l a t u s )  
P e l a g i c  cormorant ( F .  p e l a g i c u s )  

Pha lac rocorac idae  

Arae idae  
Trum?et CT swan (Olorcygnus b u c c i n a t o r )  
C r n r t c z  goose  (Branta  canadens is)  
E i a c k  iir:int ( E .  n i g r i c a n s j  
Snox goose (Chen hyperborea)  
Y a l l a r d  (Anas p l a t y r h v n c h o s )  
American widgeon (?I. americana)  
Greater scaup  (Aythya m a r i l a )  
LiarroE's go ldeneve  (Buctphala  i s l a n d i c a )  
Buff lehead  ( B .  a l b e o l a )  
Oldsquaw (Clangula  hvemal i s )  
Har lequin  duck ( H i s t r i o n i c u s  h i s t r i o n i c u s )  
Surf s c o t e r  ( M e l a n i t t a  d e g l a n d i )  
Common merganser  (yergus  merganser )  

47 
58 

56 

63 

52 
57 
63 

63 
34 
70 
3 2  
36 
36 
52 
56 
52 
66 
60 
72  
56 

U 
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~ * 
Family,  common name and s c i e n t i f i c  name ov 1 

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

Pandionidae  

Fa 1 con i d  a e 

Haema topod idae  

Sco lopac idae  

Bald e a g l e  ( H a l i a e e t u s  l eucocepha lus )  

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

P e r e g r i n e  f a l c o n  (Fa lco  p e r e g r i n u s )  

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

Wandering t a t t l e r  ( H e t e r o s c e l u s  incanum) 
Dunlirl ( E r o l i a  a l p i n a )  
Western s a n d p i p e r  (Eremryrd m s u t i )  

Red p h a l a r o p e  (Pha la ropus  f u l i c a r i u s )  

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

Phalaropod i d a e  

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

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

58 

37 

41 

65 

L 8  
Ltl 
47 

58 

4 3  

56 
38 
A 2  
38 

A l c i d a e  
Common m u r r e  (Ur i a  a a l g e )  7 0  
Pigeon g u i l l e m o t  (Cepphus colurnba) 8 2  
Marbled m u r r e l e t  (Brachyramphus marrnoratus) k I - 1  

Horned puff i n  (Fra  t e r c u l a  c o r n i c u l a  t a )  , L  

Tuf ted  puf f  i n  (Lunda c i r r h a t a )  7 2  

C l  

Rninoceros  a u k l e t  (Cerorh inca  rnonocerata) 7 ;  
7 7  

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

SOURCE: J . G .  King and G.A. Sanger ,  1979. " O i l  V u l n e r a b i l i t y  Index f o r  
Marine O r i e n t e d  Bi rds" .  In :  Conse rva t ion  of Marine B i r d s  of 
Nor thern  North America. J . C .  Bar tonek  and D . N .  N e t t l e s h i p  ( e d s . ) .  
U.S. Department of I n t e r i o r ,  F i s h  and W i l d l i f e  S e r v i c e ,  W i l d l i f e  
Research  Report  11, Washington. 



F i r s t  E f f e c t  Second E f f e c t  

I h a E t a  t 

- l e a c h a t e s  e n t e r  wa te r  - t o x i c  s u b s t a n c e s  f o r  

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

- p h y s i c a l  shad ing  of sub- - lower r a t e  of photo- 

some organisms 

B . O . D .  oxygen 

s t r a t e  and wa te r  column 1 s v n t h e s i s  
, - s c o u r i n g  d u r i n g  low t i d e s  ' - d e s t r u c t i o n  of v e g e t a t i o n  

' t i m e  pe r iod  - change i n  water fowl  
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U TABLE 15 A SYNOPSIS OF THE IMPACTS CAUSED BY SELECTED 
ACTIVITIES COMMON WITHIN ESTUARIES 

U A c t i v i t y  

u Logging ' 1 )  Log Dumping 
and S o r t i n g  

- d e p o s i t i o n  of b a r k  and wood 
- tow boa t  prop  wash 
- s c o u r s  sed imen t s  
- l and  r equ i r emen t s  

- smothe r s  v e g e t a t i o n  
- d i s t u r b s  sed imen t s  
- d e s t r o y s  v e g e t a t i o n  
- d e s t r o y s  s h o r e l i n e  0 

2 )  Log S to rage  u 

0 Dyking 

U composi t ion  

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

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

0 - u s e  of p e s t i c i d e s ,  
h e r b i c i d e s ,  e t c .  - b i r d  m o r t a l i t y  I 

! 
3 )  Transpor t -  
I a t i o n  i 

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

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

- i n c r e a s e d  a i r  and n o i s e  
d ev e l  opm en t 

p o l l u t i o n  

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

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

- i n c r e a s e d  t u r b i d i t y  
- a l t e r a t i o n  of t i d a l  p r i sm 
- i n c r e a s e d  B.O.D. 

communities 

s u b s t r a t e  

0 - i n c r e a s e d  b i r d  m o r t a l i t y  

I 
I 

Dredging j Genera l  - 
! 
I 

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

0 - smother ing  of a d j a c e n t  
b e n t h i c  communit ies  

u 
SOURCE: Adapted from: R . A .  Hunter and L . E .  J o n e s ,  1982. C o a s t a l  Waterfowl and I 

H a b i t a t  Inven to ry  Program: Summary Report  and Appendices .  B r i t i s h  
Columbia, M i n i s t r y  of Environment, T e r r e s t r a i l  S t u d i e s  Branch. V i c t o r i a .  0 
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4.5 RECREATIONAL RESOURCES II 
Barkley Sound and e n v i r o n s  p rov ide  abundant o p p o r t u n i t i e s  f o r  ou t -  

door r e c r e a t i o n .  There  a r e  numerous bays,  i n l e t s ,  coves ,  s c e n i c  s h o r e l i n e s ,  
and w i l d e r n e s s  areas t o  a t t rac t  r e c r e a t i o n i s t s .  Although n o t  abundant ,  t h e r e  
are  small sand and s h e l l - h a s h  pocket beaches w i t h i n  t h e  s t u d y  area t h a t  a t t r a c t  
b o a t e r s  and shore-based r e c r e a t i o n i s t s .  Because of s t e e p ,  rocky t e r r a i n ,  t h e  
few backshore  c l e a r i n g s  are  impor tan t  f o r  camping and upland a c c e s s  f o r  b o a t e r s  
and are, i n  many areas, t h e  o n l y  means of a c c e s s  t o  t h e  shorezone .  Much of t h i s  
s t u d y  area is cons ide red  t o  have a moderate t o  modera te ly  h igh  c a p a b i l i t y  f o r  
ou tdoor  r e c r e a t i o n  (Canada, Department of Environment, 1978) .  

4.5.1 COMPETITION FOR SPACE AND RESOURCES 

Competing f o r  t h e  r e s o u r c e s  of t h e  s t u d y  area a r e  r e c r e a t i o n i s t s  from 
l o c a l  communities, t h e  r e g i o n a l  p o p u l a t i o n ,  and summer t o u r i s t s .  Data from 
Summers (1979) i n d i c a t e s  t h a t  t h e r e  is a ve ry  h igh  p a r t i c i p a t i o n  ra te  i n  marine- 
r e l a t e d  a c t i v i t i e s . b y  t h e  l o c a l  popu la t ion ,  a h igh  number of t o u r i s t  b o a t e r s ,  and 
t h e  p o t e n t i a l  f o r  a v e r y  h igh  p a r t i c i p a t i o n  ra te  i n  mar ine  a c t i v i t i e s  by v i s i t o r s .  
F u r t h e r ,  t h e  d a t a  i n d i c a t e s  t h a t  Barkley Sound is  a l r e a d y  perce ived  as  crowded 
by some v i s i t o r s .  P r o j e c t i o n s  i n  t h i s  s t u d y  i n d i c a t e  t h a t  u s e  of t h e  area a s  a 
r e c r e a t i o n a l  d e s t i n a t i o n  w i l l  c o n t i n u e  t o  grow s i g n i f i c a n t l y  w i t h i n  t h e  nea r  f u t u r e .  

Doub t l e s s ,  compe t i t i on  f o r  r e s o u r c e s  w i l l  be man i fe s t ed  a t  t h r e e  l e v e l s :  
a )  between major classes of a c t i v i t i e s  ( i . e .  r e c r e a t i o n a l  u s e  of e s t u a r i e s  v s  
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  
boa t  n o i s e  vs s h o r e l i n e  r e c r e a t i o n a l  c o t t a g e  a r e a s ) ,  and c )  between i n d i v i d u a l s  
w i t h i n  one sub-group ( i . e .  crowding a t  camps i t e s  o r  beaches ) .  E f f o r t s  t o  accommodate 
t h e  i n c r e a s e  i n  r e c r e a t i o n  demands may i n c l u d e  myriad forms of management approaches ,  
b u t  as ev idence  from o t h e r  j u r 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 r ange  of 
r e c r e a t i o n a l  areas (from v i r g i n  wi ld  land t o  high-use s i t e s  managed accord ing  t o  
m u l t i p l e  o r  compatible-use p r i n c i p l e s )  w i l l  a l l  r e c r e a t i o n a l  needs  be  s a t i s f i e d .  

The compe t i t i on  f o r  space  and r e s o u r c e s  is c u r r e n t l y  most a c u t e  i n  t h e  
small coves,  i n l e t s ,  and beach areas of Barkley Sound. Pocket beaches  a r e  found 
i n  small coves  and i r r e g u l a r i t i e s  of t h e  s h o r e l i n e ,  b u t  are  n o t  abundant .  F requen t ly  
t h e s e  si tes are  occupied by r e c r e a t i o n a l  f l o a t i n g  c a b i n s  which r e s t r i c t  a c c e s s  by 
o t h e r  r e c r e a t i o n i s t s .  
shore-based r e c r e a t i o n i s t s  and is overcrowded much of t h e  t i m e .  Barkley Sound is 
a & s o . , a * k e a v i l y  used f i s h i n g  a r e w w h i c h  g e n e r a t e s  f u r f b c r  i n t e r a c t i o n  w i t h  
r e c r e a t i o n a l i s t s  of t h e  area. Logging i n  t h e  wa te r sheds  p e r i p h e r a l  t o  t h e  Sound 
has  decimated many l andscapes  so  t h a t  t h e  w i l d e r n e s s  v a l u e  is  now a l l  b u t  l o s t .  

One l a r g e r  beach i n  Toquar t  Bay has  been h e a v i l y  used by 

While many impor t an t  r e c r e a t i o n a l  r e s o u r c e s  are c u r r e n t l y  p r o t e c t e d  from 
a l i e n a t i o n  w i t h i n  t h e  c o a s t a l  zone, u n o f f i c i a l  a r e a s  c u r r e n t l y  i n  u s e ,  a s  w e l l  as  
t h o s e  w i t h  s i g n i f i c a n t  p o t e n t i a l  ( i n c l u d i n g  scuba d i v i n g  s i t e s ,  s h o r e  p rocess  
f e a t u r e s ,  beaches ,  backshore  camping areas, and r e c r e a t i o n a l  r i v e r s ) ,  remain un- 
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p r o t e c t e d .  With t h e  p r e d i c t e d  popu la t ion  growth, compe t i t i on  f o r  many of t h e  
areas w i l l  d o u b t l e s s  i n c r e a s e .  For i n s t a n c e ,  expansion of c u r r e n t  u s e s  such  as 
l o g  s t o r a g e ,  commercial f i s h i n g ,  s h o r e l i n e  r e s i d e n t i a l  development,and commercial 
and i n d u s t r i a l  c o n s t r u c t i o n  on t h e  f o r e s h o r e  o r  backshore zones preempts rec- 
r e a t i o n a l  u s e  as e f f e c t i v e l y  as  numerous l i c e n s e d  water wi thdrawals  from r i v e r s  
p reven t  r i v e r  boa t ing  o r  f i s h i n g .  Beaches become a l i e n a t e d  through ove ruse  
(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  u s e  ( e x c a v a t i o n ) ,  o r  
i n d i r e c t l y  by t h e  i n t e r r u p t i o n  of longshore  sediment t r a n s p o r t  t h a t  f e e d s  beaches.  
I t  i s  obvious t h a t  p r o t e c t i o n  of un ique ,  r e c r e a t i o n a l l y  v a l u a b l e  s i tes  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 wh i l e  t h e  c o s t s  of a c q u i s i t i o n  are 
not  p r o h i b i t i v e .  

4.5.2 POLLUTION 

Marine water q u a l i t y  i n  t h e  s tudy  r e g i o n  cu r ren t ly  res t r ic 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  a r e a s .  Sewage o u t f a l l s  from m u n i c i p a l i t i e s  and c i t ies  are 
r e s p o n s i b l e  f o r  s e v e r a l  s h e l l f i s h  c l o s u r e s  a long  t h e  c o a s t .  Boat wastes i n  mar inas  
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 i s -  
charged from r e c r e a t i o n a l  b o a t s  i n  open waters i s  n o t  y e t  i d e n t i f i e d  as p rob lema t i c ,  
a l t hough  s e v e r a l  h e a v i l y  used anchorages  ev idence  poor v i s u a l  and a e s t h e t i c  water 
q u a l i t y .  

Water c o n t a c t  s p o r t s  ( i . e .  swimming) conducted i n  area of con tamina t ion  pose  
d e f i n i t e  h e a l t h  r i s k s  t o  r e c r e a t i o n i s t s .  Leachates  from l o g  booming and s t o r a g e ,  
and e f f l u e n t  from c o a s t a l  i n d u s t r i e s  t h r e a t e n  t h e  r e c r e a t i o n a l  v a l u e  of c o a s t a l  
waters by j e o p a r d i z i n g  t h e  i n t e g r i t y  of c o a s t a l  ecosystems. I n  many i n s t a n c e s ,  
t h e  c o s t s  of p o l l u t i o n  are e x t e r n a l  t o  t h e  o r i g i n a t i n g  s o u r c e s  and are t h u s  borne  
by t h e  r e c r e a t i o n a l  community. 

4.6 PHYSICAL PROCESSES AND ENERGY 

4.6.1 PHYSICAL SHOREZONE CHARACTERISTICS 

The p h y s i c a l  shorezone maps of t h i s  f o l i o  p rov ide  a d e t a i l e d  inven to ry  
of t h e  shorezone  of t h e  s tudy  a r e a .  The inven to ry  s y s t e m  (Howes and Owens, unpub.) 
h a s  been g e n e r a l i z e d  by many a u t h o r s  t o  i d e n t i f y  r e p l i c a t e  u n i t s  (Howes, 1980; 
Owens, 1980; Harper,  1981, 1983; Howes and Dunn, 1983; Bastaja, 1983; L e w i s ,  1984).  
The r e p l i c a t e  u n i t  i s  a summary of more s i m p l e  shoreforms t h a t  re-occur throughout  
an area. 

Ten (10) r e p l i c a t e  u n i t s  have been i d e n t i f i e d  f o r  t h e  A l b e r n i  In l e t -Bark ley  
Sound s t u d y  a r e a  (Dunn, 1984) .  Of  t h e  t o t a l  s t u d y  area s h o r e l i n e  (about  782 km), 
69% can  be c l a s s e d  as  rocky c o a s t ,  t h e  remainder sediment c o a s t .  
t a b l e  p rov ides  a comparison of t h e  r e p l i c a t e  u n i t s .  

The fo l lowing  
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TABLE 16  REPLICATE SHOREZONE UNITS BARKLEY SOUND - ALBERNI INLET 

Uni t  Length (km) Percen t  To t a l  

13 
353.38 

Bedrock 

C l i f f  

P l a t f o r m  
With beach venee r  (4lm) 
No veneer  

Unconsolidated 

45.2 U 
74.48 

111.91 
9.5 

14.3 

P 
Beach 

Fine- t ex t u r  ed 
Coarse- t ex tu red  

3.0 
1 4 . 1  

9.0 

2.5 

2.4 

23.21 
110.57 

70.20 

19.13 

18.91 

Deltas 

T i d a l  F l a t s  

Man Modified 

TOTAL 781.79 100.0 

* 
Does n o t  i n c l u d e  t h e  Broken Group I s l a n d s  and some lesser i s l a n d s  w i t h i n  
Barkley Sound. 

C l i f f s  

These are t h e  s i n g l e  most p r e v a l e n t  shoreform w i t h i n  t h e  s t u d y  a r e a .  They 
r ange  i n  h e i g h t  from under 2 m t o  over  1 0  m; most commonly though, they are in 
t h e  5 t o  10 m range. The . i n l e t s  of t h e  s t u d y  area and some of t h e  more exposed 
i s l a n d s  are predominantly s t e e p  c l i f f s  w i t h  l i t t h  o r  no f o r e s h o r e .  The 
e r o s i o n  of less r e s i s t a n t  bedrock t y p e s  have l e d  t o  t h e  format ion  of sea caves  
and sea s t a c k s .  'These  forms_ are c o n c e n t r a t e d  on the southwes tern  s h o r e  of t h e  
s t u d y  area where wave e n e r g i e s  are h i g h e s t .  

' 

C 
0 
ci P l a t f o r m s  

These rock  forms account  f o r  23.8% of t h e  s t u d y  a r e a  s h o r e l i n e  and are  t h e  
r e s u l t  of wave e r o s i o n  i n  t h e  shorezone  producing a h o r i z o n t a l  o r  near -  
h o r i z o n t a l  p l a t fo rm.  They develop  where t h e  bedrock i s  n o n - r e s i s t a n t  o r  wave 
e n e r g i e s  are high.  Many of t h e  p l a t f o r m s  i n  t h e  s tudy  a r e a  a r e  i r r e g u l a r ,  t h a t  
i s ,  they  have a complex s u r f a c e  relief of up t o  2 m. The m a j o r i t y  of t h e  sea 
s t a c k s  are found on t h e  r o c k  p l a t f o r m s  i n  t h e  southwes t  pa r t  of t h e  s tudy  a r e a .  Q 

About 40% of t h e  rock  p l a t f o r m s  have a cove r ing  of sediment w i t h  t e x t u r e s  
r ang ing  from sand t o  pebb le fcobb le .  The c o a r s e r  t e x t u r e s  a r e  much more common. P 
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These sed iments  are commonly under 1 m i n  t h i c k n e s s  and occupy from 20% 
t o  up t o  80% of t h e  i n t e r t i d a l  wid th  of t h e  p l a t fo rm.  

Beaches 

T h e  beaches of t h e  s tudy  area account  f o r  1 7 . 1 %  of t h e  t o t a l  s h o r e l i n e .  
About 1 7 %  of t h e s e  a r e  cons idered  f i n e - t e x t u r e d  - sand t o  f i n e  peb5 le  - w i t h  
up t o  15% c o a r s e  textures .  F ine - t ex tu red  beaches are  not  common i n  t h e  area 
(only 3% of t h e  t o t a l  s h o r e l i n e )  and seem t o  b e  concen t r a t ed  i n  t h e  areas of 
r e l a t i v e l y  h igh  wave energy o r  i n  t h e  v i c i n i t y  of r i v e r  d e l t a s .  They can b e  
found most commonly i n  t h e  sou thwes te rn  p a r t  of t h e  s t u d y  area from T a p a l t o s  
Bay t o  Bamfield I n l e t  and on t h e  western i s l a n d s  of t h e  Deer Group. Another 
area of f ine - t ex tu red  beaches is formed west of t h e  Toquar t  River d e l t a .  

T h e  coa r se - t ex tu red  beaches are more e x t e n s i v e  and can b e  found through- 
o u t  t h e  s t u d y  area a s  pocket beaches.  On t h e  n o r t h  c o a s t  of Barkley Sound, 
however, t h e  c o a r s e  beaches are  t h e  most common s h o r e  type.  

D e l t a s  

These forms are i n t e r s p e r s e d  throughout t h e  s tudy  area, accoun t ing  f o r  
9% o r  70.20 lau of t h e  t o t a l  s h o r e l i n e .  Four of t h e  d e l t a s  ( t h e  Somass, 
S a r i t a ,  Toquar t ,  and Nahmint), however, t a k e  up a s i g n i f i c a n t l y  h i g h  p r o p o r t i o n  
of t h i s  l e n g t h .  

The d e l t a s  g e n e r a l l y  are coa r se - t ex tu red ,  though they  r ange  from silt t o  
cobble .  The f i n e r  t e x t u r e d  d e l t a s  seem to  be a s s o c i a t e d  w i t h  t h e  l a r g e r  r i v e r s  
and lower g r a d i e n t  back s h o r e s .  

The Somass River  d e l t a  has  e x t e n s i v e  sand and mud d e p o s i t s  a t  i t s  seaward 
end. The Nahmint, S a r i t a  and Toquar t  r iver  d e l t a s  are  c o a r s e r ,  ranging  from 
sands  t o  pebb les .  
t h e  s t e e p e r  g r a d i e n t  streams i n  t h e  s t u d y  area. T e x t u r e s  h e r e  r ange  from 
pebb les  t o  b o u l d e r s ,  though more commonly i n  t h e  pebble-cobble range. 

The c o a r s e s t  d e l t a i c  d e p o s i t s  are g e n e r a l l y  a s s o c i a t e d  w i t h  

A s i g n i f i c a n t  p r o p o r t i o n  of t h e  d e l t a i c  environments have developed marshes 
i n  t h e i r  upper r eaches .  The most e x t e n s i v e ,  of cour se ,  are  on t h e  l a r g e r  river 
d e l t a s  of t h e  s t u d y  area. F e l g r a s s  beds are common i n  t h e  low i n t e r t i d a l  
zone of many of t h e s e  l a r g e r  d e l t a s .  

T i d a l  F l a t s  

These deve lop  i n  s h e l t e r e d  environments where wave a c t i o n  is n e g l i g i b l e  
and t i d a l  p r o c e s s e s  become dominant. They occupy o n l y  2.5% of t h e  s t u d y  area's 
s h o r e l i n e .  F i n e  tex tures  c h a r a c t e r i z e  t h e s e  environments commonly i n  t h e  mud 
t o  f i n e  sand range.  E e l g r a s s  predominates as t h e  i n t e r t i d a l - u p p e r  s u b t i d a l  
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v e g e t a t i o n .  
t i d a l  f l a t s .  

Sa l tmarshes ,  of l i m i t e d  a r e a ,  have a l s o  developed i n  some 
The most e x t e n s i v e  t i d a l  f l a t s  are found i n  Bamfield I n l e t .  

Man-modif i e d  

Th i s  t ype  occup ies  2.4% of t h e  t o t a l  s h o r e l i n e ,  t h e  m a j o r i t y  i n  con- 
j u n c t i o n  w i t h  t h e  P o r t  A l b e r n i  harbour .  
are i n  t h e  form of land f i l l s  and wharves f o r  t h e  f o r e s t  p roduc t s  and f i s h e r i e s  
i n d u s t r i e s  i n  t h e  area. 
r e c r e a t i o n a l  developments.  

Most of t h e  man-altered s h o r e l i n e s  

Lesser amounts a r e  a s s o c i a t e d  w i t h  mar inas  and 

4.6.2 REGIONAL WAVE CLIMATE 

A n  unde r s t and ing  of t h e  p o t e n t i a l  f o r  a body of water t o  produce waves 
under c e r t a i n  c o n d i t i o n s  is impor tan t  from s e v e r a l  p o i n t s  of view. 

Engineers  are  concerned w i t h  wave e f f e c t s  on c o a s t a l  s t r u c t u r e s  such a s  
b reakwa te r s  o r  wharves, as w e l l  as t h e  sed imen ta t ion  of ha rbour s .  

P l a n n e r s  are concerned w i t h  wave e f f e c t s  on c o a s t a l  b l u f f s ,  t h e  p r o b a b i l i t y  
of inunda t ion  d u r i n g  s to rms ,  and t h e  v u l n e r a b i l i t y  t o  c e r t a i n  sho re fonns ,  such a s  
s p i t s ,  t o  e ros ion .  

Mar ine r s  are concerned w i t h  waves and haza rds  t o  n a v i g a t i o n .  

