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I

ABSTRACT

●

A  d i v e r s u r v e y  o f h e r r i n g  s p a w n s  w a s c o n d u c t e d  i n t h e
F i n g e r s  a r e a  o f  L i v e r p o o l  B a y , N.W.T. d u r i n g  t h e  summer o f  1 9 8 5
t o d e t e r m i n e t h e t o t a l  n u m b e r  a n d  d i s t r i b u t i o n  o f d e p o s i t e d
h e r r i n g e g g s  a n d  t o  e s t i m a t e  h e r r i n g  b i o m a s s . I t  i s e s t i m a t e d
t h a t 8 . 2  t o n n e s  o f  h e r r i n g  d e p o s i t e d  a p p r o x i m a t e l y 568 X 106

eggs . S p a w n i n g  o c c u r r e d  i n  a  p r o t r a c t e d  p a t t e r n  f r o m  e a r l y  J u n e
t o  m i d - J u l y , a n d  i t  i s  n o t  k n o w n  w h e t h e r  s p a w n i n g  o c c u r r e d  a f t e r
t h i s date . The e s t i m a t e d i n c u b a t i o n  p e r i o d f o r  d e v e l o p i n g
h e r r i n g  e g g s  i n  t h e  F i n g e r s  A r e a  i s  2 4  d a y s . A  number o f  s p a w n s
h a t c h e d o u t  p r i o r  t o  b e i n g  s u r v e y e d . A  c o m p a r i s o n  o f p l a n k t o n
d a t a  t o known g r o w t h  r a t e s  a n d  d i s a p p e a r a n c e  r a t e s  o f l a r v a l
h e r r i n g i n  G e o r g i a  S t r a i t  ( B . C . )  s u g g e s t s  t h a t  n o m a j o r spawns
w e r e  m i s s e d  b y  t h e  s u r v e y  t e a m . E i g h t y  p e r c e n t  o f  d e p o s i t e d  e g g s
were l o c a t e d  i n  F i n g e r  1 , F i n g e r  2  a n d  i n  t h e  a p p r o a c h e s  t o  t h e
Kugaluk R i v e r . W i t h i n  a l l  t h e  s e v e n  F i n g e r s ,  m o s t  o f  t h e  s p a w n s
w e r e l o c a t e d  w i t h i n  6  k m . o f  t h e  h e a d  o f t h e f i n g e r s . M a j o r
s p a w n i n g s u b s t r a t e s i n c l u d e d t u n d r a d e b r i s , one s p e c i e s  o f
v a s c u l a r m a r i n e g r a s s (Zostera - l i k e )  a n d  a l e a f y r e d a l g a e
(Callophyllis - l i k e ) . H e r r i n g  s p a w n e d  o n  s u b s t r a t e  l o c a t e d  o n
s h a l l o w  s a n d / m u d  f l a t s , a t  d e p t h s  b e t w e e n  lm a n d  4.5m. W i t h  t h e
e x c e p t i o n o f  t h e  Kugaluk r e g i o n , t h e s e  d e p t h s  c o r r e s p o n d e d  w i t h
d i s t i n c t  thermoclines, w h e r e  s u r f a c e  t e m p e r a t u r e s  r a n g e d  b e t w e e n
8  a n d  12°C. S a l i n i t i e s  o f  t h e s e  s u r f a c e  w a t e r s  w e r e  b e t w e e n  6
a n d  160/oo. S u r f a c e  t e m p e r a t u r e s  a r o u n d  a r e a s  o f  s p a w n i n g  i n  t h e
Kugal uk r e g i o n w e r e  c o l d e r  (5-7°C)  a n d g e n e r a l l y more sal ine
( 1 1 - 1 7 0 / 0 0 ) . H y p o t h e s e s  e x p l a i n i n g  w h y  t h e r e  m a y  b e  m o r e  h e r r i n g

t h a n t h e  r e s u l t s  i n d i c a t e  a r e p r e s e n t e d . Recommendat ions f o r
f u t u r e  r e s e a r c h  a r e  s u g g e s t e d .
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INTRODUCTION

P a c i f i c h e r r i n g , Cl upea harengus pallasi, o c c u r i n t h e

n e a r s h o r e  Beaufort  S e a  a n d  L i v e r p o o l  B a y . I n  1 9 8 0  t h e  D e p a r t m e n t

o f F i s h e r i e s  a n d  O c e a n s  (DFO) i n i t i a t e d  a  s t u d y  t o  d e t e r m i n e  t h e

f e a s i b i l i t y  o f  e s t a b l i s h i n g  a  h e r r i n g  r o e  f i s h e r y  i n  t h e  B e a u f o r t

S e a  a r e a . T h i s  r e s e a r c h  w a s  i n i t i a t e d  i n  r e s p o n s e  t o  a r e q u e s t

f r o m  t h e  Inuvialuit  D e v e l o p m e n t  C o r p o r a t i o n , w h o  w e r e  i n t e r e s t e d

i n e x a m i n i n g t h e d e v e l o p m e n t  o f  c o m m e r c i a l f i s h e r i e s  i n t h e

MacKenzie D e l t a and c o a s t a l  B e a u f o r t S e a . The h e r r i n g r o e

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

w e i g h t , t h u s m i n i m i z i n g  t h e  i m p a c t  o f  t r a n s p o r t a t i o n  c o s t s  f r o m

t h e

1.

2 .

3 .

4 .

N o r t h w e s t  T e r r i t o r i e s  t o  t h e  J a p a n e s e  m a r k e t .

T h e  g o a l s  o f t h e D F O  s t u d y  w e r e  t o :

d e t e r m i n e when h e r r i n g s p a w n  i n t h e F i n g e r s a r e a o f

L i v e r p o o l  B a y .

d e t e r m i n e w h e t h e r  i t  w a s  p o s s i b l e  t o  c a p t u r e  h e r r i n g ,  i n

q u a n t i t y ,  just p r i o r  t o  s p a w n i n g  w h e n  t h e  r o e  a r e  i n  oPtimum

c o n d i t i o n .

d e t e r m i n e  w h e t h e r  t h e  r o e  c a n  b e  p r o c e s s e d  o n  s i t e  o r  a t

a  f a c i l i t y  n e a r b y .

d e t e r m i n e  w h e t h e r  t h e  r o e  i s  a  m a r k e t - a c c e p t a b l e  p r o d u c t .

To d a t e t h e s e o b j e c t i v e s h a v e b e e n me t (Gillman and

K r i s t o f f e r s o n , 1 9 8 4 ) . B o t h  r i p e  a n d  s p e n t  h e r r i n g h a v e b e e n

t a k e n i n T u k t o y a k t u k  H a r b o u r  a n d  t h e  F i n g e r s  A r e a  o f L i v e r p o o l

B a y  i n  e a r l y  s u m m e r  ( F i g u r e  1 ) . I n  l a t e  J u n e  1 9 8 3 ,  a p p r o x i m a t e l y

8 , 6 0 0  k g  o f  m a t u r e  h e r r i n g  w e r e  h a r v e s t e d  f r o m  t h e  l o w e r  e n d  o f
.-
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F i n g e r  O n e . A p p r o x i m a t e l y  4 0 0  k g  o f r o e w e r e  e x t r a c t e d f r o m

4,580 kg. of t h i s c a t c h  ( 8 . 7 %  r o e  y i e l d ) . The r o e

s h i p p e d  t o V a n c o u v e r f o r  m a r k e t e v a l u a t i o n a n d a s s e s s e d

m a r k e t a b l e .

The o b j e c t i v e  o f  t h i s  p r o j e c t  w a s  t o  d e t e r m i n e  t h e  s i z e

t h e h e r r i n g s t o c k i n  t h e  a r e a . I t  i s  e s s e n t i a l  t o h a v e

e s t i m a t e o f  s t o c k  s i z e  i n  o r d e r  t o  d e t e r m i n e  h a r v e s t  q u o t a s

t h e n a s s e s s w h e t h e r t h e  h e r r i n g s t o c k  w i l l a l l o w f o r

e c o n o m i c a l l y  v i a b l e  f i s h e r y .

Spawn d e p o s i t i o n s u r v e y s  p r o v i d e s t o c k e s t i m a t e s

was

a s

o f

an

and

an

b y

e n u m e r a t i o n  o f  e g g s  i n  t h e  s p a w n  a r e a . P a c i f i c  h e r r i n g  d e p o s i t

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

a n d  r o c k , i n  t h e  s u b t i d a l  a n d  i n t e r t i d a l  z o n e . I n  L i v e r p o o l  B a y ,

t h e s p a w n i n g p e r i o d w a s  t h o u g h t  t o  c o m m e n c e  w i t h i ce b r e a k u p

(Gillman a n d  K r i s t o f f e r s o n , 1 9 8 4 ) . I n  t h e  c o l d  A r c t i c  w a t e r  i t

was h y p o t h e s i z e d  t h a t  h e r r i n g  e g g s  w o u l d  t a k e  3 0  t o  4 0  d a y s  t o

h a t c h  (Alderdice,  p e r s .  comm.). T h i s  a n t i c i p a t e d  s p a w n i n g  p a t t e r n

p r o v i d e d t h e o p p o r t u n i t y  t o  c o n d u c t  a  t h o r o u g h  s p a w n  s u r v e y  o f

t h e  F i n g e r s  A r e a  f o l l o w i n g  i c e  b r e a k u p .

I n o r d e r t o  e s t i m a t e  t h e  s i z e  o f  t h e  h e r r i n g  s t o c k  i n t h e

F i n g e r ’ s A r e a , t h e  s p a w n  d e p o s i t i o n  s u r v e y  m e t h o d  w a s e m p l o y e d

f o l l o w i n g i c e b r e a k u p . T h e  r e s u l t s  o f  t h i s  s u r v e y p r o v i d e  a n

e s t i m a t e  o f t h e n u m b e r  o f  e g g s  d e p o s i t e d  i n

The se d a t a , c o u p l e d w i t h i n f o r m a t i o n Col:

f e c u n d i t y ( n u m b e r  o f  e g g s  p e r  f i s h ) , s e x  r a t

a g e c o m p o s i t i o n a l l o w t h e s p a w n i n g s t o c k

c a l c u l a t e d . D e c i s i o n s  c a n  t h e n  b e  m a d e  a s  t o  ‘

t h e s t u d y a r e a .

ected by DFO on

o and p o p u l a t i o n

o f fish to be

he potential for a .

vi”=ble h e r r i n g  r o e  f i s h e r y  i n  t h e  W e s t e r n  A r c t i c .
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S y n o p s i s  o f  H e r r i n g  S p a w n  S u r v e y  M e t h o d s

I n- B r i t i s h  C o l u m b i a , a n n u a l  a s s e s s m e n t s  o f  t h e  s t a t u s  o f

h e r r i n g s t o c k s a n d  f o r e c a s t s  o f  a b u n d a n c e  f o r  t h e n e x t s e a s o n

p r o v i d e  t h e  b i o l o g i c a l  b a s i s  f o r  s t o c k  m a n a g e m e n t . T h e  s p a w n i n g

e s c a p e m e n t (  t h e  n u m b e r  o f  f i s h  which e s c a p e  a  f i s h e r y  a n d  o t h e r

s o u r c e s o f m o r t a l  i t y t o  s p a w n )  i s  t h e s i n g l e m o s t i m p o r t a n t

c o m p o n e n t i n  d e t e r m i n i n g  s t o c k  s t a t u s  (Haegele et al., 1 9 7 9 ) .

The a b u n d a n c e  o f  t h e “ s p a w n i n g  e s c a p e m e n t ”  i s  e s t i m a t e d  f r o m  t h e

n u m b e r  o f  e g g s  d e p o s i t e d  ( H o u r s t o n  et al. 1 9 7 2 ) .

W i t h t h e  a d v e n t  o f  t h e  w e s t  c o a s t  r o e  f i s h e r y , t h e method

u s e d  t o c a l c u l a t e n u m b e r s  o f d e p o s i t e d  e g g s was b a s e d  o n

e s t i m a t e s  o f  l e n g t h , w i d t h  a n d  i n t e n s i t y  o f  s p e c i f i c s p a w n i n g s .

E g g s  p e r s q u a r e  y a r d  w e r e  d e t e r m i n e d  f r o m t h e s e o b s e r v a t i o n s .

S i n c e  1 9 7 8 ,  e g g  i n t e n s i t y  h a s  b e e n  r a t e d  i n  l a y e r s  o f  e g g s  r a t h e r

t h a n  o n  a n  i n t e n s i t y  s c a l e  a n d  n e w  c o n v e r s i o n s  t o  e g g s  p e r  s q u a r e

m e t e r h a v e  b e e n  i m p l e m e n t e d . A l t h o u g h t h e s e  m e t h o d s  a r e  s t i l l

i n  u s e , Haegele  a n d  H u m p h r i e s  ( 1 9 7 7 )  d e m o n s t r a t e d  t h a t  s p a w n i n g s

were n o t a c c u r a t e l y a s s e s s e d  b y  t h i s  m e t h o d a n d t h a t b e t t e r

r e s u l t s w e r e o b t a i n e d u s i n g  d i r e c t o b s e r v a t i o n s and s a m p l e s

c o l l e c t e d  b y  d i v e r s . S i n c e  1 9 7 5  t h e  H e r r i n g  I n v e s t i g a t i o n  B r a n c h

o f t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  h a s  b e e n  d e v e l o p i n g  a n d f i e l d

t e s t i n g a  d i v e r  b a s e d  s u r v e y  a t  a  v a r i e t y  o f s p a w n i n g  h a b i t a t s

t h a t  o c c u r  o n  t h e  B . C .  c o a s t .

The o v e r a l l  g o a l  o f  a  d i v e r  s u r v e y  o f  s p a w n  i s  t o e s t i m a t e

t h e t o t a l n u m b e r  o f  e g g s  d e p o s i t e d  b y  h e r r i n g  o n t h e s p a w n i n g

g r o u n d s . T o t a l e g g n u m b e r  i s  d e t e r m i n e d  f r o m  t h e  a r e a  o f t h e

spawn a n d  t h e  a v e r a g e  e g g  d e n s i t y . T h e  a r e a  i s e s t i m a t e d  b y
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o b s e r v i n g  t h e  l e n g t h  o f  s p a w n  a l o n g  t h e  s h o r e  a n d  m e a s u r i n g  s p a w n

w i d t h  a l o n g  t r a n s e c t  l i n e s  p l a c e d  p e r p e n d i c u l a r  t o  s h o r e .

T h e s e t r a n s e c t l i n e s  a l s o  s e r v e  a s  a  r e f e r e n c e g r i d f o r

s p e c i f i c l o c a t i o n s w h e r e  s a m p l e s  o f  s p a w n  ( e g g )  d e n s i t y  c a n  b e

c o l l e c t e d . A  q u a d r a t i s  p l a c e d  a t p r e d e t e r m i n e d i n t e r v a l s

a d j a c e n t  t o  t h e  t r a n s e c t  l i n e . A  s e r i e s  o f  quadrat o b s e r v a t i o n s

a r e made b y  t h e  d i v e r s  a n d  a l l  r o o t e d  v e g e t a t i o n  a n d  a t t a c h e d

e g g s c o n t a i n e d i n  t h e  q u a d r a t  a r e  c o l l e c t e d . T h e  s a m p l e s  a r e

s o r t e d i n t o d i s t i n c t v e g e t a t i o n t y p e s and w e i g h e d , and

subsamples  a r e  p r e s e r v e d  f o r  s u b s e q u e n t  l a b o r a t o r y d e t e r m i n a t i o n

o f  t h e  t o t a l  n u m b e r  o f  e g g s  i n  t h e  q u a d r a t . T h e  o r i g i n a l  q u a d r a t

o b s e r v a t i o n s , c o m b i n e d  w i t h  t h e  d i r e c t  e g g  c o u n t s  o b t a i n e d  i n  t h e

l a b o r a t o r y , a r e u s e d  t o  c a l c u l a t e  t h e  a v e r a g e  e g g  d e n s i t y  o f  a

s p e c i f i c spawn. T h i s  r e s u l t , t o g e t h e r w i t h t h e o r i g i n a l

d e t e r m i n a t i o n  o f t h e  s p a w n  a r e a , p r o v i d e s  a n  e s t i m a t e  o f t h e

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

C u r r e n t  r e s e a r c h  a t  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n ”  ( P B S )  h a s

f o c u s e d o n  d e v e l o p i n g  a  p r e d i c t i v e m o d e l  o f h e r r i n g spawn

i n t e n s i t i e s  b a s e d o n  d i v e r  o b s e r v a t i o n s . To c o n s t r u c t t h i s

m o d e l ,  a s e t o f  k e y s  h a s b e e n  d e v e l o p e d  w h i c h  r e l a t e d i v e r

o b s e r v a t i o n s t o  d i r e c t  c o u n t s  o f  e g g s  p e r  u n i t  a r e a  f r o m  q u a d r a t

s a m p l e s (Haegele et al, 1 9 7 9 ) . T h i s  m o d e l  h a s  b e e n r e c e n t l y

u p d a t e d  b y  S c h w e i g e r t  et al. ( 1 9 8 5 ) .

T h i s  p r e d i c t i v e  m o d e l  i s  c u r r e n t l y  b e i n g  r e f i n e d  b y PBS

s t a f f i n t h e  W e s t  C o a s t  f i e l d  p r o g r a m . I n  t h e m e a n t i m e , e g g

d e p o s i t i o n  e s t i m a t e s  m u s t  s t i l l  b e  m a d e  f r o m  d i r e c t  e g g  c o u n t s  o f

q u a d r a t s a m p l e s . T h e r e f o r e , i n t h e F i n g e r s A r e a s u r v e y ,

--

5



e s t i m a t e s  o f  e g g  d e p o s i t i o n  w e r e m a d e  f r o m  e g g  c o u n t s  o f  s a m p l e s .

H o w e v e r ,  a s e r i e s  o f  d i v e r  o b s e r v a t i o n s  w e r e  c o l l e c t e d  i n  o r d e r

t o f a c i l i t a t e  t h e  d e v e l o p m e n t  o f  a  p r e d i c t i v e  m o d e l  f o r  h e r r i n g

s p a w n  d e p o s i t i o n i n  t h i s  a r e a  i n  f u t u r e  y e a r s . I f  d i v e r  s u r v e y s

a r e  t o  b e  u s e d  r o u t i n e l y  i n  t h e  F i n g e r s  A r e a , a  p r e d i c t i v e  m o d e l

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

.-
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MATERIALS AND METHODS

S t u d y  A r e a  D e s c r i p t i o n

The F i n g e r s A r e a forms a 15 to 20 km. wide g e o g r a p h i c a l

b o u n d a r y  b e t w e e n L i v e r p o o l  B a y  a n d  t h e  E s k i m o  L a k e s  o n  t h e  s o u t h

w e s t s i d e  o f T u k t o y a k t u k  P e n i n s u l a  ( F i g u r e  1 ) . A series of

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

s m a l l  i s l a n d s , r e s t r i c t  t h e  w a t e r w a y s  b e t w e e n  L i v e r p o o l  B a y and

E s k i m o  L a k e s  t o  a  n u m b e r  o f  n a r r o w  c h a n n e l s . N u m b e r i n g  s e v e n  i n

t o t a l , t h e  i n l e t s  o r  ‘ F i n g e r s ” b e t w e e n  t h e s e  p e n i n s u l a s  c o m p r i s e

t h e main p o r t i o n  o f  t h e  s t u d y  a r e a . T h e  r e m a i n d e r  o f  t h e  s t u d y

a r e a  c o n s i s t s  o f  t h e  w a t e r w a y s  b e t w e e n  t h e  s e v e n  f i n g e r s  a n d t h e

T u k t o y a k t u k P e n i n s u l a , a l o n g  w i t h  t h e  a p p r o a c h e s  t o  t h e  Kugaluk

R i v e r e s t u a r y . F i g u r e 2  i l l u s t r a t e s  n i n e  s u b a r e a s  w i t h i n  t h e

m a i n  s t u d y  a r e a .

T h e  d i v e r  s u r v e y  o f  h e r r i n g  spawnings  w a s  c o n d u c t e d b e t w e e n

June 2 5  a n d  J u l y  2 0 , 1 9 8 5 . S i x  d i v e r / b i o l o g i s t s  a n d  t w o  l o c a l

Inuvialuit w o r k e d  f r o m  t w o  b a s e  c a m p s , l o c a t e d  o n t h e e a s t e r n

s h o r e  o f F i n g e r  O n e  a n d  t h e  s o u t h e r n  s h o r e  o f t h e T u k t o y a k t u k

P e n i n s u l a o p p o s i t e F i n g e r  T h r e e  ( F i g u r e  2 ) . Twin o t t e r and

C e s s n a  2 0 6  a i r c r a f t  e q u i p p e d w i t h  f l o a t s  w e r e  u s e d  t o t r a n s p o r t

p e r s o n n e l , e q u i p m e n t and s u p p l i e s  t o  t h e camp s i t e s . T h r e e

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

s t u d y . L o g i s t i c s u p p o r t  w a s  p r o v i d e d  b y  t h e  P o l a r C o n t i n e n t a l

S h e l f  P r o j e c t  l o c a t e d  i n  T u k t o y a k t u k .

