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UPPER BULKLEY RIVER RECONNAISSANCE WITH REFERENCE TO

JUVENILE STEELHEAD CARRYING CAPACITY

C. D .  T r e d g e r l

A b s t r a c t . - - B i o r e c o n n a i s s a n c e  o f  t h e  Upper  B u l k l e y  R i v e r
system was c o n d u c t e d  i n  l a t e  summer o f  1981  b y  t h e  F i s h  H a b i -
t a t  Improvement  S e c t i o n .  O b j e c t i v e s  we re  t o  o u t l i n e  p r e s e n t
s t a n d i n g  c r o p  and  a n  e s t i m a t e  o f  c a r r y i n g  c a p a c i t y  f o r  j u v e n i l e
s t e e l h e a d .  N o  r e l i a b l e  i n f o r m a t i o n  o n  a d u l t  s t e e l h e a d  spawn ing
d i s t r i b u t i o n  o r  escapements  was  a v a i l a b l e .  V e r y  r o u g h  e s t i -
mates o f  s t e e l h e a d  d i s t r i b u t i o n  and  j u v e n i l e  s t a n d i n g  c r o p  w e r e
made. P o p u l a t i o n s  i n  t h e  o r d e r  o f  9 2 , 0 0 0  f r y  a n d  4 8 , 0 0 0  p a r r
were e s t i m a t e d ,  t r a n s l a t i n g  t o  a d u l t  escapement  i n  t h e  r a n g e  o f
155 t o  1 , 2 6 0 .  T h e  m a j o r  p r o b l e m  i n  d e t e r m i n i n g  s t e e l h e a d  d i s -
t r i b u t i o n  and  s t a n d i n g  c r o p  was t h e  u n c e r t a i n t y  i n  s e p a r a t i n g
s t e e l h e a d  f r o m  r e s i d e n t  r a i n b o w  t r o u t  p o p u l a t i o n s .  A  recommen-
d a t i o n  f o r  f u r t h e r  assessment  t o  d e t e r m i n e  s t e e l h e a d  d i s t r i b u -
t i o n  a n d  t h e  r a t i o  o f  r e s i d e n t  t r o u t - s t e e l h e a d  was made.

INTRODUCTION

The Uppe r  B u l k l e y  R i v e r  i s  t h a t  p o r t i o n  o f  t h e
B u l k l e y  R i v e r  above  t h e  M o r i c e  R i v e r  c o n f l u e n c e  ( F i g .
1 ) .  T h e  w a t e r s h e d  c o v e r s  2 , 4 0 0  km2 o f  t h e  e a s t e r n

p o r t i o n  o f  t h e  B u l k l e y  V a l l e y ,  o r i g i n a t i n g  a t  B u l k l e y
and Maxan L a k e s .  A n a d r o m o u s  s a l m o n i d  s p e c i e s  u s i n g
the  Upper  B u l k l e y  i n c l u d e  c h i n o o k ,  c o h o ,  p i n k  and
sockeye s a l m o n ,  a n d  summer r u n  s t e e l h e a d  t r o u t .  A s
p a r t  o f  a n  o v e r v i e w  o f  s t e e l h e a d  enhancement o p p o r -
t u n i t i e s  i n  t h e  B u l k l e y - M o r i c e  R i v e r  s y s t e m ,  a  b i o -
reconna issance  o f  t h e  Upper  B u l k l e y  R i v e r  was c o n -
duc ted .  O b j e c t i v e s  w e r e  t o  o u t l i n e  p r e s e n t  s t a n d i n g
crop a n d  a n  e s t i m a t e  o f  c a r r y i n g  c a p a c i t y  f o r  j u v e n i l e
s t e e l h e a d .  T h e  p r o g r a m  was c o n d u c t e d  b y  t h e  F i s h
H a b i t a t  Improvement  S e c t i o n  ( F . H . I . S . )  o f  t h e  B .  C .
F i sh  a n d  W i l d l i f e  B r a n c h  and  R e g i o n  6  F i s h e r i e s
Management s t a f f .

METHODS

Bio reconna issance  o f  t h e  Upper  B u l k l e y  R i v e r  was
conducted b y  a i r - p h o t o  a n a l y s i s  a n d  l a t e  summer f i s h
p o p u l a t i o n  a n d  f i s h  h a b i t a t  assessment .  P r i o r  t o  t h e
f i e l d  p r o g r a m  s t r e a m  r e a c h  b r e a k s  w e r e  l o c a t e d  b y  a i r
photo  a n a l y s i s  a n d  a  g e n e r a l  f i e l d  p r o g r a m  was p l a n n e d .
F i e l d  s a m p l i n g  i n c l u d e d  d e t a i l e d  h a b i t a t  d e s c r i p t i o n
by r e a c h  and  i n t e n s i v e  f i s h  p o p u l a t i o n  e s t i m a t e s  a t
24 s i t e s  t h r o u g h o u t  t h e  Upper  B u l k l e y  s y s t e m .  A  d e s -
c r i p t i o n  o f  m e t h o d o l o g i e s  employed  b y  t h e  F. H . I . S .  i s
g i ven  i n  d e  Leeuw ( 1 9 8 1 ) .  T h e  f i e l d  p r o g r a m  was
conducted A u g u s t  3 0  t o  September 3 ,  1 9 8 1 .

F i g u r e  1 . - - T h e  B u l k l e y  R i v e r  w a t e r s h e d  u p s t r e a m  o f  R E S U L T S
Smi the rs ,  B .  C .  S c a l e  1 : 6 0 0 , 0 0 0 .

1C. D .  T r e d g e r ,  F i s h e r i e s  B i o l o g i s t ,  F i s h
H a b i t a t  Improvement  S e c t i o n ,  F i s h  a n d  W i l d l i f e
Branch,  M i n i s t r y  o f  E n v i r o n m e n t ,  V i c t o r i a ,  B .  C .
June,  1 9 8 2 .

Genera l  D e s c r i p t i o n  o f  Wate rshed

Genera l  t o p o g r a p h y  o f  t h e  Upper  B u l k l e y  wa te rshed
i s  t h a t  o f  l o w  moun ta ins  a n d  h i l l s .  T h e  Uppe r  B u l k l e y
R i v e r  i s  g e n e r a l l y  a  l o w  g r a d i e n t ,  f r e q u e n t l y  meander -
i n g  s t r e a m  w i t h  some modera te  g r a d i e n t  s e c t i o n s .  T r i -
b u t a r i e s  a r e  g e n e r a l l y  modera te  t o  h i g h  g r a d i e n t ;  many



are l a k e -headed.  T h e  s y s t e m  i s  q u i t e  p r o d u c t i v e ,  a s
i n d i c a t e d  p y  r e l a t i v e l y  h i g h  T. D . S .  (mean  a t  H o u s t o n ,
= 8 0  m g / f )  a n d  h i g h  e s t i m a t e d  mean a n n u a l  t e m p e r -
a t u r e  ( 7 . 0 ° C ) 3 .

D ischarge  Regime

Flow r e c o r d s  f o r  t h e  Upper  B u l k l e y  w a t e r s h e d
are  i n c l u d e d  i n  A p p e n d i x  I  ( i n c l u d i n g  B u l k l e y  R i v e r
near  H o u s t o n ,  R i c h f i e l d  C r e e k  and  B u c k  C r e e k ) .  D i s -
charge i n  t h e  Upper  B u l k l e y  b e l o w  Buck  C reek  h i s t o r -
i c a l l y  r a n g e s  f r o m  a  mean h i g h  o f  7 2 . 9  m3 /s  ( 2 , 6 0 0
c f s )  i n  May t o  w i n t e r  l o w  f l o w s  o f  n e a r  1 . 0  m3 /s
(35 c f s ) .  M e a n  l a t e  summer d i s c h a r g e  (Sep tember )  i s
2 .3  m 3 / s  ( 8 2  c f s ) ,  w i t h  a  r e c o r d e d  minimum o f  0 . 5
m3/s ( 1 8  c f s ) .  D i s c h a r g e  d u r i n g  t h e  A u g u s t  1981
sampl ing  p e r i o d  was e x t r e m e l y  l o w ,  r e c o r d e d  a t  0 . 5 4
m3/s ( 1 9  c f s ;  A u g .  3 1 ,  1 9 8 1 ,  W. S . C .  p e r s .  c o m m . ) .
The m a j o r  component  o f  t h i s  f l o w  o r i g i n a t e d  f r o m
Buck C r e e k ,  r e c o r d e d  a t  0 . 4 2  m 3 / s  ( 1 5  c f s ) .  T h e
mainstem B u l k l e y  above  Buck  C r e e k  was t h e r e f o r e
0.12 m 3 / s  ( 4 . 3  c f s ) .  F . H . I . S .  e s t i m a t e s  i n  t h e
B u l k l e y  above  Buck  C reek  we re  r o u g h l y  t w i c e  t h i s
f i g u r e  ( 0 . 2 5  m 3 / s ;  8 . 9  c f s ) .  D i s c h a r g e  e s t i m a t e s
f rom sample  s i t e s  t h r o u g h o u t  t h e  w a t e r s h e d  a r e
summarized i n  Ta b l e  1 .

Reach H a b i t a t  D e s c r i p t i o n

Stream h a b i t a t  was d i v i d e d  i n t o  r eaches  o n  t h e
b a s i s  o f  a i r  p h o t o  a n a l y s i s  a n d  f i e l d  s a m p l i n g  ( F i g .
2 ) .  A  summary o f  r e a c h  l e n g t h s  and  h a b i t a t  p a r a -
meters i s  g i v e n  i n  Ta b l e  2 .  A  b r i e f  d e s c r i p t i o n  o f
h a b i t a t  f o l l o w s .  S o m e  r e p r e s e n t a t i v e  pho tog raphs
are i n c l u d e d  i n  Append i x  2 .  H a b i t a t  s a m p l i n g  d a t a
i s  i n c l u d e d  i n  A p p e n d i x  3 .

The ma ins tem B u l k l e y  i s  g e n e r a l l y  a  l o w  g r a d i e n t
meander ing s t r e a m .  A  t o t a l  o f  f i v e  r e a c h e s  w e r e
i d e n t i f i e d .  D u e  t o  t h e  e x t r e m e l y  l o w  d i s c h a r g e  mos t
reaches h a d  v e r y  l o n g  g l i d e  a n d  p o o l  h a b i t a t ,  w i t h
o n l y  s h o r t  r i f f l e  a r e a s .  I n  t e r m s  o f  j u v e n i l e  s a l -
monid r e a r i n g  mos t  g l i d e  a n d  p o o l  a r e a  was u n p r o d u c -
t i v e  ( n e a r l y  s t a n d i n g  w a t e r ) .  O n l y  d e e p e r  r i f f l e
areas a n d  t h e  v e r y  head  ends  o f  g l i d e s  a n d  p o o l s  w e r e
conduc ive t o  s a l m o n i d  p r o d u c t i o n .

The b e s t  a r e a  f o r  s a l m o n i d  r e a r i n g  was Reach 3 .
Th i s  r e a c h  had  s l i g h t l y  h i g h e r  g r a d i e n t  a n d  t h e r e f o r e
more a n d  b e t t e r  q u a l i t y  r i f f l e  h a b i t a t .  S u b s t r a t e s
were g e n e r a l l y  l a r g e r ,  i n  t h e  g r a v e l  and  c o b b l e  c a t e -
g o r i e s .  T h e  s t r e a m  above To p l e y  appeared  s i g n i f i c a n t l y
s m a l l e r ,  a s  i n d i c a t e d  b y  t h e  r e d u c e d  w e t t e d  w i d t h  i n
Reaches 4  a n d  5 .  A  more meande r i ng  c h a n n e l  was e v i -
d e n t ,  a s  was d i r t  a n d  c l a y  b a n k s  ( a s  opposed t o  g r a v e l
and b a r s )  a n d  i n s t r e a m  d e b r i s .

2Envi ronment  Canada,  1 9 7 4 .  W a t e r  Q u a l i t y  D a t a ,
B r i t i s h  C o l u m b i a  1961-1971.  I n l a n d  Wate rs  D i r e c t o r -
a t e ,  Wa t e r  Q u a l i t y  B r a n c h ,  O t t a w a .

3from Skeena R i v e r  S t e e l h e a d  C a r r y i n g  C a p a c i t y
A n a l y s i s  ( T r e d g e r ,  M S . ,  1 9 8 2 ) ;  e s t i m a t e d  f r o m  Wate r
Survey o f  Canada t e m p e r a t u r e  d a t a .

F i g u r e  2 . - - T h e  Uppe r  B u l k l e y  R i v e r  s y s t e m ,  i n d i c a t i n g
reach b r e a k s  ( R 1 )  a n d  samp le  s i t e s  ( S 1 ) .

T r i b u t a r i e s  t o  t h e  Uppe r  B u l k l e y  a r e  g e n e r a l l y
moderate t o  h i g h  g r a d i e n t ,  w i t h  a n  abundance o f  good
q u a l i t y  r e a r i n g  h a b i t a t .  B u c k  C r e e k  i s  t h e  mos t  s i g -
n i f i c a n t  t r i b u t a r y  i n  t e r m s  o f  r e a r i n g  a r e a  and
h a b i t a t  q u a l i t y .  B u c k  C reek  i s  a c c e s s i b l e  t o  a p p r o x -
i m a t e l y  m i d -way i n  Reach 5  whe re  a  f a l l s  i s  l o c a t e d
(M. L o u g h ,  p e r s .  comm. )4 .  M c Q u a r r i e  C r e e k  i s  a n o t h e r
s i g n i f i c a n t  t r i b u t a r y ,  headed  b y  M c Q u a r r i e  L a k e .  A
p o o r l y  i n s t a l l e d  c u l v e r t  may cause  f i s h  m i g r a t i o n
problems r o u g h l y  m i d -way i n  Reach 3  ( n e a r  s i t e  2 ) ,
n e g a t i n g  a c c e s s  t o  McQuar r i e  L a k e .  O t h e r  s i g n i f i c a n t
t r i b u t a r i e s  i n c l u d e  R i c h f i e l d  a n d  Maxan C r e e k s .
Sma l l e r  i m p o r t a n t  t r i b u t a r i e s  w e r e  a l s o  p r e s e n t ,
i n c l u d i n g  Byman, F o x y  and  p o s s i b l y  A i l p o r t  C r e e k s .
A l l  o t h e r  t r i b u t a r i e s  w e r e  d r y  o f  o t h e r w i s e  c o n s i d e r e d
i n s i g n i f i c a n t  a t  t h e  t i m e  o f  s u r v e y.  H i g h e r  f l o w s
may g i v e  a  d i f f e r e n t  i m p r e s s i o n .

F i s h  P o p u l a t i o n  Assessment

J u v e n i l e  f i s h  p o p u l a t i o n  e s t i m a t e s  w e r e  c o n d u c -
ted  a t  2 6  s i t e s  i n  t h e  Upper  B u l k l e y  w a t e r s h e d  ( 2 4
e l e c t r o f i s h i n g ,  2  s e i n i n g ) .  A  s e r i e s  o f  r e p r e s e n t a -
t i v e  h a b i t a t  t y p e s  w e r e  sampled  t h r o u g h o u t  m o s t
reaches.  I n  l a t e r  e s t i m a t e s  e f f o r t  was c o n c e n t r a t e d
on f a v o u r a b l e  h a b i t a t .  A  summary o f  r e s u l t s  i s  g i v e n
i n  Ta b l e  3  w i t h  c o m p l e t e  d a t a  i n c l u d e d  i n  A p p e n d i x  4 .
D i s c u s s i o n  o f  p o p u l a t i o n  assessment  b y  s p e c i e s  f o l l o w s ,
and w i l l  i n c l u d e  d i s t r i b u t i o n  ( a d u l t  a n d  j u v e n i l e ) ,
d e n s i t y ,  h a b i t a t  s e l e c t i o n  and  s t a n d i n g  c r o p  e s t i m a t e s .
A l l  d a t a  and  c a l c u l a t i o n s  a r e  i n c l u d e d  i n  Append ices
5 t h r o u g h  8 .

4 F i s h e r i e s  B i o l o g i s t ,  M i n i s t r y  o f  E n v i r o n m e n t ,
Sm i the rs ,  B .  C .
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l o w e r (S1, 2)

upper (S6)

l owe r (S1)

l o w e r (S1)

l o w e r (S1)

m i d d l e (S3)

m i d d l e (S1)

TABLE 1 . - -Summary o f  d i s c h a r g e  e s t i m a t e s  i n  s t r e a m s  i n  t h e  U p p e r  B u l k l e y  R i v e r
system, A u g u s t  3 0  t o  September  3 ,  1 9 8 1 .

STREAM L O C A T I O N  E S T I M A T E D  DISCHARGE ( M 3 / S )

W.S.C. F . H . I . S .

B u l k l e y  b e l o w  Buck  C r .  0 . 5 4  1 . 6 0  ( 5 7  c f s )

B u l k l e y  a b o v e  B u c k  C r .  -  K n o c k h o l t  0 . 1 2  0 . 2 5  (  8 . 8  c f s )

B u l k l e y  T o p l e y  N / A  0 . 1 9  (  6 . 8  c f s )

B u l k l e y  F o r e s t d a l e  N / A  0 . 0 7 5  (  2 . 7  c f s )

B u l k l e y  b e l o w  B u l k l e y  L a k e  ( 2  km)  N / A  0 . 3 2  ( 1 1 . 4  c f s )

Buck

Buck

McQuarr ie

Byman

R i c h f i e l d

Crow

0.42  0 . 4 6  ( 1 6 . 4  c f s )

N/A 0 . 0 7 5  (  2 . 7  c f s )

N/A 0 . 0 7 5  (  2 . 7  c f s )

N/A 0 . 0 3 4  (  1 . 2  c f s )

N/A 0 . 2 0  (  7 . 1  c f s )

N/A 0 . 0 5  (  1 . 8  c f s )

N/A 0 . 0 4  (  1 . 4  c f s )

Maxan b e l o w  Maxan L k .  ( 4  km)  N / A  0 . 2 0  (  7 . 1  c f s )



TABLE 2 . --Summary o f  r e a c h  h a b i t a t  c h a r a c t e r i s t i c s  o f  t h e  Uppe r  B u l k l e y  R i v e r  s y s t e m .

P/R/G RATIO COVER TYPE (%) MAJOR SUBSTRATES

35/ 9 / 5 6 B, L ,  OV ( 0 . 7 ) F,  SG,  L G  ( C ,  B )

64/  6 / 3 0 L,  O V,  C ,  B ,
IV

( 1 . 0 ) F,  SG,  LG

15/32 /53 L ,  C ,  OV ( 1 . 0 ) F,  SG,  LG ( C )

37/  1 / 6 2 OV, L ,  C ( 3 . 5 ) F,  SG,  LG

22/  8 / 7 0 L ,  C ,  OV ( 7 . 1 ) F,  SG,  L G

15 /18 /67 B, O V,  L ( 3 . 2 ) LG, SG,  F

0 / 8 3 / 1 7 B, OV (30 .7 ) SG, L G ,  C ,  B

n o t  samp led

18 /34 /48 OV, L ,  C (15 .2 ) LG, SG,  C

n o t  samp led

0 / 4 9 / 5 1 OV, B ( 7 . 8 ) C, B ,  LG

n o t  samp led

8 / 1 2 / 8 0 OV, B ,  C ( 8 . 6 ) C, L G ,  F

9 / 6 0 / 3 1 B, O V,  L ( 6 . 2 ) LG, C ,  SG

45 /25 /30 L,  OV (21 .3 ) SG, F ,  C

9 / 1 8 / 7 4 L,  OV (6) LG, SG,  F ,  C

STREAM
GRADIENT

REACH L E N G T H  ( m )  ( % )
MEAN

AREA (m2)  W I D T H  (m) GENERAL

B u l k l e y  R .