R e c r e a t i o n i s t s  are concerned w i t h  t h e  s t a b i l i t y  of c o a s t a l  b l u f f s  and 
beaches ( f r o n t i n g  r e c r e a t i o n a l  p r o p e r t i e s ) ,  marina p r o t e c t i o n ,  t h e  maintenance of 
sandy beaches ,  and t h e  wave hazard t o  s m a l l  b o a t s .  

The fo l lowing  p rov ides  an  overview of w h a t  is known about  t h e  wave 
c h a r a c t e r i s t i c s  of t h e  s t u d y  area. For f u r t h e r  g e n e r a l  r e a d i n g ,  c o n s u l t  Owens (19771, 
Bascom (1980),  and Thomson (1981). For more t e c h n i c a l  accoun t s  of Canadian c o n d i t i o n s ,  
r e p o r t s  by t h e  A s s o c i a t e  Committee f o r  Research on S h o r e l i n e  Eros ion  and Sedimenta t ion  
(ACROSES) (1980, 1983a, and 1983b) and McCann (1980) are a v a i l a b l e .  

The re  is  o n l y  one  wave r e c o r d i n g  s t a t i o n  a p p l i c a b l e  t o  t h e  s tudy  area. 
It is S t a t i o n  103, moored 5.5 km southwes t  of Long Beach. Waves recorded  a t  t h i s  
s t a t i o n  r e f l e c t  t h e  more exposed o u t e r  c o a s t a l  wave regime. 
c o a s t a l  areas have n o t  been s t u d i e d  i n  d e t a i l .  

I n n e r ,  more s h e l t e r e d  

Wave C h a r a c t e r i s t i c s  

For t h e  purposes  of t h i s  r e p o r t ,  t h e  s t u d y  area is  d i v i d e d  i n t o  t h r e e  
zones based on wave c h a r a c t e r i s t i c s .  
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Zone 1 - t h e  exposed o u t e r  c o a s t .  T h i s  zone i n c l u d e s  t h e  nor thwes t  and 
southwest  p o r t i o n s  of Barkley Sound, as  w e l l  as t h e  western-most i s l a n d s  
of  t h e  Deer and Broken groups  of  i s l a n d s .  I t  is c h a r a c t e r i z e d  by long  
a v a i l a b l e  f e t c h e s ,  g i v i n g  r i se  t o  t h e  h i g h e s t  swell and sea waves of  t h e  
s t u d y  a r e a .  I n  f a c t ,  Davies  (1972) c l a s s i f i e s  the  w e s t  c o a s t  of Vancouver 
I s l a n d  a s  having some of t h e  h i g h e s t  wave energy  l e v e l s  i n  t h e  world (Harper ,  
1981) .  

Swell  waves are genera ted  o f f s h o r e  of t h e  s tudy  area, so are n o t  
s p e c i f i c a l l y  in f luenced  by l o c a l  winds.  T h e i r  d i r e c t i o n  of t r a v e l ,  though,  
i s  t h e  r e s u l t  of t h e  p r e v a i l i n g  wind p a t t e r n  - s o u t h e a s t e r l y  i n  winter and 
w e s t  t o  no r thwes te r ly  i n  summer. Swel l  h e i g h t s  are c o n t r o l l e d  by t h e  speed 
of  t h e  winds i n  t h e  g e n e r a t i n g  a r e a .  Of f shore  v a l u e s  were r e p o r t e d  by 
Faulkner  and Schae fe r  (1978).  They n o t e  t h a t  i n  J anua ry ,  wind speeds  o f 6 0  lanlhr 
o r  l e s s  occur  96% of  t h e  t i m e ,  w h i l e  i n  J u l y  t h e s e  v a l u e s  a r e  reduced t o  39 b / h r  
f o r  92% of t h e  time. 
a s  fo l lows .  

The a u t h o r s  a l s o  grouped t h e  cor responding  wave h e i g h t s  

TABLE 1 7  PERCENT OCCURRENCE OF WAVE HEIGHTS OFFSHORE 
OF VANCOWER ISLAND 

Wave h e i g h t  (m) 

L - 2.7 
2.8-4.9 
5.0-7.0 
7- 7.0 

Winter (Dec-Feb) Summer (June-Aug) 
% % 

80.2 
18 .9  

0.7 
0 . 2  

96.1 
3.1 
0.5 
0 .3  

SOURCE: D . A .  Faulkner  and D . G .  Schae fe r ,  1978. Me teo ro log ica l  Aspec ts  of  a 
West Coast  Oil P o r t .  Canada, Department of Environment. Atmospheric 
Environment Se rv ice .  Vancouver. Unpublished Manuscript .  

Sea waves, t h o s e  produced by l o c a l  winds, a r e  more v a r i a b l e  i n  t h e i r  
d i r e c t i o n s  and h e i g h t s  (Thomson, 1981) .  Off t h e  w e s t  c o a s t  of  Vancouver 
I s l a n d  where, d u r i n g  f a l l  and w i n t e r ,  a series of s torms  t r a c k  across t h e  c o a s t ,  
sea waves tend t o  be  from t h e  s o u t h e a s t  and nor thwes t  quadran t s  s l i g h t l y  more 
o f t e n  than  o t h e r  d i r e c t i o n s .  The spring-summer p a t t e r n  t e n d s  t o  f o l l o w  t h e  pre-  
v a i l i n g  wind p a t t e r n  from t h e  no r thwes t  (Thomson, 1981) .  Wave d a t a  c o l l e c t e d  
o f f s h o r e  of Long Beach s u g g e s t s  t h a t  s i g n i f i c a n t  wave h e i g h t s  ove r  t h e  year  are  
less than  3 m about  86% of t h e  t i m e  and less than  6 m 99% of t h e  t i m e .  
(Owens, 1977 and Thomson 1981) .  Waves were more commonly between 1 m and 2 m 
i n  h e i g h t .  

I n  terms of  extreme wave h e i g h t s  p o s s i b l e  i n  t h i s  zone, s t r o n g  wind d a t a  
would have t o  b e  consu l t ed .  Faulkner  and Schae fe r  (1978) c i t e  extreme wind 
speed d a t a  f o r  s e v e r a l  s t a t i o n s  t h a t  would r e p r e s e n t  t h e  o u t e r  c o a s t  zone. 
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They a l so  p rov ide  a p robab le  r e t u r n  pe r iod  (mean r e c u r r e n c e  i n t e r v a l )  f o r  
t h e i r  va lues .  

TABLE 18 EXTREME W I N D  SPEEDS FOR SELECTED STATIONS 

Years of Extremes (km/h) Maximum hour l v  
S t a t i o n  Record Mean Recurrence I n t e r v a l  Recorded (lan/hr) 

Amphr i t r s t e  P o i n t  10 87 92 98 104 85 
Cape Beale 1 2  105.5 113 118 126 97 

Tof i n o  20 79.5 8 7  94 104 100 

5 y r .  10 y r .  20 y r .  50 y r .  

SOURCE: D.A. Faulkner  and D.G. Schae fe r ,  1978. Me teo ro log ica l  Aspec ts  of  
a West Coast O i l  P o r t .  Canada, Department of Environment, Atmospheric 
Environment Se rv ice .  Vancouver. Unpublished. Updated t o  1980. 

By comparison, t h e  d e s i g n  hour ly  wind speeds  c a l c u l a t e d  a t  Uc lue le t  f o r  
t h e  National Bui ld ing  Code are 103.5, 112.7 and 122 km/hr,  w i t h  r e t u r n  
p r o b a b i l i t i e s  of 1 i n  10, 1 i n  30 and 1 i n  100 r e s p e c t i v e l y .  Thomson (1981) 
shows t h e  fo l lowing  r e l a t i o n s h i p  between wind speed ,  f e t c h  and d u r a t i o n  t o  
wave h e i g h t  and pe r iod .  

TABLE 1 9  M I N I M U M  FETCH AND DURATION TO PRODUCE FULLY DEVELOPED SEAS 

* 
Wind Speed Fe tch  Dura t ion  Aug. S i g n i f i c a n t  Aug. Highest  10% Per iod  of Greatest 

(km/ h r  ) (km) ( h r )  Height  (m) Height  (m) Waves (m) Energy Concentra- 
t i o n  (seconds)  

18.5 1 9  2.4 .3  .4 

28.0 63  6 .8 1.1 

37.0 139  10 1.5 2.4 

46 296 1 6  2.7 4.3 

55.5 518 23 4.3 6.7 

74 1315 42 8.5 13.4 

92.5 2630 69 14 .6  23.8 

. 6  

1 . 5  

3 . 1  

5.5 

8.4 

17.4 

30 .2  

* 
Average of t h e  h i g h e s t  113 of t h e  waves. 

4 

6 

8 

10 

1 2  

1 6  

20 

SOURCE: R.E.  Thomson, 1981. Oceanography of  t h e  B r i t i s h  Columbia Coas t .  
Canadian S p e c i a l  P u b l i c a t i o n  of F i s h e r i e s  and Aquat ic  Sc iences  56. 
Canada, Department of F i s h e r i e s  and Oceans. O t t a w a .  
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Faulkner  and Schaefer  (1978) i n c l u d e  extreme wave h e i g h t s  w i t h  10- and 
25-year r e t u r n  p r o b a b i l i t i e s  as shown i n  Tab le  20. 

TABLE 20 EXTREME W I N D  SPEEDS AND CORRESPONDING WAVE HEIGHTS 

Wind Speed (km/hr) 
* ** 

S i g n i f i c a n t  Wave Height(m) Maximum Wave Height(m) 

10 y r .  25 y r .  10 y r .  25 y r .  10 y r .  25 y r .  

120  133 11 .9  13.7 21.3 24.7 

* 
Average of t h e  h i g h e s t  1 /3  of t h e  waves. 

Highes t  1 / 1 0  of t h e  waves. 
** 

After  Quayle  and F u l b r i g h t ,  1975. 

SOURCE: D.A.  Faulkner  and D . G .  S c h a e f e r ,  1978. Me teo ro log ica l  Aspec ts  of a 
West Coast  O i l  P o r t .  Canada, Department of Environment. Atmospheric 
Environment Se rv ice .  Vancouver. Unpublished. 

The exposed o u t e r  c o a s t a l  zone is s u s c e p t i b l e  t o  v e r y  l a r g e  waves, b o t h  
swell and sea. Tab les  1 9  and 20 conf i rm t h a t  w i t h  t h e  long ,  unobs t ruc t ed  
f e t c h e s  f o r  t h i s  zone, t h e  extreme values  a re  a p r o b a b i l i t y .  Of c o u r s e ,  one 
has  t o  temper t h i s  w i t h  t h e  f a c t  t h a t  t h e  waves a r e  a l s o  a f f e c t e d  by water d e p t h ,  
i s l a n d s ,  r e e f s  and s h o a l s ,  a l l  of which e i t h e r  i n c r e a s e  o r  d e c r e a s e  t h e  e f f e c t s  
of waves upon t h e  sho re .  

Zone 2 - t h e  s h e l t e r e d  i n l e t  c o a s t  zone 

This  zone i n c l u d e s  A l b e r n i ,  Effingham, Pipestem, Uchuck les i t ,  Useless 
and Bamfield i n l e t s .  

Direct  measurements of waves have n o t  been made i n  t h i s  zone, t h e r e f o r e  
wave c h a r a c t e r i s t i c s  a r e  based p r i m a r i l y  on o b s e r v a t i o n s  of winds. Winds blowing 
a long  t h e  l o n g e s t  a x e s  of t h e  i n l e t s  of t h i s  zone w i l l  l i k e l y  g e n e r a t e  t h e  
l a r g e s t  waves. The l o n g e s t  f e t c h e s  a r e  a l l  under  10 lan, so  waves of up t o  
1 m could  be  p o s s i b l e  under s t r o n g  s u s t a i n e d  winds (Morris  and Leaney, 1980) .  
The Na t iona l  Bui ld ing  Code des ign  hour ly  wind speeds  f o r  P o r t  A lbe rn i  are: 

1 i n  10 y r .  965. h / h r  
1 i n  30 y r .  107.8 km/hr 
1 i n  100  y r .  119 .0  h / h r  

Very s t r o n g  winds a r e  t h e o r e t i c a l l y  p o s s i b l e  i n  A l b e r n i  I n l e t .  The cor responding  
t h e o r e t i c a l  wave h e i g h t s ,  however, would l i k e l y  n o t  m a t e r i a l i z e  because  of t h e  
narrowness  of t h e  water  body and t h e  v a r i a b l e  water dep ths .  The more common 
waves would be  s h o r t  and choppy (Morris  and Leaney, 1980) .  



- 42 - 
u 

FIGURE 9 POWER S P E C T R U M  OF E L A T I L T  AMOUNT OF ENERGY C O N T A I N E D  BY W A I T S  
OVER A RANGE OF WAVE P E R I O D S  
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Note: Broken l i n e s  show o v e r l a p  of wave t y p e s .  
T i d a l  energy  i s  c o n c e n t r a t e d  w i t h i n  a narrow band of p e r i o d s  n e a r  
d i u r n a l  and semi-d iurna l  p e r i o d s .  ( A f t e r  Kinsman, 1965) .  

Source:  R.E. Thomson. 1981.  Oceanography of t h e  B r i t i s h  Columbia Coas t .  
Canadian S p e c i a l  P u b l i c a t i o n  of F i s h e r i e s  and Aquat ic  Sc iences  5 6 .  
F i s h e r i e s  and Oceans Canada. O t t a w a .  p.89. 
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Zone 3 - t h e  i n t e r m e d i a t e  i s l a n d  groups  and e a s t e r n  Barkley Sound c o a s t  zone 

Th i s  zone i n c l u d e s  t h e  e a s t e r n  p o r t i o n s  of t h e  Deer Group, t h e  i s l a n d s  
a long  t h e  n o r t h e a s t  and east s h o r e ,  as  w e l l  as Toquar t ,  Rainy, and San Mateo 
bays.  I t  i s  t h e  most complex zone of  t h e  s tudy  a r e a  i n  terms of  wave regime,  
s i n c e  i t  is  in f luenced  by bo th  modif ied swell waves and l o c a l l y  gene ra t ed  
waves. The most exposed a r e a s  of t h i s  zone are  a long  t h e  major  channe l s  
which run  southwest  by n o r t h e a s t .  Imper i a l  Eagle  Channel and s h o r e l i n e s  
bo rde r ing  i t  would be s u s c e p t i b l e  t o  t h e  h i g h e s t  waves of t h e  zone. Reviewing 
t h e  extreme wind d a t a  from Table  18, i t  can  be seen t h a t  winds of  t h e s e  
magnitudes blowing a long  t h e  axes  of t h e  channe l s ,  e s p e c i a l l y  from t h e  south-  
ea s t ,  could g e n e r a t e  l a r g e  waves. 

Wave Energy 

The energy of waves i n i t i a t e s  sediment  motion,  g e n e r a t e s  t u r b u l e n c e  t o  
put  sed iments  i n t o  suspens ion ,  and d r i v e s  c u r r e n t s  t o  t r a n s p o r t  t h e  sediment  
(Hay, 1983) .  Wave energy i s  a f u n c t i o n  o €  wave h e i g h t  and wave p e r i o d .  
F igu re  9 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  of wave energy t o  wave pe r iod  and type ,  
wh i l e  Table  19 ,  from Thomson (1981) ,  i d e n t i f i e s  t h e  wave p e r i o d s  w i t h  the  
g r e a t e s t  energy f o r  s p e c i f i c  wave h e i g h t s .  

Wave measurements €or  t h e  exposed c o a s t  of  t h e  s tudy  area show t h a t  wave 
p e r i o d s  of tenseconds  a r e  most common. Ninety-four p e r c e n t  of  a l l  t h e  waves, 
however, have p e r i o d s  of g r e a t e r  than  s i x  seconds;  waves of t e n  seconds  or 
g r e a t e r  occur  50% of t h e  time. Clague and Bornhold (1980) r a t e  the wave 
energy h e r e  a s  h igh .  Wave energy l e v e l s  w i t h i n  t h e  i n l e t s  and s h e l t e r e d  
embayments a r e  g e n e r a l l y  much lower (Morris  and Leaney, 1980) .  

C a r t e r  (1973) c a l c u l a t e d  t h e  bottom s u r g e  v e l o c i t i e s  of maximum storm 
waves a t  t h r e e  dep ths .  H e  n o t e s  t h a t  a v e l o c i t y  of 35 cm/s is r e q u i r e d  t o  
move f i n e  sand. See Tab le  21. 

TABLE 2 1  CALCULATED BOTTOM SURGE VELOCITIES 
(Af te r  Watts and Faulkner ,  1968) 

Water Depth ( m )  Bottom s u r g e  v e l o c i t i e s  (cm/s) 

100 
150 
2 00 

66 99 150 
26 39 60 
11 16  25 

*** 
>laximum wave h e i g h t  (m) 9.1" 13.7** 21.4 
* 
** 
*** 

Haximum annual  summer storm 

Maximum annual  w i n t e r  s torm 

Maximum 100-year s torm.  

SOURCE: L .  C a r t e r ,  1973. S u r f i c i a l  Sediments  of  Barkley Sound and t h e  
Adjacent  C o n t i n e n t a l  S h e l f ,  West Coas t  Vancouver I s l a n d .  Canadian 
J o u r n a l  o f  Ea r th  Sc iences  1 0 ( 4 ) ,  Na t iona l  Research Counci l ,  O t t a w a .  
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Carter (1973) c a u t i o n s  t h a t  t h e s e  v a l u e s  are  o n l y  o r b i t a l  v e l o c i t i e s ;  
t h e  sediment  is s t i r r e d  up. For  h o r i z o n t a l  t r a n s p o r t  t o  t a k e  p l a c e ,  t i d a l  
or o t h e r  c u r r e n t s  must be  p r e s e n t .  What t h e  t a b l e  does  i n d i c a t e ,  however, 
i s  t h a t  t h e  l a r g e  s torm waves can  i n f l u e n c e  sand-sized p a r t i c l e s  t o  g r e a t  
d e p t h s  . 

Hay (1983) p rov ides  some t h e o r e t i c a l  v a l u e s  of t h e  volume of sediment  
t r a n s p o r t e d  by waves b reak ing  on t h e  sho re .  There  is a r e l a t i o n s h i p  between 
t h e  h e i g h t  of  b reak ing  waves, t h e i r  a n g l e  of  approach t o  a s h o r e  and t h e  
p a t t e r n  of l i t t o r a l  c u r r e n t s .  Gene ra l ly ,  t h e  l a r g e r  t h e  approach a n g l e ,  t h e  
more energy a v a i l a b l e  t o  t r a n s p o r t  sed iments .  For  example, based on Hay's 
(1983) i l l u s t r a t i o n  from t h e  Shore P r o t e c t i o n  Manual, mean wave h e i g h t s  of  
3 m breaking  a t  lo t o  t h e  s h o r e  could  t r a n s p o r t  1 9 . 1 3 ~ 1 0 ~  m3/yr of sediment .  
Mean wave h e i g h t s  of j u s t  under 1 m b reak ing  a t  about  45' t o  t h e  s h o r e ,  
however, would t r a n s p o r t  t h e  same amount of sediment .  These v a l u e s ,  o f  cour se ,  
are  based on t h e  assumption t h a t  t h e r e  i s  un l imi t ed  sediment  a v a i l a b l e  f o r  
t r a n s p o r t  a long  t h e  s h o r e l i n e .  Clague and Bornhold (1980) s t a t e  t h a t  l i t t o r a l  
sed iments  are no t  common f o r  t h e  w e s t  c o a s t  of Vancouver I s l a n d ,  be ing  i s o l a t e d  
t o  river d e l t a s  and t h e  o c c a s i o n a l  c b a s t a l  b l u f f .  One-day c a l c u l a t i o n s  f o r  
F l o r e n c i a  Bay (Bremner, 1970) ,  a n  area of good sediment  supply ,  saw sediment  
t r a n s p o r t  v a l u e s  of 126 m3/hr f o r  a maximum down t o  between 7 and 11 m3/hr near  
t h e  headlands.  Values  of  t h i s  n a t u r e  would no t  be l i k e l y  f o r  t h e  s tudy  a r e a ,  
as t h e r e  are no e x t e n s i v e  unconsol ida ted  b l u f f s  a v a i l a b l e  t o  wave a t t a c k .  

Another f a c t o r  i n f l u e n c i n g  t h e  amount of wave energy a v a i l a b l e  t o  t h e  
shorezone  i s  t i d a l  range.  The s tudy  a r e a  has  t i d a l  r anges  of  2 . 8  m du r ing  mean 
t i d e s ,  and 4 .1  m d u r i n g  l a r g e  t i d e s .  Complicat ing t h e s e  v a l u e s  a r e  s u r g e s  
which r e s u l t  from a tmospher ic  p r e s s u r e  changes ,  s t r o n g  onshore  winds and l a r g e  
waves. Murty (1983, pe r s .  co rn . )  s t a t e s  t h a t ,  "Usual ly  Barkley Sound and 
Albe rn i  I n l e t  are  n o t  s u b j e c t e d  t o  s torm surges ."  

F i g u r e  3 shows r e l a t i v e  sea l e v e l  changes s i n c e  t h e  l a s t  g l a c i a t i o n ,  w h i l e  
Clague -- e t  a1 (1982) ,  upon rev iewing  h i s t o r i c a l  ev idence  and r e c e n t  d a t a ,  
sugges t  t h e  fo l lowing  t r e n d s :  

a )  T i d a l  s t a t i o n s  

Vancouver, P o i n t  Atkinson,  
P r i n c e  Rupert  

1-2mm/yr sea l e v e l  r i se  

Tof ino ,  Queen C h a r l o t t e  C i t y  1-2 m / y r  sea l e v e l  f a l l  

P o r t  A lbe rn i ,  L i t t l e  R ive r ,  Campbell f a l l  i n  sea l e v e l  
River, A l e r t  Bay, P o r t  Hardy 

V i c t o r i a ,  Fu l fo rd  Harbour l i t t l e  o r  no change 

b)  L e v e l l i n g  su rveys  

F r a s e r  Lowland 1 . 5  mm/vr subs idence  

Vic to r i a -Por t  A lbe rn i  u p l i f t  

Parksvi l le-Campbel l  River  u p l i f t  

u 
P 

u 
Q 
i3 
Q 

Q 

u 
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As much of t h e  s t u d y  area shorezone i s  s t e e p  and rocky,  t h e  e f f e c t s  
of waves and water l e v e l s  a re  n o t  s i g n i f i c a n t  f a c t o r s .  

To summarize, t h e  s t u d y  area e x h i b i t s  a complex wave regime r a n g i n g  
from v e r y  exposed s h o r e l i n e s  t o  s h e l t e r e d  and narrow i n l e t s .  Wave h e i g h t s  
and energy are  v e r y  h igh ,  perhaps some of t h e  h i g h e s t  on t h e  coast. P o t e n t i a l  
l i t t o r a l  c u r r e n t  energy is  h igh  f o r  t h e  o u t e r  s e c t i o n s  of the  s t u d y  area,  
d e c r e a s i n g  as  one moves eastward.  Due to  t h e  predominant rocky shorezone ,  
a v a i l a b l e  sed iments  f o r  t h e  shorezone  are i n  i s o l a t e d  sec t ions  throughout  
t h e  s t u d y  area.  

4 . 6 . 3  Al’?lOSPHERIC MIXING 

The c a p a c i t y  o f  t h e  atmosphere t o  d i s p e r s e  a i r b o r n e  p o l l u t a n t s  i s  
determined by such f a c t o r s  as h o r i z o n t a l  t r a n s p o r t  and v e r t i c a l  mixing.  
H o r i z o n t a l  t r a n s p o r t  is a f u n c t i o n  of wind speed and d i r e c t i o n ;  v e r t i c a l  
mis ing  i s  a f u n c t i o n  of t h e  s t a b i l i t y  o i  t h c  lower atmosphere.  C o n d i t i o n s  
which i n h i b i t  bo th  a r e  ground b d s e d  i n v e r s i o n s  and l i g h t  s u r f a c e  winds.  

r \ r i  e s t i m a t c  o i  t h e  s e a s o n a l  f requency  of p e r s i s t e n t  l i g h t  winds 
( s p e e d s  l e s s  t han  12 k i n / i i )  is p r e s e n t e d  i n  F i g u r e  10. T l i e s e  v a l u e s  a r e  
based 02 a n a t i o n a l  s t u d y  by S i i a w ,  l i i r t  and l i l l e y  ( 1 9 7 2 ) .  