--
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S a m p l i n g  T e c h n i q u e s

As l i t t l e  w a s  k n o w n  a b o u t  h e r r i n g  s p a w n i n g  p a t t e r n s  i n  t h e

‘.
a r e a , It w a s  n e c e s s a r y  t o  c o n d u c t  a  p r e l i m i n a r y  s u r v e y  i n o r d e r

to be s u r e t h a t  w e  c o u l d  a d e q u a t e l y  c o v e r  t h e  s t u d y a r e a i n

s u f f i c i e n t d e t a i l t o  f i n d  a r e a s  o f s i g n i f i c a n t s p a w n . T h i s

p o r t i o n  o f t h e  p r o g r a m  w a s  c o n d u c t e d  i n  F i n g e r  O n e  a s h e r r i n g

s p a w n  h a d  b e e n  p r e v i o u s l y  o b s e r v e d  i n  t h i s  i n l e t , a n d  F i n g e r  O n e

was a  p r i o r i t y  a r e a  f o r  t h e  p r e v i o u s  D F O  p r o g r a m (Gillman, and

K r i s t o f f e r s o n ,  1 9 8 4 ) .

T h r e e t y p e s  o f  d r e d g e s  w e r e t e s t e d  a t  t h i s  t i m e  b y  d r a g g i n g

them t h r o u g h k n o w n  a r e a s  o f  s p a w n i n g . The a c c u r a c y  o f e a c h

d r e d g e , d e t e r m i n e d b y t h e a b i l i t y  t o d r e d g e r e p r e s e n t a t i v e

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

d i v e r s . A n  A - F r a m e  d r e d g e  p r o v e d  t o  b e  b e s t  s u i t e d  f o r  s a m p l i n g

t h e  m u d  a n d  s a n d  b o t t o m  t y p e s  w h i c h  e x i s t  i n  t h e  s t u d y  a r e a . The

d r e d g e f r a m e  w a s  c o n s t r u c t e d  o f  t h r e e  5 0  c m  l o n g  1- x  3 “ p i e c e s

o f  w o o d , w i t h  n a i l s  a n d  t w o  3  l b . w e i g h t s  a t t a c h e d  t o  - t h e  b o t t o m

l e n g t h . A burlap bag was attached to the frame f o r t h e

c o l l e c t i o n  o f  d r e d g e  m a t e r i a l s , a n d  a  r o p e  b r i d l e  a t t a c h e d  t o  a

2 0  m  t o w  l i n e  w a s  u s e d  t o  p u l l  t h e  d r e d g e  w i t h  a  b o a t .

The l o w e r  p o r t i o n s  o f F i n g e r  O n e a n d  F i n g e r Two were

s u r v e y e d e x t e n s i v e l y  b y  d i v e r s i n  o r d e r  t o  b e c o m e  f a m i l i a r w i t h

t h e  h e r r i n g  s p a w n i n g  p a t t e r n s  i n  t h e s t u d y  a r e a . B a s e d  o n  t h i s

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

F i n g e r s  A r e a  w a s  d e v e l o p e d .

T h e  f i r s t  p h a s e  o f  t h e  p r o g r a m  c o n s i s t e d  o f  a  r e c o n n a i s s a n c e

s u r v e y t o  i d e n t i f y  a r e a s  w h e r e  s p a w n  w a s p r e s e n t . The s e c o n d

p h a s e c o n s i s t e d  o f  a  f o l l o w - u p  s u r v e y  t o  c a r e f u l l y  e x a m i n e e a c h
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s i t e w h e r e  s p a w n  w a s  f o u n d . F o l l o w i n g  t h e  p r e l i m i n a r y s u r v e y ,

t h e d r e d g e  w a s  u s e d  e x c l u s i v e l y  d u r i n g  t h e  r e c o n n a i s s a n c e p h a s e

o f  t h e  s u r v e y . D r e d g i n g  w a s  p e r f o r m e d  a t  r e g u l a r  i n t e r v a l s  a l o n g

t h e s h o r e , u s u a l l y  b y t w o  o r  t h r e e  b o a t s  w o r k i n g i n u n i s o n .

W i t h i n 6 km. o f  t h e  h e a d  o f  e a c h  f i n g e r , d r e d g e  s t a t i o n s were

s p a c e d  e v e r y  5 0 0  m e t r e s  a l o n g  s h o r e . S p a c i n g  e l s e w h e r e  w a s  1  k m .

o r o c c a s i o n a l l y  g r e a t e r . T h i s  p a t t e r n  w a s  b a s e d  o n t h e known

d i s t r i b u t i o n  o f  s p a w n  i n  F i n g e r  1  a n d  F i n g e r  2 .

The d r e d g e  w a s  d e p l o y e d  a t  a  d e p t h  o f  1 0  m e t r e s a n d t o w e d

t o w a r d s h o r e t o  a  d e p t h  o f  1  m e t r e  a t  a  s p e e d  o f a p p r o x i m a t e l y

o n e  k n o t . A f t e r  r e t r i e v i n g  t h e  d r e d g e , t h e  b o a t  c r e w  c a r e f u l l y

i n s p e c t e d t h e  c o n t e n t s  f o r  e g g s . I n c i d e n c e  o f  m a j o r  plants  o r

a n i m a l s  w e r e  r e c o r d e d  f o r  e a c h  d r e d g e  t o w , a n d  e g g s  w e r e s a v e d .

W h e n  e g g s  w e r e  f o u n d  i n  a  s a m p l e , t h e  c r e w  marked  t h e  s h o r e  w i t h

f l a g t a p e  i n d i c a t i n g  e i t h e r  t h e  s p e c i f i c  l o c a t i o n  o r , f o r  l a r g e

s p a w n s , t h e s t a r t a n d s t o p p o i n t s a l o n g t h e shore . E g g s

c o l l e c t e d f r o m t h e  d r e d g e  s a m p l i n g  w e r e  l a t e r  ex”amined  u s i n g  a

d i s s e c t i n g m i c r o s c o p e t o  d e t e r m i n e  t h e i r  a g e . S t a g e s  o f  e g g

d e v e l o p m e n t were d e t e r m i n e d  u s i n g  t h e  k e y  d e v e l o p e d  b y Outram

( 1 9 5 5 )  f o r  w e s t  c o a s t  spawnings. T h e  d e v e l o p m e n t  o f  e g g s  f r o m  a

k n o w n  s p a w n i n g  d a t e  w a s  p e r i o d i c a l l y  m o n i t o r e d  o v e r  t h e  c o u r s e  o f

t h e  s t u d y  a n d  c o m p a r e d  t o  O u t r a m ’ s  g u i d e . I n  a d d i t i o n ,  a  n u m b e r

o f e g g s  w e r e  k e p t  i n  t h e  l a b  a n d  m o n i t o r e d  d a i l y  u n t i l h a t c h i n g

o c c u r r e d . T h i s  i n f o r m a t i o n  w a s  u s e d  t o  d e t e r m i n e  t h e  d e v e l o p m e n t

p e r i o d  o f  h e r r i n g  e g g s , a n d  t o  e x a m i n e  t h e  s y n c h r o n y  o f h e r r i n g

s p a w n s  w i t h i n  a n d  b e t w e e n  t h e  F i n g e r s .

A f t e r c o m p l e t i o n  o f  t h e  d r e d g e  s u r v e y  i n  e a c h  f i n g e r , e a c h
.-
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a r e a was r e d r e d g e d  t o  m o r e  a c c u r a t e l y  d e f i n e t h e al ong s h o r e

l i m i t s  o f  t h e  s p a w n . A  d i v e  c r e w  t h e n  c o n d u c t e d  a  d e t a i l e d  s p a w n

s u r v e y  t o  d e t e r m i n e  t h e  w i d t h  o f  e a c h  s p a w n i n g  s o  t h a t  s p a w n  a r e a

c o u l d b e  c a l c u l a t e d , a s  w e l l  a s  e s t i m a t e  t h e  i n t e n s i t y  o f  s p a w n

d e p o s i t i o n . The H a e g e l e a n d  Schweigert t r a n s e c t method

(Schweigert a n d  Fournier, 1 9 8 2 )  w a s  i n a p p r o p r i a t e  f o r  t h e  s m a l l

s i z e  o f t h e spawn a r e a  a n d 1 Ow c o n c e n t r a t i o n  o f e g g s and

s u b s t r a t e  . I n s t e a d , t r a n s e c t s  t o e s t i m a t e  s p a w n w i d t h a n d

q u a d r a t s a m p l i n g  t o e s t i m a t e  e g g d e p o s i t i o n were c o n d u c t e d

s e p a r a t e l y . D i v e r s swam t r a n s e c t s  p e r p e n d i c u l a r  t o s h o r e  t o

measure t h e  d i s t a n c e  b e t w e e n  t h e  o u t e r  a n d  i n n e r e d g e  o f  s p a w n .

A l s o m e a s u r e d w i t h i n  t h i s  a r e a  w a s  t h e  d i s t a n c e w i t h s p a w n i n g

s u b s t r a t e . A  t a r g e t  o f  f i v e  w i d t h  t r a n s e c t s  p e r  k i l o m e t e r  o f

s p a w n  w a s  s e t .

Q u a d r a t s a m p l e l o c a t i o n s w e r e  c h o s e n  b a s e d  o n a v a i l a b l e

s u b s t r a t e  r a t h e r  t h a n  a  r a n d o m  p r o c e s s . T h i s  m e t h o d  o f  s e l e c t i v e

s a m p l i n g  w a s  n e c e s s a r y  b e c a u s e  o f  t h e  g e n e r a l l y  s p a r s e  .  s u b s t r a t e

c o v e r . W i t h  e a c h  q u a d r a t  s a m p l e , a  s e r i e s  o f  v i s u a l  o b s e r v a t i o n s

w e r e  r e c o r d e d . I n c l u d e d  w e r e  w a t e r  d e p t h ,  b o t t o m  t y p e ,  s u b s t r a t e

t y p e ,  p e r c e n t  o f  t h e  b o t t o m  c o v e r e d  w i t h  s u b s t r a t e ,  a n d  i n t e n s i t y

o f  s p a w n . A f t e r  r e c o r d i n g  t h e s e  o b s e r v a t i o n s ,  t h e  e n t i r e  q u a d r a t

c o n t e n t s w e r e  p l a c e d  i n t o  a  n u m b e r e d  b u r l a p  b a g . A  m i n i m u m  o f

f i v e  q u a d r a t  s a m p l e s  w e r e  c o l l e c t e d  f o r  e a c h  s p a w n . T h e  s a m p l i n g

w a s  d e s i g n e d  t o  o b t a i n  a s u f f i c i e n t  n u m b e r  o f  e a c h  m a j o r spawn

s u b s t r a t e  c a t e g o r y .

Sample P r o c e s s i n g

Q u a d r a t s a m p l e s  o f  s p a w n  w e r e  t r a n s p o r t e d  t o  t h e  f i e l d  c a m p
.-
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f o r  p r o c e s s i n g . T h e  s p a w n  d e n s i t y  w a s  d e t e r m i n e d  f o r  e a c h  s a m p l e

i n t e r m s o f  l a y e r s  o f  e g g s . T h e  s a m p l e s  w e r e  w e i g h e d  t o t h e

nearest- g r a m  ( w e t  w e i g h t )  a n d  p l a c e d  i n t o  labelled p l a s t i c  b a g s .

The s a m p l e s  w e r e  t h e n  p r e s e r v e d  i n  Gilson’s f l u i d  a n d t h e b a g s

h e a t s e a l e d a n d s t o r e d ” i n  5  g a l l o n  p l a s t i c  b u c k e t s . The

p r e s e r v e d  e g g s a m p l e s w e r e  l a t e r  t r a n s p o r t e d  t o t h e Bamfield

Mar i ne S t a t i o n , 1 o c a t e d i n Bamfield,  B . C . f o r f u r t h e r

p r o c e s s i n g .

A t  t h e  l a b o r a t o r y , e g g  s a m p l e s  w e r e  s p r a y e d  w i t h s e a w a t e r

t h r o u g h a  3 m m  m e s h  s c r e e n  s i z e , a n d  s u b s e q u e n t l y  a 602 urn mesh

s c r e e n  t o  c a t c h  t h e  h e r r i n g  e g g s . S i n c e  t h e  s p r a y i n g  p r o c e s s  w a s

n o t  s u c c e s s f u l  i n  r e m o v i n g  a l l  a t t a c h e d  e g g s  f r o m  t h e s u b s t r a t e ,

t h e  m a t e r i a l  o n  b o t h  s c r e e n s  h a d  t o  b e  e x a m i n e d  f o r  e g g s .

M a t e r i a l c a u g h t  o n  t h e  3 m m  m e s h  s c r e e n  w a s  e x a m i n e d  u n d e r  a

d e s k - t o p m a g n i f i e r  a n d  a l l  e g g s e n u m e r a t e d . The 602 urn mesh

s c r e e n c o l l e c t e d l o o s e e g g s a s  w e l l  a s  s m a l l b i t s  o f p l a n t

m a t e r i a l a n d  i n v e r t e b r a t e s  t h a t  w e r e  f o r c e d  t h r o u g h t h e l a r g e r

mesh s c r e e n d u r i n g t h e  s p r a y i n g  p r o c e s s . T h i s m i x t u r e was

p l a c e d  i n a  s a t u r a t e d  s o l u t i o n  o f  w a t e r  a n d  t a b l e sugar in a

l a r g e f i n g e r  b o w l . A f t e r  a  f e w  m i n u t e s , m o s t  o f  t h e m a t e r i a l

e x c e p t  t h e  h e r r i n g  e g g s  s a n k a n d  t h e  e g g s  c o u l d  b e  s c o o p e d  f r o m

t h e s u r f a c e . A l l t h e  e g g s  t h u s  r e c o v e r e d  f r o m  t h e  602um mesh

s c r e e n w e r e c o u n t e d  i n  a s m a l l t r a y u n d e r  a d i s s e c t i n g

m i c r o s c o p e  .

T e m p e r a t u r e / S a l i n i t y  a n d  P l a n k t o n  S a m p l i n g

T e m p e r a t u r e / s a l  inity p r o f i l e s a n d  p l a n k t o n t o w s

c o n d u c t e d t h r o u g h o u t t h e  F i n g e r s  A r e a  d u r i n g  t h e  c o u r s e  o f
--

were

t h e
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s t u d y . T e m p e r a t u r e a n d  s a l i n i t y  m e a s u r e m e n t s  w e r e  r e c o r d e d  a t

s t a n d a r d d e p t h s  ( 0 , 1 , 2 , 3 , 4 , 5 , 7 , 1 0  a n d  15m)  u s i n g  a  Y S I  M o d e l  3 3
. . .

t e m p e r a t u r e / s a l i n i t y  m e t e r . P l a n k t o n  t o w s  w e r e  p e r f o r m e d  u s i n g  a

330um  b l a c k , 1 / 2  m 2  S c o r  n e t  e q u i p p e d  w i t h  a N a r i s h i g e m e t e r .

H o r i z o n t a l t o w s  c o n s i s t e d  o f  l o w e r i n g  t h e  n e t  v e r t i c a l l y  t o t h e

p r e s c r i b e d  d e p t h , t o w i n g  a t  t h a t  d e p t h  f o r  f i v e  m i n u t e s  a t  2 - 3

k n o t s , a n d  t h e n  r e t r i e v i n g  t h e  n e t  v e r t i c a l l y . F o r  o b l i q u e  t o w s

t h e n e t w a s  e q u i p p e d  w i t h  a  2  l b . w e i g h t  a t t a c h e d  t o  i t s r i m .

The n e t  w a s  l o w e r e d  v e r t i c a l l y  t o  10m d e p t h , t h e n  t o w e d for 1

m i n u t e at depths of 10, 7.5, 5, 2.5m, a g a i n  a t 1 - 2  k n o t s .

B e t w e e n d e p t h s  t h e  n e t  w a s  r a i s e d  o b l i q u e l y  w i t h o u t  r e d u c t i o n  i n

t o w i n g  s p e e d . A t  m o s t  s t a t i o n s  f o u r  t o w s  w e r e p e r f o r m e d : two

h o r i z o n t a l  a t d e p t h s  o f  1.7m, o n e  a t  0 . 9 m  a n d  o n e  o b l i q u e t o w

f r o m 10m t o  t h e  s u r f a c e . A t  s h a l l o w  l o c a t i o n s  t h e  d e e p e r  t o w s

w e r e  d e l e t e d .

The p l a n k t o n  s a m p l e s  w e r e  f i x e d  i n  5% f o r m a l d e h y d e and

.  s t o r e d  i n  h e a t - s e a l e d  c o r e  b a g s . E a c h  s a m p l e  w a s  s c r e e n e d  a t  t w o

s e p a r a t e  o c c a s i o n s  f o r  f i s h  l a r v a e  o n  a  l i g h t  t a b l e . A l l  l a r v a e

f o u n d  w e r e r e m o v e d f r o m t h e s a m p l e s , c o u n t e d , i d e n t i f i e d ,

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

p r e s e n c e  o f  y o l k  s a c .

A  s e t  o f  t e m p e r a t u r e / s a l i n i t y  a n d  p l a n k t o n  s t a t i o n s w i t h i n

e a c h  F i n g e r  w e r e  m a d e  o n  t h e  s a m e  d a y . I n  a d d i t i o n , o n e  s e t  o f

r e p e a t m e a s u r e m e n t s f o r  e a r l y  a n d  l a t e  J u l y  w e r e c o n d u c t e d  in

s u b a r e a s  t h r e e  a n d  e i g h t .

.
.-
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RESULTS

,.

.

.

S p a w n .  L o c a t i o n s

A t o t a l  o f 7 6 6  r e c o n n a i s s a n c e d r e d g e s  w e r e c o n d u c t e d

t h r o u g h o u t  t h e  s t u d y a r e a . S p a w n  i n t e n s i t i e s  w e r e  n e v e r  g r e a t e r

t h a n  t r a c e  a m o u n t s . A  t o t a l  o f  3 0  s p a w n s  w e r e  l o c a t e d .  O f  t h e s e ,

1 8  w e r e s a m p l e d a n d 1 2  w e r e  n o t s a m p l e d .  I n f o u r  o f t h e

u n s a m p l e d  s p a w n s  t h e  e g g s  w e r e h a t c h e d  o u t , b u t  e g g  c a s e s were

s t i l l p r e s e n t  a l l o w i n g  t h e  m e a s u r e m e n t  o f  t o t a l  s p a w n  a r e a . The

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

s u b s e q u e n t d i v e r s u r v e y s  d i d  n o t  l o c a t e  s u f f i c e n t  e g g s  e g g s  t o

sample . F i g u r e s 3  t h r o u g h  1 1  i l l u s t r a t e  t h e  d r e d g e  s i t e s and

t h e  l o c a t i o n  o f  h e r r i n g  s p a w n s  w i t h i n  e a c h  s u b a r e a .

S p a w n i n g  S u b s t r a t e s

The maj or s p a w n  s u b s t r a t e s  c o n s i s t e d  o f  v a r i o u s f o r m s  o f

e r o d e d t u n d r a a n d t w o  t y p e s  o f v e g e t a t i o n . The v e g e t a t i o n

i n c l u d e d  a l e a f y  r e d  a l g a e (CallophylJ  is-like)  a n d - a v a s c u l a r

s e a g r a s s  s i m i l a r  t o  Zostera marina. T h e s e  s p a w n  s u b s t r a t e s  w e r e

b r o k e n  d o w n  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :

1 . Compact  Mat - i n t a c t  c l u m p s  o f  t u n d r a
2 . C o u r s e  D e b r i s  -  r o o t s , s t i c k s  a n d  s m a l l  b i t s  o f  t u n d r a
3 . F i n e  D e b r i s  - f i n e l y  e r o d e d  b i t s  o f  t u n d r a
4 . W o o d  C h i p s  - f r a g m e n t s  o f  w o o d  s m a l l e r  t h a n  5  m m
5 . L e a f y  R e d  A l g a e  -  Callophyllis  -like
6 . S e a g r a s s -  s i m i l a r  t o  Z o s t e r a  marina

D e p t h  o f  t h e h e r r i n g  s p a w n s  r a n g e d  b e t w e e n  1  m  a n d 4.5 m.