Buck C r .

Dungate C r .

McQuarr ie  C r .

Byman C r .

R i c h f i e l d  C r .

Crow C r .

Maxan C r .

1 8 , 9 0 0

2 2 3 , 0 0 0

3 8 , 0 0 0

4 2 5 , 2 0 0

5 5,200

1 2 , 5 0 0

2 2 , 2 0 0

3 3 , 8 0 0

4 2 , 0 0 0

5 3 8 , 5 0 0

1 2 , 1 0 0

1 1 , 6 0 0

2 6 , 6 0 0

3 6 , 0 0 0

1 5 , 6 0 0

2 1 0 , 3 0 0

1 2 , 3 0 0

2 6,300

1 1 4 , 5 0 0

1 1 2 , 5 0 0

0.5  1 4 3 , 9 0 0

0 . 1  3 4 7 , 7 0 0

0 .4  7 5 , 7 0 0

0.25 1 7 4 , 1 0 6 .

0 . 1  3 4 , 2 0 0

0 .6 23,600

16 i r r e g u l a r  meander,  m o d e r a t e
g r a d i e n t

15 m e a n d e r i n g ,  w i t h  oxbows,
v e r y  l o w  g r a d i e n t

9 .5  i r r e g u l a r ,  m o d e r a t e  g r a d i e n t

7 m e a n d e r i n g ,  w i t h  oxbows ,
v e r y  l o w  g r a d i e n t

6 .5  m e a n d e r i n g ,  v e r y  l o w  g r a d i e n t ,
o r i g i n a t e s  f r o m  B u l k l e y  L k .

9 .5  u n c o n f i n e d  w i t h  w i d e  g r a v e l  n o t  s a m p l e d ,  s i m i l a r  t o  Buck  C reek  Reach 3
channel

0 .7  2 3 , 8 0 0  1 0 . 8  c o n f i n e d  c a n y o n

1.6 3 5 , 9 0 0  9 . 5  u n c o n f i n e d  w i t h  w i d e  g r a v e l
channe l

1.5 2 1 , 6 0 0  1 0 . 8  c o n f i n e d  c a n y o n

0 .2  3 6 2 , 7 0 0  9 . 4  u n c o n f i n e d ,  i r r e g u l a r  meander

5 . 1  7 , 6 0 0  3 . 6  h i g h  g r a d i e n t ,  e n t r e n c h e d ,
p r o b a b l e  f a l l s

4 .7  3 , 6 0 0  2 . 2  m o d e r a t e  g r a d i e n t ,  c h a n n e l i z e d

2.5  1 5 , 0 0 0  2 . 3  e n t r e n c h e d  i n  s t e e p  v a l l e y ,
some canyon  a r e a s

3.0  1 3 , 6 0 0  2 . 3  h e a d e d  b y  McQua r r i e  L a k e

2 .7  1 6 , 8 0 0  3  c h a n n e l i z e d  a t  l o w e r  e n d

2 .8  3 0 , 9 0 0  3  s m a l l  s t r e a m ,  l a k e  headed

2 .0  1 4 , 9 0 0  6 . 5  m e a n d e r i n g  t h r o u g h  v a l l e y
bo t tom

2.7 27,600

2 .0  4 1 , 4 0 0

0.5  1 4 6 , 7 0 0

4 .4  e n t r e n c h e d  i n  deep c a n y o n ,
h i g h  f a l l s  a t  t o p  o f  r e a c h

2.9  s m a l l  s t r e a m  t h r o u g h  f o r e s t

11.7  l a k e  headed (Maxan L a k e )

21/  0 / 7 9

0 / 4 5 / 5 5

n o t  s a m p l e d ,

B,  O V,  C  ( 1 . 7 )  C ,  L G ,  B

B ( L ,  OV) ( 2 . 0 )  F ,  C ,  L G

s i m i l a r  t o  B u c k  C r e e k  Reach 2



TABLE 3 . - -Summary o f  f i s h  p o p u l a t i o n  e s t i m a t e  r e s u l t s  c o n d u c t e d  i n  t h e  U p p e r  B u l k l e y  R i v e r  s y s t e m ,  A u g u s t
30 t o  September  3 , 1981.

STREAM R E A C H SITE F I S H  D E N S I T Y ( N O .  / M 2  )

Rainbow Chinook O t h e r  S p e c i e s '
0+ 1+ >2+

B u l k l e y  R . 1 1 0.02 0 . 11 0 0 .13 0 LnD 1 . 9 7 ,  S u  0 . 1 4
2 0 0.16 0 .01 0 0.07 LnD 2 . 7 8 ,  S c  0 . 1 4 ,  MW 0 . 0 1 ,  L  p r e s e n t
3 0 0.004 0 0 .01 0.05 LnD p r e s e n t ,  S u  0 . 0 3 .  MW 0 . 3 1
4 0 0 0 0 0 Su p r e s e n t

2 5 0 0.10 0.02 0.27 0 .04 LnD 0 . 3 4 ,  S u  0 . 0 2
6 0 0.05 0 0.07 0 .14 LnD 0 . 0 4 ,  S u  0 . 0 2 ,  S c  0 . 2 9
7 0 .01 0 0 0.03 0 LnD 1 . 2 6 ,  S u  0 . 1 3

3 8 1.03 0.03 0 .01 0.09 0.06 LnD 1 . 5 4 ,  S u  0 . 0 1
4 9 0 0 0 0.03 0 LnD 0 . 3 0

10 0.04 0.02 0 0 0 LnD, L ,  S q ,  S u  p r e s e n t ,  S c  0 . 0 2
5 11 0.15 0 0 0 0 LnD 0 . 1 5 ,  MW 0 . 0 1

1
Buck C r . 2 1 0 .13 0.06 0 .01 0 .01 0 LnD 0 . 0 7 ui

3 2 0.47 0.19 0.02 0 0.13 LnD 0 . 2 3 ,  L  p r e s e n t 1
5 3 0.63 0 .03 0 .01 0 0 LnD 0 . 0 9

4 0.18 0 .41 0.14 0 0 LnD 0 . 5 3 ,  MW 0 . 0 3
5 0.09 0.36 0 0 0 LnD 0 . 2 1 ,  S u  0 . 4 6
6 0.18 0.13 0.02 0 0 LnD 0 . 0 5

Dungate C r . 1 1 1 .13 0.22 0.05 0 0.15 DV 0 . 0 5
McQuarr ie  C r . 2 1 1.89 0 .54 0.06. 0 .10 0 LnD 0 . 7 1

2 0.63 0.40 0 . 11 0 0 0
Byman C r . 1 1 0 .18 0 .18 0.09 0.05 0 LnD 0 . 0 5
R i c h f i e l d  C r . 1 1 0.96 0.19 0.05 0 .20 0 0

2 2 0 0.14 0.19 0 0 0
(above f a l l s ) 3 3 0 .21 0 . 11 0.05 0 0 0

Crow C r . 1 1 0 .08 0.18 0.29 0 0 Sc 0 . 0 3 ,  L  p r e s e n t
Maxan C r . 1 1 0 .31 0.19 0.005 0 0 LnD 0 . 1 1

' O t h e r  s p e c i e s  l e g e n d :  L n D  -  l o n g n o s e  d a c e ;  S u  -  s u c k e r  s p e c i e s ;  S c -  s c u l p i n  s p e c i e s ,  MW -  M o u n t a i n
W h i t e f i s h ;  L  -  l a m p r e y ;  S q  -  s q u a w f i s h ,  D V  -  D o l l y  Va r d e n .



Chinook sa lmon

A G E G R O U P

0+ 1+ 2+ 3+

n sampled 505.0 242.0 59 .0 7.0
62 .1 29.8 7 .3 0 .8

mean f o r k  l e n g t h  (mm) 46.4 85.3 121.4 148.0
mean w e i g h t  ( g ) 1 .06 6 .61 19.05 34.52

A d u l t  c h i n o o k  sa lmon a r e  known t o  u s e  t h e  m a i n -
stem B u l k l e y  R i v e r  and  maximum r e c o r d e d  escapement
has b e e n  1 , 2 0 0  c h i n o o k ,  w i t h  1980  and  1981  e s c a p e -
ments o f  5 0 0  and  250  r e s p e c t i v e l y  ( M .  W h a t e l y 5 ,  p e r s .
comm.). I n  l a t e  summer p o p u l a t i o n  e s t i m a t e s  j u v e n i l e
ch inook  we re  f o u n d  i n  l o w e r  B u c k  C r e e k ,  Dunga te  C r e e k
and i n  t h e  ma ins tem B u l k l e y  u p  t o  Reach 3 .  M a x i m u m
sampled d e n s i t y  o c c u r r e d  i n  Dunga te  C r e e k  ( 0 . 1 5 / m 2 ) ,
a ma ins tem g l i d e  ( h e a d  e n d )  i n  Reach 2  ( 0 . 1 4 / m 2 )  a n d
i n  S i t e  2  o f  Buck  C r e e k  ( 0 . 1 3 / m 2 ) .  A l l  c h i n o o k  c a p -
t u r e d  w e r e  f r y ,  w i t h  t h e  e x c e p t i o n  o f  1  y e a r l i n g
(a p r e c o c i o u s  m a l e ) .  M e a n  s i z e  was 6 9 . 4  mm ( 3 . 6 7  g ) .
H a b i t a t  u t i l i z e d  b y  j u v e n i l e  c h i n o o k  i n  t h e  ma ins tem
B u l k l e y  i n c l u d e d  r i f f l e s  ( w h e r e  deep  enough)  a n d  t h e
head ends  o f  g l i d e s  a n d  p o o l s .  T h e  m i d d l e  p o r t i o n
o f  l o n g  g l i d e s  a n d  p o o l s  ( t e r m e d  f l a t s )  w e r e  v i r -
t u a l l y  b a r r e n .

S tand ing  c r o p  o f  j u v e n i l e  c h i n o o k  was e s t i m a t e d
a t  1 0 , 6 7 1  f i s h ,  o r  a  t o t a l  b iomass  o f  3 9  k g .  B y
a p p l y i n g  s t a n d i n g  s u r v i v a l  r a t e s ,  e s t i m a t e s  o f  r o u g h -
l y  3 , 7 0 0  t o  3 , 9 0 0  s m o l t s ,  a n d  a d u l t  escapement  o f
140 t o  1 5 0  ( a t  3 : 1  c a t c h  t o  escapement )  c a n  b e  d e -
r i v e d .  T h e s e  s m o l t  y i e l d  a n d  escapement  f i g u r e s
a p p l y  o n l y  t o  t h e  j u v e n i l e  p o p u l a t i o n  w h i c h -had
remained i n  t h e  Upper  B u l k l e y  s y s t e m .  T h e  number
wh ich  have  m i g r a t e d  f r o m  t h e  s y s t e m  a s  s m o l t s  ( S u b
1) o r  f o r  r e a r i n g  i n  downst ream a r e a s  a r e  n o t
accounted f o r .

Coho sa lmon

A d u l t  c o h o  sa lmon  a r e  known t o  u s e  t h e  ma ins tem
Upper B u l k l e y  R i v e r  and  many o f  t h e  t r i b u t a r i e s ,  i n -
c l u d i n g  Maxan C r e e k ,  R i c h f i e l d  C r e e k ,  a n d  Buck  C r e e k .
The l a t e s t  escapement  d a t a  o n  f i l e  i n d i c a t e s  a  t o t a l
run  s i z e  o f  1 , 6 5 0  i n  1978 .  J u v e n i l e  c o h o  were  f o u n d
i n  t h e  ma ins tem B u l k l e y  t o  To p l e y  (Reach  4 )  a n d  i n
the  l o w e r  e n d s  o f  B u c k ,  M c Q u a r r i e ,  Byman and  R i c h -
f i e l d  C r e e k s .  M a x i m u m  d e n s i t i e s  w e r e  f o u n d  i n  R i c h -
f i e l d  C r e e k  ( 0 . 2 0  f r y / m 2 )  a n d  i n  Reach 2  o f  t h e  m a i n -
stem i n  r i f f l e  h a b i t a t  ( 0 . 2 7  f r y / m 2 ) .  A l l  c o h o
sampled w e r e  f r y ,  w i t h  a  mean s i z e  o f  6 3 . 9  mm ( 3 . 1 3
g ) .  E s t i m a t e d  s t a n d i n g  c r o p  i n  t h e  B u l k l e y  s y s t e m
was 11 , 8 5 3  f r y ,  o r  r o u g h l y  3 7  k g .  T h i s  s t a n d i n g
crop t r a n s l a t e s  t o  a  s m o l t  y i e l d  o f  r o u g h l y  3 , 7 0 0  t o
4 ,150 ,  a n d  a n  a d u l t  escapement  o f  1 4 0  t o  160  ( a t  3 : 1
ca t ch  t o  escapemen t ) .  A s  w i t h  c h i n o o k  t h e s e  e s t i m a t e s
may n o t  r e p r e s e n t  t h e  t o t a l  p o p u l a t i o n .

Rainbow ( s t e e l h e a d )  t r o u t

J u v e n i l e  r a i n b o w  t r o u t  w e r e  f o u n d  t h r o u g h o u t  t h e
Upper B u l k l e y  w a t e r s h e d .  A  t o t a l  o f  8 1 3  we re  c a p t u r e d
r a n g i n g  i n  age  f r o m  0 +  t o  3 +  ( Ta b l e  4 ) .  M e a n  s i z e  o f
Upper B u l k l e y  r a i n b o w  was s i m i l a r  t o  r a i n b o w  i n  some
o t h e r  l o c a l  Skeena R i v e r  s t r e a m s  ( A p p e n d i x  5 ) .

5Reg iona l  F i s h e r i e s  B i o l o g i s t ,  M i n i s t r y  o f
Env i ronment ,  S m i t h e r s ,  B .  C .

Ta b l e  4 . --Summary o f  j u v e n i l e  r a i n b o w  t r o u t  c a p t u r e s
i n  t h e  Upper  B u l k l e y  R i v e r  s y s t e m ,  A u g u s t  3 0  t o
September 3 ,  1 9 8 1 .

R e s i d e n t / s t e e l h e a d  d i v i s i o n . - -  B u l k l e y - M o r i c e
summer- r u n  s t e e l h e a d  a r e  known t o  spawn i n  t h e  Upper
B u l k l e y  w a t e r s h e d .  R e s i d e n t  t r o u t  a r e  a l s o  known t o
be v e r y  a b u n d a n t ,  e s p e c i a l l y  i n  t h e  u p p e r  wa te rshed
i n  and  n e a r  h e a d w a t e r  l a k e s  ( e g .  G o o s l y ,  M c Q u a r r i e ,
B u l k l e y,  Maxan,  e t c . ) .  T h e  numbers a n d  a r e a s  u s e d  b y
s tee lhead  f o r  spawn ing  a r e  u n c l e a r  a t  t h i s  t i m e ,  b u t
a p r o b a b l e  u p p e r  l i m i t  f o r  escapement  i s  i n  t h e  o r d e r
o f  2 0 0  t o  500  ( M .  L o u g h ,  p e r s .  c o m m . ) .  R e s i d e n t s  h a v e
r e p o r t e d  s t e e l h e a d  spawn ing  i n  Buck  C r e e k  ( m i d -Reach
5) a n d  i n  McQua r r i e  C r e e k .  O t h e r  a r e a s  u s e d  a r e  u n -
known. A s  t h e r e  a r e  n o  m a j o r  b a r r i e r s  i n  t h e  m a i n -
stem B u l k l e y  ( e x c e p t i n g  beaverdams a b o v e  To p l e y ) ,  i t
i s  c o n c e i v a b l e  t h a t  s t e e l h e a d  c o u l d  e a s i l y  u t i l i z e
areas i n  t h e  u p p e r  w a t e r s h e d  ( i n c l u d i n g  Maxan,  C row
and Foxy  C r e e k s ) .  H i g h  s p r i n g  f l o w s  make  t h i s  a
d i s t i n c t  p o s s i b i l i t y  ( M .  W h a t e l y ,  p e r s .  c o m m . ) .

As t h e  above  d i s c u s s i o n  m i g h t  s u g g e s t ,  t h e  m a j o r
prob lem i n  a t t e m p t i n g  t o  o u t l i n e  j u v e n i l e  s t e e l h e a d
d i s t r i b u t i o n  and  s t a n d i n g  c r o p  l i e s  i n  t h e  r e s i d e n t -
s tee lhead  d i v i s i o n .  B y  m a k i n g  some v e r y  r o u g h  assump-
t i o n s  o f  r e s i d e n t - s t e e l h e a d  m i x  i n  a r e a s  o f  t h e  w a t e r -
shed, v e r y  r o u g h  e s t i m a t e s  o f  s t e e l h e a d  s t a n d i n g  c r o p
can b e  made. T h i s  w i l l  b e  a t t e m p t e d  o n l y  t o  g i v e  a
rough i d e a  o f  how l a r g e  t h e  s t e e l h e a d  p o p u l a t i o n  m i g h t
be.

S tand ing  c r o p  e s t i m a t e . - -  Ra inbow t r o u t  s t a n d i n g
crop e s t i m a t e s  i n  t h e  B u l k l e y  s y s t e m  ( i n c l u d i n g  t r i b u -
t a r i e s  above  B u l k l e y  L a k e )  a r e  i n c l u d e d  i n  A p p e n d i x  7 .
Th i s  d i s c u s s i o n  w i l l  a t t e m p t  t o  o u t l i n e  s t e e l h e a d
s t a n d i n g  c r o p .

As a  s t a r t i n g  p o i n t  s t e e l h e a d  d i s t r i b u t i o n  w i l l
be assumed t o  c o v e r  t h e  ma ins tem t o  B u l k l e y  L a k e ,  B u c k
Creek t o  t h e  f a l l s  i n  Reach 5 ,  Dunga te  C r e e k ,  M c Q u a r r i e
Creek t o  t h e  c u l v e r t  midway i n  Reach 3 ,  l o w e r  Byman
Creek and  R i c h f i e l d  C r e e k  t o  t h e  f a l l s .  W i t h i n  t h e s e
areas a  r e s i d e n t - s t e e l h e a d  m i x  w i l l  b e  assumed,  r a n g i n g
f rom 80% s t e e l h e a d  i n  t h e  l o w e r  ma ins tem t o  10% s t e e l -
head i n  u p p e r  r e a c h e s  o f  some t r i b u t a r i e s .  A r e a s  n o t
cons ide red  a r e  assumed 100% r e s i d e n t .  A l l  r a t i o s  w e r e
r o u g h l y  e s t i m a t e d  b y  c o n s i d e r i n g  t h e  l i k e l i h o o d  o f
s tee lhead  s p a w n i n g ,  t h e  p r o x i m i t y  t o  l a r g e  r e s i d e n t
ra inbow p o p u l a t i o n  c e n t e r s ,  a n d  t h e  j u v e n i l e  a g e  d i s -
t r i b u t i o n .  A s  a n  example  o f  t h e  l a t t e r ,  a n  a r e a  w i t h
h i g h  2 +  and  3 +  abundance compared t o  0 +  and  1 +  wou ld
be c o n s i d e r e d  m o s t l y  r e s i d e n t .  T h i s  was  d o n e  i n  c o n -
s i d e r a t i o n  o f  w o r k  c o n d u c t e d  i n  some M o r i c e  R i v e r
t r i b u t a r i e s  (Owen a n d  Lamprey C r e e k s ) ,  w h e r e  j u v e n i l e
s tee lhead  w e r e  t h o u g h t  t o  m i g r a t e  t o  t h e  l a r g e r  s t r e a m



Tab le  5 . - - R o u g h  e s t i m a t e s  o f  s t e e l h e a d - r e s i d e n t  r a t i o  a n d  s t e e l h e a d
s t a n d i n g  c r o p  b y  s t r e a m  i n  t h e  Uppe r  B u l k l e y  w a t e r s h e d .