During f a l l  a n d  w i n t e r ,  s t a t i o n a r y  o r  s low moving h igh  p r e s s u r e  
centres a r e  r e s p o n s i b l e  f o r  the l i R h t  wind e p i s o d e s ,  mcst commonly l a s t i n g  
le.-;? t kan  two d a y s .  in t h e  siinxcr mont!:s, calms a r e  mos t  f r e q u e n t  ir.  t h e  
5~1t1: -5 ~ i : - c ~ t i : i c !  s u n r i s e  ;ind s i i n s e L ,  d u r i n g  r e v e r s a l s  of t h e  ihnc!  and s e a  
b r e s z e c i r c u 1 a t i on p a t t e r r, . 

I n v e r s i o n s  p r e v e n t  cGnveccive mixing and l i m i t  t h e  v e r t i c a l  d i s -  
p e r s a l  of p o l l u t a n t s .  I ; . . v e r s i ~ n s  a r e  most commonly caused by n o c t u r n a l  
c o o l i n g  of t h e  e a r t h ‘ s  s u r f a c c .  IC such c a s e s ,  a f t e r n o o n  h e a t i n g  normal ly  
r e s t o r e s  c o n v e c t i v e  misinK. I n  t h e  s:utiy a r e a ,  however, s e v e r a l  f a c t o r s  
l ead  t o  more p e r s i s t e n t  i n v e r s i o n s .  These  i n c l u d e :  1 a )  t h e  over running  of 
warm a i r  frorr! t h e  s o u t h e r n  P a c i f i c  Ocean, ~ a r t i . c u l a r l y  i n  f a l l  and w i n t e r ;  
b )  t h e  c o o l i n g  e f f e c t s  of tile sea b r e e z r  i n  l a t e  s p r i n g  and summer; c )  t h e  
o c c a s i c n a l  p r e s e n c e  of colt! A r c t i c  a i r  i n  w i n t e r  months.  

E s t i m a t e s  of t h (*  d i u r n a l  and s e a s o n a l  pe rcen tage  f r e q u e n c i e s  o f  
ground-based i n v e r s i o n s  f o r  t h e  s t u d y  a r e  provided i n  F i g u r e  11, Cons ide rab le  
v a r i a t i o n  from t h e  i n d i c a t e d  v a l u e s  can  be expec ted  due  t o  t h e  l o c a l  i n f l u e n c e  
of water  b o d i e s  and topogrnptiv. 

The d i s p e r s i v e  c a p a b i l i t v  of t h e  lower a tmosphere ,  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  b e  c a l c u l a t e d .  I t  i s  t h e  product  of t h e  h e i g h t  of t h e  con- 
v e c t i v e l y  mixed l a y e r  and  t h e  mean h o r i z o n t a l  wind speed i n  t h a t  l a y e r .  
P o r t e l l i ’ s  ( 1 9 7 7 )  s t u d y  o i  t h e s e  f a c t o r s  i n d i c a t e  t h a t ,  f o r  t h e  B r i t i s h  

\ s r i a r p l v  i n  s p r i n g  ( A p r i l ) ,  d e c l i n e  throushout  t h e  summer and p e r s i s t  a t  l o w  
, Columbia c o a s t ,  mean a f t e r n o o n  v a l u e s  of t h e  v e n t i l a t i o n  c o e f f i c i e n t  peak 

l e v e l s  d u r i n g  i a l i  a n d  w i n t e r .  P o l l u t a n t  b u i l d u p  g e n e r a l l y  o c c u r s  d u r i n g  
p e r i o d s  o i  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 
i n v e r s i o n s .  Rain and snow p a r t i a l l y  remove p o l l u t a n t s  from t h e  lower atmosphere.  
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E m s l i e  (1979) s ta tes ,  i n  M o r r i s  and Leaney (19801, t h a t  P o r t  A l b e r n i  is one 
o f  t h e  p o o r e s t  l o c a t i o n s  i n  Canada f o r  d i l u t i n g  and d i s p e r s i n g  a i r b o r n e -  
p o l l u t a n t s .  

4.6.4 SEISMIC HAZARD 

The B.C.  c o a s t  h a s  a 1 i n  100 p r o b a b i l i t y  o f  a n  e a r t h q u a k e  e x c e e d i n g  
a h o r i z o n t a l  a c c e l e r a t i o n  of 6% of g r a v i t y .  
a c c e p t e d  index  o f  ground mot ion  f o r  e n g i n e e r i n g  p u r p o s e s .  
(1972) n o t e  t h a t  e a r t h q u a k e  damage i s  a f u n c t i o n  of e a r t h q u a k e  magn i tude ,  
i t s  d e p t h  of f o c u s  and  mechanism, s o i l  t y p e ,  d i s t a n c e ,  and t h e  q u a l i t y  of 
b u i l d i n g  c o n s t r u c t i o n .  

H o r i z o n t a l  a c c e l e r a t i o n  i s  a n  
Witham and M i l n e  

Ma S n i  t ude  

A common measure of e a r t h q u a k e  magn i tude  i s  t h e  R i c h t e r  s y s t e m ;  
e a r t h q u a k e  i n t e n s i t i e s  a r e  d e s c r i b e d  by t h e  Modi f i ed  M e r c a l l i  s c a l e .  
T a b l e  2 2  p r o v i d e s  a compar i son  of t h e  two methods  of measurement .  
t h r e s h o l d  f o r  s i g n i f i c a n t  damage d u r i n g  e a r t h q u a k e s  i s  set a t  magn i tude  5 
on t h e  R i c h t e r  scale .  Mi lne ,  Rogers ,  Riddihough,  McMechan and Hyndman (1978)  
c a l c u l a t e d  a f r e q u e n c y  of one i n  t e n  y e a r s  f o r  p o t e n t i a l l y  damaging e a r t h -  
quakes .  F i g u r e =  p r o v i d e s  a compar ison  between t h e  c o n t i n e n t a l  and o f f s h o r e  
a r e a s .  Note t h a t  t h e  o f f s h o r e  grapli  shows a r e l a t i v e l y  smooth s l o p e  w i t h  
f e w  l a r g e  releases of s t r a i n .  The c o n t i n e n t a l  area,  however ,  shows l a r g e  
s t e p s  which  a r e  i n d i c a t i v e  of  h i g h  s t r a i n  re lease d u r i n g  l a r g e  e a r t h q u a k e s .  
T h e  s t r a i g h t  l i n e s  r e p r e s e n t  a n  e s t i m a t e  of  t h e  s t r a i n  a c c u m u l a t i o n  r a t e  
( ? f i l n e  e :  a ? ,  1 9 7 8 ) .  From t h i s  e v i d e n c e ,  t h e  a u t h o r s  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 c i 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  a r e a  c o n t i n u e s ,  a ma jo r  
p a r t  of che  p r e s e n t  accumula t ed  s t r a i n  c o u l d  b e  r e l e a s e d  i n  a s i g n i f i c a n t  
e a r t h q u a k e  w i t h i n  t h e  n e x t  decade .  

The 

The la rges t  magn i tude  e a r t h q u a k e  t o  a f f e c t  t h e  s t u d y  area w a s  i n  
J u n e  1 9 4 6 ;  i t  r e g i s t e r e d  7 . 3 .  I t s  e p i c e n t r e  w a s  c a l c u l a t e d  t o  be w e s t  of 
Comox i n  t h e  B e a u f o r t  Range. 

Denth of Focus  and Mechanism 

The maximum r e c o r d e d  d e p t h  of e a r t h q u a k e s  i n  t h e  r e g i o n  is  a b o u t  
70 km. By compar i son ,  d e p t h s  o f  up t o  700 km a re  common i n  s imi l a r  areas 
of t h e  wcrld (Mi lne  e t  a l ,  1 9 7 8 ) .  The B e a u f o r t  Range e a r t h q u a k e  e p i c e n t r e  
was a b o u t  30 km i n  d e p t h .  

The p r i m a r y  mechanisms of e a r t h q u a k e s  i n  t h i s  r e g i o n  a r e  s t r i k e -  
s l i p  and normal f a u l t i n g  (Mi lne  -- e t  a l ,  1 9 7 8 ) .  
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TABLE 22 MODIFIED MERCALLI SCALE OF EARTHQUAKE I N T E N S I T I E S  
WLTH CORRESPONDING RICHTER MAGNITUDES 

-- 
Intensi ty  f!aynitudc A;ijroxiinatcly 
( !lod i f i ed 
Mercall i H i  g hest I n  tens  1 t y  

Cot-resjlond i rig t o  

R e ac  hed - Scale) Descri p t  i on of Character i s t  i c Effects  

masonry fissured; chimneys f a 1  1 ; poorly 
constructed buildings damaged 

I X  Ruinous: some houses collapse where ground 
begins to  crack; pipes break o?en. 

X Disastrous: ground cracks badly; many b t i i l d  
destroyed and ra i l  way 1 ines bent; land- 
sl ides on steep slopes 

X I  Very Disastrous: few buildings remain stand 

r Instrumental : detected only by sei  s:rrogr-aphy 
I 1  Feeble: noticed only by sensi t ive pco?le 
I I 1  Slight :  l ike  the vibrations due t o  a p s s i n g  

heavy truck; f e l t  by people a t  r e s t ,  
especially on upper f loors  

I V  Moderate: f e l t  by people while walking; 
rocking of l o o s e  objects ,  i n c l u d i n y  
standing vehicles 

V Rather S t r o n g :  fel  t general l y ;  most sl ePpers 
are  woken a n d  be l l s  ring 

VI S t r o n g :  t rees  s ~ y  a n d  a l l  suspended ob:t.rts 
s w i  n y ;  dal-.39e Sy overturning and ' c l  1 i n y  
o f  loose objects 

p las te r  fa1 1 s 
VI I Very S t rong :  general a l a r m ,  walls cracl, and  

VI11 Destructive: car drivers seriously disturbed; 

1' 9 
bridges destroyed; a l l  services ( r a i l  \Jay,  
pipes, cables) o u t  of action; great l a n d -  
s l  ides and floods. 

into a i r ;  ground r i ses  and  f a l l s  i n  waves 
Catastrophic: t o t a l  destruction; objects thrown 

3.5 
t o  

4.2 

4.3 
t o  

4.8 

4.9 t o  5 . 4  

5.5  t o  6.1 

6.2 
t o  

6.9 

7.0 t o  7 . 3  

7 . 4  t o  8.1 

8.1+ 

Source: 0. Ma n a r d .  19179. Terrain Capability fo r  Residential Se t t l emnt s :  Summary 
Repor!, Resource Analysls Branch, Victoria. 61 p .  
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FIGURE b2 STRAIN RELEASE AS A FUNCTION OF TIME 
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Source!  w. G .  F l i l n e ,  G.C. Roger s ,  R . P .  Riddihough, G . A .  McNechan, and R . D .  Hyndman, 
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  
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So.i.1 Type 

The t y p e  o f  materPaB upon which s t r u c t u r e s  are b u i l t  d i r e c t l y  
i;nfl!uences t h e  a m p l i f i c a t i . o n  of e a r t h q u a k e s .  T a b l e  23 p r o v i d e s  a m p l 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  materials and r e p r e s e n t s  t h e  minimum d e s i g n  
r e q u i r e m e n t s  recommended under  t h e  N a t i o n a l  B u i l d i n g  Code. Hodgson (1946) 
reported1 that d u r i n g  t h e  1946 e a r t h q u a k e ,  most  of  t h e  damage w a s  c o n f i n e d  t o  
low- ly ing  areas. These  areas w e r e :  

1. KNdonan - t h e  end of t h e  B.C. P a c k e r s '  c anne ry  dock c o l l a p s e d  
wh5le t h e  c e n t r e  sEumped. The f a c i l i t y  w a s  b u i l t  on p i l e s  o v e r  
ani a 3 E u v i a l  fan>. A l so ,  many chimneys and two o i l  s t o r a g e  t a n k s  
were damaged . 
P o r t  AEberni - p r i m a r i l y  chimneys i n  t h e  t o w n s i t e  and damage t o  
t h e  b o i l e r  a t  t h e  lumber m i l l .  

Albernd - many chimneys knocked down. 

2. 

3 .  
By way of  comparisont, Hodgson (1946) a l s o  n o t e s  t h a t  s t r u c t u r e s  on bedrock  i n  
a l l  t h r e e  areas s u f f e r e d  l i t t l e  o r  no damage. 

Dd s t anc e 

Ear thquake  damage d i m i n h h e s  w i t h  d i s t a n c e  from t h e  e p i c e n t r e  
(Whhcman, and Smi th ,  1970) .  Active f a u l t s  i n  r e c e n t  g e o l o g i c a l  t i m e  a r e  t h e  San 
J u a n  and  Leech r iver f a u l t s .  
quake  areas c o r r e s p o a d  t o  t h e  b o u n d a r i e s  of  t h e  major  t e c t o n i c  p l a t e s  o f f  t h e  
c o a s t .  
p l a t e s , .  
L i m i t a t i o n s  1:501,0008Map S e r i e s  of  t h i s  f o l i o .  

H i l n e  -- e t  a1  '(1978) r e p o r t  t h a t  t h e  more a c t i v e  e a r t h -  

The1 s t u d y  area is  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  J u a n  d e  Fuca and America 
Known f a u l t  l i n e s  f o r  t h e  area a r e  i d e n t i f i e d  on t h e  G e n e r a l i z e d  T e r r a i n  

In!  terms of  t h e  1946 e a r t h q u a k e ,  c e n t r e d  n o r t h e a s t  of P o r t  A l b e r n i ,  
Hodgson (1946)) concluded '  t h a t  t h e  A l b e r n i  I n l e t  was w i t h i n ,  or b o r d e r i n g ,  t h e  
immediate  e p i c e n t r a l  r e g i o n .  
of damage i n  t h e  a r e a .  B e s i d e s  t h o s e  due  t o  f o u n d a t i o n  c o n d i t i o n ,  Hodgson (1946) 
d e s c r i b e s  o t h e r  i n c i d e n c e s  which are p e r h a p s  more i n t e r e s t i n g .  

H i s  c o n c l u s i o n  was based on o b s e r v a t i o n s  and r e p o r t s  

T h e  t e l e g r a p h  c a b l e s  (2) between Bamfield and P o r t  A l b e r n i  were damaged. 
I n  f a c t ,  t h e  r e p a f r  crews were u n a b l e  t o s l o c a t e  t h e  c a b l e s  from China Creek  t o  
j u s t  p a s t  F rank l in .  R i v e r .  The Bamfield ends  were c l e a n l y  s e v e r e d ,  w h i l e  t h e  
P o r t  A l b e r n i  end a t  Chhna Creek  cou ld  n o t  b e  p u l l e d  t o  t h e  s u r f a c e .  The repair  
crews a l s o  d i d  sound ings  of t h e  area and found t h a t  t h e  bot tom d e p t h s  were 1 5  t o  
60 m g r e a t e r  t h a n  t h e  e x i s t i n g  Admi ra l ty  c h a r t s  i n d i c a t e d .  For i n s t a n c e ,  t h e  
c h a r t s  showed 
crew measured 
however,  t h a t  
p o s i t  i o n .  

a n  area of d r y i n g  r o c k s  on t h e  east s h o r e  of t h e  i n l e t ;  t h e  r e p a i r  
301 m of water 
t h e  Admi ra l ty  

a t  t h a t  s i t e  (Hodgson, 1946) .  The a u t h o r  c a u t i o n s ,  
c h a r t s '  d e p t h s  are n o t  p r e c i s e  a s  t o  v a l u e  o r  
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T A B L E  23 SEISMIC AMPLIFICATION FACTORS FOR DIFFERENT GEOLOGICAL MATERIALS 

TYPE AN3 D E P T H  OF F i A T E R I A L  kl4PL I F ICkTION FACTOR 

il 
hl 
u 

1. Rock, dense a n d  very dense coarse-grained :ediinents, 
very s t i f f  a n d  h a r d  fine-grained sediments, coi;ipact 
coarse-grdined sediments and  f i rm and s t i f f  f inc-  
grained sediments froill 0 t o  15  in  deep ........................... 1.0 

2. c3o;::Fact coarse-grained sedinents ,  f i r n  a n d  s t i f f  
f ine-grained sediments w i t h  a depth of grea te r  t h a n  
1 5  m; very loose coarse-grained sediments and very 
so f t  a n d  sof t  f ine-grained sediments froin 0 t o  
15  n? deep ..........................................~............ 1.3 

3. Very loose a n d  loose coarse-grained sediments and 
very s o f t  a n d  so f t  f ine-grained sediments w i t h  
degths greater  t h a n  15 m ........................................ 1.5 

Note; Prepared by the  Associate Cormittee of the National Building Code 1977 

Source: D. Mzynard, 1979. Terrain Capabil i t y  f o r  Residential Sett lements:  
Summary Report, Resource Analysis Branch, Victoria.  61 p .  
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Q u a l i t y  of Bui ld ing  C o n s t r u c t i o n  Q 
F o s t e r  and Carey (1976) and Wuorinen (1976),  s t u d y i n g  t h e  V i c t o r i a  

area, g i v e  a c c o u n t s  of t h e  t y p e s  of s t r u c t u r e s  s u s c e p t i b l e  t o  ear thquake  
damage. They a l s o  n o t e  t h a t  t h e  s e v e r i t y  of damage can  be l e s s e n e d  o r  magnif ied 
by t h e  t y p e  of foundat ion  c o n d i t i o n .  S t r u c t u r e s  i d e n t i f i e d  as most s u s c e p t i b l e :  

a )  unre inforced  masonry and c o n c r e t e  s t r u c t u r e s ;  

b)  wood frame s t r u c t u r e s  under f o u r  s t o r e y s  w i t h  poor l a te ra l  

c )  most s t r u c t u r e s  on poor foundat ion  materials such as  c l a y s .  

f o r c e  b r a c i n g  a t  foundat ion  l e v e l ;  

Secondary E f f e c t s  

The secondary e f f e c t s  of a s t r o n g  ear thquake  a r e  p o t e n t i a l l y  more 
damaging than  t h e  i n i t i a l  shock. Two prominent e f f e c t s  a r e  l a n d s l i d e s  and 
tsunamis.  

L a n d s l i d e s  were common on Vancouver I s l a n d  a f t e r  t h e  1946 ear thquake .  
Henderson, Great C e n t r a l  and Sproa t  l a k e s  a l l  exper ienced  s l i d e s ,  most commonly 
a l l u v i a l  f a n s  s l i p p i n g  i n t o  deep  water. There w a s  a g e n e r a l  i n c r e a s e  i n  s l i d e s  
f o r  up t o  t w o  weeks a f t e r  t h e  i n i t i a l  shock. The s l i d e  hazard w a s  f u r t h e r  
i n c r e a s e d  by t h e  f a c t  t h a t  i t  had been a n  unusual ly  w e t  season (Hodgson, 1946) .  

The s t u d y  a r e a  i s  s u s c e p t i b l e  t o  damaging tsunamis,  though, accord ing  
t o  Thomson (1981),  i t  i s  u n l i k e l y  t h a t  a major ear thquake  o f f  t h e  w e s t  c o a s t  of 
Vancouver I s l a n d  would g e n e r a t e  a tsunami; t h e  f a u l t i n g  mechanism i s  n o t  t h e  
r i g h t  type.  Regard less ,  water level changes of between 6 and 9 m were observed 
a t  F r a n k l i n  River d u r i n g  t h e  1946 ear thquake .  A b o a t  j u s t  o f f  t h e  F r a n k l i n  
River a lso observed "a series of g e n t l e  r o l l e r s  c r o s s i n g  t h e  channel  w e s t  t o  
east.. ."(Hodgson, 1946) .  The s t u d y  area i s  exposed t o  tsunamis genera ted  else- 
where i n  t h e  P a c i f i c  R i m ,  though i n  v a r y i n g  d e g r e e s .  The l a r g e s t  recorded ,  and 
t h e  most d e s t r u c t i v e  t o  d a t e ,  were t h e  waves genera ted  by t h e  Good F r i d a y  
Alaskan ear thquake  i n  1964. Damage t o  P o r t  A l b e r n i  harbour  and s h o r e  develop- 
ments w a s  e x t e n s i v e .  These same waves, however, d i d  n o t  g r e a t l y  a f f e c t  Tof ino  
on t h e  o u t s i d e  c o a s t .  For example, t h e  maximum tsunami c r e s t  recorded a t  
Tof ino  w a s  .6 m above h i g h e r  h i g h  water, w h i l e  a t  F r a n k l i n  River  and P o r t  A l b e r n i  
i t  w a s  2 . 3  and 2.6 m r e s p e c t i v e l y  (Thomson, 1981).  
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4.7 FACTORS OF BIOLOGICAL PRODUCTIVITY 

THE AREA 

Barkley Sound i s  p a r t  of t h e  w e s t  c o a s t  environment of Vancouver 
I s l a n d .  I t  c o n t a i n s  numerous i s l a n d s ,  i s le t s ,  and i n l e t s  w i t h  a r a n g e  o f  
geomorphic forms. While most of t h e  c o a s t l i n e  i s  rocky,  many small pocket  
beaches  may b e  found. R i c k e t t s  and C a l v i n  (1968) i d e n t i f y  t h r e e  major forms 
of s h o r e  h a b i t a t  f o r  t h e  wes te rn  c o a s t  o f  North America: t h e  p r o t e c t e d  o u t e r  
c o a s t ,  t h e  open coast ,  and bays and e s t u a r i e s .  Although e lements  of a l l  t h r e e  
t y p e s  are  p r e s e n t  h e r e ,  Barkley Sound probably  b e s t  f i t s  t h e  p r o t e c t e d  o u t e r  
coast  c a t e g o r y  of which t h e r e  a r e  t w o  s u b d i v i s i o n s :  rocky s h o r e s ,  and sandy 
beaches.  

4 . 7 . 1  THE PHYSICAL/CHEMICAL ENVIRONMENT 

K a t e r  t e m p e r a t u r e ,  s a l i n i t y ,  l i g h t  p e n e t r a t i o n ,  n u t r i e n t s ,  and 
d i s s o l v e d  oxvgen a r e  major  f a c t o r s  i n f l u e n c i n g  pr imary p r o d u c t i o n  i n  t h e  
sea. Xany of 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 .  r e p r o d u c t i o n ,  c e l l  growth,  
r e s p i r a t i o n )  of mar ine  Organisms a r e  t e m p e r a t u r e  r e g u l a t e d ,  o c c u r r i n g  o n l y  
w i t h i n  a narrow t e m p e r a t u r e  range.  S i m i l a r l y ,  o rganisms t h a t  a r e  u n a b l e  t o  
r e g u l a t e  t h e i r  i n t e r n a l  environment i n  r e s p o n s e  t o  changes  i n  t h e i r  e x t e r n a l  
medium, must remain w i t h i n  n r e l a t i v e l y  narrow r a n g e  of 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  n e c e s s a r y  f o r  p h o t o s y n t h e s i s  by p l a n t s ,  and f o r  
v i s u a l  p r e d a t o r s .  N u t r i e n t s  a r e  r e q u i r e d  by a l l  mar ine  l i f e  forms;  and d i s -  
so lved  oxygen i s ,  o f  c o u r s e ,  necessary  f o r  r e s p i r a t i o n  t o  o c c u r .  