M o s t  o f  t h e s e  s p a w n s  w e r e  b e t w e e n  1  m  a n d  3  m  i n  d e p t h , and w e r e

l o c a t e d o n  s h a l l o w  s l o p i n g  s a n d / m u d  f l a t s . A l l  b u t  o n e  o f t h e

spawns w e r e l o c a t e d  i n  t h e  F i n g e r s  o r t h e a p p r o a c h e s  t o t h e

.-
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● D r e d g e  S i t e  -  Spawn

o D r e d g e  S i t e  -  N o  s p a w n

Spawn Area -  E g g s  P r e s e n t

N Spawn Area -  E g g s  H a t c h e d

c1. . .. . . .
:“.. Spawn Si te -  N o t  S u r v e y e d

Figure L e g e n d
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s p a w n s  w i t h i n  S u b a r e a  1  .
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● D r e d g e  S i t e  -  Spawn

o D r e d g e  S i t e  -  N o  s p a w n

❑ S p a w n  A r e a  -  E g g s  P r e s e n t
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F i g u r e  6 . L o c a t i o n  o f  t h e  r e c o n n a i s s a n c e  s i t e s  a n d  h e r r i n g
s p a w n s  w i t h i n  S u b a r e a  4 .
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● D r e d g e  S i t e  -  Spawn

o D r e d g e  S i t e  -  N o  s p a w n

❑ S p a w n  A r e a  -  E g g s  P r e s e n t
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F i g u r e  8 . L o c a t i o n  o f  t h e  r e c o n n a i s s a n c e  s i t e s  a n d  h e r r i n g
s p a w n s  w i t h i n  S u b a r e a  6 .
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Kugaluk  R i v e r  e s t u a r y . T w e n t y  o n e  o f  t h e  s p a w n s  w e r e  w i t h i n  6  km

o f  t h e  h e a d  o f  a  f i n g e r .

W h e n  a l l  o f  t h e  s p a w n s  w h i c h  w e r e  s a m p l e d  a r e  c o n s i d e r e d ,  8 0

p e r c e n t  o f  t h e  d e p o s i t e d  e g g s  w e r e l o c a t e d  a t  t h e  h e a d s  o f  F i n g e r

1 a n d  F i n g e r  2  a n d  w i t h i n  t h e  a p p r o a c h e s  t o  t h e Kugaluk R i v e r

e s t u a r y . S i x t e e n p e r c e n t  o f  t h e  e g g s  w e r e  l o c a t e d  i n  F i n g e r  7 ,

a n d  t h e  r e m a i n i n g  4  p e r c e n t w e r e  d i s t r i b u t e d  t h r o u g h o u t  t h e  r e s t

o f  t h e  s t u d y  a r e a .

Number o f  H e r r i n g  E g g s

T o t a l n u m b e r  o f

m u l t i p l y i n g t h e mean

o b s e r v e d spawn. Mean

s u b s t r a t e  t y p e s  ( t o t a l

e g g s  i n  t h e  s t u d y  a r e a was e s t i m a t e d  b y

d e n s i t y  o f  h e r r i n g  e g g s  b y  t h e are a o f

e g g  d e n s i t y  f o r  e a c h  o f  t h e s i x s a m p l e d

n u m b e r  o f  q u a d r a t s  =  1 3 0 )  w a s  u s e d .  E x c e p t

f o r c o a r s e  d e b r i s  s a m p l e s , m e a n  e g g  d e n s i t i e s  f r o m  a l l  q u a d r a t s

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

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

c o u l d  n o t  b e  g r o u p e d  b y  s u b a r e a  b e c a u s e  o f  l o w  s a m p l e  s i z e .  T h e r e

w e r e  a sufficent n u m b e r  o f  q u a d r a t  s a m p l e s c o n t a i n i n g c o u r s e

d e b r i s  t o a l l o w c a l c u l a t i o n  o f mean e g g  d e n s i t y f o r t h i s

s u b s t r a t e  t y p e  b y  s u b a r e a .

T a b l e  1 s u m m a r i z e s  m e a n  e g g  d e n s i t i e s  o f  s a m p l e d s u b s t r a t e

t y p e s w i t h i n t h e  s t u d y  a r e a . A  o n e - w a y a n a l y s i s  o f v a r i a n c e

i n d i c a t e s t h a t mean e g g d e n s i t y b e t w e e n t h e s i x s u b s t r a t e

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

(P< 0 . 0 5 ; A p p e n d i x  I ) .

T a b l e 2  s u m m a r i z e s  t h e  m e a n  e g g  d e n s i t i e s  o f  c o a r s e d e b r i s

s a m p l e s  w i t h i n  t h e  s i x  s u b a r e a s w h e r e  c o a r s e  d e b r i s  w a s  f o u n d .  A.-
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T a b l e  1 . M e a n  e g g  d e n s i t i e s  o f  s u b s t r a t e  t y p e s  s a m p l e d  t h r o u g h o u t
t h e  F i n g e r s  A r e a .

Mean egg
d e n s i t y

V e g e t a t i o n  T y p e *95% C.I. N
M-2

1. g r a s s 237 ~ 112 24
2 . foliose  r e d s 10836 ~ 5 5 7 4 17
3 . c o m p a c t  m a t 2 4 6 0 ~ 2766 13
4 . c o a r s e  d e b r i s 11507 ~ 6 3 7 0 51
5 . f i n e  d e b r i s 2 2 1 3 0 ~24307 9
6 . c o a r s e  c h i p s 17111 ~11158 16

T a b l e  2 . M e a n  e g g  d e n s i t i e s  o f  c o a r s e  d e b r i s  s a m p l e s .

Mean egg
d e n s i t y.

S u b a r e a ~95%  C.I. N.

1 36577 ~23274 12
2 666 ~ 771 5
5 347 ~ 4235 2
6 4359 ~ 4033 - - ~
8 5 6 8 3 ~ 3961 14
9 2789 ~ 1769 9

one way a n a l y s i s  o f v a r i a n c e i n d i c a t e s t h a t t h e mean e g g

d e n s i t i e s  o f t h e  c o a r s e  d e b r i s  s u b s t r a t e d i f f e r s i g n i f i c a n t l y

b e t w e e n  s u b a r e a s  (p<O.05;  A p p e n d i x  II)’

F o r e a c h s p a w n  t h e  a p p r o p r i a t e  m e a n  e g g  d e n s i t y v a l u e f o r

c o a r s e  d e b r i s  ( T a b l e  2 )  a n d t h e  o v e r a l l  m e a n  e g g  d e n s i t y  f o r  t h e

r e m a i n i n g f i v e  s u b s t r a t e  t y p e s  ( T a b l e  1 )  w e r e  m u l t i p l i e d  b y t h e

m e a s u r e d a r e a o f e a c h  s u b s t r a t e  t y p e  t o c a l c u l a t e t o t a l e g g

.-
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n u m b e r . T a b l e 3  s u m m a r i z e s  t h e  t o t a l  n u m b e r  o f e g g s  i n e a c h

s u b a r e a c a l c u l a t e d i n  t h e  a b o v e  m a n n e r . I t  i s e s t i m a t e d t h a t

4 8 2 . 9 3  x 1 0 6  h e r r i n g  e g g s  w e r e  d e p o s i t e d  i n  t h e  s t u d y a r e a (95%

c o n f i d e n c e  i n t e r v a l  = *336.54  x106).

Due t o  t h e  h i g h  d e g r e e  o f  v a r i a n c e  b e t w e e n  m e a n  e g g  v a l u e s ,

a s e c o n d m e t h o d  w a s  u s e d  t o  v e r i f y  t h e  esti~ate o f t o t a l e g g

n u m b e r s . A l l  q u a d r a t s a m p l e s  w i t h i n  a  s u b a r e a ( r e g a r d l e s s  o f

s u b s t r a t e type ) w e r e g r o u p e d  t o g e t h e r  t o c a l c u l a t e mean e g g

d e n s i t i e s ( T a b l e  4 ) . A  o n e - w a y  a n a l y s i s  o f  v a r i a n c e i n d i c a t e s

t h a t  m e a n  e g g  d e n s i t y  a l s o  v a r i e s  s i g n i f i c a n t l y  b e t w e e n  d i f f e r e n t

s u b a r e a s (P<o.ol; A p p e n d i x I I I ) . M e a n  e g g  d e n s i t y f o r  e a c h

s u b a r e a  w a s  m u l t i p l i e d  b y  t o t a l  s p a w n  a r e a  w“ithin t h a t  s u b a r e a  t o

c a l c u l a t e  a  s e c o n d  v a l u e  f o r  t o t a l  e g g  n u m b e r s .  U s i n g  t h i s  s e c o n d

method ( T a b l e  5 ) , i t  i s  e s t i m a t e d  t h a t  4 1 0 . 7 9  X 1 06  h e r r i n g  e g g s

were d e p o s i t e d i n t h e  s t u d y  a r e a  ( 9 5 % c o n f i d e n c e i n t e r v a l  =

~183.25 X106).

B o t h  m e t h o d s  o f  e s t i m a t i n g  t o t a l  e g g  n u m b e r s  p r o d u c e s i m i l a r

v a l u e s . The 9 5 %  c o n f i d e n c e  i n t e r v a l  r e m a i n s  w i d e  w h e t h e r t h e

d a t a  a r e g r o u p e d a c c o r d i n g  t o  s u b a r e a  o r  by s u b s t r a t e type .

T h e s e  c o n f i d e n c e  i n t e r v a l s  a r e  l i k e l y  a  r e s u l t  o f  l o w  s a m p l e  s i z e

a n d  p a t c h i n e s s  o f  h e r r i n g  s p a w n . T h e  a n a l y s e s  o f  v a r i a n c e  r e s u l t s

s u g g e s t t h a t t h e s e t w o  g r o u p i n g s  o f  v a r i a b l e s a r e val id and

s u c c e s s f u l  a t r e d u c i n g  t o t a l  s a m p l e v a r i a n c e s . F u t u r e s u r v e y

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

i n e a c h s u b a r e a  b y  s p a w n i n g  s u b s t r a t e  a n d a l l o c a t i n g s a m p l i n g

i n t e n s i t y a c c o r d i n g  t o  t h e  o b s e r v e d  v a r i a n c e s  o f  e a c h s u b s t r a t e

type . The d a t a  c o l l e c t e d  i n  t h i s  s t u d y  c a n  b e  u s e d  t o  p r o v i d e

es-~lmates  o f t h e  s a m p l e  e f f o r t  r e q u i r e d  t o a c h i e v e  a d e s i r e d
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~ble 3. Spawn survey res~~lts  and estimates of total egg numbers ~~sing mean egg

densities by substrate type.

‘t
Mean egg

spawn description stloreline t!~tal estimated density

eggs eggs tlot lengttl area substrate area . m–2

:i~ at i ons present l~ati:tled surveyed (m) imz) type~ (m~) (95% C . I . )

Total nbr
o f  eggs .106
(95X C.I.)

~barea  1

;pawn 1 x

;pawn “2 x

400 2360 4
5
6

400 3120 5
4
6

826 3 6 , 5 7 7  223,274 30.21 ~ 19.22

425 2 2 , 1 2 9  ~24,307 9.40 f 10.33

1109 1 7 , 1 1 1  :11,158 18.98 ~ 12.37

1872 2 2 , 1 2 9  L24,307 41.43 ~ 45.50

624 3 6 , 5 7 7  $ 2 3 , 2 7 4 22.82 ~ 14.52

624 1 7 , 1 1 1  fll,159 10.6EI ~ 6 . 9 6

3pawn 2 x 400
Spawn  4 x (300

Spawn  5a Y., 2, 000
3 6 , 5 7 7  :23,274 14.63 * 9 . 3 1

Spawn  5b 2, (]00 ~ 4 400
~ —

148.15 fl18.21
~btntals 3 0 3 5880

tibarea  2

Spawn 1

Spawn 2

Spawn 3
Spawn 4
Spawn 5

x

x

x
x
x— —

500 2850

400 2400

500 i 1,000
150 2550
100 ‘ 10

1283
1567
1920
480

11,000
2550

10

17,111 fll,i58
1 0 , 8 3 6  ~5,574

665 f 77 i
1 7 , 1 1 1  :11,158
1 0 , 8 3 6  :5,574
1 0 , 8 3 6  :5,574

665 ~ 721

21.95 ~ 14.32
16.98 : 8 . 7 3

1.28 f 1 . 4 8
8.21 ~ 5 . 3 6

119.2 f61.31
27.63 f 14.21

0.01 +  0 . 0 1

ubtotals 5 0 18,810
f105.41

o
195.26

2’7



I
Table 2. Spawn survey

densities by
i:l:tlltin~led  . . .

‘1

results and estimates of total  egg numbers using mean egg
substrate type.

Mean egg
spawn description shore l ine tota l estimated density

eggs eggs not length area substrate area . m-2
Li~~ati~ns present hatched surveyed (m) (m2) type* (m2) (95Z  C . I . )

Total nbr
o f  eggs  F106
(95% C.I.)

Subarea 3

Spawn 1 Y.,
Spawn’ 2 x
Spawn 3 _ x— —

4500
500
100

9900 i
1100 1

Subtlntals (] 2 1 !1,000

9900 236 ~ 112
1100 236 ~ 112

2.34 + 1.11
0 .26 ~ ().12

2.60 ~ 1 . 2 3

Subarea 4

Spawn 1 x 150
Spawn 2 Y., 500
Spawn 3 ~ 1000— 610~  1

6
5673 236 : 112

427 1711 511,158
1.34 ~ 0.64
7.31 L 4.76

Subttntals 1 0 2 61~o 8.65 f 5.40

Subarea 5

Spawn 1 x 500 . 5~ 3 330 2459 + 2766 0.81- — — f 0.91
4 220 346 ; 4 2 3 5 o~ * 0.93

Subtotals 1 0 0 550 0.89 * 1.84
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l e v e l  o f  s a m p l e  v a r i a n c e .

T a b l e  4 . Mean e g g  d e n s i t y  b y  s u b a r e a .

Mean egg
d e n s i t y

S u b a r e a
r-n- 2

95% C.I. N

1 33211 212184 27
2 7 0 7 4 ~ 3 7 4 3 28
4 269 ~ 144 15
5 187 ~ 365 5
6 2253 ~ 1875 20
8 4445 ~ 1 2 2 7 25
9 2574 ~ 1627 10

C o r r e c t i o n s  f o r  S p a w n  L e n g t h s  a n d  S a m p l e  I n t e r v a l

I n  a r e a s  w h e r e  s p a w n s  w e r e  c o n s i d e r e d  t o  o c c u r  ( w i t h i n  6  k m .

o f t h e  h e a d s  o f  t h e  F i n g e r s )  t h e  d r e d g e s  w e r e c o n d u c t e d  a t  5 0 0 m

i n t e r v a l s  a l o n g  s h o r e . A s s u m i n g  t h a t  t h e  d r e d g e  i s  1 0 0 %  e f f e c t i v e

i n d e t e c t i n g spawn, t h i s  s a m p l i n g  i n t e r v a l w o u l d  d e t e c t a l l

s p a w n s  5 0 0 m  o r  g r e a t e r  i n  l e n g t h , b u t  c o u l d  m i s s  s o m e  s p a w n s  l e s s

t h a n 5 0 0 m  i n l e n g t h . T o  e v a l u a t e t h e e f f e c t  o f sampl  ing

i n t e r v a l , known spawns l e s s  t h a n  5 0 0 m  i n  l e n g t h  w e r e g r o u p e d

i n t o IOOm i n t e r v a l s  a s  s h o w n  i n  F i g u r e  1 2 . O f  t h e s e f o u r t e e n

s p a w n s , f i v e w e r e  100-200m i n  l e n g t h  a n d  f i v e  w e r e  400-500m  i n

l e n g t h . T h i s  o b s e r v e d  f r e q u e n c y c a n  b e  c o r r e c t e d  b y  c o n s i d e r i n g

t h e p r o b a b i l i t y o f  d e t e c t i n g  s p a w n  o f  g i v e n  l e n g t h  b y u s i n g  a

5 0 0 m  s a m p l i n g i n t e r v a l ( T a b l e  6 ) . F o r e x a m p l e , r a n d o m l y
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e x p e c t e d f r e q u e n c y  i s 1 6 . 7  ( 5 / 0 . 3 0 ) . L i k e w i s e  9 0 %  o f  t h e 4oo-

500m s p a w n s  w e r e  d e t e c t e d  g i v i n g  a  t o t a l  e x p e c t e d f r e q u e n c y  o f

5 . 5 . A total of 2 8 . 5  s p a w n s  l e s s  t h a n  5001n a r e e x p e c t e d  b y

a p p l y i n g  t h e s e  c o r r e c t i o n s o v e r  a l l  l e n g t h  i n t e r v a l s .

T a b l e  6 . A c t u a l a n d  e x p e c t e d  n u m b e r  o f  s p a w n s  b y s p a w n  l e n g t h
i n t e r v a l , c o r r e c t i n g  f o r  p r o b a b i l i t y  o f  e r r o r  u s i n g  a
5 0 0 m  s a m p l e  i n t e r v a l .

C o r r .  N b r .
Spawn P r o b a b i l i t y O b s e r v e d E x p e c t e d Ave . E g g s / T o t a l  E g g s
L e n g t h o f  D e t e c t i o n Number Number Spawn x106 X106

(m) (~95% C . I . ) (~95% C . I . )

o - 9 9 0 . 1 0 0 0 0
1 0 0 - 1 9 9 0 . 3 5 1 6 . 7 5.74(~2.98) 95.86(~49.77)
2 0 0 - 2 9 9  0 . 5 1 2 . 0 0 0
3 0 0 - 3 9 9  0 . 7 3 4 . 3 3.05(~2.58) 13.12(~11.09)
4 0 0 - 4 9 9 0 . 9 5 5 . 5 28.68(L23.22) 157.74(&127.7)

SUBTOTALS 14 2 8 . 5 266.72(~188.57)

>500 1 . 0 16 16 301  .67(~197.77)

GRAND TOTAL (Corrected) 568.39(~386.34)

The se r e s u l t s  s u g g e s t  t h a t  a  c o n s i d e r a b l e  n u m b e r  o f spawns

m e a s u r i n g l e s s t h a t  5 0 0 m  w e r e  o v e r l o o k e d  u s i n g  a  5 0 0 m sampl  ing

i n t e r v a l  . W h i l e  a s h o r t e r  i n t e r v a l  w o u l d  h a v e  r e d u c e d  t h i s

p r o b l e m , t h e r e w o u l d n o t h a v e  b e e n  e n o u g h  t i m e  t o c o v e r t h e

e n t i r e s t u d y a r e a . F u t u r e  s u r v e y s  c o u l d i n c o r p o r a t e  a 200m

s a m p l e i n t e r v a l b y  u s i n g  p r i o r  i n f o r m a t i o n  f r o m  t h i s  s t u d y  a n d

p r e l i m i n a r y a e r i a l  s u r v e y s  t o  e x c l u d e  t h e  l a r g e  a r e a s  d e v o i d  o f

s u b s t r a t e  w h e r e  s p a w n i n g  i s  n o t  l i k e l y  t o  o c c u r .

C a r r y i n g t h e c a l c u l a t i o n s  i n  T a b l e  6  o n e  s t e p  f u r t h e r t h e

amount o f  u n d e t e c t e d  s p a w n  c a n  b e  r o u g h l y e s t i m a t e d . F o r e a c h

s p a w n  l e n g t h  i n t e r v a l  t h e  m e a n  n u m b e r  o f  e g g s  p e r  s p a w n  i s  g i v e n .
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C o r r e c t i n g f o r t h e  e x p e c t e d  n u m b e r  o f  s p a w n s  i n e a c h i n t e r v a l

p r o v i d e s a  c o r r e c t e d  e s t i m a t e  o f  t o t a l  s p a w n . I t  i s e s t i m a t e d

t h a t 1 4 . 5  s p a w n s  m e a s u r i n g  l e s s  t h a n  5 0 0 m  i n  l e n g t h  w e r e m i s s e d

b y  t h e  5 0 0 m  s a m p l i n g  i n t e r v a l . A p p r o x i m a t e l y  8 5 . 4  x  1 0 6  e g g s  ( 9 5 %

C.I. = 249.79 x  106) w e r e  d e p o s i t e d i n  t h e s e s p a w n s . When

a d d e d  t o t h e n u m b e r  o f  e g g s c a l c u l a t e d f r o m  g r o u p i n g spawn

s a m p l e s  b y s u b s t r a t e  t y p e  ( m e t h o d  1 ) , t h e  c o r r e c t e d  n u m b e r  o f

t o t a l e g g s i n  t h e  F i n g e r s  A r e a  i s  e s t i m a t e d  t o  b e 5 6 8 . 3 9  X106

e g g s  ( 9 5 %  C.I. = ~386.34  X  1 0 6 ) .

