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Abstract:
The phytoplankton community of Bighorn Lake in relation to its physical and chemical environment
was studied during 1968, 1969 and 1970. Samples and in situ measurements were taken at six
permanent sampling stations on the reservoir during 56 cruises.

Characterization of the influent and effluent waters of the reservoir revealed that Bighorn Lake was
fertilized by the Bighorn and Shoshone Rivers. The relationships of conductivity, turbidity, nitrogen
and phosphate to tributary discharge have been examined.

Under average conditions total visible light was reduced to 1% of surface intensity at a depth of
approximately 10 meters near the dam, but only 1 meter at station 5 (80.5 km upstream from the dam).
Various effects of light penetration on chlorophyll a. and phytoplankton standing crops have been
discussed. A turbidity current was established at the depth of the power penstock during 1968. A nitrate
nitrogen and ortho-phosphate maxima as well as the oxygen and pH minima were associated with the
turbidity current.

Temperature and conductance in Bighorn Lake are described with respect to both the seasonal and
longitudinal distribution of heat and electrolytes. The spring warming process is depicted. The
development of a distinct thermodine for any given year of sampling was not detected.

Results of chemical analyses showed Bighorn Lake to be predominantly a
calcium-sodium-sulfate-bicarbonate water. Nitrate nitrogen and ortho-phosphate as well as the other
chemical constituents determined were relatively high and appeared not to be limiting.

Standing crops of the phytoplankton taxa were determined by direct count. Fragilaria crotonensis,
Cryptomonas ovata, Stephano-discus niagarae and Asterionella formosa reached the largest standing
crops according to absolute mean cell volumes, whereas Rhodomonas lacustris, Cryptomonas ovata,
Asterionella formosa and Fragilaria crotonensis were more important bn a presence basis. Mean total
algal standing crops for the reservoir ranged from 2.3 to 23.2 mm3/l. Measurements of mean
chlorophyll a. for the reservoir ranged from 0.6 to 10.4 mg/m3.

The chlorophyll to algal cell volume ratio was 3.4 μg chlorophyll a. to 1.0 mm3 of algal cells. A
definite algal succession was observed for all three years.

Net primary productivity was calculated and a mean for all stations showed a range of 0.51 g C/m2/day
to 1.42 g C/m2/day during 1968 and 1970, respectively. 
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ABSTRACT

The p h y to p la n k to n  com m unity o f  B ig h o rn  Lake in  r e l a t i o n  to  i t s  
p h y s ic a l  and c h e m ic a l e n v iro n m e n t was s tu d ie d  d u r in g  1968 , 1969 and 
1970» Sam ples and i n  s i t u  m easu rem en ts  w ere ta k e n  a t  s i x  p e rm an en t 
sa m p lin g  s t a t i o n s  on th e  r e s e r v o i r  d u r in g  56 c r u i s e s .

C h a r a c t e r i z a t i o n  o f  th e  i n f l u e n t  and e f f l u e n t  w a te r s  o f  th e  
r e s e r v o i r  r e v e a le d  t h a t  B ig h o rn  Lake was f e r t i l i z e d  by th e  B ig h o rn  
and Shoshone R iv e r s .  The r e l a t i o n s h i p s  o f  c o n d u c t iv i t y ,  t u r b i d i t y ,  
n i t r o g e n  and p h o s p h a te  to  t r i b u t a r y  d is c h a r g e  have  b e e n  exam ined .

U nder a v e ra g e  c o n d i t io n s  t o t a l  v i s i b l e  l i g h t  was re d u c e d  to  1% 
o f  s u r f a c e  i n t e n s i t y  a t  a  d e p th  o f  a p p ro x im a te ly  10 m e te rs  n e a r  th e  
dam, b u t  o n ly  I  m e te r  a t  s t a t i o n  5 080 .5  km u p s tre a m  from  th e  dam ). 
V a r io u s  e f f e c t s  o f  l i g h t  p e n e t r a t i o n  on  c h lo r o p h y l l  a. and p h y to p la n k ­
to n  s ta n d in g  c ro p s  hav e  b e e n  d i s c u s s e d .  A t u r b i d i t y  c u r r e n t  was 
e s t a b l i s h e d  a t  th e  d e p th  o f  th e  pow er p e n s to c k  d u r in g  1968 . A n i t r a t e  
n i t r o g e n  and o r th o - p h o s p h a te  maxima a s  w e l l  a s  th e  oxygen  and pH 
m inim a w ere a s s o c i a te d  w i th  th e  t u r b i d i t y  c u r r e n t .

■Tem perature and c o n d u c ta n c e  i n  B ig h o rn  Lake a r e  d e s c r ib e d  w ith  
r e s p e c t  to  b o th  th e  s e a s o n a l  and l o n g i t u d in a l  d i s t r i b u t i o n  o f  h e a t  
and e l e c t r o l y t e s .  The s p r in g  warm ing p r o c e s s  i s  d e p ic t e d .  The 
d ev e lo p m en t o f  a  d i s t i n c t  th e r m o d in e  f o r  any g iv e n  y e a r  o f  sam p lin g  
was n o t  d e t e c t e d .