STREAM REACH STEELHEAD/
RESIDENT

RATIO

STEELHEAD STANDING
CROP

0+ >1+

B u l k l e y  R . 1-3 80/20 26,100 4,650
4,5 50/50 250 60

Buck C r . 1-4 80/20 29,380 18,460
5 t o  2nd  b r i d g e 40/60 12,530 7,880
5 t o  f a l l s 10/90 1,320 2,450

Dungate C r e e k 1 80/20 6,900 1,650
McQuarr ie  C r e e k 1 80/20 3,080 1,610

2 , 3 30/70 5,760 3,010
Byman C r e e k 1 50/50 750 1,140
R i c h f i e l d  C r e e k 1, 2 60/40 12,240 7,140

To t a l  S t e e l h e a d 92,100 48,050

a t  1  o r  2  y e a r s  o f  a g e  ( T r e d g e r ,  1 9 8 1 ) .  A  summary o f
r e s i d e n t - s t e e l h e a d  r a t i o s  a n d  e s t i m a t e d  s t a n d i n g  c r o p
by s t r e a m  and  r e a c h  i s  g i v e n  i n  Ta b l e  5 .

S tee lhead s t a n d i n g  c r o p  was  e s t i m a t e d  a t  r o u g h l y
92,000 f r y  a n d  4 8 , 0 0 0  p a r r .  T o t a l  b iomass  was r o u g h -
l y  5 6 0  k g  ( A p p e n d i x  8 ) .  I n  t e r m s  o f  a g e  d i s t r i b u t i o n
o f  p a r r ,  t h e  1 +  p o p u l a t i o n  was 78 .5% ( 3 7 , 7 0 0  f i s h  o r
249 k g ) ,  2 +  p o p u l a t i o n  was 19 .2% ( 9 , 2 3 0  f i s h  o r  176
kg) a n d  3 +  p o p u l a t i o n  was 2 .3% ( 1 , 1 0 0  f i s h  o r  3 8  k g ) .

Smolt  y i e l d  e s t i m a t e s  r a n g e d  f r o m  4 , 1 0 0  t o  11 , 8 0 0
depending o n  t h e  s m o l t  y i e l d  " m o d e l "  used  ( A p p e n d i x
8 ) .  S u b s e q u e n t  a d u l t  escapement  e s t i m a t e s  r a n g e d
f rom 155 t o  1 , 2 6 0 .

The l o w e s t  s m o l t  y i e l d  was 4 , 1 4 5  c a l c u l a t e d  b y
u s i n g  t h e  e s t i m a t e d  f r y  p o p u l a t i o n  and  ave rage  s u r -
v i v a l  r a t e s  t o  s m o l t  s t a g e .  S m o l t  t r a n s l a t i o n  f r o m
l a t e  summer s t a n d i n g  c r o p  t o  s m o l t  y i e l d  e s t i m a t e d
5,600 a t  1 0  s m o l t s / k g .  T h e  1 +  p a r r  p o p u l a t i o n  t r a n s -
l a t e s  t o  11 , 3 2 0  s m o l t s  based  o n  30% 1 +  p a r r  t o  s m o l t
s u r v i v a l ,  a n d  t h e  t o t a l  p a r r  p o p u l a t i o n  t r a n s l a t e s
t o  1 6 , 8 2 0  s m o l t s .  T h e  l a r g e  d i s c r e p a n c y  i n  s m o l t
e s t i m a t e s  based  o n  f r y  w i t h  t h o s e  based  o n  p a r r  ( 1 +
and t o t a l )  s u g g e s t s  ( i )  l a r g e  d i f f e r e n c e s  i n  y e a r
c l a s s  s t r e n g t h ,  a n d  ( i i )  a n  e r r o r  was made i n  s t e e l -
head s t a n d i n g  c r o p  e s t i m a t e s .  T h e  f a c t  t h a t  a d u l t
p o p u l a t i o n  s i z e  (escapement )  i s  c o n s i d e r e d  n e a r  t h e
lower  f i g u r e s  s u g g e s t  t h a t  p a r r -based  s m o l t  e s t i m a t e s
are h i g h .  T h i s  c o u l d  e a s i l y  b e  a c c o u n t e d  f o r  i n  t h e
s t e e l h e a d - r e s i d e n t  d i v i s i o n  e s t i m a t e s  ( i e .  w e  h a v e
o v e r e s t i m a t e d  t h e  s t e e l h e a d  componen t ) .

DISCUSSION

As s t e e l h e a d  s t a n d i n g  c r o p  e s t i m a t e s  h a v e  shown,
i t  i s  v e r y  d i f f i c u l t  t o  g e t  a n y  c o n f i d e n t  e s t i m a t e s
o f  p r e s e n t  s t e e l h e a d  p o p u l a t i o n s  i n  t h e  Upper  B u l k l e y
system t h r o u g h  j u v e n i l e  p o p u l a t i o n  assessment .  T h e
p r i m a r y  r e a s o n  i s  t h e  d i f f i c u l t y  i n  d i f f e r e n t i a t i n g
s tee lhead  f r o m  r e s i d e n t  r a i n b o w  j u v e n i l e s .  W i t h o u t
some c l a r i f i c a t i o n  a l l  e s t i m a t e s  m u s t  b e  c o n s i d e r e d
v e r y  r o u g h .

I n  t e r m s  o f  h a b i t a t ,  t h e  Uppe r  B u l k l e y  c o u l d  ( a n d
may) b e  a  v e r y  good  s t e e l h e a d  p r o d u c e r .  T h e  s y s t e m  i s
h i g h l y  p r o d u c t i v e  ( t e m p e r a t u r e ,  T. D . S . )  a n d  h a s  a
number o f  h i g h  q u a l i t y  l a k e -headed t r i b u t a r i e s  ( p a r -
t i c u l a r l y  B u c k  a n d  McQuar r i e  C r e e k s ) .  T h e s e  l a k e -
headed t r i b u t a r i e s  a r e  e x t r e m e l y  i m p o r t a n t  i n  s t e e l -
head p r o d u c t i o n  t h r o u g h o u t  t h e  Skeena sys tem6 .  T h e
ma jo r  c o n s t r a i n t  t o  s t e e l h e a d  p r o d u c t i o n  i n  t e r m s  o f
h a b i t a t  q u a l i t y  i s  t h e  g e n e r a l l y  l o w  g r a d i e n t  ma ins tem.
H a b i t a t  was n o t  g e n e r a l l y  good  q u a l i t y  r e a r i n g  h a b i t a t ,
and was p a r t i c u l a r l y  p o o r  i n  A u g u s t  o f  1 9 8 1  due  t o
e x t r e m e l y  l o w  d i s c h a r g e .

The a c t u a l  s t e e l h e a d  c a r r y i n g  c a p a c i t y  i s  d i f f i -
c u l t  t o  a s s e s s  because  o f  t h e  l a r g e  r e s i d e n t  p o p u l a t i o n .
What t h e  h a b i t a t  i s  c a p a b l e  o f  s u p p o r t i n g  i s  n o t
n e c e s s a r i l y  r e l a t e d  t o  p o t e n t i a l  s m o l t  y i e l d  i n  a
d i r e c t  f a s h i o n .  C o n s i d e r  t h e  e n t i r e  w a t e r s h e d  a s
p o t e n t i a l  s t e e l h e a d  r e a r i n g  h a b i t a t ,  a n d  assume ( i )
a l l  r a i n b o w  p r e s e n t  a r e  s t e e l h e a d  a n d  ( i i )  p r e s e n t
s t a n d i n g  c r o p  e q u a l s  c a r r y i n g  c a p a c i t y  o f  t h e  h a b i t a t ,
then p o t e n t i a l  s m o l t  y i e l d  w o u l d  b e  v e r y  h i g h  ( i n  t h e
o r d e r  o f  2 0 , 0 0 0  t o  4 0 , 0 0 0 ,  r e s u l t i n g  i n  a d u l t  p o p u -
l a t i o n s  (escapemen t )  o f  1 , 5 0 0  t o  3 , 0 0 0 ) .  T h i s  i s
u n r e a l i s t i c  because  o f  t h e  r e s i d e n t  p o p u l a t i o n s ,  p a r -
t i c u l a r l y  n e a r  t h e  headwa te r  l a k e s .

F u r t h e r  Assessment  Requ i rements

Befo re  a n y  r e f i n e m e n t  o f  s t e e l h e a d  p r o d u c t i o n
e s t i m a t e s  c a n  b e  c o n t e m p l a t e d ,  a n d  b e f o r e  a n y  l e s s
than  o b v i o u s  enhancement  recommendat ions  c a n  b e  made,
the  s t a t u s  o f  t h e  p r e s e n t  s t e e l h e a d  p o p u l a t i o n  must
be c l a r i f i e d .  T o  a c c o m p l i s h  t h i s  t h e  f o l l o w i n g
assessment i s  recommended:

1. c o l l e c t  i n f o r m a t i o n  o n  a d u l t  escapement  a n d  d i s -
t r i b u t i o n  o f  spawners .  T h i s  m i g h t  i n v o l v e  more
i n t e n s i v e  r e c o n n a i s s a n c e  i n  t h e  s p r i n g ,  o r  even

6Skeena R i v e r  S t e e l h e a d  C a r r y i n g  C a p a c i t y
A n a l y s i s ,  T r e d g e r ,  MS.  1 9 8 2 .



some l i m i t e d  r a d i o  t a g g i n g  n e a r  t h e  B u l k l e y -
Mor i ce  c o n f l u e n c e  ( o r  whe re  Upper  B u l k l e y  a d u l t s
o v e r w i n t e r ) .

2. b e g i n  t o  r e s o l v e  t h e  s t e e l h e a d - r e s i d e n t  q u e s t i o n .
Step 1  w i l l  p r o v i d e  mos t  i n f o r m a t i o n  i n  t h i s
r e g a r d .  O t h e r  p o s s i b l e  t e c h n i q u e s  i n c l u d e
a n a l y s i s  o f  o t o l i t h  c h a r a c t e r i s t i c s  ( N e i l s o n ,
1982) ,  a g e  s t r u c t u r e  a n d  s e x  r a t i o .

Once more  i s  known a b o u t  t h e  r a i n b o w - s t e e l h e a d
p o p u l a t i o n  c a r r y i n g  c a p a c i t y  a n d  s m o l t  p r o d u c t i o n ,
q u e s t i o n s  c a n  b e  r e s o l v e d .

Presen t  Enhancement O p t i o n s

As s t a t e d  p r e v i o u s l y  o n l y  o b v i o u s  enhancement
p o s s i b i l i t i e s  c a n  b e  recommended a t  t h i s  t i m e .  A n y
f u r t h e r  t e c h n i q u e s ,  s p e c i f i c a l l y  m a n i p u l a t i n g  t h e
s t e e l h e a d - r e s i d e n t  b a l a n c e  i n  f a v o r  o f  s t e e l h e a d ,
must a w a i t  f u r t h e r  know ledge .  P r e s e n t  enhancement
o p t i o n s  i n c l u d e  t h e  f o l l o w i n g :

1. M c Q u a r r i e  C r e e k  -  r e p l a c e  t h e  c u l v e r t  m i d -way
i n  Reach 3 .  T h i s  c u l v e r t  h a s  t h e  p o t e n t i a l  t o
b l o c k  a d u l t  and  j u v e n i l e  m i g r a t i o n s .  W h e t h e r
s t e e l h e a d  p r e s e n t l y  a s c e n d  t o  t h i s  p o i n t  i s
unknown.

2. B u l k l e y  R i v e r  -  i f  f l o w s  o b s e r v e d  i n  1981 a r e
a t  a l l  r e p r e s e n t a t i v e  o f  l a t e  summer c o n d i t i o n s
t h e r e  may b e  some m e r i t  i n  c o n s i d e r i n g  f l o w
c o n t r o l .  R e a c h e s  1  t o  3  may n o t  b e n e f i t  f r o m
l i m i t e d  f l o w  c o n t r o l  s i m p l y  because  o f  t h e  s i z e
o f  t h e  c h a n n e l .  T o o  much w a t e r  w o u l d  b e  r e -
q u i r e d .  P o r t i o n s  o f  Reaches 4  a n d  5  may b e n e f i t
as c h a n n e l  w i d t h  i s  much r e d u c e d .  B u l k l e y  L a k e
would b e  t h e  l i k e l y  c a n d i d a t e  f o r  s u c h  a c t i o n .

I f  t h e  above  we re  t o  b e  c o n s i d e r e d ,  t h e n  some
method t o  e n s u r e  adequa te  r e c r u i t m e n t  t o  t h e
a f f e c t e d  a r e a  mus t  b e  i n c l u d e d .  T h i s  w o u l d
i n v o l v e  f r y  s e e d i n g  o r  s p a w n i n g  h a b i t a t  e n h a n c e -
ment.

Any o f  t h e s e  o p t i o n s  s h o u l d  b e  assessed  i n
d e t a i l  b e f o r e  a n y  a c t i o n  i s  c o n s i d e r e d .

3. A l l  t r i b u t a r i e s  -  t h e  l o w e r  e n d s  o f  mos t  t r i b u -
t a r i e s  a r e  c h a n n e l i z e d  ( e g .  B u c k  C r e e k  t h r o u g h
Houston,  M c Q u a r r i e  C r e e k ,  Byman C r e e k ) .  A s
these  s t r e a m s  a r e  v e r y  i m p o r t a n t  f u r t h e r  d e v e l o p -
ment s h o u l d  b e  r e g u l a t e d .  N o  i n s t r e a m  enhance -
ment i s  recommended a t  t h i s  t i m e  ( b u t  n o t
r u l e d  o u t ) .

SUMMARY

1. B i o r e c o n n a i s s a n c e  o f  t h e  Uppe r  B u l k l e y  R i v e r
system ( a b o v e  t h e  M o r i c e  R i v e r  c o n f l u e n c e )  w a s
conducted A u g u s t  3 0  t o  September  3 ,  1 9 8 1 .  M e t h o d s
i n c l u d e d  h a b i t a t  d e s c r i p t i o n  a n d  d e t a i l e d  l a t e
summer f i s h  p o p u l a t i o n  e s t i m a t e s .

2. D i s c h a r g e  i n  t h e  ma ins tem Upper  B u l k l e y  R i v e r
was e x t r e m e l y  l o w  when s a m p l e d ;  n e a r  t h e  l o w e s t

on r e c o r d .  M a j o r  t r i b u t a r y  s t r e a m s  h a d  n o
obv ious l o w  f l o w  p r o b l e m s ,  w h i l e  many s m a l l
s t reams w e r e  d r y .

3. T h e  ma ins tem B u l k l e y  was d i v i d e d  i n t o  f i v e
reaches b a s e d  o n  a i r - p h o t o  a n a l y s i s .  T h e  m a j o r -
i t y  o f  t h e  s t r e a m  was l o w  g r a d i e n t ,  o f t e n  mean-
d e r i n g .  T h e  b e s t  a r e a  i n  t e r m s  o f  s a l m o n i d
r e a r i n g  h a b i t a t  was Reach 3 .  T r i b u t a r y  s t r e a m s
g e n e r a l l y  o f f e r e d  g o o d ,  m o d e r a t e  t o  h i g h  g r a d i e n t
r e a r i n g  h a b i t a t .

4. D u e  t o  l o w  f l o w s  i n  t h e  ma ins tem,  s a l m o n i d s  w e r e
g e n e r a l l y  r e s t r i c t e d  t o  p r e f e r r e d  h a b i t a t  (some
r i f f l e s ,  a n d  heads  o f  g l i d e s  a n d  p o o l s ) .  M u c h
o f  t h e  s t r e a m  was u n p r o d u c t i v e  ( g l i d e  and  p o o l
" f l a t s " ) .

5. J u v e n i l e  c h i n o o k  sa lmon  w e r e  f o u n d  i n  t h e  ma ins tem
B u l k l e y  t o  Reach 3 ,  a n d  i n  Buck  a n d  Dungate  C r e e k s .
S tand ing  c r o p  was e s t i m a t e d  a t  1 0 , 6 7 1  f r y  ( 3 9  k g ) ,
t r a n s l a t i n g  t o  r o u g h l y  3 , 7 0 0  t o  3 , 9 0 0  s m o l t s  a n d
an a d u l t  escapement  o f  140  t o  1 5 0 .

6. J u v e n i l e  c o h o  we re  f o u n d  i n  t h e  ma ins tem t o  To p l e y
(Reach 4 )  a n d  i n  l o w e r  B u c k ,  M c Q u a r r i e ,  Byman and
R i c h f i e l d  C r e e k s .  S t a n d i n g  c r o p  was e s t i m a t e d  a t
11,853 f r y  ( 3 7  k g )  w i t h  a n  e s t i m a t e d  s m o l t  y i e l d
o f  3 , 7 0 0  t o  4 , 1 5 0  a n d  e s t i m a t e d  escapement  o f  1 4 0
t o  1 6 0 .

7. J u v e n i l e  r a i n b o w  t r o u t  w e r e  f o u n d  t h r o u g h o u t  t h e
wate rshed ,  c o n c e n t r a t e d  i n  t r i b u t a r y  s t r e a m s  a n d
p r e f e r r e d  ma ins tem h a b i t a t .  T h e  p o p u l a t i o n  was
assumed t o  c o n s i s t  o f  j u v e n i l e  s t e e l h e a d  a n d
r e s i d e n t  s t o c k s ,  m a k i n g  s t e e l h e a d  s t a n d i n g  c r o p
e s t i m a t e s  v e r y  d i f f i c u l t .  R o u g h  e s t i m a t e s  o f
r e s i d e n t - s t e e l h e a d  d i v i s i o n  w e r e  made,  a n d
s tee lhead  s t a n d i n g  c r o p  e s t i m a t e s  o f  9 2 , 1 0 0  f r y
and 4 8 , 0 0 0  p a r r  ( 3 7 , 7 0 0  -  1 + ,  9 , 2 3 0  -  2 +  and
1,100 -  3 + )  w e r e  made. S m o l t  y i e l d  e s t i m a t e s
ranged f r o m  4 , 1 0 0  t o  1 6 , 8 0 0 ,  w i t h  a n  e s t i m a t e d
escapement o f  155  t o  1 , 2 6 0 .  T h e  l o w e r  f i g u r e s
r e p r e s e n t  t h e  g e n e r a l l y  a c c e p t e d  p o p u l a t i o n  l e v e l .