S p a w n e r  B i o m a s s

T h e  n u m b e r  o f  e g g s  p e r  g r a m  o f  t o t a l  f e m a l e  b o d y  w e i g h t  i s  a

u s e f u l measure o f  r e l a t i v e  f e c u n d i t y , p a r t i c u l a r l y f o r spawn

s u r v e y s u s e d  t o  e s t i m a t e  t o t a l  b i o m a s s  o f s p a w n i n g f i s h ( H a y ,

1 9 8 5 ) . Two a d v a n t a g e s  o f  t h e  e g g s  p e r  g r a m  e s t i m a t e  i n  P a c i f i c

h e r r i n g  i s i t s r e l a t i v e u n i f o r m i t y o v e r f i s h s i z e and

g e o g r a p h i c a l r e g i o n s . A s  a  r u l e  o f  t h u m b  f o r  B r i t i s h C o l u m b i a

h e r r i n g , a n  e s t i m a t e  o f  2 0 0  e g g s / f e m a l e  g r a m  i s  u s e d  t o c o n v e r t

e g g  n u m b e r s  t o  t o n n e s  o f  s p a w n e r s  ( H a y  1 9 8 5 ) . T h i s  r e p r e s e n t s  a

t o t a l  o f  1 0 8  e g g s  d e p o s i t e d  p e r  t o n n e  o f  s p a w n i n g  h e r r i n g  o f  b o t h

s e x e s .

B a s e d  o n f e c u n d i t y m e a s u r e m e n t s  o f p r e s p a w n i n g h e r r i n g

c o l l e c t e d i n t h e  F i n g e r s  A r e a  d u r i n g  J u n e  1 9 8 5 , t h e r e w a s  a n

a v e r a g e o f  1 3 8  e g g s  p e r  g r a m  o f  f e m a l e  h e r r i n g  ( R . T a n a s i c h u k ,

pers. comm. ) . R e s p e c t i v e f e c u n d i t i e s  o f  h e r r i n g  c o l l e c t e d i n

S u b a r e a s  1 , 2 , 4  a n d  5  a r e  1 1 6 , 1 5 0 , 1 5 1  a n d  1 3 6  e g g s  p e r  g r a m  o f

t o t a l  f e m a l e  w e i g h t  ( R . T a n a s i c h u k , p e r s . comm.). A l t h o u g h  t h e

f~-undities w e r e  s t a t i s t i c a l l y  d i f f e r e n t  b e t w e e n s u b a r e a s , t h e
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mean val ue c a n  b e  u s e d  t o  r o u g h l y  e s t i m a t e  s p a w n e r  b i o m a s s f o r

all of. the s p a w n s  w i t h i n  t h e s t u d y a r e a . T h i s a m o u n t s  t o

a p p r o x i m a t e l y 6 . 9  X 1 07  e g g s  p e r  t o n n e  o f  b o t h  s e x e s , a s s u m i n g  a

1:1 s e x  r a t i o . U s i n g  t h i s  c o n v e r s i o n  f a c t o r , i t  i s e s t i m a t e d

t h a t 8 . 2 4  t o n n e s  o f  h e r r i n g  s p a w n e d  i n  t h e F i n g e r s Are a (95%

C . I . = ~5.6 t o n n e s ) . E s t i m a t e s  o f  s p a w n e r  b i o m a s s  f o r  t h e n i n e

s u b a r e a s a l o n g w i t h  9 5 %  c o n f i d e n c e  i n t e r v a l s  a r e p r e s e n t e d i n

T a b l e  7 .

T a b l e  7 . E s t i m a t e s  o f  s p a w n e r  b i o m a s s  i n  t h e  F i n g e r s  A r e a .

E g g  N b r .
S u b a r e a X106 T o n n e s  o f  S p a w n e r s

(~95% C . I . ) ( 9 5 %  C . I . )

1
2
3
4
5
6
7
8
9

U n d e t e c t e d
Spawns

TOTAL

1 4 8 . 1 5  (~118.21)
1 9 5 . 2 6  (~105.41)

2.6 (~ 1 . 2 3 )
8 . 6 5  (~ 5 . 4 )
0 . 8 9  (~ 1 . 8 4 )
4 . 1 2  (~ 4 . 3 2 )

7 8 . 4 6  (~65.6)
4 3 . 7 6  (~ 3 3 . 8 3 )

1 . 0 4  (~ 0 . 7 0 )
8 5 . 4 6  (+ 4 9 . 7 9 )

5 6 8 . 3 9  (1384.33)

2 . 1 5  ( 0 . 4 4  -  4 . 2 1 )
2 . 8 3  ( 1 . 3 0  -  4 . 3 6 )
0 . 0 4  ( 0 . 0 2  -  0 . 0 6 )
0 . 1 3  ( 0 . 0 5  -  0 . 2 1 )
0 . 0 1  ( - 0 . 0 2 -  0 . 0 4 )
0 . 0 6  ( O -  0 . 1 2 )
1 . 1 4  ( 0 . 1 - 9  -  2 . 0 9 )
0 . 6 3  ( 0 . 1 4  -  1 . 1 2 )
0 . 0 2  ( - 0 . 0 1 -  0.03)
1 . 2 4  ( 0 . 5 2  -  1 . 9 6 )

8 . 2 4  ( 2 . 6 7  - 1 3 . 8 1 )

S p a w n i n g  D a t e s

The d e v e l o p m e n t  o f  h e r r i n g  e g g s  f r o m  k n o w n s p a w n i n g d a t e s

were p e r i o d i c a l l y  m o n i t o r e d  o v e r  t h e  c o u r s e  o f  t h e  s t u d y  a s  w e l l

a s m o n i t o r e d d a i l y  i n  t h e  l a b  u n t i l h a t c h i n g o c c u r r e d . T h i s

i n f o r m a t i o n was u s e d t o  e s t i m a t e t h e i n c u b a t i o n  p e r i o d f o r

h e r r i n g  e g g s i n  t h e  s t u d y  a r e a , a n d  t o  c a l c u l a t e  a c o n v e r s i o n
.-
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f a c t o r f o r  e g g  a g e a t  a  p a r t i c u l a r  e m b r y o n i c  s t a g e  i n Outram’s

( 1 9 5 5 ) key. It i s  e s t i m a t e d  t h a t  t h e i n c u b a t i o n p e r i o d f o r

h e r r i n g ’  e g g s i n  t h e  F i n g e r s  A r e a  i s  2 4  d a y s  i n  c o n t r a s t  t o  1 5

d a y s  i n  B r i t i s h  C o l u m b i a  w a t e r s . E g g  a g e s  d e s c r i b e d  i n  Outram’s

g u i d e w e r e  c o r r e c t e d  b y  a  f a c t o r  o f  1 . 6  t o  d e t e r m i n e  t h e  a g e  o f

h e r r i n g  e g g s  i n  t h e  F i n g e r s  A r e a .

T a b l e  8 s u m m a r i z e s  t h e  e s t i m a t e d  s p a w n i n g  d a t e s  f o r  a l l  t h e

s p a w n s  i n  t h e  s t u d y  a r e a  b a s e d  o n  e g g  a g i n g  d a t a . T h e  e a r l i e s t

o b s e r v e d s p a w n i n g d a t e  w a s  J u n e  1 2  i n  F i n g e r  2 . The l a t e s t

s p a w n i n g  d a t e  w a s  J u l y  1 6  i n  F i n g e r  1  a n d  t h e  a p p r o a c h e s  t o t h e

Kugaluk R i v e r . W i t h i n  f i n g e r s  2  t h r o u g h  7 , t h e  t i m i n g  o f  f i r s t

spawnings s e e m s t o  f o l l o w  a n  e a s t - w e s t  p a t t e r n . T h i s  p a t t e r n

s e e m s  t o p a r a l l e l t h e  p r o c e s s  o f  i c e b r e a k u p

w a r m i n g  o f  s u r f a c e  w a t e r s  i n  t h e s e  a r e a s . W i t h

F i n g e r  3 , s p a w n i n g  w i t h i n  a l l  t h e  s u b a r e a s  w a s

t h e  d u r a t i o n  o f  t h e  s t u d y .

P l a n k t o n  S u r v e y s

and s u b s e q u e n t

t h e  e x c e p t i o n  o f

p r o t r a c t e d o v e r

T o  d e t e r m i n e  i f  m a j o r  s p a w n s  h a d  h a t c h e d  p r i o r  t o  t h e  s u r v e y s  .

i n e a c h  s u b a r e a , p l a n k t o n  t o w s  w e r e  c o n d u c t e d  c o n c u r r e n t l y  w i t h

t h e  s p a w n  s u r v e y s . A  t o t a l  o f  1 6 7  p l a n k t o n  t o w s  w e r e made  at  48

s t a t i o n s  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y .

R a t y n s k i  ( 1 9 8 3 )  d e m o n s t r a t e d  t h a t , d u r i n g  t h e  s u m m e r months

( J u l y - A u g u s t ,  1 9 8 2 ) i n  T u k t o y a k t u k  harbour, h e r r i n g  l a r v a e were

most

r e p l

h e r r

a b u n d a n t  i n  t h e  s u r f a c e  w a t e r s . T h e r e f o r e  o n l y  d a t a  f r o m  t h e

c a t e s u r f a c e t o w s w e r e  c o n s i d e r e d f o r t h i s r e p o r t .  I f

n g l a r v a e  w e r e  p r e s e n t  i n  t o w s  a t  a  g i v e n  s t a t i o n  b u t were

a b s e n t f r o m  t h e  s u r f a c e  t o w s , a n  e s t i m a t e  o f  l a r v a l  d e n s i t y  w a s
--
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Subarea 1

Spaw 1
spawn 2
Spaun 3
spawn 4
spawn 5a
spawn 5b

Subar  ● a 2
spawn 1
spawn 2
spawn 3
spawn 4 (no eggs ● ged)
spawn S

Warea 3

spare 1 —

spare 2 —

spavn  3 (no +ggs  ● 9@d)

Subarea 4

spawn 1 (no eggs aged)
spawn 2
spawn 3

Subarea 5

spawn 1

Subar+a  6

spawn 1
spawn 2
spawn 3
spare 4
spawn 5

Subarea 7

s p a r e  1
spawn 2

Subarea E

spawn 1
spawn 2
spawn 3
spawn 4

Subar  ● a 9

spavn 1

.-

._
—

—

—
.—

—

—

T a b l e  8 . Sunkary o ’ f  e s t i m a t e d  s p a w n i n g  d a t e s  f o r  s p a w n s  l o c a t e d
i n  t h e  s t u d y  a r e a .



.

m a d e  f r o m  t h e  t o w  c o n t a i n i n g  t h e  l a r v a e . T h i s  o c c u r r e d  o n l y  a t

one s t a t i o n . T o  c a l c u l a t e  l a r v a l  d e n s i t y  a  m e a n  v a l u e  f r o m t h e

r e p l i c a t e  t o w s  w a s  u s e d . T h e  v o l u m e  o f  w a t e r  f i l t e r e d  w a s  t a k e n

t o b e  a n  a v e r a g e  o f  t h a t  i n d i c a t e d  b y  t h e  m e t e r  ( c a l i b r a t e d  i n  a

p o o l a f t e r  t h e  t r i p )  f o r  t h e  p a r t i c u l a r  t y p e  o f  t o w . T h i s was

d o n e t o  c o m p e n s a t e  f o r  t h e  t i m e s  t h e  m e t e r  m a l f u n c t i o n e d  i n t h e

f i e l d . E r r o n e o u s  r e a d i n g s  w e r e  n o t  u s e d  i n  e s t i m a t i n g  t h e mean

v o l u m e .

A  s u m m a r y  o f t h e p l a n k t o n  i n f o r m a t i o n  i s p r e s e n t e d i n

A p p e n d i x  I V . F i g u r e  1 3  i l l u s t r a t e s  t h e  d e v e l o p m e n t a l  s t a g e and

s i z e  c l a s s , r e l a t i v e  a b u n d a n c e  a n d  l o c a t i o n  o f  h e r r i n g  l a r v a e  i n

t h e  s t u d y  a r e a .

H e r r i n g  l a r v a e  w e r e  l o c a t e d  a t  t h e  h e a d s  o f  F i n g e r s 2 , 4 , 5 , 6

a n d  7 ; a n d  i n  t h e  a p p r o a c h e s  t o  t h e  Kugaluk  R i v e r . L a r v a e  w e r e

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

t h e s t u d y a r e a . W i t h t h e  e x c e p t i o n  o f  t h e l a t t e r l o c a t i o n ,

h e r r i n g l a r v a e w e r e f o u n d n e a r i d e n t i f i e d s p a w n s . L a r v a l

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

c a t e g o r i e s : ~0.01 l a r v a e  /m3 ; 0 . 0 5  l a r v a e  / m 3  a n d  0 . 4 0  l a r v a e

/m3.

D e v e l o p m e n t a l s t a g e s a n d  s i z e  c l a s s e s  o f  t h e l a r v a e were

a l s o  g r o u p e d  i n t o  t h r e e  c a t e g o r i e s . T h e s e  w e r e : O-7mm, y o l k  s a c

p r e s e n t ; 7 . 0  ~12ram, n o  y o l k  s a c  p r e s e n t ;  a n d  >12mm,  n o  y o l k  s a c

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

r e g a r d i n g a g e s  a n d  c o n c e n t r a t i o n s  o f  P a c i f i c  h e r r i n g  l a r v a e  i n

B r i t i s h  C o l u m b i a w a t e r s  i n  o r d e r  t o  d e t e r m i n e  t h e  m a g n i t u d e  o f

s p a w n i n g s  t h a t  m a y  h a v e  b e e n  m i s s e d .

A l d e r d i c e  a n d  Velsen  ( 1 9 7 1 )  s u g g e s t e d  t h a t  h e r r i n g  l a r v a e  i n

-- 39
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L a r v a l  D e n s i t y  a t  lm Depth* L a r v a l  S t a g e

/ l a r v a e  n o t  p r e s e n t

D
y o l k  s a c  p r e s e n t

o < 0.01 larvae/m3 o- 7.Omm

0 0 . 0 5  larvae/m3

u

7 . 0  <  12.Omm
n o  y o l k  s a c  p r e s e n t

o

0 . 4  larvae/m3

c1
>12.Omm
n o  y o l k  s a c  p r e s e n t

* Mean  o f 2  r e p l i c a t e  h o r i z o n t a l t o w s . P r e s e n c e  o r a b s e n c e
c o r r o b o r a t e d  b y  h o r i z o n t a l  t o w s  a t  Om a n d  2m t o w s , a n d  a n  o b l i q u e
t o w  f r o m  5 m  -  Om.

L e g e n d  f o r  F i g u r e  1 3

--

—
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F i g u r e  1 3 . S u m m a r y  o f  d e v e l o p m e n t a l s t a g e ,  r e l a t i v e  a b u n d a n c e

a n d  l o c a t i o n  o f  h e r r i n g  l a r v a e  w i t h i n  t h e  s t u d y  a r e a .
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I

t h e S t r a i t  o f  G e o r g i a  w h i c h  h a d  v e s t i g e s  o f  y o l k  r e m a i n i n g were

l e s s  t h a n  s e v e n  d a y s  o l d , a n d  t h a t  l a r v a e  g r e w  a t  a  r a t e  o f  0 . 4 8

-  0.52rnm/day a t  t e m p e r a t u r e s  o f  8 . 8  -  9.1°C. Von W e s t e r n h a g e n

a n d  R o s e n t h a l  ( 1 9 7 9 )  e s t i m a t e d  t h a t  l a r v a e  ( a p p r o x i m a t e l y 14mm)

o f t h e s a m e  p r e s u m e d  a g e  c o l l e c t e d  in t h e  s a m e  a r e a  g r o w  a t  a

r a t e  o f  a b o u t  0.46mm/day  a t  t e m p e r a t u r e s  o f  1 0 . 1  -  11.5°C.

A r a i  a n d  H a y  ( 1 9 8 2 )  e s t i m a t e d  t h a t  t h e  r a t e  o f  d i s a p p e a r a n c e

o f  h e r r i n g  Iarvae f r o m  t h e  i n s h o r e  w a t e r s  o f  B a y n e s  S o u n d  ( S t r a i t

o f G e o r g i a )  w a s  4 5  p e r c e n t  p e r  w e e k . I n  a d d i t i o n  A r a i  a n d Hay

(1982) e s t i m a t e d  l a r v a l  d e n s i t i e s  f o r  i n s h o r e  w a t e r s  o f G e o r g i a

S t r a i t d u r i n g  t h e  h a t c h i n g  p e r i o d . I n  o n e  r e g i o n , t h e y f o u n d

d e n s i t i e s  o f  P a c i f i c  h e r r i n g  l a r v a e  ( 1 9 8 1 , B a y n e s  S o u n d )  i n  t h e

u p p e r 5 m  r a n g e d  f r o m  1 2 0 0 / 1 0  m  3  a t  t h e  t i m e  o f maximum l a r v a l

d e n s i t y , r e d u c i n g  t o 150/10m3 s e v e n  d a y s l a t e r , and 30/10m3

f o u r t e e n  d a y s  l a t e r .

A l t h o u g h  i t  w o u l d  b e  e r r o n e o u s  t o  a s s u m e  s i m i l a r  g r o w t h and

d i s a p p e a r a n c e r a t e s f o r h e r r i n g l a r v a e i n t h e A r c t i c ,  a

c o m p a r i s o n t o  e s t i m a t e  a p p r o x i m a t e  h a t c h i n g  d a t e s a n d r e l a t i v e

i n t e n s i t i e s  o f  m i s s e d  s p a w n s  w o u l d  b e  u s e f u l . A s  s e e n  i n  F i g u r e

1 3  v e r y f e w  l a r v a e  w e r e  c o l l e c t e d  d u r i n g  t h e s t u d y . I n  m o s t

a r e a s where l a r v a e w e r e  f o u n d , t h e  c o n c e n t r a t i o n s were 0 . 0 5

larvae/m3 o r  l e s s . I t  i s  t h e r e f o r e  a s s u m e d  t h a t  n o  m a j o r  s p a w n s

h a t c h e d  o u t  p r i o r  t o  b e i n g  s u r v e y e d .

T w o  s i z e  c l a s s e s  o f  h e r r i n g  l a r v a e ,  a t  c o n c e n t r a t i o n s  o f  0.4

larvae/m3 w e r e  f o u n d  i n  S u b a r e a  8  o n  J u l y  6 . I f  a  g r o w t h  r a t e  o f

0.46mm/day  i s a s s u m e d  f o r  t h e  t w o  s i z e  c l a s s e s  o f l a r v a e t h a t

w e r e  s a m p l e d , t h e i r  a p p r o x i m a t e  a g e s  w o u l d  b e  1 5  t o 2 6  d a y s  a n d

gr~-ater t h a n  2 6  d a y s . I f  a  d i s a p p e a r a n c e  r a t e  o f  4 5  p e r c e n t  p e r
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week i s  a s s u m e d  o v e r  f o u r  w e e k s , the maximum c o n c e n t r a t i o n  o f

l a r v a e a t  t h e  t i m e  o f  h a t c h i n g  w o u l d  b e  4 . 4  larvae/m3 ( b a s e d  o n

t h e l a r g e s t s i z e c a t e g o r y )  . C o m p a r e d  t o maximum l a r v a l

d e n s i t i e s i n  G e o r g i a  S t r a i t , i t  w o u l d  a p p e a r t h a t spawns i n

S u b a r e a 8  w h i c h  h a t c h e d  p r i o r  t o  b e i n g  s u r v e y e d  w e r e n o t v e r y

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

c o n c e n t r a t i o n  o f h e r r i n g l a r v a e t h r o u g h o u t t h e s t u d y a r e a

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

b y  t h e  s u r v e y .

W a t e r  T e m p e r a t u r e  a n d  S a l i n i t y

L o c a t i o n s  o f a l l t h e t e m p e r a t u r e / s a l  inity s t a t i o n s a r e

i l l u s t r a t e d i n  F i g u r e  1 4 . S a m p l i n g  d a t e s  a l o n g  w i t h r e c o r d e d

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

A p p e n d i x  V . Figure 1 5  i l l u s t r a t e s  t h e  t e m p e r a t u r e  a n d s a l i n i t y

p r o f i l e  a t  t h r e e  s t a t i o n s  w i t h i n  F i n g e r  3  o n  J u l y  1 0  a n d  J u l y  2 0 .