Water t e m p e r a t u r e s  w i t h i n  a column of s e a w a t e r  a r e  r e l a t i v e l y  
homogeneous d u r i n g  t h e  w i n t e r ,  autumn, and s p r i n g .  I n  t h e  summer months,  
however, t h e  upper l a y e r  of water  - t o  perhaps  30 metres - becomes w a r m e r  a s  
s o l a r  r a d i a t i o n  incrr’ases .  T h i s  tempera ture  g r a d i e n t  i n h i b i t s  mixing w i t h  
t h e  deeper  water  bv cdus inp  a d c n s i t v  g r a d i e n t .  ? l ix ing  c o n t i n u e s ,  however, 
w i t h i n  t h i s  upper  l a v e r  a s  s u r f a c e  winds c i r c u l a t e  t h e  w a t e r ,  t h u s  ma in ta in ing  
r e l a  t i v  e 1 y c ons  t a n t  t empe r a t u  r e s . 

The s a l i n i t y  of seawater  v a r i e s  w i t h  t h e  q u a n t i t y  and r a t e  of 
p r e c i p i t a t i o n ,  e v a p o r a t i o n ,  and r i v e r  d i s c h a r g e .  P r e c i p i t a t i o ;  ana r i v e r  
d i s c h a r g e  d i l u t e  mar ine  s i i r i a c e  w a t e r s ,  w h i l e  evapora t ion  i n c r e a s e s  t h e  
s a l i n i t y .  A s  f r e s h  w a t e r  i s  l e s s  d e n s e  than  s a l t  w a t e r ,  t h e  s a l i n i t y  of 
t h e  water  column i n c r e a s e s  w i t h  d e p t h .  A l s o ,  t h e  s a l i n i t y  of s u r f a c e  w a t e r s  
i n c r e a s e s  w i t h  i n c r e a s i n g  d i s t a n c e  from r i v e r  i n f l o w s .  

The p e n e t r a t i o n  of l i g h t  i n t o  t h e  v a t e r  column i s  a f u n c t i o n  of 
t u r b i d i t y .  T u r b i d i t y  r e s u l t s  from suspended p a r t i c u l a t e  matter and d i s -  
so lved  o r g a n i c  s u b s t a n c e s  t h a t  s c a t t e r  and d i f f u s e  i n c i d e n t  l i g h t .  
C o a s t a l  waters  t y p i c a l l y  r e c e i v e  no l i g h t  below 30 metres; t h e  d e p t h  t o  
which 1% l i g h t  t r a n s m i s s i o n  o c c u r s  (which demarca tes  t h e  lower l i m i t  of  
p l a n t  growth)  is c h a r a c t e r i s t i c a l l y  10 metres  (Sumich, 1 9 7 6 ) .  

The d i s t r i b u t i o n  of d i s s o l v e d  oxygen w i t h i n  s u r f a c e  waters  is 
u s u a l l y  homogeneous because  o f  f r e q u e n t  wave a c t i o n  and s u r f a c e  mixing.  
Minor v a r i a t i o n s  may b e  e v i d e n t  between r e g i o n s  because  of a tmospher ic  or 
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s u r f a c e  phenomena. 
exchange  are  n o r m a l l y  a d e q u a t e  f o r  a l l  o r g a n i s m s .  

D i s s o l v e d  oxygen c o n c e n t r a t i o n s  i n  a r e a s  of good t i d a l  

The a v a i l a b i l i t y  of n u t r i e n t s  w i t h i n  s u r f a c e  waters d e c l i n e s  
d u r i n g  t h e  growing  s e a s o n  as  p l a n t  p r o d u c t i o n  i n c r e a s e s .  
w e l l i n g  r e s u l t  i n  a r e p l e n i s h m e n t  of n u t r i e n t s  from t h e  l o w e r  s t r a t a .  
R i v e r  d i s c h a r g e s  and n u t r i e n t  r e g e n e r a t i o n  from s h a l l o w  muds a l s o  c o n t r i -  
b u t e  t o  t h e  n u t r i e n t  p o o l .  
n u t r i e n t - r i c h  water w i t h i n  t h e  c o a s t a l  zone .  

Reg ions  of up- 

T i d a l  and wind c u r r e n t s  f u r t h e r  r e d i s t r i b u t e  

The i n t e r e s t e d  r e a d e r  w i l l  refer t o  t h e  C o a s t a l  R e s o u r c e s  Map 
S e r i e s  s e c t i o n  - " p h y s i c a l  oceanography  - S t a t i o n  D i s t r i b u t i o n  and 
Accompanying Tab le"  f o r  S t r a i t  of Georg ia  d a t a  on t h e s e  t o p i c s .  
"Sources" s e c t i o n  s h o u l d  a l s o  b e  c o n s u l t e d  f o r  s t u d i e s  r e l a t i n g  t o  t h e  
p h y s i c a l  and c h e m i c a l  e n v i r o n m e n t .  

The 

4 . 7 . 2  PRIMARY P R O U U C T I O I ~  - PHYTUPLASKTON 

Pr imary  p r o d u c t i o n  i s  t h e  c r e a t i o n  of o r g a n i c  m a t e r i a l  from c a r b o n  
d i o x i d e ,  water ,  and n u t r i e n t s  a t  t h e  expense  of s o l a r  e n e r g y .  G r o s s  p r imary  
p r o d u c t i o n  r e f e r s  t o  t h e  t o t a l  amount of  o r g a n i c  material  produced b y  photo-  
s y n t h e s i s ;  n e t  p r i m a r y  p r o d u c t i o n  refers  t o  t h e  amount of o r g a n i c  ma te r i a l  
a v a i l a b l e  t o  o t h e r  l e v e l s  of t h e  food c h a i n  a f t e r  l o s s e s  t o  r e s p i r a t i o n ,  
r e p r o d u c t i o n ,  and m o r t a l i t y  a re  c o n s i d e r e d .  P r imary  p r o d u c t i o n  i s  u s u a l l y  
r e p o r t e d  i n  grams of c a r b o n  f i x e d  by p h o t o s y n t h e s i s  w i t h i n  a s q u a r e  m e t r e  
p e r  u n i t  o f  time (gC/m2/yea r ) .  

, W i t h  t h e  e x c e p t i o n  of e s t u a r i e s ,  t h e  areas of h i g h e s t  p r o d u c t i v i t y  
occur  where  t e m p e r a t u r e  s t r a t i f i c a t i o n  i s  w e l l  d e v e l o p e d ,  s a l i n i t y  i s  con- 
s i s t e n t l y  h i g h ,  and o t h e r  f a c t o r s  of t h e  p h y s i c a l / c h e m i c a l  e n v i r o n m e n t ,  
d e s c r i b e d  ea r l i e r ,  a r e  i n  abundan t  s u p p l y .  Where t h i s  o c c u r s ,  p r i m a r y  
p r o d u c t i o n  is  l i m i t e d  m o s t l y  by t h e  g r a z i n g  a c t i v i t i e s  o f  o r g a n i s m s  h i g h e r  
on t h e  food web. When t h e  s u p p l y  of one  o r  more f a c t o r s  e x c e e d s  t h e  t o l e r -  
ance  l i m i t s  of p h y t o p l a n k t o n  s p e c i e s ,  however,  g rowth  of t h e  i n d i v i a u a i  and 
t h e  p o p u l a t i o n  i s  c u r t a i l e d .  
f a c t o r  i n  least  s u p p l y .  F i g u r e  1 3  i l l u s t r a t e s  t h e  i m p o r t a n c e  of each  of  t h e  
f a c t o r s  of g rowth  i n  m a i n t a i n i n g  h i g h  p r o d u c t i v i t y .  The f i g u r e  shows, f o r  
example,  t h a t  a r e d u c t i o n  i n  t h e  " q u a n t i t y "  of o n e  f a c t o r  ( i . e .  n u t r i e n t s )  
r e s u l t s  i n  d i m i n i s h e d  p r i m a r y  p r o d u c t i v i t y  which  s e q u e n t i a l l y  l i m i t s  t h e  
ene rgy  t r a n s m i t t e d  t o ,  and p o p u l a t i o n s  s u s t a i n e d  a t ,  h i g h e r  l e v e l s  of  t h e  
food web. 
c r o p  which  i n  t u r n  s u p p o r t s  fewer j u v e n i l e  sa lmon.  

P r i m a r y  p r o d u c t i v i t y  i s  a l s o  l i m i t e d  by t h e  

Simply s t a t e d ,  a low p h y t o p l a n k t o n  c r o p  s u p p o r t s  a low z o o p l a n k t o n  

. .___. .. -._. . 
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Figure 1 3  - SCHEMATIC OF ENERGY TRANSFER BETWEEN TROPHIC LEVELS 
IN U N L I M I T E D  ( A )  AND L I M I T E D  (B) ECOSYSTEMS 

Note: Decrease of 
primary and succeeding 

to limited availability 
<=102>1  levels of production due 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I of nutrients. 
I 
I 
I 

I 
I 

I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I Carnivore 
I 
I Herbivore 
I 

Primary Product  ion 



- 56 - 

4 . 7 . 3  - PRIMARY PRODUCTION - SEAWEEDS AND SALTMARSHES 0 
The p r o d u c t i v i t y  of seaweed and s a l t m a r s h  communi t i e s  is i m p r e s s i v e  

( F i g u r e  1 4 ) .  Seaweed s t u d i e s  from Nova S c o t i a  i n d i c a t e  t h a t  Lamina r i a  
l o n g i e u r u r i s  on  a r o c k  s u b s t r a t e  w i l l  p roduce  up t o  20 t i m e s  t h e  i n i t i a l  
w e i g h t  o f  t h e  b l a d e  o v e r  a two-year p e r i o d  even  though 35 t o  40% of t h e  
g ross  p r o d u c t i o n  is l i b e r a t e d  a s  d i s s o l v e d  o r g a n i c  m a t t e r  d u r i n g  t h e  same 

I p e r i o d  ( C a r e f o o t ,  1 9 7 7 ) .  Such h i g h  ra tes  o f  p r o d u c t i o n  r e s u l t  from t h e  
c o n s t a n t  p r o v i s i o n  of n u t r i e n t s  t o  t h e  l e a v e s  by c u r r e n t s ,  a d e q u a t e  t e m p e r a t u r e  
and l i g h t .  
p r o d u c t i v e .  T h e i r  p r o d u c t i v i t y  comes from t h e  i n t e r a c t i o n  of numerous 
s p e c i e s  t h a t  h a v e  evo lved  complex s y m b i o t i c  r e l a t i o n s h i p s  w i t h i n  t h e s e  
communi t ies .  

I n  e s t u a r i e s ,  d e t r i t a l  based  e e l g r a s s  e c o s y s t e m s  a r e  a l s c  h i g h l y  

E s t u a r i e s  a r e  t r a n s i t i o n a l  areas ,  and a s  s u c h ,  c o n t a i n  a s i g n i f -  
i c a n t l y  h i g h  p r o p o r t i o n  of b r a c k i s h  water - water of i n t e r m e d i a t e  s a l i n i t y .  
Numerous c l a s s i f i c a t i o n s  of b r a c k i s h  water e x i s t ,  a l t h o u g h  a common s t a n d a r d  
is 0.2°i00 to 3O.O0/oo (Remane and S c h l i e p e r ,  1 9 7 1 ) .  B r a c k i s h  w a t e r  originates 
when s a l t  water is mixed w i t h  f r e s h  w a t e r .  Because  of d i f f e r e n t i a l  inputs o f  
h e a t  and s a l t  water, s t r a t i f i c a t i o n  i n  e s t u a r i e s  i s  n o t  common. Under t h e  
r i g h t  wind or wave c o n d i t i o n s ,  p a r t i c u l a t e  m a t t e r  s u c h  a s  p l a n k t o n ,  detritus, 
o r  sed imen t  u p l i f t e d  from t h e  s u b s t r a t e  o r  d i s c h a r g e d  b y  r i v e r s ,  may 6 1 - i n l s h  
l i g h t  p e n e t r a t i o n  and r e d u c e  p l a n t  g rowth .  Normal ly ,  b r a c k l s h  water 15 poor  
i n  s p e c i e s  d i v e r s i t y  r e l a t i v e  t o  f r e s h  and s a l t  w a t e r s ;  however t h e  p c p u l a t i o n s  
of s p e c i e s  p r e s e n t  are u s u a l l y  l a r g e r  (Remane and S c h l i e p e r ,  1 9 7 1 ) .  For 
i n s t a n c e ,  t h e  lowest number of s p e c i e s  o c c u r s  a t  t h e  5-7O/oo s a l i n i t y  
l e v e l  ( F i g u r e 1 5 ) .  I n  a d d i t i o n ,  a smaller s i z e  i s  a t t a i n e d  by o rgan i sms  
l i v i n g  i n  b r a c k i s h  c o n d i t i o n s ,  a l t h o u g h  s p e c i e s  t h a t  m i g r a t e  t o  s e a  w a t e r  

( i . e .  s a l m o n i d s )  g e n e r a l l y  a t t a i n  r a p i d  growth  t h e r e a f t e r .  An i m p o r t a n t  
s e a g r a s s  i n  t h e  e c o l o g y  of e s t u a r i e s  i s  Z o s t e r a  m a r i n a .  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 s u r v i v e s  s a l i n i t i e s  t o  3 0 / 0 0 .  The 
e s t u a r i n e  p h a s e  i s  a n  e x t r e m e l y  i m p o r t a n t  p a r t  of t h e  l i f e  c y c l e  f o r  many 
o r g a n i s m s  ( i . e .  s a l m o n i d s ,  sh r imp)  a s  i t  p r e p a r e s  them f o r  s u r v i v a l  i n  
t h e  sea. 
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F I G U R E  1 4 :  AVERAGE ANNUAL R A T E  OF NET PLANT P R O D U C T I O N  FOR S E L E C T E D  
ECOSYSTEMS 

E X T R E M E  D E S E R T  

D E S E R T  S C R U B  

O P E N  O C E A N  

T E M P E R A T E  G R A S S L A N D  

A G R I C U L T U R A L  L A N D  

C O N I F E R O U S  F O R E S T  

T E M P E R A T E  F O R E S T  

T R O P I C A L  F O R E S T  

S W A M P S  AND M A R S H E S  . 

A r  ACHED ALGAE AND E S T U A R I E S  

NOTE: 
parenthese i s  a r e a  i n  1 0 6 d .  

The number a f t e r  the  bar  i s  Kcal/rn*/yr; the  number wi th in  

SOURCE: Adopted froin E.G. Konnondy 1976, Concepts o f  Ecology, P r e n t i c e  
Hall Inc. New Je r sey .  
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FIGURE 1 5 :  NUMBER OF SPECIES I N  RELATION TO S A L I N I T Y  LEVEL (O/oo) 

SOURCE: A. Remane and C. Schlieper,  1971. B io logy  o f  Brackish \dater. 
John W i  1 ey and Sons, Inc. 
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4.8  THE ADMINISTRATION AND MANAGMENT OF COASTAL RESOURCES 

4 .8 .1  INTRODUCTION 

Numerous a g e n c i e s  a d m i n i s t e r  and manage c o a s t a l  r e s o u r c e s .  The 
C o a s t a l  Zone R e s o u r c e s  Subcommit tee  p u b l i c a t i o n  (1978)  i d e n t i f i e s  a g e n c y  
r o l e s  and r e s p o n s i b i l i t i e s .  I n  1980 t h e  Land Use P l a n n i n g  s e c t i o n  of t h e  
M i n i s t r y  of Lands,  P a r k s  and Housing p r e p a r e d  a d i s c u s s i o n  p a p e r  e n t i t l e d  
"The M i n i s t r y  of Lands ,  P a r k s  and H o u s i n g ' s  Ro le  i n  F o r e s h o r e  A d m i n i s t r a t i o n " .  
T h i s  document i d e n t i f i e s  agency  m a n d a t e s ,  p l a n n i n g  programs and r e s p o n s i -  
b i l i t i e s  f o r  f o r e s h o r e  a d m i n i s t r a t i o n .  The p u b l i c a t i o n ,  "Land U s e  Law" by 
I n c e  (1977) p r o v i d e s  a n  o v e r v i e w  of t h e  l e g i s l a t i o n  g o v e r n i n g  l a n d  u s e  i n  
B r i t i s h  Columbia.  

4 . 8 . 2  THE-ADMINISTRATION OF COASTAL LAND 

Crown Land - P r o v i n c i a l  

The M i n i s t r y  of Lands ,  P a r k s  and Housing is  a key management and 
a d m i n i s t r a t i v e  agency i n  t h e  c o a s t a l  zone. 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  a g e n c i e s  ( i . e .  Mar ine  R e s o u r c e s  
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 a r e a  o r  a r e s o u r c e  
( i . e .  o y s t e r  growing a r e a s ) .  The M i n i s t r y  r e m a i n s ,  however ,  t h e  a u t h o r i t y  
f o r  t h e  i s s u a n c e  of f o r e s h o r e  l e a s e s .  

T h e  a p p l i c a t i o n  p r o c e s s  f o r  f o r e s h o r e  leases v a r i e s  a c c o r d i n g  t o  
t h e  t y p e  of lease, and t h e  a r e a  i n  which i t  i s  l o c a t e d .  Log s t o r a g e  l e a s e  
a p p l i c a t i o n s  unde rgo  a complex r e v i e w  p r o c e s s  t h r o u g h  v a r i o u s  l e v e l s  of 
government ( M i n i s t r y  of  Lands ,  P a r k s  and Housing,  1 9 8 0 ) .  On t h e  o t h e r  h a n d ,  
a commercial  f o r e s h o r e  l e a s e  a p p l i c a t i o n  may o b t a i n  a p p r o v a l  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  s u b m i t t e d .  I n  a r e a s  w h e r e  management c o m m i t t e e s  
and a management p l a n  exist, i n d i v i d u a l  lease a p p l i c a t i o n s  a re  rev iewed  f o r  
c o n f o r m i t y .  

I n  terms of f o r e s h o r e  r e g u l a t i o n ,  t h e  M i n i s t r y  of Lands ,  P a r k s  
and Housing u s e s  terms and c o n d i t i o n s  of f o r e s h o r e  leases t o  m o n i t o r  and 
e n f o r c e  i t s  own p o l i c i e s .  The M i n i s t r y  is a l s o  r e s p o n s i b l e  for pteparing 
area management p l a n s .  

While  t h e  Minis t ry  of Lands ,  P a r k s ,  and Housing is t h e  p r i m a r y  
agency w i t h  r e s p o n s i b i l i t i e s  i n  t h e  c o a s t a l  zone,  d i r e c t  r e s p o n s i b i l i t i e s  
a r e  a l s o  h e l d  by t h e  M i n i s t r i e s  of Environment ,  F o r e s t s , a n d  T r a n s p o r t a t i o n  
and Highways. 

! 
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The P o r t  A l b e r n i  Harbour  Commission is r e s p o n s i b l e  f o r  t h e  adminis -  
t r a t i o n ,  development  and o p e r a t i o n  of t h e  ha rbour  a r e a .  The Commission's 
f a c i l i t i e s  i n c l u d e  a p o r t  t e r m i n a l  of 9 . 3  h e c t a r e s  (17 a c r e s ) ,  t h r e e  deep  w a t e r  
b e r t h s  c a p a b l e  of h a n d l i n g  v e s s e l s  up t o  700 f e e t  l ong  and d r a u g h t s  t o  40 f e e t ,  
a commercial  f i s h  b o a t  b a s i n  w i t h  a b l a s t  f r e e z i n g  f a c i l i t y  and i ce  p l a n t ,  
and a mi l e - long  i n d u s t r i a l  r o a d .  (Gray, 1980) .  

The Harbour  Commission leases a b o u t  214 h e c t a r e s  of  f o r e s h o r e  f o r  
i n d u s t r i a l ,  commercial ,  and i n s t i t u t i o n a l  u s e s .  About t w o - t h i r d s  of t h i s  a r e a  
i s  l e a s e d  t o  f o r e s t  p r o d u c t  companies f o r  l o g  s t o r a g e .  The Commission h a s  a l s o  
been  a c t i v e  i n  improving  t h e  f i s h  p r o c e s s i n g  and  c o l d  s t o r a g e  f a c i l i t i e s ,  re- 
d e v e l o p i n g  t h e  f i s h  b o a t  ha rbour  and c o n s t r u c t i n g  and o p e r a t i n g  t h e  China Creek  
and C l u t e s i  Haven m a r i n a s  (Gray, 1980 and Andrew, 1983,  p e r s .  comm.). 

Under t h e  I n d i a n  A c t ,  t h e  band C o u n c i l ,  t h e  C a b i n e t  and t h . e  
f e d e r a l  government  (Department  of I n d i a n  and N o r t h e r n  A f f a i r s )  a r e  r e s p o n s i b l e  
f o r  l and  u s e  on I n d i a n  R e s e r v e s .  While t h e  Counc i l  may d i \ , i a e  t h e  reserve 
i n t o  zones  of p e r m i t t e d  u s e ,  t h e  f e d e r a l  c a b i n e t  e x e r c i s e s  u l t i m a t e  c o n t r o l  
i n  major  l a n d  u s e  d e c i s i o n s .  

O the r  P u b l i c  Lands 

The Reg iona l  P a r k s  Act  of  1965 a l l o w s  t h e  r e g i o n a l  d i s t r i c t s  t o  
a c q u i r e ,  d e v e l o p  and manage r e g i o n a l  p a r k s .  The Albern i -Clayquot  Reg iona l  
D i s t r i c t  h a s  n o t  a c q u i r e d  any  r e g i o n a l  p a r k s  t o  d a t e .  ( D .  Dryden, p e r s .  c o r n . ,  
1983) .  

P r i v a t e  Lands 

Tree fa rms  are  p r i v a t e l y  owned l a n d .  The owner a g r e e s  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  is  vaLue3 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  of t h e  h a r v e s t  y i e l d  p r e d i c t e d  
from an approved p l a n  of  f o r e s t  management. 

i s  h e l d  b y  f o r e s t  companies .  T h e r e  a r t .  no c u t  s t i p u J a t i o n s .  Such l a n d s  were 
o b t a i n e d  th rough  Crown g r a n t s  made e a r l y  i n  t h e  h i s t o r y  of t h e  provin ice .  
Ownership o f  t h i s  t y p e  of f o r e s t  l and  p r o v i d e s  g r e a t e r  f reedom t o  t h e  owner t o  
u s e  and d e v e l o p  t h e  l a n d  and f o r e s t  r e s o u r c e s  t h a n  i s  t h e  c a s e  w i t h  C.roun 
f o r e s t  t e n u r e .  

Timberland r e f e r s  t o  t h o s e  fo re s t  l a n d s  where f c e - s i m p l e  c x n e r s h i p  
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4.8.3 WATER MANAGEMENT 

Water Supply  and L i c e n s i n g  

F e d e r a l  - Major f e d e r a l  l e g i s l a t i o n  d e a l i n g  w i t h  water s u p p l y  
i n c l u d e s  t h e  Canada Water A c t  and t h e  F i s h e r i e s  A c t .  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  o p e r a t e  a ne twork  of s t r e a m f l o w ,  
water l e v e l ,  and s e d i m e n t  s t a t i o n s ,  t o  d e v e l o p  f l o o d  damage r e d u c t i o n  
programs,  t o  u n d e r t a k e  f l o o d  c o n t r o l  m e a s u r e s ,  t o  u n d e r t a k e  s h o r e l i n e  and 
water r e s o u r c e  management programs,  and t o  c o n d u c t  r e s e a r c h  on s u r f a c e  and 
groundwater  hydro logy .  The F i s h e r i e s  Act a l l o w s  t h e  Department  of F i s h e r i e s  
and Oceans t o  i n f l u e n c e  f l o w  r e g i m e s  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  of salmor, s t o c k s .  