8. A c t u a l  s t e e l h e a d  c a r r y i n g  c a p a c i t y  i n  t e r m s  o f
smo l t  y i e l d  was n o t  add ressed  i n  d e t a i l  because
o f  t h e  r e s i d e n t  p o p u l a t i o n .  I f  a l l  a r e a  was u n d e r
s t e e l h e a d  p r o d u c t i o n  ( i e .  n o  r e s i d e n t  r a i n b o w ) ,
then r o u g h l y  2 0 , 0 0 0  t o  4 0 , 0 0 0  s m o l t s  a n d  1 , 5 0 0
t o  3 , 0 0 0  a d u l t s  (escapemen t )  m i g h t  b e  p roduced
a n n u a l l y.

9. I t  was recommended t h a t  f u r t h e r  assessment  b e
cen te red  o n  d e t e r m i n i n g  t h e  p r e s e n t  s t a t u s  o f
the  s t e e l h e a d  p o p u l a t i o n .  T h i s  w o u l d  i n v o l v e
d e t e r m i n i n g  p o p u l a t i o n  s i z e  ( a d u l t )  a n d  a r e a s
used f o r  spawn ing  and  r e a r i n g .  T h i s  w i l l  f o r m
the b a s i s  f o r  f u r t h e r  w o r k  o n  t h e  Uppe r  B u l k l e y .

10. S o m e  l i m i t e d  enhancement measures w e r e  s u g g e s t e d .
F u r t h e r  recommendat ions  m u s t  a w a i t  c l a r i f i c a t i o n
o f  p r e s e n t  s t e e l h e a d  p r o d u c t i o n .
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YEAR JAN FEB

BUCK C R E E K  A T  T H E  MOUTH -  S T A T I O N  N O .

MONTHLY A N D  A N N U A L  M E A N  D I S C H A R G E S  I N  C U B I C  METRES P E R

MAR A P R  M A Y  J U N  J U L  A U G

0 8 6 E 0 1 3

SECOND

SEP

FOR T H E  P E R I O D  O F

OCT N O V

RECORD

DEC MEAN YEAR

1973 0 . 4 6 7 0 . 3 2 2 0 . 5 9 4 3 . 6 1 2 8 . 6 1 5 . 2 2 . 3 8 0 . 5 8 9 0 . 7 6 4 1 . 6 0 0 . 5 7 6 0 . 2 7 6 4 . 6 1 1 9 7 3
1974 0 . 2 9 2 0 . 4 7 3 0 . 3 5 8 3 . 7 8 2 3 . 0 1 8 . 6 5 . 1 5 0 . 5 7 1 0 . 3 9 7 1 . 4 0 0 . 7 5 9 0 . 3 4 9 4 . 6 2 1 9 7 4

0975 0 . 2 5 9 0 . 1 9 3 0 . 2 0 6 0 . 5 5 8 1 8 . 2 9 . 3 9 1 . 6 9 1 . 4 2 1 . 4 1 1 . 7 2 3 . 1 4 1 . 0 2 3 . 2 9 1 9 7 5
1 9 7 6 1 . 0 7 0 . 8 6 8 0 . 5 7 7 1 . 9 5 4 1 . 6 2 9 . 9 5 . 9 5 3 . 1 6 3 . 0 1 2 . 7 9 2 . 2 4 1 . 2 6 7 . 8 9 1 9 7 6
1977 0 . 8 7 9 0 . 8 0 0 0 . 6 3 7 1 4 . 3 2 1 . 5 5 . 0 2 3 . 0 4 0 . 7 5 3 1 . 2 7 2 . 4 6 0 . 9 7 0 0 . 6 2 2 4 . 3 8 1 9 7 7
1 9 7 8 0 . 4 1 1 0 . 3 3 5 0 . 4 3 7 3 . 1 2 1 6 . 2 1 5 . 4 2 . 5 8 0 . 6 5 6 0 . 5 7 7 1 . 9 9 2 . 6 1 0 . 6 3 3 3 . 7 6 1 9 7 8
1 9 7 9 0 . 3 1 6 0 . 2 2 9 0 . 2 4 5 4 . 1 1 3 0 . 5 1 1 . 9 2 . 6 5 0 . 6 2 4 0 . 3 7 9 0 . 7 1 5 0 . 3 5 8 0 . 2 8 3 4 . 3 9 1 9 7 9

MEAN 0 . 5 2 8 0 . 4 6 0 0 . 4 3 6 4 . 4 9 2 5 . 7 1 5 . 1 3 . 3 5 1 . 1 1 1 . 1 2 1 . 8 1 1 . 5 2 0 . 6 3 5 4 . 7 1 MEAN

YEAR MAXIMUM

ANNUAL E X T R E M E S  O P  D I S C H A R G E  A N D  A N N U A L  T O TA L  D I S C H A R G E  F O R  T H E  P E R I O D  O P  R E C O R D

INSTANTANEOUS D I S C H A R G E  M A X I M U M  D A I L Y  D I S C H A R G E  M I N I M U M . D A I L Y  D I S C H A R G E
( 4 0 / s )  ( m 1 / 0  ( m 3 / s )

TOTAL D I S C H A R G E
( d a m 3 )

YEAR

1973 7 5 . 3 AT 2 0 : 2 5 PST O N  M AY  1 7  • 7 2 . 5  O N  M AY  1 7  * 0 . 2 2 7 8  O N  D E C 31 1 4 6 0 0 0 1 9 7 3
1974 3 2 . 6 AT 1 9 : 5 6 PST O N  M AY  2 6 3 2 . 0  O N  M AY  2 6 0 . 0 9 6 8  O N  J A N 20 • 7 4 6 0 0 0 1 9 7 4

1975 3 4 . 8 AT 1 9 : 5 0 PST O N  M AY  1 1 3 3 . 7  O N  M AY  1 2 0 . 1 5 9 B  O N  F E B 19 104 0 0 0 1 9 7 5
1976 6 1 . 7 AT 1 9 : 0 9 PST O N  M AY  1 1 6 1 . 2  O N  M AY  1 1 0 . 5 2 4 8  O N  M A R 27 2 4 9 0 0 0 1976
1977 6 2 . 0 AT 0 1 : 1 7 PST O N  A P R  2 7 5 9 . 2  O N  A P R  2 7 0 . 3 4 5  O N  A U G 23 1 3 8 0 0 0 1 9 7 7
1 9 7 8 4 1 . 6 AT 2 1 : 4 0 PST O N  J U N  1 4 3 8 . 5  O N  J U N  1 5 0 . 3 1 7 B  O N  F E B 10 11 9 0 0 0 1 9 7 8
1 9 7 9 6 8 . 8 AT 2 3 : 0 6 PST O N  M AY  3 6 6 . 0  O N  M AY  4 0 . 1 6 4 8  O N  M A R 3 1 3 9 0 0 0 1 9 7 9

8  -  I C E  C O N D I T I O N S • -  E X T R E M E  RECORDED F O R THE PERIOD O F  R E C O R D 1 4 9 0 0 0 MEAN

H i s t o r i c  f l o w  r e c o r d s  f o r  t h e  U p p e r  B u l k l e y  R i v e r  a n d  t r i b u t a r i e s ,
i n c l u d i n g  t h e  B u l k l e y  R i v e r  n e a r  H o u s t o n ,  B u c k  a n d  R i c h f i e l d  C r e e k s .

LOCATION -  L A T  5 4  2 3  5 2  N  D R A I N A G E  A R E A .  5 8 0  k m ,
LONG 1 2 6  3 9  0 4  W  N A T U R A L  F L O W

BUCK CREEK  A T  T H E  MOUTH -  S T A T I O N  N O .  0 8 E E 0 1 3

Aug. 3 1 ,  1 9 8 1 :  Q  =  0 . 5 4 4  m 3 / s



YEAR

YEAR

1964

JAN FEB MAR A P R  M A Y JUN

1 9 6 5 - - - - - - - - - - - -  4 . 1 9 2 . 2 1
1 9 6 6 0 . 0 4 5 0 . 0 4 2 0 . 1 2 7 1 . 8 4  2 . 2 5 2 . 0 7
1 9 6 7 0 . 0 6 5 0 . 0 4 2 0 . 0 5 5 0 . 2 6 6  8 . 7 7 2 . 8 1
1 9 6 8 0 . 1 2 9 0 . 1 4 8 0 . 2 9 3 0 . 7 1 4  1 1 . 2 3 . 6 0
1969 0 . 1 3 4 0 . 0 8 0 0 . 0 6 6 0 . 9 2 2  7 . 4 0 1 . 0 3

1 9 7 0 0 . 3 2 5 0 . 2 1 1 0 . 2 0 9 0 . 7 1 0  5 . 5 8 1 . 8 3
1971 0 . 1 1 6 0 . 1 1 3 0 . 0 9 8 0 . 4 6 6  8 . 3 9 3 . 3 7
1 9 7 2 0 . 1 6 4 0 . 0 8 6 0 . 3 1 0 0 . 8 0 2  1 1 . 5 4 . 8 6
1973 0 . 2 8 1 0 . 1 3 9 0 . 1 1 1 0 . 8 1 2  9 . 1 8 3 . 8 9
1974 0 . 0 3 7 0 . 0 6 5 0 . 0 5 7 1 . 3 3  8 . 0 0 5 . 2 0

MEAN 0 . 1 4 4 0 . 1 0 3 0 . 1 4 7 0 . 8 7 4  7 . 6 5 3 . 0 9

L O C AT I O N -  L A T 5 4  3 0  5 9 N D R A I N A G E  A R E A . 173
LONG 1 2 6  2 0  0 4 W N A T U R A L  F L O W

YEAR

1 9 3 0

J A N FEB MAR APR MAY

- - -
1931 3 2 . 5

1933
1934

1 9 3 5 1 3 . 3 7 2 . 3

1 9 3 7 1 5 . 4 5 3 . 8
1938 6 9 . 5
1 9 3 9

1 9 4 0 4 1 . 5 7 3 . 8
1941 5 1 . 0 4 5 . 1
1 9 4 2 - - - 6 7 . 8

1 9 4 4 1 2 . 4 3 4 . 5

1945 - - - 9 7 . 2
1 9 4 6 9 . 9 9 102
1947 3 2 . 7 6 1 . 8
1948 _ _ _ 127
1 9 4 9 - - 8 2 . 5

1 9 5 0 5 9 . 2
1951 9 1 . 6

1971 1 . 0 3 1 . 5 3 1 . 3 2 2 . 4 9 8 5 . 7

MEAN 1 . 0 3 1 . 5 3 1 . 3 2 2 2 . 3 7 2 . 9

L O C AT I O N  - L AT 54 2 3 4 5
LONG 1 2 6 4 2 3 0

1 9 3 0
1931

1 9 3 3
1934

1935

1 9 3 7
1 9 3 8
1 9 3 9

1 9 4 0
1941
1942

1944

1 9 4 5
1 9 4 6
1947
1 9 4 8
1 9 4 9

1950
1951

1971

-  1 1  -
R I C H F I E L D  C R E E K  N E A R  T O P L E Y  -  S T A T I O N  N O .  0 B E E 0 0 9

MONTHLY A N D  A N N U A L  M E A N  D I S C H A R G E S  I N  C U B I C  METRES P E R  SECOND  F O R  T H E  P E R I O D  O F  RECORD

J U L A U G  S E P  O C T  N O V  D E C  M E A N  Y E A R

0 . 9 3 3  0 . 7 5 1  0 . 6 6 9  - - -  1 9 6 4

1 . 3 5  0 . 2 5 8 -  1 . 6 1  1 . 4 3  0 . 3 8 3  - - -  1 9 6 5
0 . 5 5 4  0 . 3 0 8  0 . 4 0 5  0 . 6 8 4  0 . 4 4 2  0 . 2 4 8  0 . 7 7 7  1 9 6 6
0 . 0 9 8  0 . 0 2 4  0 . 0 3 5  0 . 4 9 2  0 . 2 8 9  0 . 1 4 5  1 . 1 0  1 9 6 7
1 . 2 5  0 . 3 9 6  0 . 8 3 9  1 . 3 1  0 . 8 8 5  0 . 2 0 3  1 . 7 6  1 9 6 8
0 . 1 6 6  0 . 1 0 7  1 . 4 7  1 . 2 3  1 . 7 4  0 . 9 3 9  1 . 2 8  1 9 6 9

0 . 3 5 8  0 . 3 6 8  0 . 1 7 8  0 . 3 6 0  0 . 2 1 7  0 . 1 2 3  0 . 8 7 9  1 9 7 0
2 . 7 8  1 . 1 0  0 . 9 7 7  0 . 6 4 5  0 . 4 9 6  1 . 6 4  1 9 7 1
0 . 8 7 0  0 . 1 8 3  0 . 9 2 9  0 . 8 6 4  0 . 7 4 7  0 . 3 6 4  1 . 7 5  1 9 7 2
0 . 3 6 7  0 . 0 7 5  0 . 1 1 2  0 . 3 5 0  0 . 1 7 9  0 . 0 3 4  1 . 3 0  1 9 7 3
1 . 1 6  0 . 1 0 3  0 . 1 3 8  0 . 2 7 6  0 . 1 3 1  0 . 0 6 7  1 . 3 9  1 9 7 4

0 . 8 9 5  0 . 3 2 8  0 . 4 9 2  0 . 8 0 9  0 . 6 7 0  0 . 3 0 0  1 . 3 2  M E A N

k m ,

W I L K I E " '  R I V E R  N E A R  HOUSTON -  S T A T I O N  N O .  0 8 E E 0 0 3

MONTHLY A N D  A N N U A L  M E A N  D I S C H A R G E S  I N  ' C U B I C  M E T R E S  P E R  SECOND F O R  T H E  P E R I O D  O F  RECORD

JUN  J U L  A U G  S E P  O C T  N O V  D E C  M E A N  Y E A R

- - -  - - -  - - -  - - -  3 . 0 1  - - -  1 9 3 0
1 8 . 9  1 2 . 3  1 . 6 4  0 . 7 6 7  2 . 5 8  - - -  1 9 3 1

3 5 . 7  1 1 . 0  1 . 6 6  0 . 9 1 6  - - -  ' 9 3 3
11 . 3  - - -  _ _ _  - - -  - - -  1 9 3 4

- - -  1 9 3 5

4 7 . 7  1 7 . 9  1 9 3 7
2 0 . 7  1 9 3 8
3 7 . 7  1 . 5 3  5 . 3 7  1 9 3 9

1 6 . 7
1 4 . 1
2 8 . 8

1 1 . 8

- - - --- - - -  - - -- - - --- - - -  - - -- - - --- - - -  - - -
5 . 3 5  1 . 2 1  3 . 1 8  1 0 . 5  4 . 8 7

2 1 . 6  4 . 1 3  1 . 3 9  0 . 5 0 8  1 . 1 4
4 3 . 7  3 3 . 8  6 . 4 3  1 . 1 9  1 . 5 0
3 4 . 2  1 5 . 7  7 . 6 3  4 . 1 9  7 . 8 2
2 6 . 3  7 . 9 3  1 0 . 1  3 . 9 7  3 . 3 1 - - -
1 7 . 7  8 . 3 6  6 . 4 8  3 . 5 9  3 . 6 7  1 0 . 7

3 6 . 1  7 . 8 4
1 5 . 0  4 . 0 8

5 9 . 8  3 5 . 3

2 7 . 7  1 3 . 3

X  D R A I N A G E  A R E A ,  2  3 8 0  4 4 2
W N A T U R A L  F L O W

3 . 3 6
5 . 3 4

5 . 4 6

4 . 6 1

1 . 6 2
1 . 2 8

4 . 2 8

2 . 3 2

1 . 4 9

8 . 0 8  6 . 0 6

5 . 2 1  6 . 7 5

SMALLEY R I V E R  N E A R  HOUSTON  -  S T A T I O N  N O .  O B E E 0 0 3

ANNUAL E X T R E M E S  O F  D I S C H A R G E  A N D  A N N U A L  T O T A L  D I S C H A R G E  F O R  T H E  P E R I O D  O F  RECORD

MAXIMUM I N S TA N TA N E O U S  D I S C H A R G E  M A X I M U M  D A I L Y  D I S C H A R G E  M I N I M U M  D A I L Y  D I S C H A R G E
( 4 0 / 4 )  ( m 3 / s )  ( m , / s )

5 3 . 8  O N  M AY  4

9 4 . 0  O N  M AY  1 5

8 5 . 0  O N  M AY  2 6
122  O N  M AY  2 5
152 O N  M AY  1 7

11 0  O N  M AY  1 2
9 0 . 9  O N  M AY  3

102 O N  M AY  1 3

4 9 . 3  O N  M AY  1 7

156 O N  M AY  1 9
171 O N  M AY  1 0

96 8  O N  A P R  2 8
193 O N  M AY  2 5
148 O N  M A Y  1 3

119 O N  M AY  1 3
2 0 4  O N  M AY  1 4  •

130 O N  K A Y  1 4 0 . 9 3 4 8  O N  J A N  9  •

-  I C E  C O N D I T I O N S  •  -  E X T R E M E  RECORDED F O R  T H E  P E R I O D  O F  RECORD

4 . 9 3

4 . 9 3

1 8 . 1

1 8 . 1

1940
1941
1942

1944

1 9 4 5
1946
1947
1 9 4 8
1949

1950
1951

1971

MEAN

T O TA L D I S C H A R G E  Y E A R
( d a m s )

1930
1931

1933
1934

1 9 3 5

1937
1938
1939

1940
1941
1942

1944

1945
1946
1947
1948
1949

1950
1951

571  0 0 0  1 9 7 1

571 0 0 0  M E A N

-31) s z H - . 3



APPENDIX 2  S o m e  rep resen ta t i ve  photographs o f  streams_
i n  t h e  Upper Bu l k l ey  watershed, August  30
to September 3 ,  1981.



-  1 3 -

1. U p p e r  B u l k l e y  R i v e r  i n  Reach 1 ,  a t  N a d i n a  Rd .  i n  H o u s t o n .
T h i s  Reach i s  t y p i f i e d  b y  s h o r t  r i f f l e s  w i t h  l o n g  g l i d e -
p o o l  h a b i t a t .

2. U p p e r  B u l k l e y  R i v e r  i n  Reach 2  q t  H o u s t o n  To w n s i t e .
E x t r e m e l y  l o w  d i s c h a r g e  ( 0 . 2 5  mJ /s1  9  c f s )  made much
o f  t h i s  Reach b a s i c a l l y  s t a n d i n g  w a t e r .



3. U p p e r  B u l k l e y  R i v e r  i n  Reach 2  a t  K n o c k h o l t .  A g a i n  l o n g
v e r y  s l o w  g l i d e s  a n d  p o o l s  w e r e  p r e s e n t  w i t h  s h o r t  r i f f l e
s e c t i o n s .  R i f f l e s  w e r e  g e n e r a l l y  s h a l l o w  a n d  i n  v e r y
s m a l l  s u b s t r a t e s .