T h e  t e m p e r a t u r e  o f  t h e  u p p e r  3 m  o f  w a t e r  a t  t h e  h e a d  o f  F i n g e r s  3

was 12.5oC  ( J u l y  1 0 )  a n d  t h e  s a l i n i t y  o f  t h i s  w a t e r  w a s b e t w e e n

10 a n d 120/~o. W a t e r t e m p e r a t u r e s r e m a i n e d a b o v e 100C

a n d s a l i n i t i e s r e m a i n e d  b e l o w  130/oo  t o  a  d e p t h  o f  5 m  a t b o t h

S t a t i o n  1  a n d  S t a t i o n  2 . Be low 5m, t e m p e r a t u r e s  d r o p p e d  t o  5-6oC

a n d  s a l i n i t i e s  i n c r e a s e d  t o 16-190/oo. W a t e r  t e m p e r a t u r e s  a t  t h e

m o u t h  o f t h e F i n g e r  ( J u l y  1 0 )  w e r e  b e t w e e n  7  a n d 100C, and

s a l i n i t i e s  w e r e  b e t w e e n  1 4  a n d  150/oo t o  a  d e p t h  o f  3 m . Below 3m

w a t e r t e m p e r a t u r e d r o p p e d t o  4.5oC a n d  s a l i n i t y i n c r e a s e d  t o

lGO/OOc

T h i s  s a m e  p a t t e r n  i s  o b s e r v e d  i n  f i n g e r s  4 , 5 , 6  a n d  7 d u r i n g

t h e f i r s t  2  w e e k s  o f  J u l y . S u r f a c e  w a t e r  a t  t h e  h e a d s  o f  t h e s e

.-
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F i g u r e  1 4 . L o c a t i o n s  o f  t e m p e r a t u r e  a n d  s a l i n i t y  s t a t i o n s
w i t h i n

t h e  s t u d y  a r e a .
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i n l e t s  w a s  w a r m e r a n d  l e s s  s a l i n e  t h a n  w a t e r  a t  t h e  m o u t h  o f  t h e

F i n g e r s . W i t h i n 5-6km f r o m t h e h e a d s  o f t h e s e F i n g e r ,  a

thermocline g e n e r a l l y e x i s t e d  b e t w e e n  3 and 5 m , a b o v e wh i ch

t e m p e r a t u r e s r a n g e d b e t w e e n  1 0  a n d  1 2 0 C  . S a l i n i t i e s  o f t h i s

s u r f a c e  w a t e r  r e m a i n e d  b e t w e e n  9  a n d  140/oo. A l l  o f  t h e spawns

i n t h e s e F i n g e r s  w e r e  l o c a t e d  a t  d e p t h s  w i t h i n  t h i s  w a r m e r and

l e s s  s a l i n e  s u r f a c e  w a t e r .

The t e m p e r a t u r e  a n d  s a l i n i t y  p r o f i l e s  f o r  t h e  w a t e r w i t h i n

F i n g e r 3 on J u l y  2 0  i n d i c a t e a  m i x i n g  o f t h e w a t e r c o l u m n .

A l t h o u g h t h e g e n e r a l  p a t t e r n  o f  w a r m e r  t e m p e r a t u r e s a n d l o w e r

s a l i n i t i e s  ( a s  o n e  p r o c e e d s  s o u t h )  i s  s t i l l  e v i d e n t , t h e r e  i s  n o

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

t h e  i n l e t . M i x i n g  o f  t h e

i n c r e a s e d s u r f a c e w a t e r

c o m b i n e d  w i t h  h i g h  w i n d s .

i n l e t s .

w a t e r  c o l u m n  w a s  m o s t  l i k e l y  c a u s e d  b y

c i r c u l a t i o n f o l l o w i n g i c e  b r e a k u p ,

T h e r e  i s  no  c o m p a r a b l e  d a t a  f o r  o t h e r

Hydrographic  c o n d i t i o n s o f  t h e  w a t e r w i t h i n t h e Kugaluk

a p p r o a c h e s , F i n g e r 1 ,  a n d F i n g e r  2  w a s d i f f e r e n t t h a n t h o s e

d e s c r i b e d  f o r  F i n g e r s  4  -  7 . T h i s  i s  l i k e l y  d u e  t o  t h e  i n f l u e n c e

o f  L i v e r p o o l B a y  a n d  f r e s h w a t e r  r u n o f f  f r o m  t h e  Kugaluk R i v e r .

F i g u r e  1 6  i l l u s t r a t e s  t e m p e r a t u r e  a n d  s a l i n i t y  p r o f i l e s  i n  F i n g e r

2  ( J u l y  3 )  a n d  i n  t h e  a p p r o a c h e s  t o  t h e  Kugaluk R i v e r  ( J u l y  7 ) .

I n  F i n g e r 2  t h e  thermocline w a s  m u c h  s h a l l o w e r ( a p p r o x i m a t e l y

2m). T o w a r d s  t h e  h e a d  o f  t h e  F i n g e r , s u r f a c e  w a t e r  t e m p e r a t u r e s

w e r e  still b e t w e e n  8  a n d  1 2 0 C  a n d  s a l i n i t i e s  r a n g e d  b e t w e e n  6  a n d

160/00.

T e m p e r a t u r e s  a n d s a l i n i t i e s  o f  t h e  w a t e r  a t s t a t i o n s  i n

S u b a r e a  8 i n d i c a t e  t h a t  t h e  f r e s h  w a t e r  f r o m  t h e  Kugaluk R i v e r

.-
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inlets was warmer and less saline than water at the mouth of the

Fingers. Within 5-6km from the heads of these Finger, a

thermocline generally existed between 3 and 51n, above which

temperatures ranged between 10 and 12°C . Salinities of this

surface water remained between 9 and 14°/00. All of the spawns

in these Fingers were located at depths within this warmer and

less saline surface water.

The temperature and salinity profiles for the water within

Finger 3 on July 20 indicate a mixing of the water column.

Although the general pattern of warmer temperatures and lower

salinities (as one proceeds south) is still ● violent, there is no

layering of warmer, less saline surface water towards the head of

the inlet. Mixing of the water column was most likely caused by

increased  sur face water circulation following ice breakup,

combined with high winds. There is no comparable data for other

inlets.

Hydrographic  conditions of the water within the Kugaluk

approaches, Finger 1, and Finger 2 was different than those

described for Fingers 4 - 7. This 1s likely due to the influence

of Liverpool Bay and freshwater ru;off from the Kugaluk River.

Figure 16 illustrates temperature and salinity profiles in Finger

2 (July 3) and in the approaches to the Kugaluk  River (July 7).

In Finger 2 the thermocline was much shallower (approximately

2m). Towards the head of the Finger, surface water temperatures

were still between 8 and 120C and salinities ranged between 6 and

160/00,

Temperatures and salinities of the

Subarea 8 indicate that the fresh water

45

water at stations jn

from the Kugaluk River

.-



44

0-

1

2

3-

=
X5
+
n
u
0

7

SUBAREA 2
JULY 3

2 4 6 8 10 12 14

0

I

2

3

7

10

4

1 >

( )

(

4)

SUBAREA B
JULY 7

m
I 1 I 1 1 1 1
2468101214

TEMP(”C)

o

1-

2-

3 -

8
5 -

7 -

JULY 3

10 1
8 10 12 14 16 18 20

0-

1-

2-

3-

5-

7-

1

SUBAREA 8
JULY 7

lo~8 10 12 14 16 Ie 20
SALINITY (“/.. )

Figure 16. Temperature and salinity profiles in Subarea z and

Subarea 8. 0= head of subarea; A = middle of

subarea; D . moth of subarea; # ‘ statiOn number.

.-



was w e l l m i x e d w i t h t h e L i v e r p o o l Bay w a t e r m a s s . W a t e r

t e m p e r a t u r e s  a t two s t a t i o n s r a n g e d b e t w e e n  5 and 70C.

S a l i n i t i e s  a t  S t a t i o n  3  r a n g e d  b e t w e e n  1 6  a n d  2 1 ° / 0 0 . S a l i n i t i e s

a t S t a t i o n  1  i n c r e a s e d  f r o m  10.50/oo  a t  t h e  s u r f a c e  t o  130/oo a t

5m. B e l o w  t h i s  d e p t h  s a l i n i t y  d r o p p e d  t o  60/oo, r e s u l t i n g  i n  a

d e n s i t y  i n v e r s i o n .

B e n t h i c  C o m m u n i t y  C o m p o s i t i o n

A p p e n d i x  V I d e s c r i b e s t h e f l o r a  a n d  f a u n a  o f t h e n i n e

subareas  . The shorel ine o f  t h e  F i n g e r s c o n s i s t e d  o f s h a l l o w

s a n d / m u d s h e l v e s  w h i c h  g r a d u a l l y  s l o p e d  t o  a  l o w e r  p l a t e a u . The

s h e l v e s  i n  m o r e  e x p o s e d  a r e a s  (  t h o s e  t o w a r d s  t h e  m o u t h  o f  i n l e t s

o r t h o s e  w h i c h  p r o t r u d e d  o f f s h o r e ) w e r e  p r e d o m i n a n t l y  f o r m e d  o f

s a n d . B o t h  t h e s e s h e l f  a r e a s  w e r e  g e n e r a l l y f e a t u r e l e s s w i t h

o c c a s i o n a l s c a t t e r e d  d e b r i s . T h e  d e b r i s  w a s  c o n c e n t r a t e d  i n  a

n a r r o w b a n d  i m m e d i a t e l y  a b o v e  t h e  s l o p e  a n d  s e r v e d  a s  t h e m a j o r

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

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

c o n c e n t r a t i o n s  o f  e r o d e d  t u n d r a , w o o d  c h i p s  a n d  ‘ o r g a n i c  d e b r i s .

T h e  s l o p e  s t a r t e d  a t  a  d e p t h  o f  1 . 5  t o  3 m , c o n s i s t e d  o f  m u d ,

a n d  w a s  t y p i f i e d  b y  Tubularia SP. a n d  Mytjlus  eduljs. H a l f  w a y

down t h e s l o p e  f i n g e r  s p o n g e s  (Haljclona Sp.) were p r o l i f i c .

Tubularla  s p . w a s  l e s s  c o m m o n  b u t  p r e s e n t  o n  t h e  l o w e r p l a t e a u .

A m p h i p o d s  w e r e  q u i t e  c o m m o n . S p o n g e s  a n d  m u s s e l s  e x t e n d e d  a c r o s s

t h e l o w e r  p l a t e a u , o f t e n  d o w n  t o  1 5 m . T h e  t u n i c a t e Globeringia

S p . w a s  o c c a s i o n a l l y  f o u n d  o n  t h e  s l o p e  a n d  t h e l o w e r  p l a t e a u .

Towards t h e h e a d  o f  e a c h  f i n g e r , h e a v y  s i l t a t i o n  c o v e r e d  all

f l o r a  a n d  f a u n a  i n h a b i t i n g  t h e  s l o p e s  a n d  l o w e r  p l a t e a u s .

.-
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A Cajlophyll  is-like foliose r e d  a l g a e  w a s  f o u n d  i n v a r i e d

l o c a t i o n s  t h r o u g h o u t  t h e  s t u d y  a r e a . I d e n t i f i c a t i o n  o f  t h i s  a l g a e

was n o t  p o s s i b l e  d u e  t o  t h e  l a c k  o f r e p r o d u c t i v e t i s s u e . T h i s

p l a n t p r o v i d e d  s e t t l i n g  s u b s t r a t e  f o r  m u s s e l s  a n d s p o n g e s . I n

s e v e r a l  p l a c e s  t h e s e  r e d  a l g a e  b e d s  w e r e  e x t e n s i v e ,  e x t e n d i n g  f o r

2 k m  a l o n g  t h e  s h o r e  t o  d e p t h s  o f  15m. M a t s  o f Chaetomorpha s p

“ w e r e  o f t e n  f o u n d  a m o n g s t  t h e  r e d  a l g a e .

M a r i n e g r a s s e s  (Zostera-like)  w e r e  f o u n d  a t  d e p t h s  o f l-4m

i n s h e l t e r e d b a y s  a n d  t h e  h e a d s  o f  F i n g e r s  3  -  7 . I n i t i a l l y

t h e s e g r a s s e s  w e r e n o t  f o u n d  i n  F i n g e r s  1  a n d  2 , b u t l a t e r

s u r v e y s r e v e a l e d smal 1 s h o o t s o f  g r a s s g r o w i n g out of t h e

s e d i m e n t  i n  t h e s e  a r e a s . H e r r i n g  e g g s  w e r e  f o u n d  o n  t h i s  g r a s s  i n

s e v e r a l l o c a t i o n s . An u n i d e n t i f i e d  v a s c u l a r  a q u a t i c p l a n t was

c o m m o n l y  f o u n d  a t  t h e  h e a d s  o f  F i n g e r s  5 - 7 . T h e  s h o r e l i n e  o f

t h e a p p r o a c h e s  t o t h e  Kugaluk R i v e r  ( s u b a r e a  8 ) c o n s i s t e d  o f

s h a l l o w  s h e l v e s  s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  t h e F i n g e r s . The

b o t t o m  s u b s t r a t e  w a s  a  f i n e , s i l t y  s a n d . T u n d r a  d e b r i s ,  m o s t l y

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

b o t t o m . S o m e  Zostera-like g r a s s  w a s  f o u n d  i n  t h e  s h a l l o w s . W a t e r

i n t h i s  a r e a  w a s  e x t r e m e l y  t u r b i d , a n d  n o  a n i m a l s  o r  a l g a e  w e r e

o b s e r v e d  b y  d i v e r s  o r  b y  d r e d g i n g .

The n o r t h e r n s h o r e l i n e  o f t h e s t u d y a r e a ( s u b a r e a  9 )

c o n s i s t e d  priaarily o f  s a n d  e x c e p t  in e x p o s e d  o r h i g h c u r r e n t

a r e a s where t h e b o t t o m  c o n s i s t e d  o f  a  s a n d / c o b b l e m i x t u r e .

Cal]ophylljs-like r e d a l g a e , k e l p (Puntaria Sp.), m u s s e l s ,

s p o n g e s (Hal iclona Sp. ) a n d  Tubularia s p .  w e r e a l l f o u n d i n

s u b a r e a  9 . N o  h e r r i n g  s p a w n  w a s  o b s e r v e d  i n  t h e h i g h c u r r e n t

a r e a s . T h e r e w e r e  a  n u m b e r  o f  s h e l t e r e d  b a y s  i n S u b a r e a  9

.-
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w h i c h c o n s i s t e d  o f f i n e  m u d . T h e s e  a r e a s  t e n d e d  t o c o l l e c t

t u n d r a  d e b r i s  a n d  s t i c k s . A  s m a l l  h e r r i n g  spawn w a s  l o c a t e d i n

o n e  o f  t h e s e  b a y s .

The l a g o o n i n  t h e  n o r t h e a s t  p o r t i o n  o f  s u b a r e a  9  w a s v e r y

d i f f e r e n t f r o m  o t h e r  a r e a s  o b s e r v e d . I t  a p p e a r e d  t o  b e  a h i g h

c u r r e n t , h i g h  p r o d u c t i v i t y  r e g i o n . T h e  l a g o o n , w h i c h  i s  d e e p  i n

t h e m i d d l e  w i t h  a  n a r r o w  s h e l f  a r o u n d  t h e p e r i m e t e r , was v e r y

muddy. T h e  l a g o o n  c o n t a i n e d  v a s t  q u a n t i t i e s  o f  t h e  Callophyll  is-

l i k e r e d a l g a e , b o t t o m t y p e s  o f  t h e Tubularia S p . , Mytilus

edulis,  Haliclona  S P. ,  a n d  s o m e  ChaetomorPha  sP. T h e r e  a l s o  w e r e

l a r g e  q u a n t i t i e s  o f  o r g a n i c  d e b r i s .

.-
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DISCUSSION

R e s u l t s o f  t h e  s p a w n  s u r v e y  i n d i c a t e  t h a t  a p p r o x i m a t e l y  8 . 2

t o n n e s  o f h e r r i n g  a r e  e s t i m a t e d  t o  h a v e  s p a w n e d  i n  t h e F i n g e r s

A r e a  b e t w e e n  J u n e  1 0  a n d  J u l y  2 2 , 1 9 8 5 . T h i s  e s t i m a t e  i n c l u d e s

c o r r e c t i o n s f o r  t h e  p r o b a b i l i t y  o f  m i s s e d  s p a w n s  m e a s u r i n g  l e s s

t h a n  5 0 0 m  i n  l e n g t h .

I n  J u n e , 1 9 8 3  a  t e s t  gillnetting  s u r v e y  b y  t h e  D e p a r t m e n t  o f

F i s h e r i e s  & O c e a n s  c a u g h t  a p p r o x i m a t e l y  8 . 6  t o n n e s  o f h e r r i n g

f r o m t h e 1 ower p o r t i o n  o f  F i n g e r  1 d u r i n g  e i g h t f i s h i n g d a y s

(Gillman  a n d  K r i s t o f f e r s o n  1 9 8 4 ) . B a s e d  o n  t h e s e r e s u l t s , t h e

o c c u r r e n c e o f maj or spawns w a s  a n t i c i p a t e d d u r i n g t h e 1985

s u r v e y . O v e r  ’ 7 0 %  o f  t h e  d e p o s i t e d  h e r r i n g  e g g s  i n  t h e  s t u d y  a r e a

were l o c a t e d i n  t h e  l o w e r  p o r t i o n s  o f  F i n g e r  1 a n d  F i n g e r  2,

where m a j o r spawnings  w e r e  e x p e c t e d  b a s e d  o n  t h e t e s t f i s h i n g

r e s u l t s . However spawn “ i n t e n s i t i e s were n e v e r a b o v e t r a c e

l e v e l s .

B e c a u s e s p a w n i n g  i n t e n s i t i e s  w e r e  s o  l o w ,  .  i t  d o e s  n o t  s e e m

t h a t t h e h e r r i n g  w e r e  s u b s t r a t e  l i m i t e d . I n  c o m p a r i s o n  w i t h

B r i t i s h C o l u m b i a c o n d i t i o n s  t h e  a m o u n t  o f a v a i l a b l e s p a w n i n g

s u b s t r a t e was sparse  . T h e r e  w a s  n e v e r  m o r e  t h a n  0 . 1  l a y e r s  o f

e g g s d e p o s i t e d . T h i s  i n d i c a t e s  t h a t  s u f f i c i e n t s u b s t r a t e was

a v a i l a b l e  t o  a l l  s p a w n i n g  h e r r i n g .

S t o c k s i z e  e s t i m a t e s  c a l c u l a t e d  f r o m  t h e r e s u l t s  o f t h i s

s t u d y may b e  c o n s e r v a t i v e  f o r  s e v e r a l r e a s o n s . F i r s t P a c i f i c

h e r r i n g h a v e  e v o l v e d  a  s y s t e m  o f  s p a w n i n g - g r o u n d  s e l e c t i o n t h a t

a p p e a r s  t o m a x i m i z e  t h e  p o t e n t i a l  f o r  e g g  a n d l a r v a l s u r v i v a l

(Alderdice  a n d  H o u r s t o n ,  1 9 8 5 ) . T h e r e  i s  a  t e n d e n c y  f o r  a r e a s  o f
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h e r r i n g spawn d e p o s i t i o n  t o  v a r y  f r o m  y e a r  t o  y e a r w i t h i n t h e

s p a w n i n g r a n g e  o f i n d i v i d u a l s t o c k s . ,This s u g g e s t s t h a t

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

t e m p e r a t u r e - s a l i n i t y  r e g i m e o r  o t h e r  e n v i r o n m e n t a l r e q u i r e m e n t s ,

a r e l o c a l a n d  d y n a m i c . A l d e r d i c e  a n d  H o u r s t o n  ( 1 9 8 5 ) s u g g e s t

t h a t t h e l o c a t i o n s where h e r r i n g spawn p e r h a p s i n v o l v e

i n t e r a c t i o n s  b e t w e e n  c h a r a c t e r i s t i c s  o f  t h e  i m m e d i a t e  e n v i r o n m e n t

a s w e l l a s  b e h a v i o r a l  t r a i t s  a n d  s t a t e  o f m a t u r a t i o n  o f t h e

a d u l t s .  I t i s  c o n c e i v a b l e  t h a t  t h e  m a j o r  p o r t i o n  o f  h e r r i n g  i n

L i v e r p o o l B a y  s p a w n e d  s o m e w h e r e  o t h e r  t h a n  i n  t h e  s t u d y  a r e a  o r

t h a t t h e  m a j o r  c e n t r e s  o f  s p a w n  d e p o s i t i o n i n  L i v e r p o o l  B a y  nay

c h a n g e  f r o m  y e a r  t o  y e a r .