P r o v i n c i a l  - The M i n i s t r y  o f  Envi ronment ,  by v i r t u e  o f  t h e  Water 
- Act ,  manages f r e s h w a t e r  s u p p l i e s  by c o n t r o l l i n g  t h e  i s s u a n c e  of water l i c e n c e s ,  
c o n d u c t s  ground and s u r f a c e  water r e s e a r c h ,  and engages  i n  r i v e r  and f l o o d  
c o n t r o l  programs.  Under t h e  M u n i c i p a 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 s u p p l y  and d i s t r i b u t i o n .  

g r a n t e d  by w a t e r  l i c e n c e .  Water l i c e n c e s  a r e  i s s u e d  by t h e  ? i i n i s t r y  of 
Environment ,  Water Management Branch ,  fo r  d o m e s t i c ,  w a t e r w o r k s ,  m i n e r a l  
t r a d i n g ,  i r r i g a t i o n ,  m i n i n g ,  i n d u s t r i a l  power g e n e r a t i o n ,  h y d r a u l i c k i n g ,  
s t o r a g e ,  c o n s e r v a t i o n ,  f l u m i n g ,  conveying  and l a n d  improvement p u r p o s e s .  
Within t h e  s t u d y  r e g i o n ,  d o m e s t i c  w a t e r w o r k s ,  i r r i g a t i o n ,  i n d u s t r i a l  power 
g e n e r a t i o n ,  and c o n s e r v a t i o n  p u r p o s e s  r e q u i r e  m a j o r  a l l o c a t i o n s  of f r e s h w a t e r .  
Water l i c e n c e s  h a v e  p r e c e d e n c e  a c c o r d i n g  t o  t h e  d a t e  of  i s s u a n c e  so t h a t  i n  
low f l o w  s i t u a t i o n s  some u s e r s  may b e  d e n i e d  t h e i r  a l l o c a t i o n .  C u r r e n t l y ,  
g roundwater  may be d i v e r t e d  w i t h o u t  l i c e n c e .  

T h e  r i g h t  t o  wi thdraw and u s e  s u r f a c e  water i n  t h e  y r o v i n c e  is 

For a l l  b u t  t h e  l a r g e s t  d i v e r s i o n s ,  water l i c e n c e s  a r e  r e v i e w e d  on 
a n  a3  hoc b a s i s  w i t h  w a t e r s h e d  s t u d i e s  l i m i t e d  t o  s p e c i f i c  i s s u e s  i d e n t i f i e d  
i n  t h e  a p p l i c a t i o n  ( p e r s o n a l  communicat ion - R e g i o n a l  E n g i n e e r ,  Water Manage- 
ment Branch,  Nanaimo, 1980).  S t u d i e s  of w a t e r s h e d  c h a r a c t e r i s t i c s  upon which 
t o  d e t e r m i n e  o p t i m a l  p a t t e r n s  of  deve lopment  and r e s o u r c e  a l l o c a t i o n s  a r e  n o t  
y e t  a v a i i a b l e .  S t r e a m s  can b e  l i c e n s e d  f o r  d i v e r s i o n s  i n  e x c e s s  of t h e  
r e c o r d e d  minimum d a i l y  d i s c h a r g e .  Al though n o t  a l l  u s e r s  d i v e r t  t h e  maximum 
l i c e n s e d  q u a n t i t i e s ,  i t  i s  p o s s i b l e  t h a t  under  e x t r e m e  c o n d i t i o n s ,  s h o r t f a l l s  
i n  w a t e r  s u p p l i e s  c o u l d  r e s u l t  f o r  some u s e r s .  

An i n t e r a g e n c y  r e f e r r a l  sys tem c u r r e n t l y  used i n  B r i t i s h  Columbia 
5 2  d e s i g n e d  t o  a c c o u n t  f o r  t h e  stream r e s o u r c e  f l o w  r e q u i r e m e n t s  of a l l  u s e r s  
i n  o r d e r  t o  a v o i d  c o n f l i c t s ,  o r  s i t u a t i o n s  where  u s e r s  a r e  l o s t .  F o 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 of f i s h  a ce r t a in  d i s -  
c h a r g e  i s  r e q u i r e d .  Spawning h a b i t a t  i n c r e a s e s  o r  d e c r e a s e s  with g r e a t e r  o r  
lesser 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 l o c k e d  a t  e x t r e m e l y  h i g h  o r  low 
f l o w s ,  and s u r v i v a l  i s  p o s s i b l e  o n l y  a t  c e r t a i n  water t e m p e r a t u r e s  w h i c h ,  
i n  s m a l l  streams, d e p e n d s  g r e a t l y  on  t h e  d i s c h a r g e .  S i m i l a r l y ,  r e c r e a t i o n a l  
u s e  ( c a n o e i n g )  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  r a n g e  of d i s c h a r g e s .  I n  t h e  
s t u d y  r e g i o n ,  minimum f l o w s  f o r  f i s h e r i e s ,  r e c r e a t i o n ,  w i l d l i f e ,  o r  d o m e s t i c  
u s e s  a r e  n o t  a v a i l a b l e .  
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Water Q u a l i t y  and  Waste Management 

Water q u a l i t y  comes u n d e r  t h e  pu rv iew of b o t h  t h e  p r o v i n c i a l  and 
f e d e r a l  gove rnmen t s . .  A s  numerous ac t s  r e g u l a t e  t h e  myr iad  a c t i v i t i e s  i n -  
v o l v i n g  t h e  u s e  o f  water, o n l y  t h e  m a j o r  l e g i s l a t i o n  i s  rev iewed  h e r e .  

F e d e r a l  L e g i s l a t i o n  

The Canada Water Act and t h e  F i s h e r i e s  A c t  a re  t h e  most  p o w e r 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  of t h e  Canada Water A c t  t h e  
f e d e r a l  government  sets n a t i o n a l  e f f l u e n t  s t a n d a r d s  and c o - o p e r a t e s  w i t h  
t h e  p r o v i n c e s  i n  c o n t r o l l i n g  p o l l u t i o n  of s p e c i f i e d  water b o d i e s .  P a r t  
o n e  of t h e  A c t  a l l o w s  t h e  f e d e r a l  gove rnmen t ,  on f e d e r a l l y  owned water 
b o d i e s ,  o r  t h e  f e d e r a l  and p r o v i n c i a l  gove rnmen t s  t o  d e s i g n a t e  a water 
body a s  a water management area,  t h u s  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 i s c h a r g e s .  P a r t  t w o  of t h e  Act d e a l s  w i t h  t h e  problem 
of e u t r o p h i c a t i o n  by r e g u l a t i n g  t h e  c o n c e n t r a t i o n  of n u t r i e n t s  i n  
c l e a n i n g  a g e n t s  t h a t  a r e  i m p o r t e d  i n t o  Canada. The F i s h e r i e s  A c t  p ro-  
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  s u b s t a n c e s  i n  a n y  waters f r e q u e n t e d  
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  w a t e r s h e d  t h a t  l e a d  t o  e r o s i o n  p r o b l e m s ,  s t r e a m  
s i l t a t i o n ,  o r  t h e  l o s s  of f i s h ,  f i s h  e g g s ,  and o t h e r  m a r i n e  o r g a n i s m s .  

The Canada S h i p p i n g  A c t ' s  e n v i r o n m e n t a l  p r o v i s i o n s  a p p l y  t o  a l l  s h i p s  
( n o t  p r o p e l l e d  by o a r s )  i n  Canad ian  waters  s o u t h  of t h e  600 n o r t h  l a t i t u d e ,  
i n c l u d i n g  a l l  i n t e r n a l  w a t e r s ,  t h e  t e r r i t o r i a l  s e a ,  and a l l  f i s h i n g  zones  
e s t a b l i s h e d  p u r s u a n t  t o  t h e  T e r r i t o r i a l  Sea and F i s h i n g  Zones A c t .  The 
Canada S h i p p i n g  A c t  i t s e l f  d o e s  n o t  p r o h i b i t  d i s c h a r g e s ,  b u t  a u t n o r i z e s  
t h e  F e d e r a l  C a b i n e t  t o  make r e g u l a t i o n s  p r o h i b i t i n g  t h e  d i s c h a r g e  from 
s h i p s  of any  p o l l u t a n t  s p e c i f i e d .  The O i l  P o l l u t i o n  P r e v e n t i o n  R e g u l a t i o n s  
( o i l s  and p e r s i s t e n t  o i l y  m i x t u r e s ) ,  t h e  P o l l u t a n t  S u b s t a n c e s  R e g u l a t i o n s  
( a r s e n i c ,  l e a d ,  m e r c u r y ,  and p h o s p h o r o u s ,  e t c . )  and t h e  Garbage  P o l l u t i o n  
P r e v e n t i o n  R e g u l a t i o n s  ( g a r b a g e )  a r e  made under  t h i s  Ac t .  While t h i s  
r e p r e s e n t s  s t r o n g  l e g i s l a t i o n ,  t h e r e  a r e  s e v e r a l  s i g n i f i c a n t  l i m i t a t i o n s  
which migh t  hamper i t s  e f f e c t i v e n e s s  i n  a g i v e n  s i t u a t i o n .  

s u b s t a n c e s  f rom s h i p s ,  a i r c r a f t  o r  p l a t f o r m s .  I t  d o e s  n o t ,  however ,  a p p l y  
t o  a c c i d e n t a l  d i s c h a r g e s ,  d i s c h a r g e s  i n c i d e n t a l  t o  t h e i r  normal  o p e r a t i o n ,  
sea and m i n e r a l  r e s o u r c e s  e x p l o i t a t i o n ,  o r  d i s c h a r g e s  n e c e s s a r y  t o  a v o i d  
d a n g e r  t o  human l i f e ,  s h i p ,  o r  a i r c r a f t .  F u r t h e r ,  under  t h e  A c t ,  t h e  
M i n i s t e r  may i s s u e  p e r m i t s  f o r  dumping p r o v i d e d  such  dumping is n o t  
p r o h i b i t e d  by a n o t h e r  ac t  o f  p a r l i a m e n t .  

The Ocean Dumping C o n t r o l  A c t  p r o h i b i t s  t h e  d e l i b e r a t e  d i s p o s a l  of  

The Canada P o r t s  C o r p o r a t i o n  A c t ,  i n  r e p l a c i n g  t h e  N a t i o n a l  Harbour s  
Board A c t ,  d o e s  n o t  s p e c i f i c a l l y  d e a l  w i t h  e n v i r o n m e n t a l  p r o t e c t i o n ,  b u t  
d o e s  p r o v i d e  c o n s i d e r a b l e  autonomy f o r  " . . . t h e  d i r e c t i o n ,  c o n d u c t  and  
government of t h e  l o c a l  p o r t  c o r p o r a t i o n  and i t s  employees ,  and t h e  
a d m i n i s t r a t i o n ,  management and  c o n t r o l  o f  t h e  h a r b o u r ,  works and p r o p e r t y . . " .  
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Under t h e  Government Harb0ur.s and P o r t  F a c i l i t i e s  Act t h e  Governor-  
i n -Counc i l  may s i m i l a r l y  r e g u l a t e  a l l  works and o p e r a t i o n s  and p r o v i d e  
f o r  any p r o t e c t i o n  of p e r s o n s  w i t h i n  t h e  l i m i t s  of any  p u b l i c  h a r b o u r  
o r  a t  any  p u b l i c  p o r t  f a c i l i t y .  

P r o v i n c i a l  L e g i s l a t i o n  

The P o l l u t i o n  C o n t r o l  Act p r o h i b i t s  t h e  d i r e c t  o r  i n d i r e c t  d i s c h a r g e  
of c o n t a m i n a n t s  i n t o  any  water body w i t h o u t  a p e r m i t .  A r e f e r r a l  s y s t e m  
r e q u i r e s  t h e  C o m p t r o l l e r  of Water R i g h t s ,  t h e  M i n i s t r y  of A g r i c u l t u r e ,  
t h e  M i n i s t r y  of H e a l t h ,  and t h e  M i n i s t r y  of Envi ronment  t o  be n o t i f i e d  
and s e n t  c o p i e s  of a p p l i c a t i o n s  t o  d i s c h a r g e  w a s t e s .  The f e d e r a l  
Department of F i s h e r i e s  and Oceans u s u a l l y  c o - o p e r a t e s  i n  t h e  s e t t i n g  of 
t e rms  of p e r m i t s  i n  o r d e r  t o  p r o t e c t  f i s h e r y  c o n c e r n s .  P o l l u t i o n  con- 
t r o l  o b j e c t i v e s  a r e  p u b l i s h e d  f o r  . f o r e s t  p r o d u c t s ,  m u n i c i p a l  d i s c h a r g e s ,  
food p r o c e s s i n g ,  m i n i n g ,  and c h e m i c a l  and  p e t r o l e u m  p r o d u c t s .  They 
a re  used  p r i m a r i l y  a s  g u i d e l i n e s  and have  minimal  l e g a l  f o r c e .  L a n d f i l l  
s i t e s  a r e  a l s o  r e g u l a t e d  by p e r m i t .  

The H e a l t h  Act e s t a b l i s h e s  l o c a l  Boards  of H e a l t h  compr i sed  of t h e  
m u n i c i p a l  c o u n c i l .  The b o a r d s  have  r e l a t i v e l y  wide  powers t o  d e a l  w i t h  
n u i s a n c e s  t h a t  r e l a t e  t o  p u b l i c  h e a l t h .  An o f f i c i a l  n o t i c e  t o  t e r m i n a t e  
a n u i s a n c e  i s  r e q u i r e d  b e f o r e  a c t i o n  c a n  b e  t a k e n  under  t h e  A c t .  The 
d i s c r e t i o n a r y  power i s  h e l d  by t h e  M i n i s t e r  and t h e  l o c a l  b o a r d .  The 
Y u n i c i p a l  Act d e a l s  w i t h  n u i s a n c e s  t h a t  may no t  d i r e c t l y  i n v o l v e  t h e  
p u b 1  i c heal  t h . 

4.8.4 M A R I N E  BIRDS 
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L e g i s l a t i o n  - The p r imary  p r o t e c t i o n  f o r  m a r i n e  b i r d s  i n  Canada i s  
r h e  X i g r a t o r v  B i r d s  Conven t ion  Act of  1 9 1 7 .  S e v e r a l  of t h e  f i f t e e n  o r d e r s  
r e p r e s e n t e d  by t h i s  Act a r e  i d e n t i f i e d  i n  T a b l e  3 6 .  
of waters f r e q u e n t e d  by m i g r a t o r y  b i r d s ,  w h i l e  t h e  M i g r a t o r y  B i r d  R e g u l a t i o n s  
p r o h i b i t  t h e  d e p o s i t  of o i l ,  o i l y  water and  o t h e r  s u b s t a n c e s  i n  waters f r e -  
quented  by b i r d s .  F u r t h e r ,  t h e  K e g u l a t i o n s  p r o h i b i t s  t h e  d i s t u r b a n c e  of b i r d  
n e s t s  anci s h e l t e r s  e x c e p t  i n  a c c o r d a n c e  w i t h  a p e n n i t .  The Canada W i l d l i f e  A c t  
a u t h o r i z e s  t h e  a c q u i s i t i o n  o f  l a n d s  f o r  w i l d l i f e  r e s e a r c h  and c o n s e r v a t i o n ;  t h e  
e s t a b l i s h m e n t  of b i r d  s a n c t u a r i e s  is a u t h o r i z e d  by t h e  M i g r a t o r y  B i r d  S a n c t u a r y  
R e g u l a t i o n s ,  and on f e d e r a l  l a n d s ,  t h e  W i l d l i f e  Area R e g u l a t i o n s  e s t a b l i s h  
w i l d l i f e  a r e a s  i n  which p u b l i c  u s e  and a c t i v i t i e s  may be r e s t r i c t e d .  W i t h i n  
t h i s  s t u d y  area, some p r o t e c t i o n  i s  a l s o  a f f o r d e d  m a r i n e  b i r d s  by t h e  p r e s e n c e  
of P a c i f i c  R i m  N a t i o n a l  P a r k ,  e s t a b l i s h e d  under t h e  N a t i o n a l  P a r k s  A c t .  

The Act  a f f o r d s  p r o t e c t i o n  

P r o v i n c i a l  l e g i s l a t i o n  encompass ing  t h e  p r o t e c t i o n  o f  marine b i r d s  
and t h e i r  h a b i t a t  i s  t h e  W i l d l i f e  A c t ,  which  p r o v i d e s  f o r  t h e  d e s i g n a t i o n ,  
a c q u i s i t i o n ,  management and p r o t e c t i o n  of w i l d l i f e  h a b i t a t ;  and  t h e  E c o l o g i c a l  
Rese rves  Act which p r o v i d e s  h a b i t a t  and i n v i o l a t e  p r o t e c t i o n  t o  a number of 
major  b r e e d i n g  c o l o n i e s  i n  B r i t i s h  Columbia.  I n d i r e c t l y ,  t h e  E n v i r o n m e n t a l  
Planagement Act a f f o r d s  p r o t e c t i o n  by p r o v i d i n g  f o r  t h e  deve lopmen t  of manage- 
ment p l a n s  and e n v i r o n m e n t a l  g u i d e l i n e s ,  t h e  means t o  i n v e s t i g a t e  e n v i r o n m e n t a l  



TABLE 24 REPRESENTATIVE TAXONOMIC SI  RD CROUPS PROTECTED UNDER THE 
MIGRATORY BIRDS C O N V E N T I O N  ACT 

O r d e r  

Gavi  i f o r m e s  

P o d i c i p e d i f o r m e s  

Procell a r i  i f o r m e s  

Ciconi i f o r m e s  

An s er i f o r m e s  

Cha r a d r  i i f o r m e s  

Fami ly  

G a v i i d a e  

P o d i c i p e d i d a e  

H y d r o b a  t i d a e  

d r d e i d a e  

A n a t i d a e  

Ha ema t o p o d i d a  e 
C h a r a d r i i d a e  
S c o l o p a c i d a e  

La r i  d a  e 
A l c i d a e  

Genus 

Ga v i  a 

A e c h m o s p h o r u s  

O c e a n o d r o m a  

A r d e a  

00 r 
Ana  s 
A y t h y a  
M e l a n i t t a  
Mer g II s 

Haema t o p u s  
C h a r a d r  i us 
C a l  i d r i s  
C .  
L a r u s  
U r i a  
B r a c h y r a m p h u s  
Cerorhi nca 
L u n d a  

S p e c i e s  

a r t i c a  

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

1 e u c o r h a  

I i r r o d i  a s  

b u c c i n a t o r  
p1 a t y r h y n c h o s  
m a r i l a  
p e  r s p i c  11 1 a t a 
rnp 1- y a n s e r 

hachma n i  
h i a  t i c u l a  
m a u r i  
il zp111a 

q l a u c e s c e n s  
; ~ d  l g a e  
m.7 I [no rd t II s 
rn~3noc'erd ta 
c I x-rha t a  

Common 

Arc t ic  Loon 

Wes te rn  Grebe  

L e a c h ' s  S torm P e t r e l  

Great B l u e  Heron 

Trumpeter  Swan 
M a l l a r d  
G r e a t e r  Scaup 
Sur f  S c o t e r  
Conimo 11 bl e r g a  ns  e r 

B lack  O y s t e r c a t c h e r  
Ringed P l o v e r  
Western  Sandp ipe r  
D u n l i n  
C l a u c o u  s-winged G u l l  
Common Pfurre 
Marhled M u r r e l e t  
Rtiinoc erns Auk1 e t  
I'uf t e d  Puff  i n  

SOURCE: Adapted from 
Canada,  Department  of Envi ronment .  1980. R i r d s  P r o t e c t e d  i n  Canada under  t h e  
M i g r a t o r y  R i r d s  Conven t ion  -L_ Act.  
S e r v i c e .  Ot tawa.  
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impact  and p r o t e c t i o n  i s s u e s ,  t h e  means t o  p r e v e n t  e n v i r o n m e n t a l  damage, 
and a p r o c e s s  f o r  en fo rcemen t .  Wi th in  t h i s  s t u d y  area p r o t e c t i o n  is  a l s o  
a f f o r d e d  m a r i n e  b i r d s ,  a l b e i t  i n d i r e c t l y ,  by t h e  P a r k s  A c t  t h r o u g h  t h e  
p r e s e n c e  of s e v e r a l  m a r i n e  p a r k s .  

4 . 8 . 5  LOCAL PLANNING 

The Reg iona l  D i s t r i c t  of Albe rn i -C layoquo t  h a s  p r e p a r e d  a f o r e s h o r e  
p l a n  f o r  Bark ley  Sound (pending  p u b l i c a t i o n  i n  1984)  which  d e s i g n a t e s  c o a s t a l  
areas f o r  s p e c i f i c  u s e s  and e s t a b l i s h e s  management g u i d e l i n e s  f o r  b o t h  t h e  
p r o t e c t i o n  and development  of t h e s e  areas.  (Dryden, 1983,  p e r s .  c o r n . )  

Loca l  governments ,  i . e .  r e g i o n a l  d i s t r i c t s  and m u n i c i p a l i t i e s ,  may 
r e g u l a t e  t h e  u s e  of t h e  f o r e s h o r e  by d e s i g n a t i n g  w a t e r f r o n t  zones .  The r e g i o n a l  
d i s t r i c t  h a s  adop ted  f o u r  w a t e r f r o n t  zones  which are se t  a s i d e  f o r  p u b l i c ,  
r e s i d e n t i a l ,  commercial  and  i n d u s t r i a l  u s e s  of t h e  w a t e r f r o n t .  (Reg iona l  
D i s t r i c t  o f  A lbe rn i -C layoquo t ,  1971) .  

Another means of c o n t r o l l i n g  w a t e r f r o n t  deve lopment  i s  t h r o u g h  t h e  
e s t a b l i s n i n e n t  of  deve lopment  c o n t r o l  a r e a s .  These  a r e a s  a r e  e s t a b l i s h e d  
t c  e n s u r e  t h a t  s p e c i a l  p r e c a u t i o n s  andlc.1- p r o t e c t i o n  a r e  p r o v i d e d .  Develop- 
ment c o n t r o l  a reas  a r e  based u p o n  S e c t i o n  7 1 7  (Development P e r m i t s )  of t h e  
h n i c i p a i  Act which s t a t e s  i n  p a r t  t h a t  " P e r m i t s  may r e q u i r e  t h e  p r e s e r v a t i o n  
o r  d e d i c a t i o n  of  n a t u r a l  water c o u r s e s  and t h e  c o n s t r u c t i o n  of works  t o  
p r e s e r v e  and b e a u t i f y  them i n  a c c o r d a n c e  w i t h  t h e  terms and c o n d i t i o n s  
s p e c i f i e d  i n  t h e  p e r m i t  and r e q u i r e  t h a t  a n  a r e a  of l a n d  s p e c i f i e d  i n  t h e  
pe rmi t  above  t h e  n a t u r a l  boundary o f s t r e a r n s ,  r i v e r s ,  l a k e s  o r  t h e  o c e a n  r ema in  
f r e e  o f  development e x c e p t  a s  s p e c i f i e d  i n  t h e  p e r m i t " .  
B r i t i s h  Columbia,  1 9 8 0 ) .  