4. U p p e r  B u l k l e y  R i v e r  i n  Reach 3  b e l o w  McQuar r i e  C r e e k .  L o n g
g l i d e s  a n d  p o o l s  r e m a i n e d  t h e  d o m i n a n t  h a b i t a t s ,  h o w e v e r
r i f f l e - g l i d e  h a b i t a t  i n  l a r g e r  s u b s t r a t e  ( e g .  c o b b l e )  w a s
q u i t e  a b u n d a n t .  N o t e  t h e  w i d e  a c t i v e  c h a n n e l  w i d t h ,
i n d i c a t i v e  o f  h i g h  s p r i n g  f l o w s .



5. U p p e r  B u l k l e y  R i v e r  i n  Reach 4  a t  F o r e s t d a l e .  A g a i n
low d i s c h a r g e  h a s  made much o f  t h i s  h a b i t a t  s l o w  mov ing
p o o l s  a n d  g l i d e s .  S h o r t ,  s h a l l o w  r i f f l e s  w e r e  p r e s e n t .
I n s t r e a m  d e b r i s  a n d  o v e r s t r e a m  c o v e r  was q u i t e  a b u n d a n t .

6. B u c k .  C reek  i n  Reach 2 ,  s h o w i n g  e x c e l l e n t  s t e e l h e a d
r e a r i n g  h a b i t a t .



-  1 6  -

7. B u c k  C r e e k  i n  Reach 5 ,  a t  2 n d  b r i d g e  o n  B u c k  F l a t s  Road .

8. B u c k  C r e e k  i n  t h e  m i d d l e  p o r t i o n  o f  Reach 5 .  G r a d i e n t
was somewhat l e s s  t h a n  t h e  p r e v i o u s  s i t e ;  h o w e v e r ,
e x c e l l e n t  c o v e r  was s t i l l  a v a i l a b l e .



-  17 -

9. M c Q u a r r i e  Creek a t  l o w e r  end o f  Reach 2 .  E x c e l l e n t
rear ing  h a b i t a t  f o r  e s p e c i a l l y  0+  ra inbow t r o u t  was
present.  S u b s t r a t e s  were covered w i t h  degrading
green a lgae.

10. R i c h f i e l d  Creek  i n  Reach 2 ,  r o u g h l y  200 m below f a l l s .



APPENDIX 3  S u m m a r y  o f  s t r e a m  h a b i t a t  s a m p l i n g  i n  t h e  U p p e r
B u l k l e y  w a t e r s h e d ,  A u g u s t  3 0  t o  September  3 ,  1 9 8 1 .



• H a b i t a t  c h a r a c t e r i  c s  o f

Habi ta t  u n i t
- - -

No. o f  u n i t s  sampled .

Average l e n g t h  (m)

POOL
Value %

/

RIFFLE
Value Z

4-

GLIDE
Value %

; S o / y , 2 ? V, g
Average wet ted  wid th  (m)

Average channel. width (m)
7 0 / 9 ,  ? / Y ' q
3 0 3 g . 3 v./

Average depth  (cm)
.Average a r e a  (m2)

/ . 2 O, / q o,,3,

Soo 0 2  eV, 0 N o g

To t a l  no.  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  reach (m2)
/ 0 6 7 ? 3

•93 000
-C-C/o

 i t  997
i  9 X ,

80, 9'1.5".
S-64

Average a r e a  l o g  d e b r i s  c o v e r  (m2)

Average a r e a  b o u l d e r  c o v e r  (m2)

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)

Average a r e a  ove rs t ream v e g e t a t i o n  ( r 2 )

Average a r e a  cutbanks (m2)

3 o . 0 0 , '
s- i.g . .2,g
0 - 0 0

0 0 0 . 1

0 0 0

Average a r e a  t o t a l  cover  ( 0 2 ) 8  a  a 2 , 2  / A 3 . 6  0 . ,

Average % subst ra te  f i n e s
Average % s u b s t r a t e  s m a l l  g r a v e l

Average % s u b s t r a t e  l a r g e  g r a v e l  .

Average i ,  s u b s t r a t e  b o u l d e r

Average % subst ra te  bedrock

7-5- / 2 I z . 6

3> 2 /
r-

o

/ -

3 ‘

9

z 5

, S

0 1 ° 0

HABITAT TYPE
REACH LENGTH (m)

S. rc



.- 20 -

Habitat u n i t
-

Vo. o f  un i ts  sa=pled .
Average length (m)

POOL
Value Z

C

RIFFLE
Value Z,

5-

GLIDE
Value Z

-;..
/3 '5 Za". g ??. 2

Average wetted width (m)
Average Channel width (m)
Average depth (cm)
Average area  (m2)

/?.8" 9.3 /G 6-

2?-0 3 7 . 2  - ? 2 - q
/•12 o , f 2 (9'3?
1103,o i i . / 7 , ; ' '77727

00ETotal  no. o f  units i n  reach
Total  area o f  uni ts  i n  reach (m2)

7 3 77"?
223 gr:ii 42_ /9 ifs c.) oracZ „,.,. jva.

Average area log debris cover (c2)
Average area  boulder cover Cn2)
Average area instrea= vegetation (a2 )
Average area overstrea= vegetation (=2)

. .
Average area cutbanks (m2)

I 1 0 A 8 2 , 8
I. 0,9' _ 0 . /

/ - 0 J. q
'1.3 a i i C. I./

3 0 .1 6 '. #
Average area t o t a l  cover (02) PY.Y 0.6 .3,

I 3 %
2/1

z.2X
Average % substrate f ines
Average % subs t ra te  s m a l l  g rave '
Average % subs t ra te  l a r g e  g rave l

, t - . ,  , . . . . 1 . - - - - , - -  , . : . ,
Average 1  subs t ra te  bou lder
Average % substrate bedrock

C 7 2 g 3 g
q 31 2 0T

/ /
3

Sr'
-

2-38  ; !  I
.. 1

9'
,
# /

1 ° 1 0 0

• Habitat  characteri  c s  o f

HABITAT TYPE
REACH LENGTH (m)

2 3  )(-AT

•



• H a b i t a t  c h a r a c t e r i s t i c s  o f

u n i t

No. o f  u n i t s  sampled

Average l e n g t h  (m)

Average w e t t e d  w i d t h  m )

Average  c h a n n e l  w i d t h  (m)

Average d e p t h  (cm)

Average a r e a  (m2)

POOL
Value 2

/

RIFFLE
Va lue  Z

g

GLIDE
Value %

4/

‘  C Z  3 2

,". /0,  F q, 6;-'
3-0 67. 2

0.4.0 0 - /3 C.27,

q s  0 z y 8  V 1-1/77
To t a l  n o .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r each  (m2)
q //HZ 94 lipii,

1 ) / 6 0 0 . 4 .20( /6 ' •11 yo, 3/°- 33

Average a r e a  l o g  d e b r i s  c o v e r  0m2)

Average a r e a  b o u l d e r  c o v e r  (m2)

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)•

Average a r e a  ove rs t ream v e g e t a t i o n  (m2)
1

Average a r e a  cu tbanks  (m2)

0 7 /
0 0 . 0

/ 0.
/ 0 0.!)-

0 o , 7

Average a r e a  t o t a l  c o v e r  (m2) /0 2 1 7 0
/

o i  1 , / 0979

Average % s u b s t r a t e  f i n e s
Average % s u b s t r a t e  s m a l l  g r a v e l

Average % s u b s t r a t e  l a r g e  g r a v e l

Average % s u b s t r a t e  cobb les
Average % s u b s t r a t e  b o u l d e r

Average 2  s u b s t r a t e  bed rock

/ 0 /0 zo
5 l'/ Z q

/ r -...5-- s--
11 /7

.
0 0

-

HABITAT TYPE
REACH LENGTH (m) 7.1,11

z



-  22 -

H a b i t a t  u n i t

No. o f  u n i t s  sampled •

Average l e n g t h  (10

Average wet ted  w i d t h  (m)

Average channel  w i d t h  (m)

Average dep th  (cm)
Average a r e a  (m2)

POOL
Value Z

1

. •

RIFFLE
Va l u e  Z

z

GLIDE

7 a l u e  X

4:-
S-3.3 / 0 S //C, -5-

/ ( 3 . 7 6T

/  .?. Z 2 . S  - / 7 , 7.
/ . q 0 . 0 f 0 ,4g

C9 I . 0 s 3 4 6690
/ 6 2To t a l  no .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  reach (m2)
1 0 5 6"9

C  7 / 6 /  3Fi /_/g/V /08 378 62_I
Average a r e a  l o g  d e b r i s  c o v e r  ( c 2 )

Average a r e a  b o u l d e r  c o v e r  ( m 2 )

Average a r e a  i n s t r e a m  v e g e t a t i o n  ( a 2 )

Average a r e a  o v e r s t r e a n  v e g e t a t i o n  (m2)
1 .

Average a r e a  cu tbanks  ( a 2 )

‘ . 5 0. 3 S
k.s" 0 0
1 - 0 0 .3

/7.. 0 , ; 2' ,7

3 ° o, 3

Average a r e a  t o t a l  c o v e r  ( 0 2 ) 2-3 ...5-
4,i 4 0.g  2 . 4 AR 3 24;g;

Average % s u b s t r a t e  f i n e s

Average % s u b s t r a t e  :smal l  g -,.v,..1

Average 7; s u b s t r a t e  l a r g e  g r a v e l

Average i ;  s u b s t r a t e  b o u l d e r

Average % s u b s t r a t e  b e d r o c k

g 3 ;7_0- C2
.12,. 60

53I /! „

t i

.2-o

i P

.3
I - - i
i, 0

I / 9 0 C

• H a b i t a t  c h a r a c t e r i  i  i .cs  o f

/
HABITAT TYPE
REACH LENGTH (m)

/  / o f f



• H a b i t a t  c h a r a c t e r i s t i c s  o f

 - -  _ 11 rte. n-- 1,14-t?...00

H a b i t a t  u n i t

No. o f  u n i t s  sampled

Average l e n g t h  (m)

Average w e t t e d  -width m )

Average ChPmael w i d t h  (m)

POOL
Value %

2

RIFFLE
Value %

/

GLIDE

Value %

3

i t  _S- 3 • 5 3 5 -

S• S‘ c C . -

/ . 5 l5 2  /
Average d e p t h  (cm)

Average a r e a  (m2)

a  c.5- 0 . p) ().;?;?
loi 2 F. i 2 / 0

To t a l  n o ,  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r e a c h  ( m 2 ) •
Y 33,37 /070 / /  0 7 0

71 e l .  7 , 2i589 ,.?/74:4. -2 3) 790. 0

Average a r e a  l o g  d e b r i s  c o v e r  (m2)  -

Average a r e a  b o u l d e r  c o v e r  (m2)

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)-

Average a r e a  ove rs t ream v e g e t a t i o n  (m.2.
2

Average a r e a  cu tbanks  (m2)

5.3 8.8
0 C)
0 . 0 , 7  .
0. g :2.

0 e -7..71

Average a r e a  t o t a l  c o v e r  (m2) q. 2 / 9 / 4 1 J /  S 7 , /Oho%
Average % s u b s t r a t e  f i n e s
Average % s u b s t r a t e  s m a l l  g r a v e l

Average % s u b s t r a t e  l a r g e  g r a v e l

Average % s u b s t r a t e  cobb les

Average % s u b s t r a t e  b o u l d e r

Average % s u b s t r a t e  bed rock

S O /0 ,3

1/0 90 2 3

/0 2 0 2 0
0 0 ,':

0

RABITAT TYPE
REACH ( m )



O H a b i t a t  c h a r a c t e r i s t i c s  o f

H a b i t a t  u n i t

No. o f  u n i t s  sampled .

Average l e n g t h  (m)

Average w e t t e d  w i d t h  (m)

Average c h P r r e I  w i d t h  (m)

Average d e p t h  ( cm)
Average a r e a  (m2)

POOL
Value %

/

,

RIFFLE

Value %

GLIDE

Value %

_?

/6' 9'*/ _-1

/E ?: $'
/ / 3 -

0. .22

720 g9'../,

To t a l  n o .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r each  (m2)
7

S p y / _ '21-*9/
Average a r e a  l o g  d e b r i s  c o v e r  ( c 2 )

Average a r e a  b o u l d e r  c o v e r  ( n 2 )

Average a r e a  i n s t r e a m  v e g e t a t i o n  ( = 2 )

Average a r e a  overs t ream v e g e t a t i c a  (.7.2)

Average a r e a  cu tbanks  (m2)

2 0 . 2
/ 0 6-
n 0

2
/ -..)

L
(7- c

Average a r e a  t o t a l  c o v e r  (m2) 2 0 2.87, 0. %
Average % s u b s t r a t e  f i n e s

Av=.1-r- % s u b s t r a t e  s m a l l  gl-3,,,=1

Average s u b s t r a t e  l a r g e  g r a v e l

Average s t b s c r a : e  b o u l d e r

Average % s u b s t r a t e  bedrock

/ 0 ,2
/c/ ..-—

'''='

.

1
21"

/ E
//c, 0

HABITAT TYPE
REACH LENGTH (m) Arca- =



- 2 5  -

H a b i t a t  u n i t  _

No. o f  u n i t s  sampled

Average l e n g t h  (m)

Average w e t t e d  w i d t h  ( t )

Average c h = r a c q  w i d t h  (m)

POOL
Value %

r

RIFFLE
Value  %

‘:-

GLIDE
Value %

if

Z S  2 /0.2

5.9 / 0
37--.E 3 3

Average d e p t h  (cm)
Average a r e a  (m7)

0 .20 0.3 ‘ ,

273.7 i i / Z

To t a l  n o .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r each  (0.2)
7Z

/4 ,,,o/ IfS,, • '

Average a r e a  l o g  d e b r i s  c o v e r  (02 ) ,

Average a r e a  b o u l d e r  c o v e r  (m2)

Average a r e a  i n s t r e a m  v e g e r a t i o n  (m21

Average a r e a  ove rs t ream v e g e t a t i o n  (m2)

Average a r e a  cu tbanks  (m2)

0 o.E

9.7 - A s
0 0

C o..5.'

0

Average a r e a  t o t a l  c o v e r  (m2) ' T . . 3 7 06 3- / o .  '

Average % s u b s t r a t e  f i n e s

Average % subs t " -a t  s m a l l  g-r,.v.=4

Average % s u b s t r a t e  l a r g e  . g a v e l

A v e g ,  rae % s u b s t r a t e  b o u l d e r _

Average Z  s u b s t r a t e  bedrock

11 Lii-i

)2 / 0

.„
_72-

- 1 - -
/ 0

/ F
zy

I/

C? C?

• H a b i t a t  c h a r a c t e r i s t i c s  o f  %' ' . , . '4 '

HABITAT TYPE
REACH LENGTH (m) Are,&_ 3C 6



• H a b i t a t  c h a r a c t e r i s t i c s  o f

H a b i t a t  u n i t

No. o f  u n i t s  sampled .

Average l e n g t h  ( n )

Average w e t t e d  w i d t h  (m)

Average c h a n n e l  w i d t h  (m)

Average d e p t h  ( c a )

Average a r e a  (m2)

POOL
Value %

3

RIFFLE
Value %

/5-

GLIDE

Value %

/F
rn9 / / - . 2-.C.

/2. 3 7  2 9. T
2 .  3
J - 0 0, OZ 0,3,

3S6/ ‘./ oz.8 2,s8.0
To t a l  n o .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r each  (m2)

J O 7 0 / ?3f
.55.,6ity,s6115:r7i 7-4-; Oro

) - 2Average a r e a  l o g  d e b r i s  c o v e r  ( E 2 )

Average a r e a  b o u l d e r  c o v e r  (m2)

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)

Average a r e a  ove rs t ream v e g e t a t i o n  (.7.2)

Average a r e a  cu tbanks  (m2)

s- 0,3
t.7 0,g . 2% f
0 • a ] 0,7'

1/ /  7 V -

/3 ,r. o.?
Average a r e a  t o t a l  c o v e r  (m2) /1 3 0 3' V 4.17, 6.52.s'
Average % s u b s t r a t e  f i n e s

Average % s u b s t r a t e  s m a l l  g r a v e l

Average ',.. s u b s t r a t e  l a r g e  g r a v e l

-: -1 - , - ,   , , - - , ,_
A-,,!rage ;-: s u b s t r a t e  b o u l d e r

Average % s u b s t r a t e  bedrock

3 3 7 2C
L 1 8 X 21

17

F  _

115

/

:?,:,

3.-

JO 0 0

HABITAT TYPE
REACH LENGTH (m)



• H a b i t a t  c h a r a c t e r i s t i c s  o f

H a b i t a t  u n i t

No. o f  u n i t s  sar2pieciC .

Average l e n g t h  (m)

Average w e t t e d  w i d t h  (m)

Average ch=-,mg-I w i d t h  ( n )

POOL
Value %

RIFFLE
Value %

/,-/

GLIDE

Value %

.2
/ 0 . 4 , 2/ 45.-.-7

5 ‘ 4 ,

Average d e p t h  ( c a )

Average a r e a  (m2)
0-/m n2A1'

7. i i i  2 /6- .Z .z

To t a l  no_ o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  reach  (m2)
/CE1/46.17, 3 0 3 . 3 2

‘.3/6-.8 g z a 12.72
igY)

Average a r e a  l o g  d e b r i s  c o v e r  ( 0 2 )

Average a r e a  b o u l d e r  c o v e r  (m2 )

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)

Average a r e a  ove rs t ream v e g e t a t i c a  (m2)
. .

Average a r e a  cu tbanks  ( m 2 ) 0

0. . , ' O. (.,1-
5 . 4 2 . 6  3.2

. 0 , 0
7-

2f'. 7, o .S

0.

Average a r e a  t o t a l  c o v e r  (m2) “  g a q 13 gzo?./0
Average % s u b s t r a t e  f i n e s

Average 7. s u b s t r a t e  s m a l l  gl-:,,,--.1

Average '/". s u b s t r a t e  l a r g e  i ; cave l

, •• - '  -  ..• - -- c •  • --
Average i ,  s u b s t r a t e  b o u l d e r

Average % s u b s t r a t e  bedrock

7*°7° /2 .6X

22.67 30..f7o
73 87

 z  6  70 ,
A5:070

20. _
____ /5.  0%

il5 °  7[

1 ( '

HABITAT TYPE
REACH LENGTH (m)



- 2 8 -

H a b i t a t  u n i t

•
No. o f  un i t s  sampled .
Average l e n g t h  (m)

Average w e t t e d  w i d t h  (m)

Average c h a n n e l  w i d t h  (m)

Average d e p t h  ( c a )

Average a r e a  (m2)

POOL
Value Z

2

RIFFLE
Value  7 .

?,

GLIDE
Value %

2..,,
':0 C  Z /  ' ?

2 7 3.s" /  7
12..0 /  0 ;7. 3

02,5- 0.06" 6• /2,

/7.# 21.7 30.1
To t a l  n o .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r e a c h  (m2)
/Ss  zs- 23 .v.g4 Z 5   3 5

1  A  27-1-19. 505. /q2 c)3 ,', -qp5w 1/37.7-. 4  <
Average area log debris cover (c2)
Average a r e a  b o u l d e r  c o v e r  (m2)

Average area instream vegetation (m2)
Average a r e a  overs t ream v e g e t a t i o n  (7.2)

i .
Average a r e a  cu tbanks  (m2)

/ . 3 a, / /,O0
0, 2 . C ' .  7.