B a s e d  o n  e g g  a g i n g  a n d  l a r v a l  d e v e l o p m e n t  a n d  d i s t r i b u t i o n ,

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

A r e a  c a n  b e  d e s c r i b e d . H e r r i n g  s p a w n e d  i n  t h e  a p p r o a c h e s  t o  t h e

Kugaluk R i v e r  d u r i n g  t h e  f i r s t  w e e k  i n  J u n e , t h e n  c o n t i n u e d  t o

spawn i n  a  w e s t e r l y  d i r e c t i o n  p r i m a r i l y  i n  t h e  h e a d s  o f  F i n g e r s  2

t h r o u g h  7 . T h i s  p a t t e r n  m a y  p a r a l l e l  t h e  p r o c e s s  o f  i c e  b r e a k u p

a n d s u b s e q u e n t w a r m i n g  o f s u r f a c e w a t e r s i n  t h e s e i n l e t s .

H e r r i n g  c o n t i n u e d  t o  s p a w n  t h r o u g h o u t  t h e  a r e a  u n t i l  J u l y  1 6 .  I t

i s  not k n o w n  h e r r i n g  s p a w n e d  a f t e r  t h i s  d a t e . G i v e n  t h e  o b s e r v e d

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

c o n t i n u e d  t o  s p a w n  t h r o u g h  A u g u s t , i t  i s  p o s s i b l e  t h a t  t h e  s p a w n

s u r v e y e n u m e r a t e d  o n l y  a  p o r t i o n  o f  t h e  t o t a l  e g g s  d e p o s i t e d i n

t h e F i n g e r s A r e a  d u r i n g  t h e summer o f 1 9 8 5 . T h i s s e c o n d

a l t e r n a t i v e  c o u l d  a l s o  e x p l a i n  t h e  l o w  s t o c k  e s t i m a t e .

A  t h i r d  c o n s i d e r a t i o n  i s  t h a t  A r c t i c  h e r r i n g  m a y  s p a w n  o n l y
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i n a l t e r n a t e y e a r s . V e r y l i t t l e i s known a b o u t m i g r a t i o n

p a t t e r n s  o r r e p r o d u c t i v e b i o l o g y o f  P a c i f i c h e r r i n g i n t h e

B e a u f o r t S e a  r e g i o n . T h e  r e p r o d u c t i v e  b i o l o g y  a n d m i g r a t i o n s

o f  f i s h  s p e c i e s  i n h a b i t i n g  t h e  c o a s t a l  w a t e r s  o f  t h e  s o u t h e a s t e r n

B e a u f o r t  S e a  h a s  b e e n  s t u d i e d  i n  r e s p o n s e  t o  t h e  M a c K e n z i e  VaIley

g a s  p i p e l i n e  a n d  t o  o f f s h o r e  d r i l l i n g  i n  t h e  B e a u f o r t  S e a . The se

s t u d i e s i n d i c a t e  t h a t  m a n y  f i s h  s p e c i e s  i n  t h e  D e l t a  R e g i o n a r e

a l t e r n a t e  y e a r  s p a w n e r s . Inconnu (Stenodus  leucichthys), l e a s t

cisco (Coregonus  sardinaella), A r c t i c cisco ( C . autumnal  is),

b r o a d w h i t e f i s h  ( C . nasus) a n d  A r c t i c  c h a r  (Salvel inus alpinus)

spawn o n l y  i n a l t e r n a t e y e a r s  o r  a t e v e n l a r g e r i n t e r v a l s

( M a r t e n  et al:, 1984). I f  P a c i f i c h e r r i n g a l s o spawn i n

a l t e r n a t e  y e a r s , t h e n  o n l y  a  p o r t i o n  o f  t h e  t o t a l  h e r r i n g  s t o c k

w h i c h  s p a w n s  i n  t h e  F i n g e r s  A r e a  h a v e  b e e n  a c c o u n t e d  f o r .

W i t h i n t h e F i n g e r s  r e g i o n , h e r r i n g b e g a n s p a w n i n g

i m m e d i a t e l y p r i o r t o  i c e  b r e a k u p  ( f i r s t  w e e k i n  J u n e ) . Most

s p a w n i n g was r e s t r i c t e d  t o  w i t h i n  6  k m  o f  t h e  F i n g e r  h e a d s a n d

t h e  a p p r o a c h e s  t o  t h e  Kugaluk  R i v e r . S p a w n i n g  h e r r i n g s e l e c t e d

s h a l l o w (1-4.5m) n e a r s h o r e  s a n d  o r  m u d  f l a t s , and s p a w n e d  o n

v a r i o u s f o r m s  o f t u n d r a  d e b r i s and to some e x t e n t m a r i n e

v e g e t a t i o n . The se a r e a s s e e m  t o  o f f e r  o p t i m a l  c o n d i t i o n s f o r

d e v e l o p i n g e g g s . From l a t e J u n e  t o m i d - J u l y s u r f a c e w a t e r

t e m p e r a t u r e s  i n  l o w e r  p o r i t o n  o f  F i n g e r s  1  -  7  w e r e  b e t w e e n  8  a n d

120c While s a l i n i t i e s  r a n g e d  b e t w e e n 6 and 160/00. S u r f a c e

t e m p e r a t u r e s i n  a p p r o a c h e s  t o  t h e  Kugaluk w h e r e  e g g s  w e r e f o u n d

w e r e  c o l d e r  (5-7oC)  a n d  s a l i n i t i e s  w e r e  h i g h  ( 1 1 - 1 7 0 / 0 0 ) . Under

t h e s e c o n d i t i o n s , t h e i n c u b a t i o n  p e r i o d  o f  d e v e l o p i n g h e r r i n g

e g g s  i s  a p p r o x i m a t e l y  2 4  d a y s .

.-

5 2



SUUHARY

A. F r o m  J u n e  1 2  t o  J u l y  1 6 , 1 9 8 5 , a n  e s t i m a t e d  5 6 8  X 1 06 (95%

C.I .=~386x106) h e r r i n g e g g s  w e r e  d e p o s i t e d  i n  t h e F i n g e r s

A r e a  o f  L i v e r p o o l  B a y . F e c u n d i t y  d a t a  f r o m  f i s h  c o l l e c t e d  i n

J u n e , 1 9 8 5  i n d i c a t e s  t h a t  a p p r o x i m a t e l y  6 . 9  x  107  e g g s a r e

d e p o s i t e d  b y  1 t o n n e  o f s p a w n i n g h e r r i n g . Us ing t h i s

c o n v e r s i o n f a c t o r a n  e s t i m a t e d  8 . 2  t o n n e s (95% C.I.=~5.6

t o n n e s )  o f  h e r r i n g  s p a w n e d  i n  t h e  s t u d y  a r e a .

B . Egg a g i n g a n d  p l a n k t o n i c  l a r v a l  d e v e l o p m e n t  w e r e u s e d  t o

e s t i m a t e  s p a w n i n g  d a t e s . S p a w n i n g  o c c u r r e d  i n  a  p r o t r a c t e d

p a t t e r n  f r o m  e a r l y  J u n e  t o  J u l y  1 6 , 1 9 8 5 . I t  i s  n o t  k n o w n

i f h e r r i n g c o n t i n u e d  t o spawn a f t e r t h i s date . The

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

F i n g e r s  A r e a  i s  e s t i m a t e d  t o  b e  2 4  d a y s .

c . A number of s p a w n s  h a t c h e d  o u t  p r i o r  t o be i ng s u r v e y e d .

A l t h o u g h  l i t t l e  i s  k n o w n  o f  t h e  e c o l o g y  o f  l a r v a l  h e r r i n g  i n

A r c t i c w a t e r s , a  c o m p a r i s o n  o f  p l a n k t o n  d a t a  c o l l e c t e d i n

t h i s s t u d y w i t h  g r o w t h  a n d  d i s a p p e a r a n c e  r a t e s  o f l a r v a l

h e r r i n g i n  G e o r g i a  S t r a i t  ( B . C . )  i n d i c a t e s  t h a t  n o m a j o r

s p a w n s  w e r e  m i s s e d .

D. E i g h t y  p e r c e n t  o f  d e p o s i t e d  e g g s  w e r e  l o c a t e d  i n  F i n g e r  1 ,

F i n g e r  2  a n d  i n  t h e  a p p r o a c h e s  t o  t h e  Kugaluk  R i v e r . W i t h i n

a l l  s e v e n  F i n g e r s , m o s t  s p a w n s  w e r e  l o c a t e d  w i t h i n

t h e  F i n g e r  h e a d s .

E . M a j o r s p a w n i n g s u b s t r a t e s i n c l u d e d t u n d r a  d e b r

s p e c i e s  o f m a r i n e  g r a s s  (Zostera-like)  a n d  a f o l

a l g a e  (Ca210phyll  is-like)  .
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F . H e r r i n g spawned o n  s u b s t r a t e  l o c a t e d  o n s h a l l o w sand/mud

f l a t s ,  a t d e p t h s b e t w e e n  Im a n d  4.5m”. W i t h i n t h e s e v e n

F i n g e r s , t h e s e d e p t h s  w e r e  a b o v e  d i s t i n c t  thermoclines  a n d

s u r f a c e  t e m p e r a t u r e s  r a n g e d  b e t w e e n  8  a n d  120C. S a l i n i t i e s

o f  t h e s e  s u r f a c e  w a t e r s  w e r e  b e t w e e n  6  a n d  160/oo. S u r f a c e

w a t e r  i n  t h e  a p p r o a c h e s  t o  t h e  Kugaluk  R i v e r ,  w h e r e  s p a w n i n g

a l s o  o c c u r r e d , w a s  c o l d e r  (5-7oC)  a n d  g e n e r a l l y  m o r e  s a l i n e

( 1 1 - 1 7  0/00).

G. T h e r e a r e s e v e r a l  r e a s o n s  t h a t  t h e s t o c k s i z e e s t i m a t e s

c a l c u l a t e d f r o m t h e r e s u l t s  o f t h i s s u r v e y may be

c o n s e r v a t i v e :

1.

2 .

3 .

It is p o s s i b l e t h a t  t h e  m a j o r c e n t r e s  o f spawn
d e p o s i t i o n i n  L i v e r p o o l  B a y  c h a n g e f r o m y e a r  t o
y e a r , d e p e n d i n g o n  s u c h  f a c t o r s  a s  c h a r a c t e r i s t i c s
o f  t h e  i m m e d i a t e  e n v i r o n m e n t , b e h a v i o r a l  t r a i t s  o f
t h e h e r r i n g a n d  m a t u r a t i o n  s t a g e  o f a d u l t f i s h .
H e r r i n g  m a y  h a v e  s p a w n e d  s o m e w h e r e  o t h e r  t h a n  i n  t h e
s t u d y  a r e a  i n  1 9 8 5 .

G i v e n  t h e  o b s e r v e d  p a t t e r n  o f  p r o t a c t e d  s p a w n i n g  a n d
t h e p o s s i b i l i t y t h a t h e r r i n g  c o n t i n u e d  t o spawn
t h r o u g h  A u g u s t , i t  i s  p o s s i b l e  t h a t  ‘ t h e  s p a w n  s u r v e y
e n u m e r a t e d o n l y  a p o r t i o n  o f t h e t o t a l e g g s
d e p o s i t e d i n  t h e  F i n g e r s  A r e a  d u r i n g  t h e  s u m m e r  o f
1 9 8 5 .

V e r y l i t t l e i s  k n o w n  a b o u t  m i g r a t i o n p a t t e r n s  o r
r e p r o d u c t i v e b i o l o g y  o f P a c i f i c  h e r r i n g i n t h e
B e a u f o r t  S e a  r e g i o n . I t  i s  c o n c e i v a b l e  t h a t  h e r r i n g
i n t h i s a r e a  s p a w n  o n l y  i n  a l t e r n a t e  y e a r s  o r  a t
e v e n  l o n g e r  i n t e r v a l s . I f  t h i s  i s  t h e c a s e , t h e n
o n l y  a p o r t i o n o f  t h e  t o t a l  b i o m a s s  o f s p a w n i n g
h e r r i n g  h a s  b e e n  a c c o u n t e d  f o r .
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RECOMMENDATIONS FOR FUTURE RESEARCH

T h i s r e p o r t p r e s e n t s b a s e l i n e d a t a ’  r e g a r d i n g h e r r i n g

s p a w n i n g  p a t t e r n s , l o c a l  e n v i r o n m e n t a l  c o n d i t i o n s  w h e r e  s p a w n i n g

o c c u r s a n d o t h e r p e r t i n e n t i n f o r m a t i o n  t h a t  c a n  be u s e d  t o

- f u r t h e r i n v e s t i g a t e  P a c i f i c  h e r r i n g  s t o c k s  i n  t h e  L i v e r p o o l Bay

- a r e a . W i t h  p r o p e r  m o d i f i c a t i o n s , a n o t h e r  d i v e r  s u r v e y  o f  h e r r i n g

s p a w n  w o u l d  p r o v e  v a l u a b l e . A e r i a l  s u r v e y s  o f  t h e  s h o r e l i n e  t o

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

g r e a t l y  expediate  t h e  d i v e r  s u r v e y  m e t h o d . T r a n s p o r t a t i o n  o f  t h e

s u r v e y t e a m s d u r i n g  t h e  e a r l y  s t a g e s  o f  t h e s t u d y ( u n t i l mid

J u l y ) s h o u l d  b e  b y  a i r c r a f t  a s  s h i f t i n g  i c e  o f t e n  r e s t r i c t s  b o a t

t r a v e l  . I n  h i g h  p i o r i t y  a r e a s  t h e  d r e d g e i n t e r v a l s h o u l d  b e

r e d u c e d  t o 2 0 0 m  f r o m  5 0 0 m  t o  l o c a t e  s p a w n s  m e a s u r i n g  l e s s t h a n

5 0 0 m  i n l e n g t h . B e c a u s e  m o s t  h e r r i n g  e g g s  w e r e  f o u n d i n t h e

e a s t e r n  p o r t i o n  o f  t h e  s t u d y  a r e a , f u t u r e  i n v e s t i g a t i o n s s h o u l d

b e g i n  a t F i n g e r s  1  a n d  2  a n d  c o n t i n u e  e a s t  a l o n g  t h e s o u t h e r n

s h o r e  o f  L i v e r p o o l  B a y , p e r h a p s  a s  f a r  a s  T u r n a b o u t  point. The

Kugaluk,  M o o s e  a n d  S m o k e  R i v e r s  e s t u a r i e s  s h o u l d  a l s o  b e  p r i o r i t y

areas .

T o  d e t e r m i n e  i f  P a c i f i c  h e r r i n g  a r e  a l t e r n a t e  y e a r  s p a w n e r s ,

s c a l e s a n d otoliths  f r o m  h e r r i n g  c o l l e c t e d  i n  t h e  F i n g e r s A r e a

c o u l d  b e  e x a m i n e d  f o r  s p a w n i n g  c h e c k s . The s p a w n i n g  p a t t e r n

c o u l d  b e  d e t e r m i n e d  b y  c o m p a r i n g  s c a l e s  a n d  otoliths s i m i l a r a g e

c l a s s  f i s h  f r o m  A r c t i c  a n d  P a c i f i c  c o a s t .

F i n a l l y , i t m a y  b e  w o r t h w h i l e  t o  c o n d u c t  a  h y d r o a c o u s t i c

s u r v e y  o f  h e r r i n g  i n  L i v e r p o o l  B a y  i n  t h e  e a r l y f a l l  . Lawrence

e t  al. (1984)  c o n d u c t e d a  f i s h e r i e s s u r v e y  o f t h e c o a s t a l
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f r e s h w a t e r and e s t u a r i n e e n v i r o n m e n t s  i n  t h e  v i c i n i t y  o f t h e

MacKenzie D e l t a  d u r i n g  t h e  o p e n - w a t e r  s e a s o n f r o m 1 9 7 8 - 1 9 8 0 .

I n v e s t i g a t i o n s were c o n d u c t e d d u r i n g t h r e e s u r v e y p e r i o d s

( J u n e / J u l y , A u g u s t a n d  S e p t e m b e r ) . P a c i f i c  h e r r i n g  w e r e most

a b u n d a n t  d u r i n g  t h e  f a l l  s u r v e y . H e r r i n g  m a y  a l s o  b e  a b u n d a n t  i n

L i v e r p o o l  B a y  i n  S e p t e m b e r . A  hydroacoustic  s u r v e y  a t  t h i s  t i m e

m i g h t p r o v i d e  a n  e s t i m a t e  o f  t h e  s i z e  o f  h e r r i n g  s t o c k s  i n t h e

r e g i o n .

.-
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A p p e n d i x  I . S u m m a r y  o f  a n a l y s i s  o f  v a r i a n c e  t e s t  c o m p a r i n g
m e a n  e g g  d e n s i t y  o f  s a m p l e d  s u b s t r a t e  t y p e s
w i t h i n  t h e  s t u d y  a r e a .

V a r i a b l e  : Mean E g g  D e n s i t y  “ B-2

Sour ce o f  v a r i a t i o n S s DF Ms

T o t a l 4 7 6 3 1 6 1 8 0 3 5 . 3 1 2 129
G r o u p s 5 2 8 5 0 5 4 8 2 0 . 9 1 2 5 1 0 5 7 0 1 0 9 6 4 . 1 8 2
E r r o r 4 2 3 4 6 5 6 3 2 1 4 . 4 0 0 124 3 4 1 5 0 4 5 4 2 . 0 5 2

F  S t a t i s t i c  = G r o u p s  M S / E r r o r  M S  =  3 . 0 9 5 ;  P<O.05

S u m m a r y  o f  G r o u p  P a r a m e t e r s

1 . g r a s s 2 3 6 . 8 6 2 2 6 6 . 1 1 9 2 4
2 .  f o l i o s e  r e d s 1 0 8 3 6 . 0 7 0 1 0 8 3 9 . 7 8 5 17
3 .  c o m p a c t  m a t 2 4 5 9 . 8 6 3 4577.491 - 13
4 .  c o a r s e  d e b r i s 1 1 5 0 6 . 7 3 4 2 2 6 4 2 . 1 6 6 51
5 .  f i n e  d e b r i s 2 2 1 2 9 . 5 3 5 3 1 6 2 2 . 6 3 8 9
6 .  w o o d  c h i p s 1 7 1 1 1 . 1 4 6 2 0 9 4 4 . 6 3 1 16

.-
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A p p e n d i x  I I . S u m m a r y  o f  a n a l y s i s  o f  v a r i a n c e  t e s t  c o m p a r i n g
m e a n  e g g  d e n s i t y  o f  c o a r s e  d e b r i s  s a m p l e s
b e t w e e n  s u b a r e a s .

V a r i a b l e : Mean  Egg Density ● U I - 2

Source o f V a r i a t i o n S s DF Ms

T o t a l 2 5 6 3 3 3 8 5 0 1 7 . 3 5 4 5 0
G r o u p s 9 9 9 7 7 1 2 9 1 6 . 2 6 7 5 1 9 9 9 5 4 2 5 8 3 . 2 5 3
E r r o r 1 5 6 3 5 6 7 2 1 0 1 . 0 8 7 45 3 4 7 4 5 9 3 8 0 . 0 2 4

F  S t a t i s t i c  = G r o u p s  M S / E r r o r  M S  =  5 . 7 5 5 ;  P<O.01

S u m m a r y  of  Group Parameters

Subarea Mean S t d . De v . N

1 3 6 5 7 7 . 2 5 0 3 6 6 2 9 . 9 7 1 12“
2 6 6 5 . 5 1 1 6 2 0 . 7 3 1 5

5 3 4 6 . 6 6 7 4 7 1 . 4 0 5 2
6 4 3 5 8 . 8 8 9 5 2 4 6 . 1 5 3 9
8 5 6 8 2 . 9 5 0 6 8 6 1 . 5 7 3 14
9 2 7 8 9 . 3 6 2 2 3 0 1 . 4 5 8 9

--
6 0



A p p e n d i x  I I I . S u m m a r y  o f  a n a l y s i s o f  v a r i a n c e  t e s t  c o m p a r i n g
m e a n  e g g  d e n s i t y  o f  a l l  s a m p l e d  s u b s t r a t e  t y p e s
b e t w e e n  s u b a r e a s .