( P r o v i n c e  of 

Reg iona l  S e t t l e m e n t  and Community P l a n s  

The M u n i c i p a l  Act  ( P r o v i n c e  of B . C . ,  1980)  a u t h o r i z e s  l o c a l  gove rnmen t s  
t o  p r o v i d e  f i v e  t y p e s  o f  p l a n s :  r e g i o n a l ,  o f f i c i a l  r e g i o n a l ,  o f f i c i a l  s e t t l e -  
men t ,  community and o f f i c i a l  community. Each of t h e s e  p l a n s  i s  d e s i g n e d  t o  
f u l f i l l  s p e c i f i c  g o a l s ,  o b j e c t i v e s  and r e q u i r e m e n t s  unde r  t h e  M u n i c i p a l  A c t .  
O f f i c i a l  p l a n s  refer  t o  t h o s e  p l a n s  which  have  unde rgone  p u b l i c  h e a r i n g s  and 
have been adop ted  a s  by-laws. U n o f f i c i a l  p l a n s ,  on t h e  o t h e r  hand ,  h a v e  
n e i t h e r  been adop ted  a s  by-laws, n o r  unde rgone  p u b l i c  h e a r i n g s .  They f u n c t i o n  
a s  an  i n t e r i m  means of p l a n n i n g ,  and p r o v i d e  temporary  l a n d  d e s i g n a t i o n s .  
T h e y  may be d i s s o l v e d  a t  any  t i m e ,  and have  no f o r c e  o r  e f f e c t  unde r  l e g i s l a t i o n  

-.- a- __ 



- 66 - 

R e g i o n a l  P l a n s  

R e g i o n a l  p l a n s  a s  d e f i n e d  u n d e r  t h e  M u n i c i p a l  A c t ,  a r e  'I a 
g e n e r a l  scheme w i t h o u t  d e t a i l  f o r  t h e  p r o j e c t e d  u s e s  of l a n d  w i t h i n  t h e  
r e g i o n a l  d i s t r i c t ,  i n c l u d i n g  t h e  l o c a t i o n  of ma jo r  highways".  The r e g i o n a l  
boa rd  can d e s i g n a t e  a r e g i o n a l  p l a n  a s  a n  o f f i c i a l  r e g i o n a l  p l a n .  R e g i o n a l  
b o a r d s  a re  e x p e c t e d ,  upon c o m p l e t i o n  of a n  O f f i c i a l  R e g i o n a l  P l a n ,  t o  p r e p a r e  
a n  O f f i c i a l  S e t t l e m e n t  P l a n  ( O . S . P . ) .  The O.S.P.  encompasses  t h a t  a r e a  of  
t h e  r e g i o n a l  d i s t r i c t  o u t s i d e  a c i t y ,  d i s t r i c t ,  town o r  v i l l a g e ,  and may 
a p p l y  t o  a l l  o r  p a r t  of t h a t  a r e a .  0 . S . P . s  r e q u i r e  t h e  a p p r o v a l  of  r e g i o n a l  
c o u n c i l  and t h e  p r o v i n c i a l  M i n i s t r y  of Munic ipa l  A f f a i r s .  They must  i n c l u d e :  
t h e  i d e n t i f i c a t i o n  of major l a n d  u s e a g e ;  t h e  d e n s i t y  of r e s i d e n t i a l  deve lop -  
ment ;  t h e  p r o t e c t i o n  and p r e s e r v a t i o n  of s p e c i a l  l a n d s ,  i . e .  r e c r e a t i o n a l ,  
h s i t o r i c ,  s c i e n t i f i c ,  and a g r i c u l t u r a l ;  t h e  proposed  s e q u e n c e  of  u r b a n  a e v e l o p -  
ment ;  and t h e  r e s u l t a n t  i n f r a s t r u c t u r e  r e q u i r e m e n t s  and p l a n s .  

O f f i c i a l  Communitv P l a n s  

O f f i c i a l  commumity p l a n s  a r e  d e s i g n e d  s p e c i f i c a l l y  f o r  rnunici-  
p a l i t i e s ,  and a r e  approved  s o l e l y  b\, m u n i c i p a l  c o u n c i l s .  Under t he  I ; c t ,  
community p l a n s  a r e  d e f i n e d  a s  a11 e x p r e s s i o n  of p o l i c y  f o r  any  u s e  (.f l a n d ,  
i n c l u d i n g  s u r f a c e s  of wa te r ,  o r  t h e  p a t t e r n  of t he  s u b d i v i s i o n  of  l a n d .  
These  p l a n s  r e q u i r e  p u b l i c  h e a r i n g s  b e f o r e  they  become o f f i c i a l ,  b u t  t h e  
M i n i s t e r  of  M u n i c i p a l  A f f a i r s  d o e s  n o t  need t o  a p p r o v e  them. T h e  c o n t e n t  
r e q u i r e m e n t s  f o r  tnese  p l a n s  a r e  s i m i l a r  t c '  t h t  r e q u i r e m e n t s  of  t n c -  C l f f i c i h l  
S e t t l e m e n t  P l a n s  under  s e c t i o n  81(~ 0 5  t h e  ihlunicipsi  A c t .  T h e ?  must  c o n t a i n  
"a s t a t e m e n t  of  b road  s o c i a l ,  economic and env i ronmen ta l  o b j e c t i I 7 e s  t o  be  
a c h i e v e d  b y  i m p l e m e n t a t i o n  of  t h e  p l a n  and a s t a t e m e n t  of p o l i c i e s  of t h e  
m u n i c i p a l  c o u n c i l  on t h e  g e n e r a l  form and c h a r a c t e r  of t h e  f u t u r e  l a n d  u s e  
p a t t e r n  i n  t h e  a r e a  c o v e r e d  b y  t h e  p l an" .  

Cowu.njty P l a n s  

Community P l a n s  r e f e r  t o  work ing  p l a n s  t h a t  a r e  i n  t h e  c o n c e p t u a l  
s t a g e s .  They a r e  n e i t h e r  r e g u l a t e d  by  by-law nor  approved  by c o u n c i l .  The 
M i n i s t r y  of  M u n i c i p a l  A f f a i r s  d i s c o u r a g e s  t h e i r  u s e .  

T h i s  r e p o r t  i s  o n l y  p a r t  of t h e  documen ta t ion  a v a i l a b l e .  O the r  
s e c t i o n s  of t h e  Coastal Resources  F o l i o ,  B a r k l e y  Sound-Alberni  I n l e t ,  i n c l u d e :  
I n t r o d u c t i o n ,  C o a s t a l  Resource  Map S e r i e s  (1:50,000), T a b l e s ,  S o u r c e s ,  and 
G l o s s a r y .  
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5.1 COASTAL RESOURCES MAP SERIES 

5.1.1 Theme 1: Physica l  Shorezone 

Bastaja,  J . ,  1983. Phys ica l  Shore Analys is  - Bark ley Sound. Map (Scale 
1:40,000). Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot. Unpubl ished 
P o r t  A7 bern i. 

Brown, D.W. and Bai rd,  W.F., 1980. The Use o f  Wave Energy t o  p r e d i c t  t he  
E f f e c t s  o f  Changes i n  Great Lakes Water Levels  on Shore Erosion. 
Canadian Coastal Conference Proceedings. Na t iona l  Research Counci l .  
0 ttawa. 

Canada, Department o f  Environment, 1982. Canadian Cl imate Normals. 
Volume 5-W i n d  1951 t o  1980. Atmospheric Environment Service. 
Ottawa. 

Canada, Department o f  Environment, 1976. O i l  and Chemical S p i l l  
Countermeasures Map Ser ies:  Physical  Base Land Status,  Land and 
Water Use. Maps ( s c a l e  1:50,000). Environmental P r o t e c t i o n  Service. 
West Vancouver. 

F isher ,  D., (n.d. 1. Coastal I nven to ry  Vancouver I s l a n d  and S t r a i t  o f  
Georgia. Geol og i c a l  Survey o f  Canada, P a c i f i c  Geoscience Centre. 
Unpubl ished. Sidney. 

Harper, J. R. 1981. Coastal Landform Inven to ry  o f  t h e  West Coast T r a i l ,  
P a c i f i c  R i m  Nat ional  Park. Woodward Clyde Consul tants f o r  Canada, 
Department o f  Environment, Parks Canada. Calgary. 

Howes, D.E. and Owens, E.H. , (n.d. 1. D e s c r i p t i v e  Terminology and 
D e f i n i t i o n s  o f  Terms f o r  Shorezone C l a s s i f i c a t i o n .  B r i t i s h  Columbia, 
M i n i s t r y  o f  Environment, Surveys and Resource Mapping Branch. 
Unpubl ished. V i c t o r i a .  

M u l l e r ,  J.E., 1971. Geological  Reconnaissance Map o f  Vancouver I s l a n d  and 
Gul f I s l  ands. 
Open F i l e ,  Canada, Department o f  Energy, Mines and Resources. 
Ottawa. 

Roddick, J.A., M u l l e r  J.E. and Okul i t c h  A.V., 1979. Fraser  River :  
B r i t i s h  Columbia - Washington. Geological  A t l a s  Sheet 92. 
Geological  Survey o f  Canada Map 1386A ( s c a l e  1:1,000,000). Canada, 
Department o f  Energy, Mines and Resources. 

Map ( scal  e 1 : 330,000). Geol og i c a l  Survey o f  Canada 

Ottawa 

Personal Communications 

Lewis, P.,  1983. Surveys and Resource Mapping Branch, M i n i s t r y  o f  
Environment. V i c t o r i a .  



Videotapes 

Canada, Department o f  Environment, 1983. A e r i a l  Videotape F1 i g h t  f o r  
Shorezone Survey du r ing  June, J u l y  and August; 10 - 3/4" videotape 
cassettes;  200 minutes; co lour .  Lands D i r e c t o r a t e .  Vancouver. 

A e r i a l  Photographs 

P r o v i n c i a l  

BC 7238 1 : 20,000 B. and W. June 1970 
BC 7261 1 : 20,000 B. and W .  June 1970 
BC 79022 1 : 20,000 B. and W. May 1979 
BC 80067 1: 5,000 B. and W. J u l y  1980 

5.1.2 Theme 2: General ized T e r r a i n  L i m i t a t i o n s  

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1976. T e r r a i n  C1 s s i f i c a t i o n  
System. Environment and Land Use Committee Sec re ta r ia t .  V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1972; T e r r a i n  C l a s s i f i c a t i o n .  
Maps ( s c a l e  1:50,000). Resource Analys is  Branch. V i c t o r i a .  

Howes, D.E., 1978. Mapping Unstable T e r r a i n  i n  B.C. - A P r e l  iminary 
Assessment. B r i t i s h  Columbia, M i n i s t r y  o f  Environment, Resource 
Analys is  Branch. V i c t o r i a .  

Howes, D.E. , 1981. T e r r a i n  Inven to ry  and Geological  Hazards: Nor thern 
Vancouver Is land.  APD B u l l e t i n  5. B r i t i s h  Columbia, M i n i s t r y  o f  
Environment, Resource Analys is  Branch. V i c t o r i a .  

Maynard, D., 1979. T e r r a i n  Capabil  i t y  f o r  Res iden t ia l  Sett lements: 
S u n a r y  Report. 
Analys is  Branch. Unpubl ished. V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, Resource 

Ryder, J.M. and MacLean, B. 1980. Guide t o  t h e  P repara t i on  o f  a 
Geological  Hazards Map. B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 
T e r r e s t r i a l  Studies Branch. Unpubl ished. V i c t o r i a .  

F a u l t  L ines 

M u l l e r ,  J.E., 1971. Geological  Reconnaissance Map o f  Vancouver I s l a n d  and 
Gul f I s l  ands. 
Open F i l e .  
Ottawa. 

Map ( sca le 1 : 330,000). Geol og i ca l  Survey o f  Canada 
Canada, Department o f  Energy, Mines and Resources. 

Roddick, J.A., M u l l e r ,  J.E. and Oku l i t ch ,  A.V., 1979. Fraser River :  
B r i t i s h  Columbia - Washington. Geological  A t l a s  Sheet 92. 
Geological  Survey o f  Canada Map 1386A. 
Canada, Department o f  Energy, Mines and Resources, Ottawa. 

Map ( sca le 1 : 1,000,000). 
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5.1.3 Theme 3: Phys ica l  OceanoqraDhv - S t a t i o n  D i s t r i b u t i o n  

Adkins, B. and Paul, J . ,  1980. Outer A l b e r n i  I n l e t :  An Environmental 
Assessment f o r  Planning and Management Purposes. Lee and Adkins 
Ltd. /Barnfield Marine S t a t i o n  f o r  P o r t  A l b e r n i  Harbour Commission. 
P o r t  A1 bern i .  

Anonymous, 1959. B r i t i s h  Columbia I n l e t  Cruises, 1959. Data Report 15. 
U n i v e r s i t y  o f  B r i t i s h  Columbia, I n s t i t u t e  o f  Oceanography. 
Vancouver. 

Anonymous, 1971. B r i t i s h  Columbia I n l e t s  and P a c i f i c  Cruises, 1970. Data 
Report 32. U n i v e r s i t y  o f  B r i t i s h  Columbia, I n s t i t u t e  o f  
Oceanography. Vancouver. 

Anonymous, 1972. B r i t i s h  Columbia I n l e t  Cruises, 1971. Data Report 33. 
U n i v e r s i t y  o f  B r i t i s h  Columbia, I n s t i t u t e  o f  Oceanography. 
Vancouver. 

Anonymous, 1977. B r i t i s h  Columbia I n l e t  Cruises, 1976. Data Report  42. 
U n i v e r s i t y  o f  B r i t i s h  Columbia, I n s t i t u t e  o f  Oceanography. 
Vancouver. 

Buckingham, W.R., 1980. An Oxygen Budget Study o f  t he  Deep Waters i n  t h e  
I n n e r  Basin o f  A l b e r n i  I n l e t .  Contractor  Report 80-1. Dobrocky - 
SEATECH L i m i t e d  f o r  Canada, Department o f  F i s h e r i e s  and Oceans, 
I n s t i t u t e  o f  Ocean Sciences. Sidney. 

D i l k e ,  B.R., McKinnel l ,  S. and Perry ,  R . I . ,  1979. Ship-of-Opportuni ty 
Program March 1978 - March 1979. 
B r i t i s h  Columbia, I n s t i t u t e  o f  Oceanography. Vancouver. 

Data Report 46. U n i v e r s i t y  o f  

Giovando, L.F., 1981. Observations o f  Seawater Temperature and Sal i n i t y  
a t  Cape Beale L i g h t s t a t i o n  and Bamfield Marine S t a t i o n  1969-1974. 
P a c i f i c  Marine Science Report 81-6. 
and Oceans, I n s t i t u t e  o f  Ocean Sciences. Sidney. 

Canada, Department o f  F i s h e r i e s  

Her l  inveaux, R. H. , 1966. Oceanographic Phase o f  t h e  F a t t y  Basin Study of 
a Lobster  Transplant. 
L imnologica l  ) 228. 
Oceanographic Group. Nana imo. 

a Lobster  Transplant. P a r t  11. Surface Water Movements and Bottom 
Temperatures. P a c i f i c  Marine Science Report. Canada, Department o f  
Environment, Marine Sciences D i rec to ra te .  V i c t o r i a .  

1979-1981. 
Canada, Department o f  F i s h e r i e s  and Oceans, I n s t i t u t e  o f  Ocean 
Sciences. Sidney. 

Manuscr ipt  Report Ser ies (oceanographic and 
Canada, F i s h e r i e s  Research Board, P a c i f i c  

Her l  inveaux, R. H. , 1973. Oceanographic Phase o f  t he  F a t t y  Basin Study f o r  

Lee, A.Y.P. and Stucchi ,  D.J., 1983. A l b e r n i  I n l e t  CTD Data Report, 
Data Report o f  Hydrography and Ocean Sciences 15. 

U 
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5.1.3 Theme 3: Physica l  Oceanography - S t a t i o n  D i s t r i b u t i o n  ( c o n t ' d )  

Marine Resources Branch, 1984. Oyster Lease Appl i ca t i ons .  Data on F i l e .  
B r i t i s h  Columbia, M i n i s t r y  o f  Environment. Unpubl ished. V i c t o r i a .  

P a c i f i c  Oceanographic Group, 1955. Data Record Bark ley Sound, A p r i l  4-27, 
1950. F i l e  N7-21. Canada, F i s h e r i e s  Research Board, P a c i f i c  
B io log4cal  Stat ion.  Nanaimo. 

PaCif I C  Oceanographic Group, 1975. Physical  and Chemical Data Record. 
A l b e r n i  I n l e t  and Harbour, 1939 and 1941. Manuscr ipt  Report. 
Canada, F i s h e r i e s  Research Board, P a c i f i c  B i o l o g i c a l  Stat ion.  
Nana imo. 

Su l l i van ,  D.L., 1981. Marine Environmental Su rve i l l ance  M o n i t o r i n g  a t  
B.C. South Coast Pulp M i l l s ,  1980. Regional Program Report 81-26. 
Canada, Department o f  Environment, Environmental P r o t e c t i o n  Service. 
West Vancouver 

S u l l i v a n ,  D.L., 1982. Marine Environmental Su rve i l l ance  Mon i to r i ng  a t  
8. C. South Coast Pulp M i l  1 s 1981-1983. Regional Program Report 
83-17. 
Service. West Vancouver. 

Canada, Department o f  Environment, Environmental P r o t e c t i o n  

Waldichuk, M., Meik le,  J.H. and Hyslop, W.F., 1968. A l b e r n i  I n l e t  and 
Harbour Phys ica l  and Chemical Oceanographic Data, 1954-1967. 
Manuscr ipt  Report Ser ies 934. 
P a c i f i c  Oceanographic Group. Nanaimo. 

Waldichuk, M., Markert ,  J.R. and Meik le ,  J.H., 1969. Seasonal Phys ica l  
and Chemical Data f o r  A l b e r n i  Harbour and Somass River ,  1958-1969. 
Manuscr ip t  Report Se r ies  1028. 
P a c i f i c  Oceanographic Group. Nanaimo. 

Canada, F i s h e r i e s  Research Board, 

Canada, F i s h e r i e s  Research Board, 

5.1.4 Theme 4: Water Resources 

R ive r  D ischarges 

Canada, Department o f  Environment, 1981A. Surface Water Data Reference 
Index. I n l a n d  Waters D i r e c t o r a t e ,  Water Resources Branch, Ottawa. 

Canada, Depar tment ,o f  Environment, 19818. Surface Water Data. I n l a n d  
Waters D i r e c t o r a t e ,  Water Resources Branch. Ottawa. 

Water Licences 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. Computer P r i n t o u t s  t o  
17.09.82. Water Management Branch. V i c t o r i a .  
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5.1.4 Theme 4 :  Water Resources ( c o n t ' d )  

Marine/River O u t f a l l s  and L a n d f i l l  S i t e s  

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. (Unpubl ished Maps 
1 : 50,000). Waste Management Br.anch. Nana imo. 

- She1 1 f i s h  C 1  osure Areas 

Canada, Department o f  F i s h e r i e s  and Oceans, 1983. Schedule I. Operat ions 
Centre. Vancouver. 

5.1.5 Theme 5: Seaweeds, Saltmarshes, Sand Dune Ecology and Marine Mammal s 

Kelp Survey 

Coon, M., 1979. Unpubl ished F i e l d  Data. 
Environment, Marine Resources Branch. V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  

Druehl , L.D. , 1978. The D i s t r i b u t i o n  o f  Macrocyst is  I n t e g r e f o l  i a  i n  
B r i t i s h  Columbia as Related t o  Environmental Parameters. Canadian 
Journal  o f  Botany. 56(1). 

Zostera Survey 

Haegele, C.W. and Hamey, M.J., 1977. Shorel i n e  Vegetat ion Maps o f  Some 
Major H e r r i n g  Spawning L o c a l i t i e s  on the  West Coast o f  Vancouver 
I s l a n d :  N u c h a t l i t z ,  Nootka Sound, Hesquiat  Harbour and Bark ley 
Sound. F i s h e r i e s  and Marine Serv ice Manuscr ipt  Report 1430. Canada, 
Department o f  F i s h e r i e s  and Oceans. Vancouver. 

Haegele, C.W. and Hamey, M. J .  , 1980. Shorel i n e  Vegetat ion on H e r r i n g  
Spawning Grounds i n  Bark ley Sound i n  1978 Compared With S i m i l a r  
Assessments f o r  1974 and 1975. F i s h e r i e s  and Marine Serv ice 
Manuscr ip t  Report 1549. 
Vancouver. 

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

Summers, T.J., 1983. Canada, Department o f  Environment, Lands 
D i r e c t o r a t e .  A e r i a l  and Water Reconnaissance. Vancouver. 

S a l  tmarshes 

Summers, T.J., 1983. Canada, Department o f  Environment, Lands 
D i r e c  t o r a  te. A e r i a l  and Water Reconnaissance. Vancouver. 

Sand Dunes - 

Summers, T. J. , 1983. (Unpubl ished Data). Canada, Department o f  
Environment, Lands D i r e c t o r a t e .  A e r i a l  and Water Reconnaissance. 
Vancouver. 
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5.1.5 Theme 5: Seaweeds, Saltmarshes, Sand Dune Ecology and Marine Mammals ( c o n t ' d )  

Marine Mama1 s 

Bigg, M., 1982. (Unpubl ished Data).  Canada, Department o f  F i s h e r i e s  and 
Oceans, P a c i f i c  B i o l o g i c a l  S ta t i on .  Nanaimo. 

Kombu M a r i c u l t u r e  S i t e s  

Druehl ,  L.D., 1980A. The Development o f  an E d i b l e  Ke lp  Cu l tu re  Technology 
f o r  B r i t i s h  Columbia. F i r s t  Annual Report. B r i t i s h  Columbia, 
M i n i s t r y  o f  Environment, Marine Resources Branch. V i c t o r i a .  

Druehl ,  L.D., 19808. The Development o f  an E d i b l e  Kelp C u l t u r e  Technology 
f o r  B r i t i s h  Columbia. Second Annual Report. B r i t i s h  Columbia, 
M i n i s t r y  o f  Environment, Marine Resources Branch. V i c t o r i a .  

Druehl ,  L.D., 1981. The Development o f  an E d i b l e  Kelp C u l t u r e  Technology 
f o r  B r i t i s h  Columbia. T h i r d  Annual Report. B r i t i s h  Columbia 
M i n i s t r y  o f  Environment, Marine Resources Branch. V i c t o r i a .  

5.1.6 Theme 6: Marine B i r d  Surveys 

Waterfowl Survev 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, (n.d. 1. 
V i c t o r i a .  

Ducks Unl imi ted,  (n. d. ). F1 i g h t  L i n e  Data Sheets. Del ta .  

F1 i g h t  L i n e  Data Sheets. 
Surveys and Resource Mapping Branch. 

Waterfowl H a b i t a t  

Canada, Department o f  Environment, 1975. Canada Land Inventory :  Land 
C a p a b i l i t y  f o r  Wi ld1 i f e  - Waterfowl. 
D i r e c t o r a t e .  Ottawa. 

Maps ( s c a l e  1:250,000), Lands 

Summers, T.J., 1983. F i e l d  Data. Department o f  Environment, Lands 
D i r e c t o r a t e .  Vancouver. 

Seabird Col on i e s  

Campbell, R.W. , 1976. Seabird Colonies o f  Vancouver I s l a n d  and Area. Map. 
Pub1 i shed by Fr iends of t h e  P r o v i n c i a l  Museum. V i c t o r i a .  
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5.1.11 Theme 11: Recreat ional  Areas, Special  Features, and Access 

P r o v i n c i a l  Parks and Reserves 

Block, J .  , 1982. Personal Communication and Departmental Reference Maps. 
B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, Parks Branch. 
V i c t o r i a .  

Ecol og i c a l  Reserves 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. Departmental Reference 
Maps. Ecolog ica l  Reserves Un i t .  V i c t o r i a .  

P r o v i n c i a l  W il d l  i f e  Management Area 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1982. Departmental Reference 
Maps. Marine Resources Branch. V i c t o r i a .  

Nat ional  Parks 

Canada, Department o f  Energy, Mines and Resources. Nat ional  Topographic 
System Map, 92C/14 ( s c a l e  1:50,000). 
Ottawa. 

Surveys and Mapping Branch. 

Archeol og i c a l  S i tes 

B r i t i s h  Columbia, P r o v i n c i a l  Secretary and Government Services, (n.d. 1. 
Departmental Reference Maps. Her i t age  Conservat ion Branch. 
V i c t o r i a .  

Fo res t  Serv ice Campsites 

B r i t i s h  Columbia, M i n i s t r y  o f  Forests,  1982. Departmental Brochure. 
Recreat ion Management Branch. Burnaby. 

Anchorages 

Canada, Department o f  F i s h e r i e s  and Oceans, ( v a r i o u s  dates). Hydrographic 
Charts. Canadian Hydrographic Service. Ottawa. 

Scuba D i v i n g  S i t e s  

Pratt-Johnson, B., 1977. 141 Dives i n  the  P ro tec ted  Waters o f  Washington 
and B r i t i s h  Columbia. Gordon Soules Book Pub1 ishers. Vancouver. 
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5.1.11 Theme 17: Recreat ional  Areas, Special  Features, and Access ( c o n t ' d )  

Shore1 i n e  Process Features 

Summers, T.J., 1983. I n t e r p r e t a t i o n  o f  A e r i a l  Photographs and Colour 
Videotapes. Vancouver. 