0 . 8.3

/ * I 0. /.

2.,3 0. 1 0.3

Average a r e a  t o t a l  c o v e r  (m2) I . ,  q34070 i °1447P # . 0 3 4
Average % substrate f ines
'1.-,,F,r,,g., % substrata small grave'
Average s u b s t r a t e  large gravel

- .<--_-,-,-- c - ,  - -
A-.--erage % substrate boulder
Average % substrate bedrock

15 Z / 3
 2 3 Z 7

0

. 2

3W

-J7
0 0

.  H a b i t a t  c h a r a c t e r i s t i c s

HABITAT TYPE
REACH LENGTH (m)



• H a b i t a t  c h a r a c t e r i s t i c s  o f

H a b i t a t  u n i t

No. o f  u 2 i t s  sampled

Average l e n g t h  ( n )

Average w e t t e d  w i c r h  ( m )

POOL
Value %

RIFFLE
Value Z .

3

GLIDE

Value %

g. 3- E
2•  C S-'•

Average ch--m-P.I w i d t h  (m) 2 5 - 3 3 0
Average d e p t h  ( cm)

Average a r e a  (m2)
O. o' c.ilz
2 0 1 24.5"

To t a l  n o .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r e a c h  ( a 2 )
39?- )19 7 3 '77/5-4
92,5-7. /4/(17-0gs3sYsoe

0Average a r e a  l o g  d e b r i s  c o v e r  (m2)

Average a r e a  b o u l d e r  c o v e r  (m2)

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)

Average a r e a  ove rs t ream v e g e t a t i c a  (m2)

Average a r e a  cu tbanks  (m2)

0
0 1 . C )

- b O. /
2 /

C) 0 . /

Average a r e a  t o t a l  c o v e r  (m2) l 2 1/04 i . z 5 4
Average % s u b s t r a t e  f i n e s
Average % s u b s t r a t  s m a l l  g:r;'-v.,1

Average s u b s t r a t e  l a r g e  g r a v e l

: ; : r a g e  7, s u b s t r a t e  b o u l d e r

Average % s u b s t r a t e  bed rock

2 9
‘ / I /,
/2

—,)4-7

7 3

- A
/  0

C, 0

HABITAT TYPE
REACH LENGTH (m)



# H a b i t a t  c h a r a c t e r i s t i c s  o f

H a b i t a t  u n i t

No. o f  u z i t s  sampled .

Average l e n g t h  ( in)

Average w e t t e d  w i d t h  (m)

Average c h a n n e l  w i d t h  (m)

Average d e p t h  ( cM)

Average a r e a  Cm2)

POOL
Value %

/

RIFFLE
Value %

O.

GLIDE

Value  %
3

77 3-- / 5  7

5 5- I
/ / E .!: (7 .0
0,7- ./_5'" Or •, '
3. zsio /09.7

To t a l  n o .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  r e a c h  (m2)
3 6 / / 6 4 72333%

_.
/  S 567,

/260 8.1, /goo 124 //i sg 77,5,!
Average a r e a  l o g  d e b r i s  c o v e r  (m2)

Average a r e a  b o u l d e r  c o v e r  (m2)

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)
Average a r e a  overs t ream v e g e t a t i o n  ( n 2 )

Average a r e a  cu tbanks  (m2)

4 o. is" 0. 1
0.5 .0 l E
0 . 0 0

C i.

0 . K 0,.7"

Average a r e a  t o t a l  c o v e r  (m2) E <2q.3,'ii, i  - 9 4 1 sg,
Average % s u b s t r a t e  f i n e s

Ave,-Etrages % subst-ra; :e s m a l l  g---..vol

Average % s u b s t r a t e  l a r g e  g r a v e l

A-,-erage , ,  s u b s t r a t e  b o u l d e r

% s u b s t r a t e  bedrock

/0 C 1 2 0

 ' ' r 2 IC I / 3
'- ,

.

2 ,--___, 1 3 0

i t
f

HABITAT TYPE
REACH LENGTH ( in) Arce, i t {  z



• H a b i t a t  c h a r a c t e r i s t i c s  p f

H a b i t a t  u n i t

No. o f  u n i t s  sampled

row.
Value Z

RIFFLE
Value  %

'3

GLIDE

Value Z

Z

Average l e n g t h  (m) S /5 - / 2
Average w e t t e d  w i d t h  (m) Li 4/ S y 3
Average c h a n n e l  w i d t h  (m) '/- {.,
Average d e p t h  (cm) :' 35 0 (''' o /.
Average a r e a  (m2) ...t: 2 ‘ 7 5 6,7(

To t a l  n o .  o f  u n i t s  i n  reach 4 AS" 7W
To t a l -  a rea o f  u n i t s  i n  r each  (m2) z6 9 le si740 gvt23-1o.6
Average a r e a  l o g  d e b r i s  c o v e r  ( = 2 ) t

Average a r e a  b o u l d e r  c o v e r  (m2) In Z C . 

Average a r e a  i n s t r e a m  v e g e t a t i o n  ( 3 2 ) Ot . 0

Average a r e a  ove rs t ream v e g e t a t i o n  (m22 0.5' /  - r  C

Average a r e a  cu tbanks  (m2) 05 c--5

Average a r e a  t o t a l  c o v e r  (m2) z pq 0 .9, ..s'- 2 n y „
Average % s u b s t r a t e  f i n e s 0 ' / /0

Average % s u b s t r a t e  s m a l l  g r a v e l / ' JO 7C

Average % s u b s t r a t e  l a r g e  g r a v e l 6 '

Average % s u b s t r a t e  cobb les 3e /1J

Average X  s u b s t r a t e  b o u l d e r /C 10 / r
Average % s u b s t r a t e  bed rock d '

HABITAT TYPE
REACH LaIGTH (m) 4 rut_ = g-7 &z3



•  H a b i t a t  c h a r a c t e r i s t i c s  o f ,• .

_A4-4

H a b i t a t  u n i t

N o .  o f  u n i t s  s a m p l e d

POOL

V a l u e  %

2

R I F F L E

V a l u e  %

5-

G L I D E

V a l u e  %

l i

A v e r a g e  l e n g t h  ( m )

A v e r a g e  w e t t e d  w i c / t h  ( m )

A v e r a g e  c h a n n e l  w i d t h  ( m )

A v e r a g e  d e p t h  ( c m )

A v e r a g e  a r e a  ( m 2 )

C  2 - . 4 /  - / -5

"e."-ji Z  2 ;7. 4,'

7 3 q ‘ 9. 2
•

0, 011 0  • 05- O , 7 .

2 2  7 7-.5-

T o t a l  n o .  o f  u n i t s  i n  r e a c h

T o t a l  a r e a  o f  u n i t s  i n  r e a c h  ( m 2 )

6'.//  / 5 5 2  5 0 7 / o s 2 . , 4 3 a ,

RI65-7'q/5553-  A/q9 / °J /q3. g /ic

Average a r e a  l o g  d e b r i s  c o v e r  ( 0 2 )

Average a r e a  b o u l d e r  c o v e r  ( n 2 )

A v e r a g e  a r e a  i n s t r e e m  v e g e t a t i o n  ( m 2 )

Average a r e a  ove rs t ream v e g e t a t i o n  (m2)
. .

A v e r a g e  a r e a  c u t b a c k s  ( r 2 )

C..2 b.3 0 . '

0 0 b

0 - 0.1 a
0 . 3 0 . 3 0

o . 2 0 0 - '

A v e r a g e  a r e a  t o t a l  c o v e r  ( r 1 2 ) 6  7 2 q 3 ,_ . 6 7 0 [ j /
y

A v e r a g e  %  s u b s t r a t e  f i n e s

A7-E-r,6,-, % subs  -,-a;- s m a l l  g r a ' i e i

Average % s u b s t r a t e  l a r g e  g r a v e l

( - - - -  _
,c.-,...rage i ,  s u b s t r a t e  b o u l d e r

Average % s u b s t r a t e  bedrock

it7- 2 F 1

3 0 sy Y1
23
0
0

/3
0
0

-2C.

(7

,--,,../ 0

HABITAT TYPE
REACH LENGTH (m)

413



• H a b i t a t  c h a r a c t e r i s t i c s  o f

Habi ta t  Habitat unit

No. o f  u n i t s  sampled

Average l e n g t h  (m)
Average wet ted  width  (m)

Average C I , P 7 - 1  wid th  Cm)

POOL
Value %

/

PIFFLE
Value %

..?

GLIDE
Value %

2 0 /.2 / 3

E 7 / 2 .

45 H /  1/
Average depth  (cm)
Average a r e a  (m2)

0 Y . 0.08 0 . 3 ,
/ o / 0 5 3 0 0

To t a l  no .  o f  u n i t s  i n  reach

To t a l  a r e a  o f  u n i t s  i n  reach (m2)
PC 21/C 3 6 0

/ 2 , i  ' ° A , 1 5 , q 2 V l s 108,000 1 4

Average a r e a  l o g  d e b r i s  c o v e r  (m2)

Average a r e a  b o u l d e r  c o v e r  (m2

Average a r e a  i n s t r e a m  v e g e t a t i o n  (m2)

Average a r e a  ove rs t ream v e g e t a t i o n  ( = 2 )
. .

Average a r e a  cu tbanks  (m2)

/5 / .„.Z.,'
C 00 )
4' . r  2 f".

f .1 r o,

0 2.5"

Average a r e a  t o t a l  c o v e r  (m2) 73.0 ,igy0 /3 .2  . 0 7 /q If #  goo

Average % subst ra te  f i n e s
Average % s u b s t r a t e  s m a l l  g r a v e l

Average % s u b s t r a t e  l a r g e  g r a v e l

, ,  -  -  .  --_-..- c  •  --:- _

average i ,  s u b s t r a t e  b o u l d e r

Average % s u b s t r a t e  bedrock

3 S cl ;FY

 w ,-,-,s- 2 /
, p,,,--
i's

C

32
2 6

0

.3,C
/ q

/

C 0 0

X I (

HABITAT TYPE
REACH LENGTH (m)

:,'J



APPENDIX 4  F i s h  popu la t i on  es t imates  i n  t h e  Upper Bu l k l ey
Watershed, August  30 t o  September 3 ,  1981.



Condit ion f a c t o r s  used i n  Upper Bu l k ley  R i v e r
populat ion es t imates .

rainbow t r o u t 1.065 X 10-5 ( 0 3

coho 1.2 X 10-5 ( 0 3

chinook 1.1 X 10-5 ( 0 3

scu lp in  spp. 1.0 X 10-5 ( 0 3

longnose dace 1.15 X 10-5 (R)3

mountain w h i t e f i s h 1.35 X 10-5 ( 0 3

sucker spp. 2.50 X 10-5 ( 0 2 . 8 8



hirer act /k/ei ie/ircr' -
1).9r8, ki_ood AC/,/C c,1.

SPECIES AGE ft-FLANGE T MEAN
WEIGHT i CI T3

_
- TOTAL

BIOMASS
No/m2
DENSITY

BIOMASS
DENSITY

fl;n.z:r
No /  1-1;...i-,

getihpov.) 0 + — 43. as .8 i-7-5- "%DC . 0 1 .07 0./
I 4- 8 0 -  110 6 .?  7 .8 e ..6" ,,', 1 / 0. 74 .,..,. / '  o. ,..!,

Colo 0 t ST- 81 (1 ' ' '5.- g .8 /0 3S: 07- . . 1 3 • C) ,

1-0Dlic-e- 1 . 2-1 -  V i 4/3 r # /.20 /22 . 8 / 5 1 5 - /741 . ? /.9 I` .7 . 5  I • 7 3,

Lacker_s2 31- 0 3 ' . I /  • ' - 41 q .8 /425 17,s77 . c..').cf.

•
. .

. .

• D AT E  . * . / 1 1 8 / AREA 7 7 , 4 ' M
LENGTH _ L i _  hit

SITE 40  ✓

HABITAT DESCRIPTION: r4fle - s i d e  c-harzin 111_62. s f e

D i s c h a r g e G r a d i e n t /01,
Te m p e r a t u r e  ( ° C ) /2 ' t T u r b i d i t y e 41.-

H y d r a u l i c  Ty p e  P o o l G l i d e R i f f l e

% a r e a

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t h a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



- 3 7 -

SPECIESAGEf 1 - RANGE -E1WEIGHTC 1 p i i i BT8PTAAALS S.1°N/';1-2Y 81:134.3'.0, IN./ nS i77:1:_-,;-.
ti-gb-7- 1 f t .74 -  91  8 7 - 5 , 3.24f 12 D . 7 /7 . / / 7 4 / . 2 0 . / 6 / . / . . ? t i t ,

2 / -  A V * -  2 1/7 / /  7  - /9.06 I . 7 / . 3 24/ .  q 6  .  e.,:),,/ o . 7 2  I o  . /  3

OW 12 0 1 2 0 2 3 . / D. F77- I .  v 3 ??. .  3 0 . 0 1 r .  go 0,,,,3

' CAA' 6-7- /o.3
,

7C.E ,S-.6"- -.5. 0 . 7 9-../z{ 39', 3 0 . 0 7 0 .  . 3 S

C • 9 3 -  / a s ft". 3 9 . 0 3 ©,7 'i,5":t 1367z a/4: /  . 2  '? A .Po

01 ""Ip.-e.0 0 68.1 2 . 9 44-1 c9,7 ED.c .gw.s 7  .76."- , .9. 91 zg.  S'_el-
0,

7.51
.

1 Zo-,.• v i r - i rc -

. .

t•

DATE 2 / g /  AREA /61-0-M7 2LENGTH A9. M SITE 40  2.

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempera tu re  (  °C)

H y d r a u l i c  Ty p e  P o o l

a r e a

T u r b i d i t y

G l i d e R i f f l e

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV  o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



- 38-

SPECIES AGE f I - RANGE 11 MEAN
WEIGHT Ct I; n

TOTAL
BIOMASS

No /M7
DENSITY

BIOMASS
DENSITY

1;-,..7,.r
No 1-1,-,!E.-

4 Ef1511 4G- 2 /7.LI S.I . ='=8s o , 74/.4 l a g . 0 0 . 3 / /. 6-3 •

CO#0 0  -- cit4 s r 7.! ..? 0.9, 3 . 3 C-7 0, o / 0 , 0 2 . ,  o4•

Sc/G/(i 59 - fg z/?-? 2-1 3 ©.9 8.,q /3. 0 . 0 3 Q . 0 6 0, / 2

,Gr -5- y3-,0 9./3 / /0 -7 3.7x/0-3 0.0 3 ...-, 0,../.

DATE AREA _ 3 0 ©  M2

LENGTH S i )  M
SITE 4

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempe ra tu re  ( ° C ) T u r b i d i t y

H y d r a u l i c  Ty p e

a r e a

P o o l G l i d e R i f f l e

• mean w i d t h

• mean d e p t h

% c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s   B  b o u l d e r s ,  B r  b e d r o c k



- 3 9  -

SPECIES AGE fl-RANGE fl MEAN I
WEIGHT I CI

i
TS I

' -
Ti

TOTAL
BIOMASS

No/m
DENSITY

BKWASS
DENSITY

irneor
No m i . ,

SUCkg FO . 2 _. -

r .

_ - - - --

, •

......---. • .

iq
DATE AREA

LENGTH

SITE 4-

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Te m p e r a t u r e  ( ° C ) T u r b i d i t y

H y d r a u l i c  Ty p e  P o o l G l i d e  Y R i f f l e

a r e a

mean w i d t h

• mean d e p t h

% c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV  o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



- 4 0 -

SPECIES AGE H-PAIGE TT
MEAN

WEIGHT c, p _ B T Z , S
No
DENSITY

BKWASS I  ,  , . , ,
DENSITY I N 0 /  !-,--,,

Xi . ) I 1" 737- 77 %.5-- 7.0 iy 0.8 IF.s- )2z.3 0, /0 0.7-0 4 d
_

2 - 1 1 3 2 - i ta 137.3 2.7-. , 3 0,s 3.8 103. +' 0 , 0 2 4,.,,,cy O. , n

C O O o f 50- 8 / a. I 3 .  6 3g o. z -7-.5 /7/  / 0. 2 7 0.77 - ?,,o

C11/Nookof 61 -7-3 30.3 9.0 6 0.8 ,s. 3,04 0 . 0 9 0- /7 G. 4 037

M a 21-c lo 6 1 3 3. / 41 0.8 58.2 le 3.F. 0 • 3V - 4 0,5" i -3 . Y  r

0'6(eg 3?-/37 9 / 7 30.y 3 0.8 3.g //Z 6 o, 0Z 0. ‘  9 - D. y

9

DATE AREA )  M 2
LENGTH / 5 7  M

SITE T- 5 - -

4 HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Te m p e r a t u r e  ( ° C ) T u r b i d i t y

H y d r a u l i c  Ty p e  P o o l

a r e a

G l i d e  R i f f l e

mean w i d t h

• mean d e p t h

% c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



-  4 1

SPECIES AGE ft-RANGE f l
MEAN

WEIGHT CI 7-5 n
TOTAL

BIOMASS
N o / M r
DENSITY

BIOMASS
DENSITY

, Nns,:ir
N o /  rite..,

h001( i  / '7

Sail1/4/ . 1 2

0. 3 ‘

a  0 0 ( 0

- S O  eirtW A 61 O. Pi' , e", / ' •

. .

-

DATE go g i AREA / ( 6 ' : C M 2
LENGTH / Z  M

SITE T e l

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempera tu re  ( ° C ) T u r b i d i t y

H y d r a u l i c  Ty p e  P o o l G l i d e R i f f l e

% a r e a

mean w i d t h

, mean d e p t h

c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a m e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



-  4 2  -

SPECIES AGE fl-RANGE ii MEAN
WEIGHT CI 13

- - -
' '

TOTAL
BIOMASS

No /M2
DENSITY

BIOMASS i 1 ; n - z ;
D E N S I T Y N o /  ms:e-

M a 20-  i o 2-g_o0.3 C7- °,3-5 11/.8 3.5-,•9 / . 6 o ,  37- / / . g  3

CO//'v a r 0 -  rq C H z.e ` 3 a q 3.3 9 0.0s 0. to ©. 3 ' 2

R h r 01 118 qg / / 0 / 0 -7 / 4 / f.31 OM  . .

Celcir6e ' 30  -  3 1 31,7- 0.g 1-- 0.5 12.7 /0.2 O./3 0 . / / i  i r '

. .
I .