V a r i a b l e : Mean  Egg Density ● 1 R - 2

Source o f V a r i a t i o n S s DF MS

T o t a l
G r o u p s
E r r o r

4 7 6 3 1 6 1 8 0 3 5 . 3 1 3 129
1 9 2 0 8 6 9 7 8 2 6 . 5 8 9 6 3 2 0 1 4 4 9 6 3 7 . 7 6 5

2 8 4 2 2 9 2 0 2 0 8 . 7 2 4 123 2 3 1 0 8 0 6 5 2 . 1 0 3

F  S t a t i s t i c =  G r o u p s  M S / E r r o r  M S  =  1 3 . 8 5 4 ;  P<O.01

S u m m a r y  of Group  Pa rame te r s

subarea Mean S t d .  Dev. N

1 3 3 2 1 1 . 2 3 3 3 0 7 9 3 . 3 4 2 27

2 7 0 7 3 . 5 0 3 9 6 5 3 . 0 8 0 - 28

4 2 6 9 . 4 7 5 259.611 - 15

5 1 8 6 . 6 6 7 2 9 4 . 0 9 0 5

6 2 2 5 3 . 4 8 7 4 0 0 7 . 0 2 9 20

8 4 4 4 4 . 7 8 1 6 1 2 4 . 1 0 9 25

9 2 5 7 3 . 7 5 9 2 2 7 4 . 4 3 0 10

.-
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S u m m a r y  o f  P l a n k t o n  S u r v e y  D a t a
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A p p e n d i x  I V  S u m m a r y  o f  p l a n k t o n  s u r v e y  i n f o r m a t i o n

Sample D e p t h  , Nbr D a t s  o f

L o c a t i o n  ‘ Nbr Date (m) L a r v a e Spawn S u r v e y

S u b a r e a  1

S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

subarea 2

S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

S t a t i o n  4

S t a t i o n  5

S t a t i o n  6

Subarea 3
S t a t i o n  1
S t a t i o n  2

S t a t i o n  3

S t a t i o n  4

1
2
3
4
5
6
7

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

12
13

156
16
17
28
29
3 0
31
32
33

July 6

J u l y  2 1

July 8

J u l y  1 1

J u l y  1 3

.-

6 3

1 0 - 2
1 0 - 2
1 0 - 2
1 0 - 2

3
2
2

1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
2
3

5
2
8
2
2
2
2
2
3

0
0
0
0
0
0
0

0
0
0
0
1
0
0
0
0
0
0
0
0
0
0.

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

J u l y  4 ,  2 2

J u l y  2

J u l y  1 1

—— –—



A p p e n d i x  I V  ( c o n t . )

Sample D e p t h Nbr D a t e s  o f

L o c a t i o n Nbr Date (m) . L a r v a e Spawn S u r v e y

S u b a r e a  3  ( c o n t . )

( F i n g e r s  2 . 5 )
S t a t i o n  5

S t a t i o n  6

S t a t i o n  7

S t a t i o n  1

S t a t i o n  2
S t a t i o n  3

S t a t i o n  4
S t a t i o n  5

S t a t i o n  6

S u b a r e a 5

S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

S t a t i o n  4

144
145
146
147
148
149
150
151
152
153
154
155

18
19
2 0
21
22
2 3
2 4
25
26
27

65
6 4
6 3
6 2
61
6 0
5 9
5 8
5 7
5 6
5 5
5 4
5 3
5 2
51
5 0

July 2 3 1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5

July 12 5
3
3
3
5
3
2

7 - 2
2
2

July 1 7  1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

--
6 4

0
0
0
0
0
0
0
0
0
0
0
0

0
1
0
0
0
0
0
0
0
0

J u l y  1 2

0 J u l y  1 7
5
2
3
0
0
0
1
0
0
0
0
0
0
0
0



A p p e n d i x  I V  ( c o n t . )

Sample D e p t h  , Nbr D a t e s  o f

L o c a t i o n Nbr Date (m) L a r v a e Spawn S u r v e y

S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

S t a t i o n  4

S t a t i o n  5

S t a t i o n  6

S t a t i o n  7

subarea 7

S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

S t a t i o n  4

S t a t i o n  5

S t a t i o n  6

--

34
35
36
37
38
39
40
41
42
4 3
44
45
46
47
48
49

66
6 7
68
69
7 0
71
72
7 3
7 4
75
76
7 7
78
7 9
8 0
81
82
8 3
8 4
8 5
86
87
88
8 9
9 0
91
92

J u l y  1 5 2
2

1 0 - 2 . 5
2
2

1 0 - 2 . 5
2
2

10
1
2
2

10
2
2

s u r f a c e

July 1 8 1
2
2

1 0 - 2 . 5
2
1
2

10-2.5
2
2
2
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
2
1
2
2

65

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

0
0
0
0
0
0
0 -
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

J u l y  1 5 ,  17

July  1 8



I
9 3 1 0 - 2 . 5 0

A p p e n d i x  I V  ( c o n t . )

Sample D e p t h Nbr D a t e s  o f

L o c a t i o n Nbr Date (m) L a r v a e Spawn Survey

S u b a r e a  7  c o n t i n u e d

9 4
9 5
96

S t a t i o n  7 9 7

subarea 8

S t a t i o n  1 8
9

10
11

S t a t i o n  2 130
131
132
133

Subarea 9

S t a t i o n  1 98
9 9

100
101

S t a t i o n  2 122
123
124
125

S t a t i o n  3 14
S t a t i o n  4 126

127
128
129

S t a t i o n  5 15a
S t a t i o n  6 156

157
158
159
160
161
162
163
164
165
166
167

.-

July 6

J u l y  2 2

J u l y  1 9

J u l y  2 1

July 8
J u l y  2 1

July 8
July 2 3

66

2
2
1

1 0 - 2 . 5

3
2
2
5
2
2
1

1 0 - 2 . 5

1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
s u r f a c e

1
2
2

1 0 - 2 . 5
2
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5
1
2
2

1 0 - 2 . 5

0
0
0
0

9
2
5

29
1
2
2
6

0
0
0
0
0
0
0
00.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

J u l y  2 2

J u l y  1 9



APPENDIX V

T e m p e r a t u r e  a n d  S a l i n i t y  P r o f i l e s



D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) 0/00

JUly 22 subarea 1

0
1
2
3
4
5
7
9

11
15
20

7 . 6
6 . 5
7 . 0
7 . 0
7 . 0
7 . 0
4 . 0
1 . 9
0 . 1

- 0 . 1
- 0 . 1

1 4 . 0
1 4 . 5
1 4 . 0
1 4 . 0
1 4 . 0
1 4 . 0
1 5 . 5
1 7 . 1
1 8 . 0
1 8 . 2
1 8 . 2

J u l y  3

.-

0
1
2
3
4
5
7
9

11
15
20

0
1
2
3
4
5

0
1
2
3
4
5
7
9

11
15

68

-—--

6 . 1
6 . 2
6 . 2
6 . 5
6 . 5
6 . 5
6 . 0
1 . 5
0 . 5
0
0

6 . 0
5 . 1
5 . 1
5 . 0
5 . 0
5 . 0

4 . 5
3 . 0
2 . 5
2 . 0
2 . 0
2 . 0

. 2 . 0
1 . 5
1 . 5
1 . 5

15
15
15
15
15
15
1 5 . 2
1 7 . 0
18
2 0 . 7
2 0 . 8

1 5 . 1
1 5 . 5
1 5 . 5
1 5 . 7
1 5 . 7
1 5 . 7

1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 5
1 5 . 5
1 5 . 5
1 5 . 5
1 6 . 0
1 6 . 0
1 6 . 0



Appe n d i x v. cont.  )

Dep
(m

t
)
h T e m p e r a t u r e

(Oc)
S a l i n i t y

0/00Date ,ti on

J u l y S u b a r e a 2

S t a t i on o
1
2
3

0
1
3
5

0
1
3
5
7

10

0
1
2
3
4
5
7
9

11

0
1
2
3
4
5
7
9

11
15

0
1
2
3
4
5
7

7 . 1
7 . 0
7 . 5
7 . 0

9 . 1
9 . 5
6 . 0
7 . 5

4 . 3
3 . 5
3 . 5
1 . 3
0 . 5
0 . 5

1 1 . 5
1 0 . 5

8 . 0
5 . 5
4 . 0
3 . 5
3 . 0
2 . 5
1 . 5

1 0 . 5
9 . 5
7 . 0
4 . 0
2 . 0
1 . 5
1 . 5
1 . 0
1 . 0
0 . 7 5

8 . 5
8 . 0
7 . 0
3 . 5
2 . 0
2 . 0
1 . 5

6 . 2
7 . 4
7 . 3
1 4 . 2

8 . 7
8 . 7

1 5 . 8
1 7 . 0

6 . 0
6 . 7

1 6 . 2
1 6 . 5
1 7 . 0
1 7 . 6

7 . 0
8 . 5

1 5 . 5
1 6 . 0
1 6 . 5
1 6 . 5
1 6 . 5
1 6 . 5
‘ 1 6 . 5

6 . 5
7 . 5

1 5 . 0
1 5 . 0
1 6 . 0
1 6 . 5
1 6 . 5
1 7 . 0
1 7 . 0
1 8 . 0

6 . 0
6 . 5

1 4 . 5
1 5 . 0
1 5 . 5
1 5 . 5
1 5 . 5

S t a t 2

s t a t i o n 3

J u l y 3 S t a t on 4

S t a t i on 5

S t a t i o n 6

.-
69
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A p p e n d i x  V  ( c o n t . )
D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) 0/00

S t a t i o n  7

9
11
15

S t a t i o n  3

--

0
1
2
3
4
5
7
9

11
15

S t a t i o n  8 0
1
2
3
4
5
7
9

11
15

J u l y  1 0 S u b a r e a  3

S t a t i o n  1

S t a t i o n  2

0
1
2
3
5
7
9

0
1
2
3
4
5
7
9

10
15

0
1
2

1.0 ‘
0 . 8
0 . 5

8 . 0
7 . 5
7 . 5
4 . 0
3 . 0
2 . 0
1 . 5
1 . 0
1 . 0
0 . 5

1 0 . 5
8 . 0
4 . 0
2 . 5
2 . 0
2 . 0
1 . 5
1 . 0
1 . 0
0 . 5

1 2 . 5
1 2 . 5
1 2 . 5
1 2 . 5
1 1 . 5

8 . 7
4 . 9

1 0 . 0
1 0 . 3
1 0 . 8
1 0 . 5
1 0 . 8
1 0 . 3

7 . 0
6 . 0
6 . 0
6 . 0

9 . 5
9 . 0
8 . 9

7 0

1 6 . 0
1 6 . 8
1 7 . 2

7 . 5
8 . 0

1 4 . 0
1 4 . 5
1 5 . 5
1 6 . 0
1 6 . 0
1 6 . 5
1 6 . 5
1 7 . 5

6 . 5
7 . 2

1 4 . 5
1 5 . 5
1 6 . 0
1 6 . 0
1 6 . 0
1 6 . 0
1 6 . 5
1 7 . 0

9 . 8
1 1 . 0
1 1 . 8

‘ 1 1 . 8
1 2 . 1
1 7 . 0
1 8 . 3

1 3 . 0
1 3 . 0
1 2 . 9
1 3 . 0
1 3 . 0
1 3 . 0
1 5 . 9
1 6 . 3
1 6 . 5
1 6 . 5

1 4 . 3
1 4 . 0
1 4 . 2
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Append i x

D a t e

v ( c o n

Loca

,t.

.ti

)

on

J u l y  2 0 Stat  i on

S t a t i o n

Stat  i on

S t a t i o n

.-

4

5

6

7

D e p t h
(m)

T e m p e r a t u r e
(Oc)

S a l i n i t y
0/00

3
4
5
7
9

10
15

0
1
2
3
4
5
6 . 5

0
1
2
3
4
5
7

10
15

0
1
2
3
4
5
7

10
15

0
1
2
3
4
5
7

10
15
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6 . 8
4 . 9
5 . 0
4 . 9
4 . 5
4 . 5
4 . 5

8 . 0
8 . 0
8 . 0
8 . 0
8 . 0
8 . 0
7 . 0

7 . 0
7 . 0
7 . 0
7 . 0
7 . 0
7 . 0
7 . 0
7 . 0
5 . 0

6 . 0
6 . 0
6 . 0
6 . 0
6 . 0
6 . 0
6 . 0
6 . 0
5 . 0

4 . 0
4 . 2
4 . 5
4 . 5
4 . 5
4 . 5
4 . 5
4 . 0
4 . 0

1 5 . 0
1 5 . 7
1 5 . 5
1 5 . 5
1 6 . 5
1 6 . 5
1 6 . 3

1 2 . 0
1 2 . 0
1 2 . 0
1 2 . 0
1 2 . 0
1 2 . 0
1 4 . 0

1 3 . 2
1 3 . 2
1 3 . 2
1 3 . 2
1 3 . 2
1 3 . 2
1 3 . 2
1 4 . 0
1 5 . 5

1 4 . 8
1 4 . 8
. 1 4 . 8
1 4 . 8
1 4 . 8
1 4 . 8
1 4 . 8
1 4 . 8
1 5 . 2

1 6 . 5
1 6 . 5
1 7 . 0
1 6 . 5
1 6 . 5
1 6 . 5
1 6 . 5
1 6 . 8
1 6 . 5



A p p e n d i x  V  ( c o n t . )

D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) . 0/00

S t a t i o n  8
0 3 . 8 1 6 . 0
1 3 . 8 1 6 . 0
2 3 . 8 1 6 . 0
3 3 . 8 1 6 . 0
4 3 . 8 1 6 . 0
5 3 . 8 1 6 . 0
7 3 . 8 1 6 . 0

10 3 . 5 1 6 . 0
15 3 . 5 1 6 . 0

J u l y  2 0

J u l y  1 2

.-

S t a t i o n  9

S t a t i o n  1 0

0
1
2
3
4
5
7

10
15

0
1
2
3
4
5
7

10
15

S t a t i o n  1 1
0
1
2
3
4
5
7

10
15

e a 4

S t a t i o n  1 0
1
2

7 2

9 . 0
8 . 0
7 . 0
6 . 5
6 . 0
5 . 5
5 . 0
2 . 0
0 . 5

8 . 0
8 . 0
7 . 0
7 . 0
6 . 5
6 . 0
5.0 .
2 . 0
1 . 0

7 . 5
5 . 5
5 . 0
5 . 0
4 . 5
4 . 0
4 . 0
4 . 5
3 . 5

1 0 . 0
1 1 . 2
1 1 . 5

1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 5
1 5 . 5
1 7 . 0
1 7 . 0

1 5 . 0
1 5 . 0
1 5 . 5
1 5 . 5
1 5 . 5
1 5 . 5

. 1 6 . 0
1 7 . 0
1 7 . 0

1 5 . 5
1 5 . 5
1 5 . 5
1 5 . 0
1 5 . 0
1 5 . 5
1 5 . 5
1 5 . 5
1 6 . 0

1 2 . 1
1 2 . 1
1 2 . 1

-



I

A p p e n d i x  V  ( c o n t . )

D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) 0/00

3 1 1 . 0 1 3 . 1

S t a t i o n  2

S t a t i o n  3

S t a t i o n  4

S t a t i o n  5

S t a t i o n  6

4
5
7

12

0
1
2
3
4
5
7

10
12

0
1
2
3
4
5
7

10
12

0
1
2
3
4
5
7

10

0
1
2
3
4
5
7

10
15

0
1

.-

7 3

1 0 . 0
8 . 0
6 . 0
5 . 0

1 0 . 0
1 1 . 0
1 1 . 0
1 1 . 0
1 1 . 0
1 1 . 0

7 . 0
5 . 0
4 . 0

9 . 5
1 0 . 0
1 0 . 1
1 0 . 1
1 0 . 1
1 0 . 3

7 . 7
4 . 8
2 . 8

9 . 8
1 0 . 0
1 0 . 1
1 0 . 1
1 0 . 1
1 0 . 1

6 . 7
4 . 8

7 . 0
7 . 0
7 . 0
7 . 0
7 . 5
6 . 1
5 . 0
3 . 5
3 . 1

5 . 5
5 . 5

1 4 . 8
1 5 . 8
1 6 . 3
1 6 . 3

1 4 . 1
1 2 . 8
1 2 . 8
1 2 . 8
1 2 . 8
1 2 . 8
1 5 . 3
1 6 . 2
1 9 . 5

1 3 . 0
1 2 . 8
1 2 . 8
1 2 . 8
1 2 . 8
1 2 . 8
1 5 . 1
1 5 . 8
1 6 . 3

1 3 . 0
1 3 . 0

“13 .0
1 3 . 0
1 3 . 0
1 3 . 0
1 5 . 5
1 5 . 9

1 4 . 5
1 4 . 5
1 4 . 5
1 4 . 5
1 4 . 5
1 5 . 0
1 5 . 3
1 5 . 7
1 6 . 0

1 5 . 0
1 5 . 0

——-.



A p p e n d i x  V  ( c o n t . )

D e p t h T e m p e r a t u r e S a l i n i t y

D a t e L o c a t i o n (m) (Oc) 0/00

2 5 . 5 1 4 . 8

a r e a 5

J u l y  1 7 S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

S t a t i o n  4

3
4
5
7

10
15

0
1
2
3
4
5
7
9

11
15

0
1
2
3
4
5
7
9

11
15

0
1
2
3
4
5
7
9

11
15
20

0
1
2
3
4

5 . 7
5 . 5
5 . 0
4 . 5
4 . 0
4 . 0

8 . 0
8 . 0
8 . 5
8 . 5
8 . 5
8 . 5
8 . 5
8 . 5
6 . 0
4 . 0

7 . 0
7 . 0
7 . 0
7 . 0
7 . 0
7 . 0
6 . 5
6 . 0
6 . 0
4 . 0

5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
4 . 5
3 . 5

4 . 5
4 . 5
4 . 5
4 . 5
4 . 5

1 5 . 2
1 5 . 2
1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 5

1 3 . 0
1 3 . 0
1 3 . 0
1 3 . 0
1 3 . 0
1 3 . 0
1 3 . 0
1 3 . 0
1 4 . 0
1 5 . 5

1 3 . 7 5
1 3 . 7 5
1 3 . 7 5
1 3 . 7 5
1 3 . 7 5
1 3 . 7 5
1 4 . 0

- 1 4 . 0
1 4 . 0
1 5 . 0

1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5
1 4 . 2 5

1 4 . 0
1 4 . 5
1 4 . 5
1 4 . 5
1 4 . 5

--
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A p p e n d i x  V  ( c o n t . )

D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) 0/00

—
5 4 . 5
7 4 . 5
9 4 . 5

11 4 . 0
15 4 . 0
20 3 . 0
23 2 . 0

S t a t i o n  5 0 4 . 0
1 4 . 0
2 4 . 0
3 4 . 0
4 4 . 0
5 4 . 0

J u l y  1 5 S u b a r e a  6

S t a t i o n  1 0
1

9 . 0
9 . 5

2 1 0 . 0
3 1 0 . 0
4 6 . 5
5 4 . 0
7 2 . 5

.-

S t a t i o n  2 0
1
2
3
4
5
7

10
15

S t a t i o n  3 0
1
2
3
4
5
7

10
15

1 0 . 8
1 0 . 5

9 . 8
9 . 5
9 . 2
7 . 5
5 . 0
2 . 0
0 . 0

8 . 9
9 . 0
8 . 5
8 . 5
8 . 0
6 . 5
5 . 0
2 . 0
1 . 0

S t a t i o n  4 0 8 . 0
1 8 . 0
2 7 . 5

7 5

1 4 . 5
1 4 . 5
1 4 . 5
14.5
1 4 . 5
1 5 . 0
1 5 . 5

1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 0
1 5 . 0

8 . 5
7 . 5
9 . 0

1 0 . 0
1 5 . 5
1 6 . 8
1 6 . 5

1 0 . 0
1 0 . 0
1 0 . 2

- 1 0 . 2
1 1 . 8
1 4 . 8
1 5 . 2
1 6 . 2
1 7 . 0

1 1 . 0
1 1 . O
1 1 . 0
1 1 . 0
1 2 . 5
1 4 . 2
1 5 . 0
1 6 . 0
1 6 . 2

1 1 . 8
1 1 . 5
1 2 . 0



A p p e n d i x  V  ( c o n t . )

D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) 0/00

4 5 . 8 1 3 . 2
5
7

10
15

S t a t i o n  5 0
1
2
3
4
5
7

10
15

July 1 8 a r e a 7

S t a t i o n  1 0
1
2
3
4
5
7
9

11

S t a t i o n  2 0
1
2
3
4
5
7
9

11
15

S t a t i o n  3 0
1
2
3
4
5
7
9

5 . 0
5 . 0
4 . 0
1 . 0
5 . 8
5 . 8
5 . 0
5 . 0
4 . 9
4 . 9
4 . 2
4 . 0
1 . 0

9 . 0
9 . 0
9 . 0
9 . 0
8 . 0
5 . 0
2 . 0
1 . 5
1 . 0

9 . 0
9 . 0
9 . 0
9 . 0
9 . 0
8 . 0
4 . 0
3 . 0
3 . 0
1 . 5

8 . 0
8 . 0
8 . 0
8 . 0
8 . 0
7 . 3
3 . 5
2 . 0

1 4 . 0
1 4 . 0
1 5 . 0
1 6 . 4
1 4 . 0
1 4 . 0
1 4 . 8
1 4 . 9
1 5 . 0
1 4 . 9
1 5 . 0
1 5 . 2
;7.0