Recreat ion Area and A c t i v i t i e s  

Sumners, T.J., 1983. I n t e r p r e t a t i o n  o f  A e r i a l  Photographs and Colour 
Videotapes. Vancouver. 

Sandy Beaches 

Dunn, M.W. , ( i n  press). Phys ica l  Shorezone Map Ser ies:  Coastal Resources 
F o l i o  Bark ley Sound - A l b e r n i  I n l e t  B r i t i s h  Columbia. 
1:50,000). 
Vancouver. 

Maps ( s c a l e  
Canada, Department o f  Environment, Lands 0 i r e c t o r a t e .  

Pub1 i c  Access 

Summers, T. J. , 1983. I n t e r p r e t a t i o n  o f  A e r i a l  Photographs, Colour 
Videotapes and Base Maps. Vancouver. 
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5.2 LANDIWATER USE AND STATUS TABLES 

5.2.1 Regional and Local Zoning 

Regional D i s t r i c t s  

Regional D i s t r  

Regional D i s t r  

Munic ipa l  i t i e s  

By- L aw. 

c t  o f  A l b e r n i  - Clayoquot, 971. Zoning By-Law 15. 

c t  o f  A l b e r n i  - Clayoquot, 1971. Bamf ie ld  Area Zoning 

C i t y  o f  P o r t  A lbe rn i ,  1972. Zoning By-Law 3106. 

5 .2 .2  Marinas, Bulk O i l  Storage F a c i l i t i e s  and Sewage Systems and Treatment 

Marinas 

Canada, Department o f  F i s h e r i e s  and Environment, 1978. Guide t o  Federal  
F i s h i n g  and Recreat ional  Harbours o f  B r i t i s h  Columbia. 
Hydrographic Service f o r  Small C r a f t  Harbours Branch. Sidney. 

Eby, P. and Associates Ltd. ,  1979. Recreat ional  Boat ing F a c i l  i t y  
Requirements 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  
Oceans Canada, Small C r a f t  Harbours Branch. Vancouver. 

Reid Crowther & Par tners Ltd. ,  Marine Design Associates Ltd. ,  and Nova 
Corp. Consul t ing Inc.  , 1982. Canada/Br i t ish Columbia Marine Term 
Fac il i t  ies  Study. 

Canadian 

Vancouver. 

Bulk Storaqe F a c i l  i t i e s  

and 

nal  

Beech, F.G., B e t t s ,  O.A. and Sherwood, R.L., 1979. West Coast O i l  S p i l l s  
Countermeasures Study Year 1. Regional Program Report 79-28. 
Environment Canada, Environmental P r o t e c t i o n  Service. Vancouver. 

Sewage Systems and Treatment 

Mor r i s ,  0. and Leaney, A.J., 1980. The 'Somass R ive r  Estuary Status o f  
Environmental Knowledge t o  1980. Special Estuary Ser ies 9. Canada, 
Departments o f  F i s h e r i e s ,  Oceans and Environment. Vancouver. 

5.2.3 Land Use Plans and Proposals 

Regional D i s t r i c t s  

Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot, 1970. O f f i c i a l  Regional P lan  
By- L aw 14. 

n 
u 
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0 5.2.3 Land Use Plans and Proposals 

Regional 0 i s t r i c t s  ( c o n t ' d )  

Regional D i s t r i c t  o f  A lbe rn i  - Clayoquot, 1980. ' Sproat Lake Set t lement  
P lan  By-Law 274. ia 

Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot, 1981. Cherry Creek Set t lement  
P1 an. 

Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot, 1983. Beaver Creek O f f i c i a l  
Set t lement  P lan By-Law 346. 

Munic ipa l  i t  i e s  

Ci ty o f  P o r t  A lbern i ,  1979. Ci ty  o f  P o r t  A lbe rn i  Community P lan 
By - L aw 3 1049 u 

5.2.4 Land and Water Status 

U P r o v i n c i a l  Crown Land 

Vacant Crown Land u B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1979. B r i t i s h  Columbia 
Reference - Crown Land Status. Map ( s c a l e  1:100,000). V i c to r i a .  

0 P r o v i n c i a l  Parks 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1980. P r o v i n c i a l  
Parks on Vancouver 1 s l  and. V i c t o r i a .  0 

P r o v i n c i a l  Reserves 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1979. B r i t i s h  Columbia 
Reference - Crown Land Status. Map ( scal  e 1 : 100,000 1. V i c t o r  ia. 

U 
U B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1983. Computer 

P r i n t  - Outs. V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, (n.d. 1. 
Departmental Reference Naps. Map ( s c a l e  1:20,000). V i c t o r i a .  U 

Foreshore Leases 

B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, 1983. Computer 
P r i n t  - Outs. V i c t o r i a .  

li 
U B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and Housing, (n.d. 1. 

Departmental Reference Maps. Map ( sca le 1 : 20,000). V i c t o r i a .  



u - 11 - 

P 
P 
u 
u 
u 
u 

u 
P 
0 

5.2 .4  Land and Water Status (cont 'd )  

Oyster Leases 

British Columbia,  Ministry o f  Environment, 1982. Oyster Culture and 
Management Areas, and Oyster Culture Leases and Licences. 
Resources Branch. Victoria. 

Marine 

Federal Crown Land 

I n d i a n  Reserves 

Canada, Department o f  Energy, Mines and Resources, (various dates).  
National Topographic  System. Maps ( scale 1 : 50,000). Vancouver. 

National Parks 

Parks Canada ,  1982. P a c i f i c  R i m  National Park - Broken Group Islands. 
Map ( sca le  1:500,000). Canada, Department o f  Environment. Ottawa. 

Other Federal ProDertv 

Canada, Department o f  Environment, 1980. Federal Land Mapping Program. 

A1 ienated Land 

Map ( sca le  1:50,000). Lands Directorate. Vancouver. 

Tree Farms 

British Columbia,  Ministry o f  Forests, (various dates).  Forest Cover 
Maps. Map (scale  1:20,000). Forest Inventory Division. Burnaby. 

13 
13 



5.3 COMPANION REPORT 

5.3.1 The Bark ley Sound - A l b e r n i  I n l e t  Economy 

B r i t i s h  Columbia, A g r i c u l t u r a l  Land Commission, 1980. A g r i c u l t u r a l  Land 
Reserves S t a t i s t i c s .  V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  A g r i c u l t u r e  and Food, 1982. A g r i c u l t u r e  
S t a t i s t i c s  Yearbook. V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  A g r i c u l t u r e  and Food, 1979. B r i t i s h  
Columbia Land Inven to ry  Report - Sumar ies  o f  A g r i c u l t u r a l  Land 
Reserve Areas by Regional D i s t r  i c t  and Agr i c u l  t u r a l  Reg ion. 
V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  Forest ,  1983. Annual M i l l  L i s t .  Burnaby. 

B r i t i s h  Columbia, M i n i s t r y  o f  Forest ,  1982. Map Area Statements. 
V i c t o r  ia. 

B r i t i s h  Columbia, M i n i s t r y  o f  I n d u s t r y  and Small Business Development, 
B r i t i s h  Columbia Manufacturer 's  D i r e c t o r y  - A D i r e c t o r y  o f  1981. 

Manufactur ing A c t i v i t y  i n  B r i t i s h  Columbia. V i c t o r i a .  

B r i t i s h  Columbia, M i n i s t r y  o f  Tourism, 1982. 
A l b e r n i  and Area. V i c t o r i a .  

V i s i t o r s  '79 Report f o r  P o r t  

Canada, Department o f  F i s h e r i e s  and Oceans. 
S t a t i s t i c s  1975-1981. Vancouver. 

B r i t i s h  Columbia Catch 

Canada, Department o f  F i s h e r i e s  and Oceans, 1983. Small C r a f t  Harbours 
Branch P r i n t  - Out. Vancouver. 

Gray, A.V., 1979. A l b e r n i  - Clayoquot Region Economic P r o f i l e .  Prepared 

Mor r i s ,  S. and Leaney, A.J., 1980. 

f o r  t h e  Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot. P o r t  A lbern i .  

The Somass R ive r  Estuary Status o f  
Environmental Knowledge t o  1980. Special  Estuary Ser ies 9. Canada, 
Departments o f  F i s h e r i e s ,  Oceans and Environment. Vancouver. 

Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot, 1982. 

Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot, 1970. 

Barkley Sound Land 

O f f i c i a l  Regional Plan 

Status. Map ( s c a l e  1:40,000). P o r t  A lbern i .  

By-Law 1970. By-Law 14. P o r t  A lbern i .  

Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot, 1971. Zoning By-Law 15. P o r t  
A1 bern i. 
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5.3.1 The Barkley Sound - A l b e r n i  I n l e t  Economy ( c o n t ' d )  

S t a t i s t i c s  Canada, 1983. Census D i v i s i o n s  and Subdiv is ions,  Popu la t i on  
Occupied P r i v a t e  Dwel l  ing,  P r i v a t e  Households, Census and Economic 
Famil i e s  i n  P r i v a t e  Households and Selected Socia l  and Ecomomic 
Charac te r i s t i cs .  Vancouver. 

Summers, T.J., 1979. Recreat ional  Foreshore Cabins 
B r i t i s h  Columbia, M i n i s t r y  o f  Lands, Parks and 

Personal Communication 

i n  Barkley Sound. 
Housing. Nanaimo. 

B i j s t e r v e l d ,  L.,  Manager, Canada Department o f  F i s h e r i e s  and Oceans T i d a l  
Sport  F i s h i n g  D i a r y  Program. Vancouver. 

Dryden, D., Planner, Regional D i s t r i c t  o f  A l b e r n i  - Clayoquot. P o r t  
A1 bern i 

O'Brien, J., P lanning o f  Contro l  Analyst. MacMil lan Bloedel Ltd. ,  A l b e r n i  
Region. P o r t  A lbern i .  

Proverbs, T. , M i n i s t r y  o f  Environment, Marine Resources Branch. V i c t o r i a .  

5.3.2 The Physica l  S e t t i n g  

Physiography 

Car ter ,  L., 1971. S u r f i c i a l  Sediments o f  Bark ley Sound and Adjacent 
Cont inenta l  She l f ,  Vancouver I s land ,  B r i t i s h  Columbia. U n i v e r s i t y  o f  
B r i t i s h  Columbia, Department o f  Geology. 
Vancouver. 

Unpubl ished Ph.D Thesis. 

Car ter ,  L., 1973. S u r f i c i a l  Sediments o f  Bark ley Sound and Adjacent 
Cont inenta l  She1 f, West Coast Vancouver Is land.  Canadian Journal  o f  
Ea r th  Sciences 10. Ottawa. 

Clague, J.J.,  1981. 
Columbia: 
Quaternary H is to ry .  Geological  Survey o f  Canada Paper 80-35. 
Canada, Department o f  Energy, Mines and Resources. 

Late Quaternary Geology and Geochronology o f  B r i t i s h  
P a r t  2 - Summary and Discuss ion o f  Radiocarbon - Dated 

Ottawa. 

Clague, J.J. and Bornhold, B.D., 1980. Morphology and L i t t o r a l  Processes 
o f  t h e  P a c i f i c  Coast o f  Canada. I n :  The Coast1 i ne  o f  Canada. 
Geological  Survey o f  Canada Paper 80-10. Ottawa. 

Clague, J .  J. , Harper, J.R. , Hebda, R. J.  and Howes, D. E. , 1982. Late 
Quaternary Sea Levels  and Coastal Movements, Coastal B r i t i s h  
Columbia. Canadian Journal  o f  Ea r th  Sciences. Ottawa. 
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5.3.2 The Physica l  S e t t i n g  

Physiography ( c o n t ' d )  

Fyles,  J.G., 1963. S u r f i c i a l  Geology o f  Horne Lake and P a r k s v i l l e  Map - 
Areas, Vancouver I s l  and, B r i t  i s h  Columbia. 
Mines and Technical Surveys, Geological  Survey o f  Canada Memoir 318. 
Ot tawa.  

Canada, Department of 

Wiese, W., 1971. Geological  S e t t i n g  and S u r f i c i a l  Sediments o f  F a t t y  

U n i v e r s i t y  o f  B r i t i s h  Columbia, Department o f  Geology. 
Basin, A Shallow I n l e t  on the  West Coast o f  Vancouver I s land ,  B r i t i s h  
Columbia. 
Unpubl ished M. Sc. Thesis. Vancouver. 

Geology 

B r i t i s h  Columbia, M i n i s t r y  o f  Environment, 1972. T e r r a i n  Inven to ry  Maps. 
Map ( s c a l e  1:50,000). T e r r e s t r i a l  Studies Branch. V i c t o r i a .  

Car ter ,  L., 1973. S u r f i c i a l  Sediments o f  Bark ley Sound and Adjacent 
Cont inenta l  She1 f, West Coast Vancouver I s land .  Canadian Journal  o f  
Ea r th  Sciences 10. Ottawa. 

Clague, J.J. , 1981. Late Quaternary Geology and Geochronology o f  B r i t i s h  
Columbia. P a r t  2: Summary and Discuss ion o f  Radiocarbon Dated 
Quaternary His tory .  Geological  Survey o f  Canada Paper 80-35. 
Canada, Department o f  Energy, Mines and Resources. Ottawa. 

Day, J.H., Farstad, L. and L a i r d ,  D.G. , 1959. S o i l  Survey o f  Southeast 
Vancouver I s l a n d  and G u l f  I s l ands ,  B r i t i s h  Columbia. B r i t i s h  
Columbia S o i l  Survey Report  6. Canada, Department o f  A g r i c u l t u r e ,  
Research Branch. Ottawa. 

Fyles,  J.G., 1963. S u r f i c i a l  Geology o f  Horne Lake and P a r k s v i l l e  Map - 
Areas, Vancouver I s land ,  B r i t i s h  Columbia. 
Mines and Technical Surveys, Geological  Survey o f  Canada Memoir 318. 
Ottawa. 

Canada, Department of 

Roddick, J.A., M i l l e r ,  J.E. and Oku l i t ch ,  A.V., 1979. Fraser  R ive r :  
B r i t i s h  Columbia - Washington. Geological  A t l a s  Sheet 92. 
Geological  Survey o f  Canada Map 1386A ( sca le 1 : 1,000,000). 
Department o f  Energy, Mines and Resources. 

Canada, 
Ottawa. 
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S o i l s  

Day, J.H., Farstad, L. and L a i r d ,  D.G., 1959. S o i l  Survey o f  Southeast 
Vancouver I s l a n d  and G u l f  Is lands,  B r i t i s h  Columbia. B r i t i s h  
Columbia S o i l  Survey Report 6. Canada, Department o f  A g r i c u l t u r e ,  
Research Branch. Ottawa. 

Frank, R.J. , 1980. Proposed Coastal Zone C l a s s i f i c a t i o n  f o r  Use i n  
B r i t i s h  Columbia. Department o f  S o i l  Sciences, U n i v e r s i t y  o f  B r i t i s h  
Columbia. Unpubl ished M. Sc. Thesis. Vancouver. 

Valent ine,  K.W.G. , Sprout, P.N. , Baker, T. E. and Lavkul ich,  L.M. , 1978. 
The S o i l  Landscapes of B r i t i s h  Columbia. B r i t i s h  Columbia, M i n i s t r y  
o f  Environment, Resource Analys is  Branch. V i c t o r i a .  

C1 imate 

Canada, Department o f  Environment, 1982. Canadian Cl imate Normals, 
1951-1980: Temperature and P r e c i p i t a t i o n .  Atmospheric Environment 
Service. Ottawa. 

Faulkner, D.A. and Schaefer, D.G., 1978. Meteoro log ica l  Aspects o f  a West 
Coast O i l  Por t .  Canada, Department o f  Environment, Atmospheric 
Environment Service. Unpubl ished Manuscript.  Vancouver. 

Mor r i s ,  S .  and Leaney, A.J., 1980. The Somass Estuary Status o f  
Environmental Knowledge t o  1980. Special  Estuary Ser ies 9. Canada, 
Department o f  F i s h e r i e s  and Oceans and Canada, Department o f  
Environment. Vancouver. 

W a t e r  Resources 

Canada, Department o f  Environment, 1981A. Surface Water Data Reference 
Index. Water Survey o f  Canada. Ottawa. 

Canada, Department o f  Environment, 19818. Surface Water Data. Water 
Survey o f  Canada. Ottawa. 

Canada, Department o f  Environment, 1983. From Data Provided by 
Atmospheric Environment Service. Vancouver. 

Selected L i t e r a t u r e  

Brown, I. C., (ed. 1967. Groundwater i n  Canada. Economic Geology Report 
24. Department o f  Energy, Mines and-Resources, Geological  Survey o f  
Canada. Ottawa. 
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5.3.3 B i o1  og i c a l  Resources 

T e r r e s t r i a l  Vegetat ion 

K l i nka ,  K. , Nuszdorfer, F.C. and Skoda, L. , 1979. B iogeocl imat ic  U n i t s  o f  
Centra l  and Southern Vancouver Is land.  B r i t i s h  Columbia, M i n i s t r y  of 
Forests. V i c t o r i a .  

K r a j i n a ,  V.J. and Brooke R.C. , (eds. 1 ,  1969/1970. Ecology of Western 
Nor th  America, 1 and 2. Department o f  Botany, U n i v e r s i t y  o f  B r i t i s h  
Col umb ia. Vancouver. 

K r a j i n a ,  V.J. , K1 inka, K. and Wor ra l l  , J. , 1982. D i s t r i b u t i o n  and 
Ecologica l  C h a r a c t e r i s t i c s  o f  Trees and Shrubs o f  B r i t i s h  Columbia. 
U n i v e r s i t y  o f  B r i t i s h  Columbia, Facu l t y  o f  Forest ry .  Vancouver. 

Trees and Shrubs o f  B r i t i s h  Columbia. 
Facu l t y  o f  Forestry.  Vancouver. 

U n i v e r s i t y  o f  B r i t i s h  Columbia, 

Seaweeds and Saltmarshes 

Carefoot, T., 1977. P a c i f i c  Seashores: A Guide t o  I n t e r t i d a l  Ecology. 

Cushing, D.H. and Walsh, J.J., 1976. The Ecology o f  the Seas. B lackwel l  

J. J. Douglas Ltd.. Vancouver. 

S c i e n t i f i c  Pub1 i ca t i ons .  London. 

De Wreede, R.E. , 1978. Phenology o f  Sargassum Nutr icum (Phaeophyta) i n  
t h e  S t r a i t  of Georgia, B r i t i s h  Columbia. Syesis 11. 

Druehl ,  L.D., 1967. D i s t r i b u t i o n  o f  Two Species o f  Laminaria As Related 
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6.1 INTRODUCTION 

The G l o s s a r y  s e c t i o n  w i l l  a i d  t h e  r e a d e r  i n  u n d e r s t a n d i n g  
some of t h e  terms used  f o r  t h i s  f o l i o .  They a r e  g e n e r a l l y  
a c c e p t e d  d e f i n i t i o n s  i n  common u s e  on  t h e  c o a s t  of B r i t i s h  
Columbia.  The l i s t i n g  i s  n o t  e x h a u s t i v e ,  b u t  i n s t e a d ,  d e f i n e s  
key terms t h a t  may c a u s e  t h e  most  problems i n  i n t e r p r e t a t i o n .  
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6 . 2  SELECTED DEFINITIONS FOR LAND USE AND STATUS THEMES 

6 . 2 . 1  Economic S e t t i n g  

Basic r e f e r s  t o  a n  economy which  e x p o r t s  i t s  raw mater ia ls  o u t s i d e  t h e  
r e g i o n  o f  o r i g i n  f o r  m a n u f a c t u r i n g .  

Economic Development Commissions a r e  a d v i s o r y  b o d i e s  unde r  t h e  j u r i s d i c t i o n  
of  r e g i o n a l  d i s t r i c t s  e s t a b l i s h e d  f o r  t h e  p u r p o s e  of b r i n g i n g  p e o p l e  
t o g e t h e r  and  e n a b l i n g  development  a c t i v i t i e s  t o  t a k e  p l a c e ,  a t  t h e  
same t i m e  improv ing  t h e  economy. 

Economic P r o f i l e s  a r e  economic r e p o r t s  p u b l i s h e d  by economic development  
commiss ions  which  p r o v i d e  a n  a n a l y s i s  of soc in-economic  c o n d i t i o n s  i n  
r e g i o n a l  d i s t r i c t s .  

Labour f o r c e  p a r t i c i p a t i o n  r a t e  i s  t h e  p r o p o r t i o n  of t h e  l a b o u r  f o r c e  which 
i s  a c t i v e l y  employed. 

O c c u p a t i o n a l  s t r u c t u r e  refers t o  t h e  o c c u p a t i o n s  which make u p  a r e g i o n ' s  
l a b o u r  f o r c e .  

P r imary  I n d u s t r i e s  a r e  t h o s e  i n d u s t r i e s  which  a r e  engaged i n  t h e  e x t r a c t i o n  
o f  raw mater ia l s ,  i . e .  l o g g i n g ,  f i s h i n g ,  rnininc.  

P r o c e s s i n g  I n d u s t r i e s  refers t o  t h o s e  i n d u s t r i e s  which a r e  i n v o l v e d  i n  t h e  
m a n u f a c t u r i n g  of goods  from t h e i r  raw s t a t e  t o  a s e c o n d a r y  s t a g e ,  i . e .  
f i s h  c a n n i n g ,  sawmills. 

Resource-based  I n d u s t r i e s  re fe rs  t o  t h o s e  i n d u s t r i e s  which  h a r v e s c  o r  e x p l o i t  
n a t u r a l  r e s o u r c e s ,  e.g. f i s h i n g ,  f o r e s t r y ,  m i n i n g ,  a g r i c u l t u r e .  

Re ta i l  and  S e r v i c e  Space  is  t h e  sum t o t a l  f l o o r  s p a c e  d e v o t e d  t o  r e t a i l  and 
service b u s i n e s s e s .  

R e t i r e m e n t  I n d u s t r y  r e f e r s  t o  t h e  b u s i n e s s ,  income and employment g e n e r a t e d  
f rom p e o p l e  o f  r e t i r e m e n t  a g e .  

Secondary  I n d u s t r i e s  a r e  t h o s e  i n d u s t r i e s  i n v o l v e d  i n  t h e  m a n u f a c t u r i n g  or  
p r o c e s s i n g  o f  r a w  materials.  

T o t a l  C a p i t a l  V a l u e  i s  t h e  d o l l a r  v a l u e  o f  t h e  sum of accumula t ed  goods 
d e v o t e d  t o  t h e  p r o d u c t i o n  of o t h e r  goods .  
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6 . 2 . 2  F i s h e r i e s  S e c t i o n  

Ang le r  Days a r e  t h e  number of d a y s  f i s h e r m e n  spend f i s h i n g .  

Average Landed V a l u e  i s  t h e  p r i c e  p a i d  f i s h e r m e n  f o r  t h e i r  f i s h .  

F r e s h  Dressed  Salmon re fers  t o  salmon which  are g u t t e d ,  b u t  a r e  n o t  f r o z e n .  

S p o r t  F i s h i n g  E f f o r t  r e fe rs  t o  t h e  amount of t i m e  f i s h e r m e n  spend f i s h i n g ,  
e . g .  a n g l e r  d a y s .  

F i s h e r i e s  S t a t i s t i c a l  Areas a re  areas d e s i g n a t e d  f o r  t h e  p u r p o s e  o f  
c o l l e c t i n g  s t a t i s t i c a l  i n f o r m a t i o n  on f i s h  c a t c h  and v a l u e .  They 
were d e s i g n a t e d  by t h e  Depar tment  of F i s h e r i e s  and Oceans.  

Wholesa l e  Va lue  r e f e r s  t o  t h e  p r i c e  of f i s h  a f t e r  p r o c e s s i n g ,  i .e .  c a n n i n g .  