4 L 4 4 , t ,  „ 4 „

‘ATE 7 AREA 7 ‘ ‘  3  M 2
LENGTH i. !_Lm

SITE

4 HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempera tu re  ( ° C ) T u r b i d i t y

H y d r a u l i c  Ty p e  P o o l G l i d e R i f f l e

a r e a

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



-  4 3  -

SPECIES AGE fl-RANGE ii MEAN
WEIGHT C, i i

-
n

TOTAL
BIOMASS

No /M'-
DENSITY

BIOMASS
DENSITY

,17,.--
N o /  ms4',

'L--f- Oi - 3 4 - . 5 q 14 tr. • ' ! 0  ai ‘  1 Oi l q 0,4:, 07 .57 i. OS i , 13 io. of
it- s3. ?;, 6-- 5-,_ig e,7 2=S4, /1;66 e,c93 0, rg 6.2-of_

I I
,,i,_-
/ 2.4- 20-31 / o.1 14-3 21.01 0,01 0.30 o i t S. ,

P/9-.Ce 32 - lig .55.6 S./ /03 o-7 j.,5/7./ q'/.&  /.54-di 4<, a3 • t r . °  /

'Co I/0 q8-?..? C.0 .7 6 0 . / F . E 0L-. r)--- osoel O.26 d. e F.

ciii •P -?- -7-1 C7,5 7.1. q 0 -1  .c .  Y'  k r . •-06' , cr9

: q`. /0.49 / , d. /c O. / c.5-11

DATE AREA 9:‹em2
LENGTH  8   M

SITE 4-

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempera tu re  (  °C)

-. H y d r a u l i c  Ty p e  P o o l

T u r b i d i t y

G l i d e R i f f l e

a r e a

mean w i d t h

• mean d e p t h

c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



- 4 4 —

SPECIES AGE f I - RANGE if MEAN
WEIGHT C, I  5 `"'""irt

TOTAL
BIOMASS

No /M'-
DENSITY

BIOMASS
DENSITY

, V-,=o,
N o  /  n ; S : E '

?)fefr 0-.i3, ?/ - It. 3 7 0.9 2.7 9. ‘ 0.0 ? O.  // 0 :/g_
_r,)\ktt-ce • 76.-S2 3q.,s- 0.5- 2 y 6 q 2 ‘ . ? /4/, n u. .;.7. o c ) , „ 2, /e?'

-,
.,.

. •
-. .

• .

DATE AREA C  m2

LENGTH 12.2  M
SITE 4

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempera tu re  ( ° C )

H y d r a u l i c  T y p e .  P o o l

T u r b i d i t y

G l i d e R i f f l e

a r e a

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



- 4 5  -

SPECIES AGE i fl-  FLANGE H
MEAN I

WEIGHT I C1 15 I Ft
TOTAL

BIOMASS
No /M2

DENSITY
BIOMASS 1
DENSITY I

, Neor
No /  :1;5-ter

R k r O 2'-i9 -52 50.5' 4 V 2 0 . , 2 . 7 ?.q, 0.09 c.04- ® , . 7 6 '
.

/ I ' / / 3 /13 /5-. Iti / 0, , Y z 2 0 . o  2 0 J . : o . /  3

SCY GM/ /03 /0 3 /0, q / o. -7 /. zi tc.c . 0 . -  2 O. 2  3 0 . / 3

4a ia- -1/5 2 '/A

.....
0

6
5 1 /  1

, , lei
• e ,

• DATE  set./ fyir AREA ‘ 9 . 8  M2
LENGTH I  M

SITE 0 ) 6

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempera tu re  ( ° C )

- H y d r a u l i c  Ty p e  P o o l

T u r b i d i t y

G l i d e R i f f l e

% a r e a

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



r
- 46 -

SPECIES AGE
. . _

fl-RANGE fl
MEAN

WEIGHT C1 - -r i  --
TOTAL

BIOMASS
No/M2
DENSITY

BIOMASS
D E N S I T Y m t

, Vifle:-Jr
No/  e r

' ' ' />U.- r. gl.- (6 3-6,, • 2- 1-9- / 1 0.9 /8- 9 3 . ° - e:). / e-- . 7  -'' 7.-t:

l e l a 23-v- Es.) 0.E. 0.9 Iv? 15-.) 1 o. is- 0 . / 2 / 5 /

--14/#0i/9/ 69 Cc -i; y / 0.9 1 . I - =i.9'_._ o.0 &  09 (5.0

. . -\ • •. •

•

DATE  Le-A2- i / S : 1 FA / 2 3 . 3 m 2

LENGTH a  • 5  M
SITE -Tr' "

i HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Te m p e r a t u r e  ( ° C )

-. H y d r a u l i c  Ty p e  P o o l

T u r b i d i t y

G l i d e R i f f l e

% a r e a

mean w i d t h

• mean d e p t h

% c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



DATE / P i  3 1

SPECIES AGE fl-RANGE II MEAN
W E I G H T - 1 -I

TOTAL
BIOMASS

No /At
DENSITY

BIOMASS
DENSITY I  141.....-t 0,......t

A' kr 0 * 40 - 63 52.6 /.6'3 n 0.S. 13 ,?,C i2 .  ii 1 0, 13 0,21 I o.78
x-/07, E8.8 ?•62 5 0.8 c.. 4t?-.61/ o, o,, o,1K I o . “ ". i t

-t' 13 132 Viz,,1q I 0,3 >•.c 30,6.2 0,01 0 , ; q 0.09, 1

CO if o .-7 ? / 0 . $ / . 7 3 ' 6  _ D-e?/ 0 , o5- o,O7

• 1,21'1 7 -8 ' q9°.S , - ‘ 0.'3 -7..S 12.3" ‘ , 0 , 0 7 0. /8 0 ...5- V

gj AREA 0 0 g . 3 1 2
LENGTH

51TE:+1.P'

HABITAT DESCRIPTION:

Discharge Gradient

Temperature V C )

Hydraul ic  Type P o o l
Tu r b i d i t y

Gl ide R i f f l e

7C a r e a

mean w id th

mean depth

7. c o v e r

cover t y p e '

substrate2

CO: VENTS:

L l o g ,  B  b o u l d e r,  I V  ins t ream vegeta t ion ,  OV overstrearn v e g e t a t i o n  C  c u t b a n k s

2 F  f i n e s ,  S C  s n a i l  g r a v e l ,  LC l a r h e  gravel,_ c  cobbles,  B  b o u l d e r s ,  B r  b e d r o c k



DATE

SPECIES AGE fl-RANGE fl WEIGHTA -0
TOTAL

BIOMASS
No /M

DENSITY
BIOMASS
DENSITY ,  l i ne -N j  met:

Kbr o f ; 7 -60 10,6 1.:361 If .0-g ?.31 o.q7 0.63 • 7
It 7-6" / 0 1 4g8. F- .it3 y osg 7.3-?-5- /-?-6 •-C1 0.161 1 • ell/ t / 1 3

o . )71- ilc- 135 12? .2.1to 7 a -S 2..,C0 c o , -6, p. 07 0. 4 C

C#7/1/001( 67-,-8 67.S 3•$ /3 o. E / . 2 6 - /. 7 0 , J3 O,</ /.3,S'

p4--0 -//3 r 3S•2 ?-• 3 Z 3 o •S z8,3 2/6.5' 0, 03 /  ?F 2 . i / e .

innWEY . • ,

1111111111.1111111111111111111 1111111111111111111111111

1 1 1 1 1 1 1 1 1 1 E

AREA / 7 7 , 1 / M
LENGTH  /  2 , M

HABITAT DESCRIPTION:

Discharge

Temperature ( * C )

Hydrau l ic  Type

% a r e a

Gradient

Pool

Tu r b i d i t y

Gl ide R i f f l e

mean w i d t h

mean depth

• % c o v e r

cover t y p e l

substrate2

COMMENTS:

1 L  l o g ,  B  b o u l d e r,  I V  ins t ream vegeta t ion ,  OV overstream v e g e t a t i o n ,  C  c u t b a n k s
2 1F f i n e s ,  S C  s m a l l  g r a v e l ,  LC l a r g e  g rave l  C  cobbles,  B  b o u l d e r s ,  B r  b e d r o c k



-  4 9

SPECIES AGE fl-RANGETT v t g n  I C. -13 Ti
TOTAL

BIOMASS
No/t.A7 ,BIOMASS

DENSITY DENSITY
,V- . . . -

No / n  s-::,--

t .  0 1 - 3 2 - 3 7 11/. 7 1 , 0 c o a  $.5. 7o. 7 o . 6 O. C.?  0 . 6 ?:8o
r-i- 7-ei- sU .56 s c.ac 3,5 h.,. g 1).6,3 0./?- 0.19
7 t / I IN /54? 1 o,8-5 / 2 /8.6 0 . o / 0 . /4. C, 0

62-7Z 0.F.5 2E , , ,...-,q

. , ..
, .
. ,

DATE AREA 1 1 Z 9 m 2
LENGTH 19.4  M

SITE-14 3

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempe ra tu re  ( ° C )

- H y d r a u l i c  Ty p e

% a r e a

P o o l

T u r b i d i t y

G l i d e R i f f l e

mean w i d t h

' m e a n  d e p t h

% c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r i g e g r a v e l ,  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



50 -

SPECIES AGE f I- RANGE f I
MEAN

WEIGHT •
- TOTAL

BIOMASS
N o  / M r

DENSITY
BIOMASS
DENSITY

, lint:
I•4 /  met

R b-r- 0-/- 36-5C lig -6. 1 • 3 ? . 0. 7' //. ii /1/ • ‘ o, o7 0.1/ 0- F1,
1t 67-97 8/ • i 5.7-9 23 o . 3 2 . 8 ‘ /70.35 o s .5-. I . 0  I 2.12

6 , 6.5'-1941t- 2F %05'/20 O S is--.0 2- 0.9 /0 00 _/50.02 0 . 0 8 /. '5-.
3 t 132-/65 147-.67 5: 3 r . ? k . 2 9 / 50 . 0 0.03 , / _ o . 3

-
f i l o ( I I 26-7-2 •I' i r g - I t 0 ,7 g7, g 0.21 o, 7 /. ..5-•

So0K0 64.6 42 0-7- _,07-D g6 0. 7g 0. z/,‘ g-3 71111 6 - 11 0

111111111 . 111111111111111111111111111111111111
11111111111•1111111111111111111111

DATE AREA
LENGTH M

M2 SITE -0

HABITAT DESCRIPTION:

Discharge

Temperature ( % )

Gradient

Hydrau l ic  Type P o o l
Tu r b i d i t y

G l i d e R i f f l e

area

mean w id th

mean depth

% c o v e r

. c o v e r  types

substrate2

COMMENTS:

I L  l o g ,  B  b o u l d e r,  I V  inst ream vegeta t ion ,  OV overstream v e g e t a t i o n  C  e t M b a n k s

2 F  f i n e s ,  S C  s n a i l  g r a v e l ,  LC l a r g e  g r a v e l ,  C  cobbles,  B  b o u l d e r s ,  B r  b e d r o c k



-  5 1 -

SPECIES AGE ft-RANGE Ti
MEAN

WEIGHT CI ` p i -
TOTAL

MW ASS
N o / '  i2

DENSITY
BIOMASS / 1 7 7 , - 7 ,
DENSITY i N o  /  n;1.Jer

)(15.1.7 29.-S-2 4131 0.07! O. /4- 2Z.9 2 0 . 6  _ o . i g 0 . / ‘  / / .  0 0
. .

I t a6-/e2. 32.8 6 .2 : l i g -  `  S ' , c , .5/.8 3 2 k 8 0.111 2 . , 5 7 2 . 2 9

2 09 -l3.5' IZI. 2 / 9 . 2 i q 0  -7:: C /C.c 3/7_/ C0-/3 Z . 5 - 3 0 -  72_

31- I ,c  C- /CC 31. / 0  . (5> . x / 6 . 3  O . 0 / 0  . 3 ' e  . o s -

.
36 - l o b -7S- 2.6 yo a 4' 4..? l : 2 O. c 3 1.9/ 2.72

mkli 740- p / o -2/9 /1/1.0 3 0.7 3.3 969.9s 0. o3  3. .1.5- o.i.S

. .

DATE AREA / 4 `  2  M2  S I T E * _ 1 . .  •

LENGTH , 2 - 8 m

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Te m p e r a t u r e  ( ° C )

H y d r a u l i c  Ty p e  P o o l

T u r b i d i t y

G l i d e R i f f l e

% a r e a

mean w i d t h

mean d e p t h

• % c o v e r

c o v e r  t y p e '

s u b s t r a t e 2

COMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



St/cK c / q i (

SPECIES AGE f I - RAI•IGE H
MEAN

W E I G H T I - 5 I Ti TOTAL
BIOMASS

A P  No -
DENSITY

BIOMASS
DENSITY r 1;ntr-..:I No / firmt,

kbr o o-f- tfo-53 4 0 0., 7.7- /0 . O . ? It 1.07 13.7 0.23 O. /7 /,,oz
. 0 •11- 71-T5 -?--q S'/2 F 0-7- /0.0 s . 2 0 . 1 3 0. ‘  4 I

24- /12 112 P1,74 I 0- I. it q 0 .02 0 . 7 7 - © • / Di

OA Ce 3")1-5- q.C.3 I • ! .0.•7 1.3 8 o . o s- e . o E . 2 )
/  ,.

. ,

•

. • .

-  52 -

DATE 3 0 1 AREA 8 .  8.° IA2
LENGTH  i f   14

SITED C

HABITAT DESCRIPTION:

Discharge
•

Gradient

Temperature ( * C )

Hydrau l ic   Type

area

Tu r b i d i t

Pool Gl ide R i f f l e

mean w id th

mean depth

% c o v e r•
cover t y p e l

substrate2

COKMENTS:

1 L  l o g ,  B  b o u l d e r,  I V  ins t ream vegeta t ion ,  OV overstream v e g e t a t i o n 1 ,  C  c u t b a r t k s
2 F f i n e s ,  S C  s m a l l  g r a v e l ,  LG l a r g f _ g r a v e l — c  c o b b l e s ,  B b o u l d e r s ,  B r  b e d r o c k



AREA -56.  g M 2
LENGTH / a • 5  M

SPECIES AGE ft-RANGE 11
MEAN

WEIGHT ;
TOTAL

BIOMASS
No /m2 BIOMASS
DENSITY DENSITY r line.

N o /  m- t

' w O-t- 2 8 - 5 q .q.6 /,0 4g- .0,3 s  7. 5. 6._6.g, A /3 . . 9

-10q Pc.? 6'.9 111110.43 I f .6 3 r i a l l  S 3  1 6 , 7 8
2.1- 5-  170 117.5' rg . ;C ? 0- '5-0 0 . 0 5  O .  70

I I I I I I I I I I I I I I I I I I I I
0 . / - S  °  • E6

111111111111D. 05
11111111111
11111111111

O. /

0 • 6---2

0. /7
I f f r a l l a g i/6. 66-8 3.-C I M I N I 0  • S

1 Gi - 07 $ .  # Will ._,5.,v. 0

N M . M I N
11111111111111111111111111
1111111111111111111111R S

I N 1111111111
M I M S

11111111111111111111 - 111111111
HABITAT DESCRIPTION:

Discharge
•

Gradient

Temperature ( ' C )

Hydrau l ic  Type

% a r e a

Turbidi
Pool Glide R i f f l e

mean w i d t h

mean depth

cover
cover type1

substrate2

COMMENTS:

1 L  l o g ,  B  b o u l d e r,  I V  ins t ream vegetat ion,  OV overstream v e g e t a t i o n , ,  C  cu tbar tks
2 F f i n e s ,  S C  smal l  g r a v e l ,  LC l a r g e  g r a v e l .  C  cobbles,  B  b o u l d e r s ,  B r  b e d r o c k



- 5,02- alfr.„e,

SPECIES AGE ft-RANGE ft
MEAN

WEIGHT ii
TOTAL. N o  /Ms BIOMASS

BIOMASS D E N S I T Y  DENSITY , tineNo / met
11111111111

'6r of 32- q 3/.5' 0 . 0 51 .0. -S 5 . 6 7 1 1 3 1 = I I I M E l l /0.
65 -/011 87.8 .0q 17- 0.775 22.G? /3s. /2 0 . 5 "  3 . 3 2  i 3 , 0 2

0 - 3t

.

e. s3

I 3 -  3- 3 2 0-95 I N E M I E N T I11111111111111111111110111111
W H I M
111111111111111111111111111.11111.1

-6

0 • ° 4. = M a

6 . /  3 N M =

0..0 W W 1 1 1 1
1111111111

1111111111.111111111111111
P'Cc 74-/o • , 5.3 0.95 5",.3

CO o 1 1 1 1 M e r n i f f i l l I M 0. ?-5

1111 . 1111 M 11111 . 11 . 1111
. 11111111111111111111111
MN 111111•1111111111111111111

1111111111111IIINI11111111
MIIIIINNIIIIIIINIIIIIIIIINIIIIN

NIINIIINNIIIIIIIIIIIIIII 11111111•111111111111
NIENNIMMINIINIM M I N

/ 4 /  xi_
DATE 5/ A R E A  t A 2

LENGTH  9 '
SITE

HABITAT DESCRIPTION:

Discharge Gradient

Temperature ( ° C )

Hydrau l ic  Type
Tu r b i d i t

Pool Gl ide R i f f l e

Z a r e a

mean w i d t h

mean depth

7/, c o v e r

cover t y p e l

substrate2

COMNIENTS:

I L  l o g ,  B  b o u l d e r,  I V  ins t ream vegetat ion ,  OV overstrear i  v f m a t a t i o n ‘  C  c u t b a c k s

2 F  f i n e s ,  S C  smal l  g r a v e l ,  LG l a r g e  g r a v e l ,  C  cobbles,  B  b o u l d e r s ,  B r  b e d r o c k
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SPECIES AGE f  I - RANGE fl
MEAN

WEIGHT C1 17 5 -  , - t i
TOTAL

BIOMASS
No/M2
DENSITY

BIOMASS
DENSITY

ii;nezr
No / ms-ier

apt . a t  W '  'C I l ic i .q I- z O,61 ,i7. /4.1 0.4'3 0. g ? O .  93-

1- 6  -  V g<7.4/5 .6 'n. 7 :7.g tr3.3. 0.4,0 2  . 2  3 c ,. 6 -1
pt? - ,,31i i n -„5, z / . . 3 2 C q 7.7 ‘''3----# 0 -  i f . f 0 . / f '

. .

. .

D A T E S '  A R E A  m 2_
LENGTH m

SITE T 2

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Te m p e r a t u r e  ( ° C ) T u r b i d i t y

-. H y d r a u l i c  Ty p e  P o o l G l i d e R i f f l e

% a r e a

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



- 5 6 -

SPECIES AGE fl-RANGE
_...
fl

MEAN
WEIGHT C1 73 n B I O M A S S

TOTAL No/M2
DENSITY

BKWASS I  i l i - : : : -
DENSITY ' N o  / .1,,i,--:,

0 ± 4-3-!/5- ifq."- 0.9 ii 0. g :9 5.y o s a 0  . !  -7- .

11- 17- co i  If. 5" , 0. .C. 1 .z.57 0 . / 0 0 . 2/ 6 . . 5 - 2

7-r i/o - 1/Z M .  P, 1y. 6 2 O.-7 2. 9 .4'1'. 6 O. OF / • ? 3 0  .
1

4/1/ VIICI 10,5 / 0 5 " 1 3 . 3 - - I 0 . 7 / .  41 /9. 0 0.0.5- ®. -,I o .1?

Coo sli _cf z:.5" / O. / - 3 . .s 0.0,57 0..1/ o . /

. -
. .

. .