9 . 7 5
9 . 7 5

1 0 . 0
1 0 . 7 5
1 4 . 0
1 4 . 7 5
1 6 . 2 5
1 6 . 0
1 6 . 0

1 0 . 0
1 0 . 0
1 0 . 0
1 0 . 0
1 0 . 0
1 3 . 0
1 5 . 0
1 5 . 0
1 6 . 5
1 6 . 5

1 1 . 2 5
1 1 . 2 5
1 1 . 2 5
1 1 . 2 5
1 1 . 5
1 2 . 2 5
1 6 . 7 5
1 7 . 2 5

--
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A p p e n d i x  V  ( c o n t . )

D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) 0/00

I

--

S t a t i o n  4 0
1
2
3
4
5
7
9

11
15

6 . 0
5 . 5
5 . 0
5 . 0
5 . 0
4 . 5
2 . 5
1 . 0

- 0 . 5
- 1 . 0

1 5 . 0
1 5 . 5
1 6 . 0
1 6 . 5
1 6 . 5
1 7 . 0
1 9 . 0
1 9 . 0
2 0 . 0
1 9 . 5

S t a t i o n  5 0
1
2
3
4
5
7
9

11
14

S t a t i o n  6 0
1
2
3
4
5
7
9

11
13

S t a t i o n  7 0
1
2
3
4
5
7
9
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5 . 0
4 . 7 5
4 . 2 5
4 . 0
4 . 0
3 . 7 5
0 . 0

- 1 . 0
- 1 . 5
- 1 . 5

4 . 0
8 . 0
8 . 0
4 . 0
3 . 0
3 . 0
0 . 0

- 1 . 0
- 1 . 2 5
- 1 . 7 5

6 . 0
6 . 0
6 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0

1 6 . 0
1 6 . 0
1 6 . 5
1 8 . 0
1 8 . 0
1 9 . 0
2 3 . 0
2 3 . 0
2 3 . 0
2 3 . 0

1 9 . 0
1 4 . 0
1 8 . 0
2 0 . 0
2 0 . 0
2 1 . 0
2 3 . 0
2 3 . 0
2 3 . 0
2 3 . 5

1 7 . 0
1 7 . 2 5 ’
1 7 . 5
1 7 . 5
1 7 . 5
1 7 . 5
1 8 . 0
1 8 . 0



A p p e n d i x  V  ( c o n t . )

Date L o c a t i o n
D e p t h

(m)
T e m p e r a t u r e S a l i n i t y

(Oc) 0/00

J u l y  7 S u b a r e a  8

S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

0
1
2
3
4
5
7
9

11
15

0
1
2
3
4
5
7
9

11
15

0
1
3
5
7
9

J u l y  2 2

0
1
2
3
4
5
7
9

0
1
2
3
4

6 . 5
6 . 0
6 . 0
6 . 0
6 . 0
6 . 0
5 . 5
5 . 5
5 . 5
5 . 5

3 . 5
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0
5 . 0

7 . 1
7 . 1
6 . 9
6 . 0
5 . 5
4 . 9

8 . 0
7 . 9
7 . 5
7 . 0
7 . 9
6 . 9
6 . 7
6 . 7

8 . 0
7 . 1
7 . 0
7 . 0
7 . 0

1 0 . 5
1 1 . 5
1 1 . 5
1 2 . 0
1 3 . 5
1 3 . 0

9 . 5
7 . 5
6 . 5
6 . 0

1 8 . 0
1 7 . 5
1 8 . 0
1 8 . 0
1 8 . 5
1 9 . 0
1 8 . 5
1 9 . 0
1 9 . 0
1 9 . 5

1 5 . 8
. 1 5 . 0
1 7 . 0
1 8 . 9
1 9 . 0
2 1 . 2

.-

7 8

1 0 . 0
1 1 . 0
1 1 . 2
1 2 . 0
1 1 . 9
1 2 . 1
1 2 . 2
1 2 . 2

1 1 . 1
1 1 . 6
1 1 . 1
1 1 . 9
1 1 . 9



5 7 . 0 1 2 . 0

A p p e n d i x  V  ( c o n t . )

D e p t h T e m p e r a t u r e S a l i n i t y

Date L o c a t i o n (m) (Oc) 0/00

7 6 . 0 1 2 . 9

S t a t i o n  6

J u l y  2 0  s~,

S t a t i o n  1

S t a t i o n  2

S t a t i o n  3

.-

9 6 . 5
11 6 . 5
15 6 . 5

0
1
2
3
4
5
7
9

0
1
2
3
4
5
7

10
15

0
1
2
3
4
5
7

10
15

0
1
2
3
4
5
7

10
15

7 9

7 . 0
6 . 5
6 . 0
6 . 0
6 . 0
5 . 5
5 . 5
5 . 5

5 . 0
5 . 0
4 . 0
4 . 0
4 . 0
4 . 0
4 . 0
4 . 0
4 . 0

6 . 5
5 . 5
5 . 0
5 . 0
4 . 5
4 . 5
4 . 5
4 . 0
4 . 0

6 . 0
6 . 0
5 . 5
5 . 0
5 . 0
5 . 0
5 . 0
4 . 5
4 . 0

1 2 . 5
1 2 . 5
1 2 . 5

1 4 . 0
1 4 . 1
1 4 . 1
1 4 . 5
1 4 . 5
1 4 . 9
1 4 . 9
1 4 . 5

1 5 . 5
1 5 . 5
1 6 . 0
1 6 . 0
1 6 . 0
1 6 . 0
1 6 . 0
1 6 . 0
1 6 . 0

1 4 . 0
- 1 4 . 0
1 4 . 5
1 4 . 5
1 4 . 5
1 4 . 5
1 5 . 0
1 5 . 0
1 5 . 0

1 4 . 0
1 4 . 0
1 4 . 0
1 4 . 0
1 4 . 0
1 4 . 5
1 4 . 5
1 5 . 0
1 5 . 0

—.—-



APPENDIX VI

Benthic C o m m u n i t y  D e s c r i p t i o n s  i n t h e  N i n e S u b a r e a s  o f t h e
F i n g e r s  R e g i o n .

.-
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A p p e n d i x  V I . B e n t h i c  c o m m u n i t y  d e s c r i p t i o n s  i n  t h e  n i n e  s u b a r e a s
o f  t h e  F i n g e r s  R e g i o n .

a r e a 1 a n d S u b a r e a z

S i m i l a r  p l a n t  a n d  a n i m a l  c o m m u n i t i e s  w e r e  p r e s e n t  i n  S u b a r e a
1  a n d  S u b a r e a  2 .

Veaetatlou
.

R h o d o p h y t a
Callophyll  is-like. L a r g e b e d s o f  t h i s  foliose r e d

a l g a e were e n c o u n t e r e d  a t t h e
h e a d s  o f  b o t h  f i n g e r s .

Chlorophyta
Chaetonorpha s p . F o u n d  i n  l a r g e  m a t s .

Phaeophyta: None observed.

Vascualar plants. Some n e w  g r a s s  w a s  o b s e r v e d  a t
S p a w n  1  o n  J u l y  2 2 .

Coelenterata
Tubualria s p  A .

Mollusca
Mytilus  edulis

Macoma  baltica

Annelida
Polychaeta  s p .

Crustacea

Chordata
GJoberingia  s p .

Porifera
Haliclona  s p .

C o m m o n  o n s l o p e s t h r o u g h o u t
t h e  F i n g e r s .

C o m m o n l y  a s s o c i a t e d  w i t h  r e d
a l g a e  b e d s .

Numerous polychaetes were
observed.

A s s o r t e d s p e c i e s  o f a m p h i p o d s
w e r e  o b s e r v e d .

Common s o l i t a r y tunicate
o b s e r v e d .

--
81

C o m m o n  f i n g e r  s p o n g e  o b s e r v e d
o n s l o p e a n d  d e e p e r . U s u a l l y
i n  a s s o c i a t i o n  w i t h  r e d  algae
b e d s .



..-.
A p p e n d i x  V I  (cont.)

Veaetatiou

R h o d o p h y t a
Callophyllis-like

Chlorophyta
Chaetomorpha s p .

Vascualar Plants

s i m i l a r  t o  S u b a r e a  1  a n d

P o r i f e r a
Haliclona  s p

C o e l e n t e r a t a
Tubularia s p .  A
L e u c a r t i a  s p .

Mollusca
Mytilus  edu~is

Hacoma  baltica

Chordata
Globeringia  s p

Fish eggs

Annelida
Assorted polychaetes

Crustacea
L o t s  o f  arnphipods

Decopoda

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

F o u n d  t h r o u g h o u t  i n l e t ,  o f t e n  i n
l a r g e  m a t s .

A  m a r i n e  g r a s s  w a s  f o u n d
t h r o u g h o u t  t h e  i n l e t  -  j u s t
s t a r t i n g  t o  s p r o u t .

S u b a r e a  2

F o u n d  o n  t h e  s l o p e . New sponges
g r o w i n g  o n  Callophyll  i s - l i k e
a l g a e .

Common on  s lope
Common hydromedusae.

Most  common mollusc. Heavy
s e t t l e m e n t  o n  Callop~yll  is-like
a l g a e .
C o m m o n  i n  a l l  d r e d g e  sanples  o f
m u d  b o t t o m s . S t r o n g  a s s o c i a t i o n
w i t h w i t h  d i a t o m s .

.-
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Many n o n - h e r r i n g e g g s were
l o c a t e d t h r o u g h o u t t h e i n l e t .
A s s o c i a t e d  w i t h  t u n d r a  d e b r i s .

T h e  m o s t  o b v i o u s  w a s  a  polynoid
( s c a l e  w o r m ) .

M a n y  s p e c i e s . A l w a y s  a s s o c i a t e d
w i t h  o r g a n i c  m a t t e r .

S m a l l  c l e a r  s h r i m p s  o r  Mysids
a l o n g  t h e  b o t t o m

— ——-



Appendix VI (cont.)

Animal and p l a n t l i f e  w a s a b u n d a n t and v a r i e d . L a r g e
q u a n t i t i e s  o f  d i a t o m s  a n d  chaetomorpha  sp. m a t . F i n g e r  3  d i d  n o t
seem t o  h a v e  t h e  t u n d r a  c l u m p s  a s  e n c o u n t e r e d  i n  S u b a r e a 2 and
S u b a r e a  1 . B i r d s w h i c h  w e r e  a b u n d a n t  i n  t h e  l o w e r  r e g i o n s  o f
.Subarea  3  i n c l u d e d  W h i t e  W i n g e d  a n d  S u r f  S c o o t e r s , G l a u c o u s and
H e r r i n g  G u l l s ,  A r c t i c  T e r n s , O l d  S q u a w  d u c k s  a n d  A r c t i c  L o o n s .

Yeaetatiom
H i g h e r  d i v e r s i t y t h a n  f o u n d  i n

d i f f e r e n t  s p e c i e s  e a s i l y  i d e n t i f i e d .

Rhodophyta
Callophylljs-like

Chlorophyta
Chaetonorpha s p .
Spongomorpha  SP.

Enteronorpha prol ifera

Phaeophyta
Acrothrix  s p .

Vascular Plants

Holluscs

Mytjlus  edulis
Uacoma  baltjca

Yodfella  s p .

G a s t r o p o d a

Crustacea
Anphjpoda

Isopods

a n y  o t h e r  F i n g e r  -  s e v e r a l

More common than  in  Fingers
1 - 3

F o u n d  i n  l a r g e  m a t s .
F o u n d  i n  t o p  ( o p e n i n g )  h a l f  o f
t h e  F i n g e r .
Found a t  t h e  h e a d  o f  t h e  F i n g e r ,
o n l y  i n  d r e d g e  s a m p l e s .

Common, h a t c h e d  o u t  e g g s  w e r e
f o u n d  o n  t h i s  a l g a e
O n e  m a r i n e  g r a s s  w a s  f o u n d
a t  t h e  h e a d  o f  F i n g e r  4 .
T h i s  o c c u r r e d  i n  g r e a t  m a t s  w h i c h
c o m p l e t e l y  f i l l e d  t h e- d r e d g e s .

S e v e r a l  s p e c i e s  o f  mollusc  w e r e
f o u n d  i n  t h e  d r e d g e s .
U s u a l l y  a s s o c i a t e d  w i t h  r e d  a l g a e
T h e  m o s t  u b i q u i t o u s  s p e c i e s  o f
c l a m . F o u n d  i n  a l l  m u d  d r e d g e s .

F o u n d  o c c a s i o n a l l y  i n  m u d / s a n d

( x 3 )  F o u n d  o c c a s i o n a l l y .

N u m e r o u s  s p e c i e s ,  assg:iated w i t h
l a r g e q u a n t i t i e s organ i c
m a t t e r .
T w o  s p e c i e s  f o u n d  o c c a s i o n a l l y .
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Appendix VI (cont.)

Chordata
Globeringia  s p .

Hemichordata

Annelida
Polychaeta

C o e l e n t e r a t a
Tubularia s p .  A

Leucarta s p .

Porifera
Haliclona  s p p .

C o m m o n  s o l i t a r y  t u n i c a t e .
O u t e r tunic is covered by
granules of sand.

O n e  hemichordate  w a s  f o u n d  i n
m u d  c o n t a i n i n g  c o a r s e  o r g a n i c
m a t t e r .

Numerous polychaetes. A b o u t
5  s p e c i e s . M o s t  c o m m o n was
a  Polynoid ( s c a l e  w o r m )

Common on  s lope f a c e s . O c c u r r e d
i n a l m o s t  a l l  d r e d g e  s a m p l e s .
V e r y  c o m m o n  H y d r o m e d u s a ,  t h r o u g h -
o u t  w a t e r  coluBn.

Common - u s u a l l y  f a i r l y
d e e p  - o n  s l o p e  f a c e  a n d  d e e p e r .
T w o  a p p a r e n t  s p e c i e s .

S u b a r e a  4 w a s  a  d i v e r s e  F i n g e r  w i t h  a t  l e a s t  t h r e e s e p a r a t e
r e g i o n s .

A .

B .

c .

Head - typified by a v a s c u l a r  grass,a brown algae
Acrothrix  sp,  a n d  a  g r e e n  a l g a e  Chaetonorpha sp a n d
l a r g e  q u a n t i t i e s  o f  l o o s e  t u n d r a . Mud with diatom
cover suggested a fairly stable substrate

Central region
Red algae, mud, diatoms and large quantities of
organic material. The red algae, mussels, sponge
and Tubularia were c o m m o n .

O u t e r  r e g i o n
L e s s a l g a e  a n d  o r g a n i c  m a t e r i a l . S m a l l  a m o u n t s  o f
red algae and ChaetoRorpha. D r e d g e s d i d  n o t
c o l l e c t  a s much organ i c m a t e r i a l  . V e r y s a n d y
s u b s t r a t e .

subarea 5

Rhodophyta
Callophyllis-1  ike Found intermittently on the west

shore near the Finger. Uncommon.
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Appendix VI (cont.)

Chlorophyta
Chaetomorpha s p

Vascular Plants

Coelenterata
Tubularja s p .  A
Levcartja sp.

Crustacea
Amphjpoda s p

Porifera
Haljclona  s p .

Fish Eggs

F o u n d  t h r o u g h o u t  t h e  i n l e t .

G r a s s  w a s  f o u n d  a t t h e F i n g e r
h e a d .

F o u n d  o n  s h a l l o w  s l o p e .
Hydromedusa .

N e a r  t h e  m o u t h .

A  p a t c h  a b o u t  1 0 m  x  10m o f  s m a l l
o p a q u e ‘ m y s t e r y ’  e g g s . A  sample
w a s  c o l l e c t e d .

Sunmary

T h e  m o u t h  o f  S u b a r e a  5  h a d  a s a n d y / r o c k y  s h o r e s . T h e  d i v e
d o n e i n  F i n g e r  5  r e v e a l e d  a  s a n d y  s u b s t r a t e  w i t h  a  s t e e p s l o p e .
T h e  s l o p e  h a d  s c a t t e r e d  d e b r i s . T h i s  w a s  r e p r e s e n t a t i v e  o f t h e
e a s t shore . The w e s t s h o r e w a s  c o m p o s e d  o f  a f i n e muddy
s e d i m e n t . Many d r e d g e s c a m e  u p  e m p t y . T h e  h e a d  o f  t h e i n l e t
s e e m e d muddy with more Callophylljs t y p e a l g a e , diatomaceous
m a t s , a n d  Chaetomorpha s p . . S o m e  g r a s s  w a s  f o u n d ,  b u t  l e s s  t h a n
i n  S u b a r e a s  4 , 6 ,  o r  7 .

S u b a r e a s  6  a n d  7

S i m i l a r  a l g a e  a n d  a n i m a l  c o m m u n i t i e s  a s  t h o s e  d e s c r i b e d f o r
S u b a r e a  5 . G r a s s c o m m u n i t i e s  w e r e  m u c h  m o r e  d o m i n a n t  a t t h e
h e a d s  o f t h e  f i n g e r s . M u c h  o f  t h e  g r a s s  w a s  j u s t  s t a r t i n g  t o
g r o w ,  p a r t i c u l a r l y  i n  t h e  s h a l l o w s .

Vascular Plants An aquatic plant extended in
fairly wide bands to depths
o f  l - 3 m . D i a t o m s  w e r e  f r e q u e n t l y
o b s e r v e d  g r o w i n g  o n  t h i s  p l a n t .

Sea Grasses M a r i n e  g r a s s  c o m m u n i t i e s ,  s i m i l a r
t o  Zostera s p , w e r e  o b s e r v e d  i n
F i n g e r s  6  a n d  7 . T h e s e  s e a
g r a s s  c o m m u n i t i e s  a p p e a r e d  t o  b e
v e r y s t a b l e , a n d  w e r e  l o c a t e d  i n
a r e a s  o f  l o w  w a t e r  m o v e m e n t .

.-
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Appendix VI (cont.)

r e a 8

.,
we

approaches to the Kugaluk River were tYPi::~dof  a ‘ iver

estuary. The bottom substrate was a fine silty . Sparse

amounts of tundra debris, mostly larger clumps, were s c a t t e r e d

o v e r  t h e  b o t t o m . The w a t e r  w a s  v e r y  t u r b i d . D r e d g e s  f o u n d

v e r y  f e w  a l g a e  o r i n v e r t e b r a t e  f a u n a .

YeaetatloQ.

Algae
Chaetonorpha  SP.

Vascular Plants

Crustacea
Annelida

V e r y  s p a r s e , u s u a l l y a s s o c i a t e d
w i t h  diatomaceous  m a t .
Some observed a t  Spawn 4 .

Some amphipods
S o m e  a s s o r t e d  polychaetes

Fish More than 100 Arctic flounder
(Liopsetta  glacialis)  w e r e  c a u g h t
in  a  gillnet w h i c h  w a s  s e t  f r o m
s h o r e  i n  e a r l y  J u l y .

ea 9

-i ~
was a v a r i e d  s e c t i o n  o f  c o a s t . I n s h a l l o w a r e a s ,

dredges brought up fine m u d  a n d  d i a t o m a c e o u s  m a t e r i a l  w i t h v e r y

l i t t l e  d e b r i s .

Veaetatiw

Phaeophyta
Punctaria  sp This  large  ke lp  was o b s e r v e d  b y

d i v e r s  n e a r  t h e  t r a i l e r  c a m p  a n d
p i c k e d  u p  b y  d r e d g e s  o f f  t h e
m o u t h  o f  F i n g e r  2 .

Chlorophyta
Chae*oaorpba  SP F o u n d  i n  l a r g e  m a t s

Rhodophyta
CallophyJlis-1  ike L a r g e  q u a n t i t i e s  f o u n d  t h r o u g h o u t

S u b a r e a  9 , e s p e c i a l l y  i n s i d e  t h e
lagoon in t h e n o r t h e a s t e r n

Vascular Plants

p o r t i o n .

N o n e  o b s e r v e d .

.-
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Appendix VI (cont.)

Coelenterata
Tubularia sp A
Tubularia sp B
L e u c a r t i a  s p .
Cyanea sp.

!4011usca
Mytilus edulis

Annelida

Crustacea

F o u n d  a t  o n e  s i t e  ( S p a w n  1 ) .
F o u n d  i n  h i g h  c u r r e n t  a r e a s .
Hydromedusa .
S c y p h o m e d u s a .

T u b e  d w e l l i n g  polychaetes were
s e e n i n  f i n e  m u d  a t  o n e  l o c a t i o n
( S p a w n  1 ) .

A s s o r t e d  s p e c i e s  o f  amphipods
w e r e  o b s e r v e d .

4
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