6 . 2 . 3  G e n e r a l i z e d  Zoning  and Mar ine  F a c i l i t i e s  

A g r i c u l t u r a l  Land Commission Act was promulga ted  i n  1977 t o  f r e e z e  t h e  
deve lopment  of a l l  f a rmland  i n  B r i t i s h  Columbia ,  a t  which  t i m e  t h e  
A g r i c u l t u r a l  Land Commission was e s t a b l i s h e d  t o  a c t  a s  t h e  a g r i c u l t u r a l  
zon ing  a u t h o r i t y .  

A g r i c u l t u r a l  Land Reserves a r e  d e s i g n a t e d  zones  whereby a l l  p r o p e r t y ,  whether  
p u b l i c  o r  p r i v a t e ,  can  b e  used o n l y  f o r  a g r i c u l t u r a l  p u r p o s e s ,  e x c e p t  
a s  p e r m i t t e d  unde r  t h e  A g r i c u l t u r a l  Land R e s e r v e s  Ac t .  

Bulk S t o r a g e  F a c i l i t y  i s  a s t o r a g e  f a c i l i t y  f o r  t h e  c o n t a i n m e n t  o f  b u l k  
commodi t ies  l i k e  o i l ,  g a s  and d i e s e l  f u e l s .  

G e n e r a l i z e d  Zoning  re fers  to  t h e  g r o u p i n g  of s i m i l a r  l a n d  u s e  z o n e s  i n t o  
one  g e n e r a l  c a t e g o r y  which i s  r e p r e s e n t a t i v e  o f  a l l  t h e  z o n e s ,  e .g .  
s e r v i c e  commerc ia l ,  r e t a i l  commerc ia l ,  and r e c r e a t i o n a l  commerc ia l  = 
commerc ia l .  

Mar ine  f a c i l i t i e s  r e f e r s  t o  s t r u c t u r e s  which  are  l o c a t e d  on o r  near t h e  
f o r e s h o r e  t o  e n a b l e  a c c e s s  t o  water ,  e . g .  marinas, w h a r f s ,  b u l k  
s t o r a g e  f a c i l i t i e s .  

Reg iona l  D i s t r i c t s  a r e  e s t a b l i s h e d  t o  c a r r y  o u t  s p e c i f i c  f u n c t i o n s  which  
a r e  r e g i o n a l  i n  n a t u r e ,  s u c h  a s  t h e  p r o v i s i o n  of water and sewer 
s e r v i c e s  and  r e g i o n a l  l a n d  u s e  p l a n n i n g .  
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6.2.4 Land Water S t a t u s  

F o r e s t  Management U n i t s  a r e  t h e  f o r e s t  areas f o r  which t h e  B . C .  F o r e s t  
S e r v i c e  h a s  management r e s p o n s i b i l i t y .  

P u b l i c  S u s t a i n e d  Y i e l d  U n i t  i s  a n  area d e s i g n a t e d  and managed by t h e  B . C .  
F o r e s t  S e r v i c e ,  which  p r o v i d e s  f o r e s t  companies  w i t h  a n  a n n u a l  
a l lowable c u t .  

S t a t u s  r e f e r s  t o  t h e  o w n e r s h i p  a n d / o r  a d m i n i s t r a t i o n  of l a n d  and water .  

Timber L i c e n c e s  a r e  t e n u r e s  which g i v e  t h e  h o l d e r  t h e  e x c l u s i v e  r i g h t  t o  
h a r v e s t  a l l  m e r c h a n t a b l e  t i m b e r  i n  a n  a r e a  of Crown l a n d  d u r i n g  t h e  
term of t h e  l i c e n c e .  The l i c e n c e  r e q u i r e s  f i v e - y e a r  management and 
working p l a n s .  
c u t t i n g  p e r m i t s .  

It g r a n t s  t h e  e x c l u s i v e  r i g h t  t o  h a r v e s t  t i m b e r  u n d e r  

Timber Supply  Areas encompass a l l  c a t e g o r i e s  of t i m b e r  t e n u r e s  and a r e  
d e s i g n e d  t o  estimate f o r e s t  y i e l d .  

Tree Farm L i c e n c e  is  a n  amalgamation of Crown and p r i v a t e  l a n d s  i n t o  a 
management u n i t  and i s , u s u a l l y  h e l d  by a l a r g e  f o r e s t  p r o d u c t s  company. 

6.2.5 Land and Water Use P l a n s  and P r o p o s a l s  

The M u n i c i p a l  Act e s t a b l i s h e s  m u n i c i p a l i t i e s  and r e g i o n a l  d i s t r i c t s  and 
r e q u i r e s  them t o  d o  t h o s e  t h i n g s  s p e c i f i e d  and no o t h e r .  
are autonomous as far as  l a n d  u s e  d e c i s i o n s  a r e  concerned  e x c e p t  when l a n d  
i s  i n  t h e  A g r i c u l t u r a l  Land R e s e r v e  o r  i s  i n  a f l o o d  p l a i n ,  o r  when t h e  
C o n t r o l l e d  Access Highways A c t  a p p l i e s .  

M u n i c i p a l i t i e s  
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a n t h r o p o g e n i c  - man-made o r  man-modified f e a t u r e s ;  i n c l u d e s  t h o s e  c o n s t r u c t e d  
by man ( d o c k s ,  m a r i n a s ) ,  and t h o s e  removed o r  d e p o s i t e d  by man 
( r i p r a p ,  s e a w a l l s ) .  

a p r o n  - c l i f f  - two o r  more c o a l e s c i n g  f a n s  ( s e e  f a n )  o r  a s i m p l e  t a l u s  s l o p e .  

b a r  - a r i d g e  o f  u n c o n s o l i d a t e d  mater ia l s  b u i l t  by waves a n d / o r  c u r r e n t s ,  
g e n e r a l l y  r u n n i n g  p a r a l l e l  t o  t h e  s h o r e l i n e ,  and c a n  b e  e i t h e r  i n t e r -  
t i d a l  o r  s u b t i d a l .  

beach  - a )  a d e p o s i t  a l o n g  a s h o r e  e x t e n d i n g  be tween i n n e r  and o u t e r  l i m i t s  
of a c t i v e  wave t r a n s p o r t .  T e x t u r e s  and s o r t i n g  of mater ia ls  i s  
v a r i a b l e .  

b) t h e  a r e a  e x t e n d i n g  from t h e  l i m i t s  o f  s t o r m  wave i n f l u e n c e  t o  a 
d e p t h  where  wave-produced e n t r a i n m e n t  ceases, e x c e p t  a t  t i m e s  of 
e x t r a o r d i n a r y  sea s t a t e .  

beach f a c e  - t h e  s l o p i n g  s u r f a c e  of a beach  i n  t h e  zone s u b j e c t  t o  wave u p r u s h  
( s e e  F i g u r e ) .  

Serm - an  a c c u m u l a t i o n  of  u n c o n s o l i d a t e d  m a t e r i a l  above  t h e  mean h i g h  water 
l e v e l  on b e a c h e s .  T h e  berm i s  f l a t ,  of v a r i a b l e  w i d t h  and c h a r a c t e r i z e d  
by a marked b r e a k  i n  s l o p e  a t  t h e  seaward edge  ( s e e  F i g u r e ) .  

b i o g e n i c  - materials  o r  d e p o s i t s  produced  by p l a n t  and a n i m a l  o r g a n i s m s  e x c l u d i n g  
man. 

blowout d u n e ( s )  - g e n e r a l l y ,  a sand  r i d g e  w i t h  a d e p r e s s i o n  on t h e  windward s i d e ;  
t h e  d e p r e s s i o n  i s  a r e s u l t  of sand  removal  by wind;  t h e  sand  a c c u m u l a t e s  
downwind t o  form t h e  r i d g e .  

c a v e ( s )  - a s u b t e r r a n e a n  ho l low s p a c e  i n  a c l i f f  formed by t h e  a c t i o n  of waves o r  
w e a t h e r i n g  . 

c h a n n e l ( s )  - a )  d e l t a  - a l i n e a r  f e a t u r e  p e r i o d i c a l l y  o r  c o n t i n u o u s l y  c o n t a i n i n g  
r u n n i n g  water o v e r  a d e l t a ;  i t  h a s  a bed and banks .  

b )  r i v e r  - l i n e a r  f e a t u r e  which  c o n t a i n s  t h e  m a j o r i t y  of stream o r  
r i v e r  f l o w  t o  t h e  s h o r e l i n e ;  c a n  b e  a s i n g l e  c h a n n e l  o r  a complex 
s y s t e m  of c h a n n e l s  s e p a r a t e d  by r i v e r  b a r s .  

i s  formed by t i d a l  c u r r e n t s ;  i t  h a s  a d e f i n i t e  bed and banks .  
c )  t i d a l  - a l i n e a r  f e a t u r e  t h a t  d i s s e c t s  t h e  t i d a l  f l a t  s u r f a c e  and 

c h a o t i c  fo rms  - d u n e s ,  r i d g e s  and d e p r e s s i o n s  w i t h  m u l t i - d i r e c t i o n a l  s l o p e s  of 
sand  i n  p l a n  a n  a s semblage  of n o n - l i n e a r ,  g e n e r a l l y  n o n - r e p e t i t i v e  fo rms  
whose l o c a l  r e l i e f  i s  g r e a t e r  t h a n  1 metre. 

c l a s t i c  - materials made u p  of f r a g m e n t s  of r o c k  of any  s i z e  o r  s h a p e .  
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c l i f f  - a uni form or i r r e g u l a r  s l o p i n g  f a c e ,  g r e a t e r  t h a n  20 made o f  

bed rock  o r  u n c o n s o l i d a t e d  mater ia l s  o r  b o t h .  

d e b r i s  - m i x t u r e  o f  u n c o n s o l i d a t e d  mater ia ls  ( g r a v e l s ,  s o i l s )  and man-made 
m a t e r i a l s  o r  r e f u s e  s u c h  as  o l d  b u i l d i n g  mater ia l s  and metal p r o d u c t s .  

d e l t a  - an a c c u m u l a t i o n  of s i l t ,  sand  o r  g r a v e l s  a t  t h e  mouth o f  a river o r  
stream where  i t  d i s c h a r g e s  i n t o  t h e  sea, o r  i n  t i d a l  c h a n n e l s  by  
f l o o d  and ebb t i d a l  streams. S u r f a c e s  may b e  l e v e l  t o  i n c l i n e d  and 
b e  d i s s e c t e d  by o n e  or more c h a n n e l s .  
shaped  t o  e l o n g a t e d .  

T h e i r  form i s  var iab le  f rom f a n -  

d o l p h i n ( s )  - a c l u s t e r  of  p i l i n g s ,  made of lumber  o r  c o n c r e t e ,  d r i v e n  i n t o  t h e  
seabed  f o r  s u p p o r t  o r  p r o t e c t i o n .  

d u n e ( s )  - a mound o r  r i d g e ,  o r  a c o l l e c t i o n  of mounds and r i d g e s ,  formed by wind 
a c t i o n  on s a n d .  

ebb-t idal  - d e l t a  - a d e l t a  formed by c u r r e n t s  g e n e r a t e d  by f a l l i n g  t i d e s .  

f a n  - a )  d e l t a  - a fan-shaped  a c c u m u l a t i o n  of r i v e r l s t r e a m  d e r i v e d  d e p o s i t s  
of s l o p e  a n g l e s  g r e a t e r  t h a n  5 O .  

b )  c l i f f  - a fan - shaped  a c c u m u l a t i o n  of u n c o n s o l i d a t e d  mater ia ls  ( s a n d ,  
e r a v e l s  o r  r u b b l e )  ;it t h e  b a s e  of  a c l i f f  d e r i v e d  from mass movement 
p r o c e s s e s  a f f e c t i n g  t h e  c l i f f  f a c e .  

f e t c h  - d i s t a n c e  o v e r  which  no ,  o r  n e g l i g i b l e ,  o b s t r u c t i o n  i n t e r f e r e s  w i t h  
t h e  f r i c t i o n  e f f e c t  of wind a g a i n s t  t h e  s u r f a c e  of a water body. A l s o  
f e t c h  l e n g t h .  

f l a t s  - t i d a l  - a f l a t  o r  g e n t l y  s l o p i n g  s u r f a c e  ( l e s s  t h a n  5') exposed  d u r i n g  
l o w  t i d e  and d e r i v e d  from t i d a l  p r o c e s s e s ;  u s u a l l y  c o n s i s t s  of f i n e  
s e d i m e n t s  (muds) w i t h  o r  w i t h o u t  o r g a n i c  d e t r i t u s  ( s e e  a l s o  c h a n n e l s ,  
t i d a l ) .  

f l o o d - t i d a l  - d e l t a  - a d e l t a  formed by c u r r e n t s  g e n e r a t e d  by a r i s i n g  t i d e .  

f o r e s h o r e  - t h e  zone be tween t h e  h i g h  water l i n e  and t h e  low water l i n e .  S e e  
a l s o  i n t e r t i d a l .  

g r o i n  (g rovne )  - low a r t i f i c i a l  w a l l  of d u r a b l e  material  e x t e n d i n g  f rom l a n d  i n t o  
w a t e r  f o r  a p a r t i c u l a r  p u r p o s e ,  s u c h  as  i n t e r f e r i n g  w i t h  t h e  t r a n s p o r t  
of bed l o a d  by c u r r e n t s ,  o r  p r o t e c t i o n  of a segment of c o a s t .  

h i g h  t i d e  p l a t f o r m  - r o c k  - a p l a t f o r m  e x t e n d i n g  from t h e  mean water l i n e  landward  
t o  t h e  h i g h  t i d e  l i n e .  S e e  a l s o  low t i d e  p l a t f o r m ,  p l a t f o r m .  



- 8 -  il 
Y 

i n c l i n e d  - a)  beach  - a s l o p i n g  d e p o s i t  of c o a r s e - t e x t u r e d  m a t e r i a l s  d e r i v e d  from 
non-marine p r o c e s s e s  u p s l o p e ,  o r ,  a s l o p i n g ,  f i n e - t e x t u r e d  d e p o s i t  i n  
s h e l t e r e d  e n v i r o n m e n t s ,  g e n e r a l l y  t h e  r e s u l t  of t i d a l ,  r a t h e r  t h a n  
wave, a c t i o n .  

b )  c l i f f  - a c l i f f .  of s l o p e s  be tween 20' and 35'. 

i n t e r t i d a l  - t h e  zone  between t h e  h i g h ,  h i g h  water  l i n e  and t h e  low, low w a t e r  
l ine .  See  a l s o  f o r e s h o r e .  

i r r e g u l a r  p l a t f o r m  - r o c k  - p l a t f o r m s  w i t h  hummocky s u r f a c e  topography  w i t h  l o c a l  
r e l i e f  of g r e a t e r  t h a n  1 metre. 

j e t t y  - a s t r u c t u r e  e x t e n d i n g  i n t o  t h e  sea d e s i g n e d  t o  p r e v e n t  s h o a l i n g  of  a 
c h a n n e l ;  u s u a l l y  b u i l t  a t  t h e  mouth of a r i v e r  o r  t i d a l  i n l e t  t o  h e l p  
deepen  and s t a b i l i z e  a c h a n n e l .  

l a g o o n  - s h a l l o w  s t r e t c h  of water i s o l a t e d  from t h e  open  sea by a b a r r i e r  b u t  
w i t h  c o n n e c t i o n  t o  t h e  sea. Lagoon d e p o s i t s  t e n d  t o  b e  f i n e - t e x t u r e d ,  
e x c e p t  n e a r  c h a n n e l s  where  c o a r s e r  t e x t u r e s  p r e d o m i n a t e .  

l e v e e  - a )  d e l t a  - a berm o r  bank of u n c o n s o l i d a t e d  mater ia ls  ra i sed  above  
t h e  s u r f a c e  o f  t h e  d e l t a  and a d j a c e n t  c h a n n e l .  

b )  t i d a l  f l a t  - a berm o r  bank of u n c o n s o l i d a t e d  sed imen t  formed 
b e s i d e  a t i d a l  c h a n n e l ;  i t  i s  e l e v a t e d  above  t h e  g e n e r a l  l e v e l  0 5  t h e  
s u r f  ace. 

low t i d e  - p l a t f o r m  - r o c k  - a p l a t f o r m  e x t e n d i n g  from low w a t e r  l i n e  t o  t h e  
mean water l i n e .  

o r g a n i c  l i t t e r  - v e g e t a t i v e  mat ter ,  e x c l u d i n g  t rees ;  i n c l u d e s  wood d e t r i t u s ,  
seaweed a c c u m u l a t i o n s  a n d / o r  marsh  p l a n t  a c c u m u l a t i o n s .  

p l a t f o r m  - r o c k  - a l e v e l  o r  i n c l i n e d  s u r f a c e ,  l e s s  t h a n  20°, formed by  long- te rm 
marine e r o s i o n a l  p r o c e s s e s ;  p r i m a r i l y  b e d r o c k ,  b u t  c a n  have  some ove r -  
l y i n g  s e d i m e n t  s. 

r a i s e d  - a)  beach  - beach  d e p o s i t s  t h a t  a re  c u r r e n t l y  above  t h e  l i m i t  of s to rm 
waves; c a n  r e s u l t  f rom low sea l e v e l s  o r  t e c t o n i c  u p l i f t .  

b )  d e l t a  - a d e l t a  d e p o s i t  above  t h e  h i g h  t i d e  l i n e  t h a t  i s  no l o n g e r  
a c c u m u l a t i n g ;  can  r e s u l t  from t e c t o n i c  u p l i f t  o r  lower  sea i e v e l s .  

c )  p l a t f o r m  - a p l a t f o r m  above  t h e  l i m i t  of s t o r m  waves and no l o n g e r  
s u b j e c t  t o  m a r i n e  p r o c e s s e s .  

I 

ramp - a) b o a t  - a s l o p e ,  g e n e r a l l y  c o n c r e t e ,  f o r  l a u n c h i n g  small  b o a t s .  

b )  p l a t f o r m  - r e g i o n a l  s l o p e  a n g l e s  o f  be tween 5' and 20' on bedrock .  

r e l i c t  - a c l i f f ,  p r e s e n t l y  a b o v e  t h e  l i m i t  o f  s t o r m  waves ,  b u t  a t  o n e  t i m e  was 
produced  o r  a f f e c t e d  by m a r i n e  and mass movement p r o c e s s e s ;  c a n  r e s u l t  
from t e c t o n i c  u p l i f t  a n d / o r  l ower  sea l e v e l s .  
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r i d g e  and s w a l e  - dunes  - nar row,  e l o n g a t e  sand r i d g e s  w i t h  s t e e p  s l o p e s  and 
i n t e r v e n i n g  h o l l o w s ;  a n  a s s e m b l a g e  of l i n e a r  r i d g e s  and h o l l o w s  w i t h  
l o c a l  r e l i e f  g r e a t e r  t h a n  1 metre .  

s e a s t a c k  - t a l l ,  i s o l a t e d  column of r o c k  r e s u l t i n g  g e n e r a l l y  from wave p r o c e s s e s  
t h a t  have  d e t a c h e d  i t  from a n e a r b y  s e a  c l i f f .  

s h e l l h a s h  - broken  s h e l l  m a t e r i a l  t h a t  h a s  accumula t ed  t o  such  a d e g r e e  t h a t  
i t  i s  a n  i n t e g r a l  p a r t  of t h e  beach  s e d i m e n t s ;  v a r i a b l e  t e x t u r e .  

s h e l l p i l e  - a )  a r e c e n t  a c c u m u l a t i o n  of waste s h e l l s  and s h e l l  f r a g m e n t s  a s  a 
r e s u l t  of commercial  s h e l l  f i s h e r y .  

b) a h i s t o r i c a l  d e p o s i t  of s h e l l  r e f u s e  a s s o c i a t e d  w i t h  m a n ' s  u s e  of 
t h e  s h e l l f i s h  r e s o u r c e s  - I n d i a n  s h e l l  middens .  

s p i t  - a s m a l l  p o i n t  composed of s and  a n d / o r  g r a v e l  p r o j e c t i n g  f rom t h e  s h o r e  
i n t o  a body of w a t e r ;  t h e  p a r t  exposed above  t h e  h i g h  water l i n e .  

s torm r i d g e  - beach  - l i n e a r  o r  e l o n g a t e  r i d g e  of c o a r s e - t e x t u r e d  beach  m a t e r i a l s  
f o u n d  a t  t h e  h i g h e s t  l e v e l  of a beach  p r o f i l e ;  formed by s t o r m  wave 
p r o c e s s e s .  

s u b t i d a l  - t h e  zone  t h a t  e x t e n d s  from t h e  low, low water l i n e  seaward  t o  t h e  
- 2 0  m e t r e  i s o b a t h .  

s u p r a t i d a l  - t h e  zone  t h a t  e x t e n d s  landward  from t h e  h i g h ,  h i g h  w a t e r  l i n e ;  
l andward  l i m i t  may b e  e s t a b l i s h e d  by any  o n e  of t h e  f o l l o w i n g :  
1) t o p  of a c o a s t a l  c l i f f ;  
2 )  t o  t h e  l i n e  of permanent t e r r e s t r i a l  v e g e t a t i o n ;  
3 )  t h e  landward  l i m i t  of e x t r e m e  m a r i n e  or  t i d a l  p r o c e s s e s .  

t e r r a c e  - a )  beach  - a n  a c c u m u l a t i o n  of beach  m a t e r i a l s  e x t e n d i n g  f rom t h e  low 
t i d e  l i n e  landward t o  t h e  b a s e  of t h e  beach  f a c e ;  u s u a l l y  less t h a n  3 % .  

b )  c l i f f  - a l t e r n a t i n g  s t e e p  faces and h o r i z o n t a l  o r  g e n t l y  s l o p i n g  
s u r f a c e s ,  t h e  s t e e p  component i s  u s u a l l y  more e x t e n s i v e .  

c )  p l a t f o r m  - a l t e r n a t i n g  h o r i z o n t a l  o r  g e n t l y  s l o p i n g  s u r f a c e s  and 
low, s t e e p  faces ( l e s s  t h a n  2 m e t r e s ) ;  t h e  h o r i z o n t a l  component i s  
more e x t e n s i v e .  

t i d e p o o l s  - p o o l s  of  s e a w a t e r  r e m a i n i n g  i n  d e p r e s s i o n s  on t h e  s u r f a c e  of a 
p l a t f o r m  a t  low w a t e r .  

tombolo - a s p i t  o r  beach  t h a t  e x t e n d s  from t h e  ma in land  o f  a n  i s l a n d  t o a n o t h e r  
i s l a n d ,  s o  t h a t  i t  becomes t i e d  t o  t h e  s h o r e ;  pa r t  exposed a b o v e  h i g h  
w a t e r  l i n e .  

t r e n c h  - a l o n g ,  na r row e x c a v a t i o n  a c r o s s  t h e  f o r e s h o r e ;  o r  a n  e x c a v a t i o n  t o  
p r o v i d e  moorage f o r  small b o a t s  i n  s h a l l o w  water o t h e r  t h a n  m a r i n a s .  
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of l e s s  t h a n  one  metre  t h i c k n e s s  o v e r -  
d i f f e r e n t  t e x t u r e d  ma te r i a l .  

washover c h a n n e l  - a c h a n n e l  formed by t h e  advance  of  seawater beyond normal  
l i m i t s ,  u s u a l l y  d u r i n g  s t o r m s  a n d / o r  t i d a l  s u r g e s  i n  advance  of s t o r m s ,  
s p e c i f i c a l l y  a c r o s s  b e a c h ,  s p i t  o r  low dune d e p o s i t s ;  a l s o  a n  a r e a  
where  t empora ry  submergence  h a s  o c c u r r e d .  

washover f a n  - a u s u a l l y  f an - shaped  d e p o s i t  on t h e  landward  s i d e  of a washover 
c h a n n e l  as  a r e s u l t  of s e d i m e n t  b e i n g  c a r r i e d  t h r o u g h  t h e  c h a n n e l ;  
a c t i v e  w h i l e  t h e  c h a n n e l  i s  a c t i v e .  

. . 
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