I '

DATE

i-elf0" ..._` ` ` f

AREA 3 / - 2  m2 S I T E   /  •
LENGTH / 0 .  9  M

HABITAT DESCRIPTION:
•

D i s c h a r g e G r a d i e n t

Tempera tu re  (  °C) T u r b i d i t y

H y d r a u l i c  Ty p e

% a r e a

P o o l G l i d e R i f f l e

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e '

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV  o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l „  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



/ 0 0  i r ,

SPECIES A G E fl-RANGE
MEAN

fl W E I G H T C1 15 '
TOTAL

BIOMASS
No/M'-
DENSaY

BIOMASS i  1;-::-.•.r
D E N S I T Y N o /  m e - -

0 I 3 2 -  s--g //I.? 0 . 8 f 7 10..f" g -  6' -'9.?‘,. ?, ° , '? ‘ °'''i'' F C:2 C

I+ 6 5 -  8 .1.1 s o / 9 0 n is. 7 ? • z o• / ' 0. ? f x. 3 3
Vi-  130 //-7-.8 /  8 O.'S -r• 3 9'4 i , 2 0. 0..0 o, ?..t. o

SS -? 63.1 3 . / IC 0.7s 20,0 6/. F- .9.zo 0 . 6- z 1 . y  3

DATE

C 7  .1 %:!Y•.t;.e....e,-4,

AREA L 2 2  M 2
LENGTH  /   M

SITE

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Te m p e r a t u r e  ( ° C ) T u r b i d i t y

H y d r a u l i c  Ty p e  P o o l G l i d e R i f f l e

a r e a

mean w i d t h

• mean d e p t h

% c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS :

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



• D AT E

SPECIES AGE fl-RANGE ii man  I C1 T; - -1,, TOTAL
BIOMASS

No /M2
DENSITY

BIOMASS 1
DENSITY 1 N o / m s - -

, I ; - .0r

t i t C  7  77 7a- 3 3 0.7 9. 3 27. e 0. /4, D. 7 ‘ c: s°'0_

i t ,tt 0 - in io?3. /4'1 2 3 0- 7 y< 3 4:;1, 0 O iy z o f 0..5-6
T t f i g / V 6 3s. / 1 0,7 /. f 49 f 0.0...< /  - SI ,e). a/ ?

•

. ._

, .

•
- .

AREA Z q '  M 2
LENGTH S S  M

SITE -4 2

i  HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempe ra tu re  ( ° C ) T u r b i d i t y

H y d r a u l i c  Ty p e  P o o l G l i d e R i f f l e

% a r e a

mean w i d t h

mean d e p t h

c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k
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SPECIES AGE fl-RANGE II MEAN
WEIGHT C 4 15

_
17

TOTAL
BK:WASS

No/m2
DENSITY

BKWASS
DENSITY

I
' N o /

, V---or
rl,-;:e-

O f 3 Z -  t a 35-,3 0 0.‘ ,5- M S ,... /  ' 0.21 o . / r i :  OE
_Xli

I t
_

?6- SD 7 if.e/ st n.75- 5:3 , X  ./ o, I I o..5-2 0 • s  .?

Z+ 0-114 172.5 19.7 2 & .ys ' 2.,,t< 5-2.3 0-1,5 I - 0g 0 , 2 ?
•

, _._- -

'A

.
.e.

- •

1.

DATE ARFA
LENGTH 1 0  M

SITE

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Tempera tu re  ( ° C )

H y d r a u l i c  Ty p e  P o o l

T u r b i d i t y

G l i d e R i f f l e

a r e a

mean w i d t h

mean d e p t h

% c o v e r

c o v e r  t y p e 1

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV  o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k
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SPECIES AGE fl-RANGE fl
MEAN

WEIGHT
TOTAL

BIOMASS
No/M2

DENSITY
BIOMASS
DENSITY

i 1;r1.=-,r
/ n E , -

--t- V4- 35 -  O g(.‘• I. / ‘ 2 0.?.5 82,9- 92.7- 0. El o, ? ei A y8
1+ g3 - loS 88.0 -7, 39 0.3s S2.0 3 8 S- . .5* 0 • 1 q I .  1/ 3 0.9 3
2 + I ZO /zo / 3 . I / / o,s- /. 3. 211.5- 5. avo 0 ,0  el 0 o ?

yo - 93 SC. I 3. y 22 O 29.3 78' .3 0 .// o . ?C o  .52

- •

• D AT E I  ei AREA 7 6 9 - 5 ' 0  S I T E  -4
LENGTH M

HABITAT DESCRIPTION:

D i s c h a r g e G r a d i e n t

Te m p e r a t u r e  ( ° C ) T u r b i d i t y

- H y d r a u l i c  Ty p e  P o o l

% a r e a

G l i d e R i f f l e

mean w i d t h

-mean d e p t h

% c o v e r

c o v e r  t y p e l

s u b s t r a t e 2

COMMENTS:

1 L  l o g ,  B  b o u l d e r ,  I V  i n s t r e a m  v e g e t a t i o n ,  OV o v e r s t r e a m  v e g e t a t i o n ,  C  c u t b a n k s

2 F  f i n e s ,  S G  s m a l l  g r a v e l ,  L G  l a r i g e  g r a v e l .  C  c o b b l e s ,  B  b o u l d e r s ,  B r  b e d r o c k



APPENDIX 5  C u m u l a t i v e  l e n g t h - f r e q u e n c y  a n a l y s i s  o f  j u v e n i l e
ch inook  a n d  c o h o  s a l m o n  a n d  r a i n b o w  t r o u t
cap tu red  i n  t h e  U p p e r  B u l k l e y  w a t e r s h e d ,  A u g u s t
30 t o  Sep tember  3 ,  1 9 8 1 .
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Comparison o f  mean s i z e  o f  a g e  g r o u p s  o f  j u v e n i l e  r a i n b o w  t r o u t  i n  t h e  Uppe r
B u l k l e y  s y s t e m  w i t h  t h o s e  o f  s e l e c t e d  Skeena s y s t e m s .

SPECIES AGE N. SAMPLED MEAN LENGTH (mm) RANGE (mm) MEAN WEIGHT ( g )

Rainbow 0+ 505 46 .4 28-  6 9 1.06
1+ 242 85.3 66-112 6 .61
2+ 59 121.4 104-157 19.05
3+ 7 148 134-165 34.52

Chinook 0+ 53 69 .4 5 7 -  8 4 3.67
1+ 1 103 12.02

Coho 0+ 85 63.9 48-  8 1 3.13

STREAM MEAN FORK LENGTH BY AGE GROUP

0+ 1+ 2+ 3+

Upper B u l k l e y (1981) 46 .4 85.3 121.4 148
K i s p i o x (1980) 42 .8 87.2 132.2

(1981) 38.7 78.4 124.7
Owen C r e e k (1980) 50.5 92.0 128.0

(1981) 45 .4 91.7 148.5
Lamprey C r e e k (1980) 47.8 87.5 122.7

(1981) 39.0 78.4 124.4
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APPENDIX 6  F i s h  d e n s i t y  -  s t r e a m  h a b i t a t  r e l a t i o n s h i p s
i n  t h e  U p p e r  B u l k l e y  w a t e r s h e d  d e r i v e d  f r o m
j u v e n i l e  f i s h  p o p u l a t i o n  e s t i m a t e s ,  A u g u s t
30 t o  September  3 ,  1 9 8 1 .



(Cont 'd . )

STREAM. R E A C H / S I T E HABITAT F I S H  D E N S I T Y
Rainbow Tr o u t Coho ChinookTo t a l0+ Parr

Bulk ley 1 1 r i f f l e - g l i d e 0.02 0 . 1 1 0.13 0
2 r i f f l e 0 0 . 1 7 0 0.07
3 g l ide  (head) 0 < 0 . 0 1 0.01 0.05
4 g l i de  ( f l a t ) 0 0 0 0

2 5 r i f f l e 0 0 . 1 2 0.27 0.04
6 g l i de  (head) 0 0 . 0 5 0.07 0.14
7 g l i de  (head) 0.01 0 0.03 0

3 8 r i f f l e - g l i d e 1.03 0 . 0 4 0.09 0.06
4 9 r i f f l e - g l i d e  (head) 0 0 0.03 0

10 pool- g l i d e 0.04 0 . 0 2 0 0
5 11 pool- r i f f l e 0.15 0 0 0

Bulk ley Summary
2 g l i de  f l a t s 0 0 0 0Reach 1 ,

g l i de  heads 0.003 0 . 0 1 8 0.037 0.063
r i f f l e s 0.007 0 . 1 3 3 0.133 0.037
pool heads assume =  g l i d e  heads
pool f l a t s assume =  g l i d e  f l a t s

Reach 3 g l ide  f l a t s 0 0 0 0
r i f f l e - g l i d e 1.03 0 . 0 4 0.09 0.06
g l i de  heads assume =  r i f f l e g l i de
pool heads assume =  r i f f l e g l i de
pool f l a t s assume =  g l i d e f l a t s

Reach 4 , 5 g l i de  f l a t s 0 0 0 0
g l i de  heads 0.02 0 . 0 1 0.015 0
r i f f l e 0.075 0 0.015 0
pool heads assume =  g l i d e  heads
pool f l a t s assume =  g l i d e  f l a t s

Buck 2 1 g l ide 0.13 0 . 0 7 0.01 0
3 2 r i f f l e  g l i d e 0.47 0 . 2 1 0 0.13
5 3 r i f f l e  g l i d e 0.63 0 . 0 4 0 0

4 r i f f l e  g l i d e 0.18 0 . 5 5 0
5 r i f f l e  g l i d e 0.09 0 . 3 6 0 0.
6 r i f f l e  g l i d e 0.18 0 . 1 5 0 0

Buck Summary to 2nd b r i d g e  ( S i t e  4 )
above 2nd b r i d g e

0.35 0 . 2 2
0.14 0 . 2 6

0.005 0.065

Dungate 1 1 r i f f l e - g l i d e - r i f f l e 1.13 0 . 2 7 0 0.15

McQuarrie 2 1 r i f f l e 1.89 0 . 6 0 0.10 0
2 pool- r i f f l e 0.63 0 . 5 1 0

McQuarrie Summary r i f f l e 1.26. 0 . 5 6 0.10 0
g l i de assume =  r i f f l e 0.10 0
pool 0 . 2 0  0 . 5 6 0.10 0
-  coho p resen t  t o  lower  Reach 2  o n l y



HABITATSTREAM R E A C H / S I T E

Byman 1 1

R i c h f i e l d 1 1
2 2

(above f a l l s ) 3 3

R i c h f i e l d  Summary
(be low f a l l s )

Crow 1 1

Maxan 1 1

F I S H D E N S I T Y

Rainbow T r o u t

Coho ChinookTo t a l
0+ P a r r

0 .18 0.27 0.05 0

0.96 0.23 0 .20 0
0 0 .33 0 0
0 .21 0.16

0 .48 0 .28 0 .20 0

0 .08 0.47 0 0

0 .31 0.195 0 0

r i f f l e - g l i d e - r i f f l e

r i f f l e - g l i d e
r i f f l e - g l i d e
r i f f l e

mean
-  c o h o  i n  Reach 1  o n l y

r i f f l e - p o o l - g l i d e

r i f f l e - g l i d e



APPENDIX 7  D e r i v a t i o n  o f  s t a n d i n g  c r o p  e s t i m a t e s  f o r  c h i n o o k
and c o h o  s a l m o n  a n d  r a i n b o w  t r o u t  i n  t h e  U p p e r
B u l k l e y  w a t e r s h e d  based  o n  h a b i t a t  a r e a  a n d  f i s h
p o p u l a t i o n  -  h a b i t a t  r e l a t i o n s h i p s .



Mainstem Bu lk ley

STREAM REACH HABITAT AREA (M2) CHINOOK
DENSITY

NO. FISH COHO
DENSITY

NO. FISH RAINBOW DENSITY NO. FISH
0+ >1+ 0+ >1+

Bulk ley 1 pool 50,000 (35%) - - - - - - - -
g l i de 80,925 (56%) - - - - - - - -
r i f f l e 12,900 ( 9%) .037 477 .133 1,716 .007 .133 90 1,716
head p / g 6,500 ( 5%) .063 410 .037 240 .003 .018 20 117
f l a t  p / g 124,380 (86%) 0 0 0 0 0 0 0 0

887 1,956 110 1,833

2 pool 223,479 (64%) - - - - - - - -
g l i de 105,052 (30%) - - - - - - - -
r i f f l e 19,100 ( 6%) .037 707 .133 2,540 .007 .133 134 2,540
head p / g 10,431 ( 3%) .063 657 .037 386 .003 .018 31 188
f l a t  p / g 316,424 (91%) 0 0 0 0 0 0 0 0

1,347 2,926 165 2,728

3 pool 11,520 (15%) - - - - - - - -
g l i de 40,310 (53%) - - - - - - - - .-.J

I - '

r i f f l e 23,846 (32%) .06 1,431 .09 2,146 1.03 .04 24,561 954 1
head p / g 7,567 (10%) .06 454 .09 681 1.03 .04 7,794 302
f l a t  p / g 68,108 (58%) 0 0 0 0 0 0 0 0

1,885 2,827 32,355 1,256

4 pool 31,957 (37%) - - - - - - - -
g l i de 54,189 (62%) - - - - - - - -
r i f f l e 907 ( 1%) 0 0 .015 14 .075 0 68 0
head p / g 907 ( 1%) 0 0 .015 14 .02 .01 181 91
f l a t  p / g 85,312 (98%) 0 0 0 0 0 0 0 0

28 249 91

5 pool 7,691 (22%) - - - - - - - -
g l i de 23,940 (70%) - - - - - - - -
r i f f l e 2,584 ( 8%) 0 0 0 0 .075 0 194 0
head p / g 2,584 ( 8%) 0 0 0 0 .02 .01 52 26
f l a t  p / g 28,728 (84%) 0 0 0 0 0 0 0 0

246 26

To t a l  Bu l k ley  mainstem 4,136 7,737 33,125 5,934



Tr i bu ta r i es

STREAM R E A C H  H A B I T A T AREA (M2) RAINBOW DENSITY NO. FISH COHO N O .  FISH
DENSITY

CHINOOK
DENSITY

NO. FISH
0+ >1+ 0+ >1+

Buck 1  a l l 23,600 0.35 0.22 8,26.0 5,190 .005 1 1 8 .065 1,534
2 a l l 23,800 0.35 0.22 8,330 5,240 .005 1 1 9 .065 1,549
3 a l l 35,900 0.35 0.22 12,570 7,900 .005 1 7 9 .065 2,333
4 a l l 21,600 0.35 0.22 7,560 4,750 0 0
5 t o  2nd b r i dge 89,500 0.35 0.22 31,330 19,690 0 0
5 t o  f a l l s 94,200 0.14 0.26 13,190 24,490 0 0
Buck To t a l 81,240 67,270 416 5,416

Dungate 1  a l l 7,640 1.13 0.27 8,630 2,060 0 .15 1,119

McQuarrie 1  a l l 3,600 1.07 0.56 3,850 2,010 .10 3 6 0
2 a l l 15,000 1.07 0.56 16,050 8,400 .10 ( l o w e r  1 5 0

1.5 km)
3 a l l 2,950 1.07 0.56 3,160 1,650 0
McQuarrie To t a l 23,060 12,060 510

Byman 1  a l l 8,400 0.18 0.27 1,510 2,270 .05 ( l o w e r  2 1 0
4.2 km)

R i c h f i e l d  1  a l l 14,900 0.48 0.28 7,150 4,170 .20 2 , 9 8 0
2 a l l 27,600 0.48 0.28 13,250 7,730 0 0
R i c h f i e l d  To t a l 20,400 11,900 2,980

To t a l  T r i b u t a r i e s 134,840 95,550 4,116 6,535
To t a l  Bu l k l ey  System
(excluding t r i b s .  above Top ley )

167,965 101,484 11,853 10,671



APPENDIX 8  S u m m a r y  o f  s t a n d i n g  c r o p  e s t i m a t e s ,  p o p u l a t i o n
s t r u c t u r e  a n d  p r o j e c t e d  s m o l t  y i e l d  a n d  a d u l t
escapement o f  c h i n o o k  a n d  c o h o  s a l m o n  a n d
s t e e l h e a d  t r o u t  i n  t h e  Uppe r  B u l k l e y  w a t e r s h e d .



1. S t e e l h e a d

0+ 1+ 2+ 3+

n 92,100 37,720 9,230 1,100
mean l e n g t h  (mm) 46.4 85.3 121.4 148
mean w e i g h t  ( g ) 1 .06 6 . 6 1 19.05 34.52
t o t a l  b i omass  ( k g ) 97.6 249.3 175.7 37.9 560.5

STANDING
CROP SMOLT YIELD MODEL USED SMOLT

YIELD
ADULT

ESCAPEMENT

560.5 k g 10 s m o l t s / k g  l a t e  summer
biomass

5,600 4201 2102

92,100 f r y 15% f r y  t o  1 +  p a r r ,
1+ p a r r  t o  s m o l t

30+ 4,145 310 155

37,720 1 +  p a r r 30% 1 +  p a r r  t o  s m o l t 11 ,320 850 425

48,050 t o t a l 35% p a r r  t o  s m o l t 16,820 1,260 630
p a r r

a) S t a n d i n g  C r o p  ( c a l c u l a t e d  f r o m  A p p e n d i x  7  a n d  e s t i m a t e s  o f
d i s t r i b u t i o n  a n d  r e s i d e n t / s t e e l h e a d  m i x ,  s e e  Ta b l e  4 )

b) S m o l t  Y i e l d  a n d  A d u l t  Escapement  E s t i m a t e s

1

2

A d u l t  escapement  a t
ca t ch  t o  escapement

A d u l t  escapement  a t
ca tch  t o  escapement

15% s m o l t  t o  a d u l t  s u r v i v a l  a n d  1 : 1
r a t i o .

15% s m o l t  t o  a d u l t  s u r v i v a l  a n d  3 : 1
r a t i o .



2. C o h o  a n d  C h i n o o k

COHO CHINOOK

n 11,853 10,671
mean l e n g t h  (mm) 63.9 69 .4
mean w e i g h t  ( g ) 3 .13 3.67
t o t a l  b iomass  ( k g ) 37.1 39.2

STANDING
CROP SMOLT YIELD MODEL USED SMOLT

YIELD
ADULT

ESCAPEMENT

Coho

37 .1  k g 100 s m o l t s / k g  l a t e  summer
biomass

3,710 140

11,853 f r y 35% s u r v i v a l  t o  s m o l t 4 ,150 156

Chinook

39.2 k g 100 s m o l t s / k g  b i omass 3,920 147

10,671 f r y 35% s u r v i v a l  t o  s m o l t 3 ,730 140

a) S t a n d i n g  C r o p

b) S m o l t  Y i e l d  a n d  A d u l t  Escapement  E s t i m a t e s

1 A d u l t  escapement  a t  15% s m o l t  t o  a d u l t  s u r v i v a l  a n d  3 : 1
ca t ch  t o  escapement  r a t i o .



BULKLEY RIVER

MORICE
RIVER

Maxan L .

Goosly L.

FIGURE 1.  T h e  Bulkley River watershed upstream o f  Smithers, B. C. S c a l e  1:600,000.
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FIGURE 2.  T h e  Upper Bulkley River system, ind ica t ing  reach
breaks (R1) and sample s i tes  (S1).