■ R esults o f  c h e m ip a l a n a ly s e s  showed B ig h o rn  -Lake to  b e  p r e ­
d o m in a n tly  a  c a lc iu m - s o d iu m - s u l f a te - b ic a r b o n a te  w a te r .  N i t r a t e  
n i t r o g e n  and o r th o - p h o s p h a te  as  w e l l  a s  th e  o t h e r  c h e m ic a l c o n s t i t ­
u e n ts  d e te rm in e d  w ere  r e l a t i v e l y  h ig h  and a p p e a re d  n o t  I o  b e  l i m i t i n g .

S ta n d in g  c ro p s  o f  th e  p h y to p la n k to n  ta x a  w ere d e te rm in e d  by 
d i r e c t  c o u n t .  F r a g i l a r i a  c r o t o n e n s i s , . C ryptom onas o v a t a , -S te p h an o - 
d i s c u s  n i a g a r a e  and A s t e r i o n e l l a  fo rm o sa  re a c h e d  th e  l a r g e s t  s ta n d in g  
c ro p s  a c c o rd in g  to  a b s o lu te  mean c e l l  v o lu m e s , w h ereas  Rhodomonas 
l a c u s t r i s , C ryptom onas o v a t a , A s t e r i o n e l l a  fo rm osa  and F r a g i l a r i a  
c r o to n e n s i s  w ere m ore im p o r ta n t  on a  p re s e n c e  b a s i s .  Mean t o t a l  a lg a l  
s ta n d in g  c ro p s  f o r  th e  r e s e r v o i r  ra n g e d  from  2 .3  to  2 3 .2  m n r / I .  
M easu rem en ts o f  mean c h lo r o p h y l l  a. f o r  th e  r e s e r v o i r  ra n g e d  from  0 .6  
to  1 0 .4  mg/m^.

The c h lo r o p h y l l  to  a l g a l  c e l l  volum e r a t i o  was 3 .4  Hg c h lo r o p h y l l  
to  1 .0  mm  ̂ o f  a l g a l  c e l l s .  A d e f i n i t e  a l g a l  s u c c e s s io n  was o b se rv e d  

f o r  a l l  t h r e e  y e a r s .
N e t p r im a ry  p r o d u c t i v i t y  was c a l c u l a t e d  and a mean f o r  a l l  

s t a t i o n s  showed a ra n g e  o f  0 .5 1  g C /m ^/day to  1 .4 2  g C /m ^/day d u r in g  
1968 and 1970 , r e s p e c t i v e l y .



INTRODUCTION

The d e c l in e  in  " p r o d u c t iv i t y "  o f  new ly  im pounded r e s e r v o i r s  i s  

a lm o s t u n i v e r s a l  ( B e n n e t t , 1971;. C a r la n d e r  e t  a l . , 1963; N e e l , 1 9 6 3 ). 

P r o d u c t i v i t y  i n  t h i s  c o n te x t  r e f e r s  to  th e  s u c c e s s f u l  e s ta b l i s h m e n t  

and m a in te n a n c e  o f  a l a r g e  p o p u la t io n  o f  p r e f e r r e d  f i s h e s .  The 

i n i t i a l  h ig h  p r o d u c t i v i t y  h a s  b e e n  a t t r i b u t e d  to  th e  o r g a n ic  m a t te r  

and n u t r i e n t s  r e s u l t i n g  from  th e  f lo o d e d  s o i l  and v e g e t a t i o n ,  th u s  

e n te r in g  th e  t r o p h i c  c y c le  o f  th e  r e s e r v o i r .  A lth o u g h  th e  above e n ­

r ic h m e n t  p r o c e s s  may have  some v a l i d i t y  in  humid r e g io n s  i t  i s  r a t h e r  

d o u b t f u l  i f  t h i s  i s  a p p l i c a b l e  to  s e m i- a r id  r e g io n s .

. W hether o r  n o t  t h i s  l o s s  o f  f i s h  p r o d u c t io n  i s  r e l a t e d  to  a 

d e c l in e  i n  p r im a ry  o r  s e c o n d a r y :p r o d u c t iv i t y y :o f  b o th  h a s  h o t  'b e e n  

e s t a b l i s h e d .

.A c o m p reh en siv e  i n v e s t i g a t i o n  o f  th e  p h y s i c a l ,  c h e m ica l and 

b i o l o g i c a l  l im n o lo g y  o f  B ig h o rn  Lake and i t s  t r i b u t a r i e s  was i n i t i a t e d  

in  th e  f a l l  o f  1967 to  d e te rm in e  i f  a d e c l in e  in  p r im a ry  .o r-  se co n d a ry  

p r o d u c t i v i t y ,  o r  b o th  o f  t h i s  new impoundm ent w ould o c c u r .  The s tu d y  

s p e c i f i c a l l y  encom passed  th e  h e a t  b u d g e t ,  s a l i n i t y  re g im e , i n t e r n a l  

c u r r e n t s  and b i o l o g i c a l  p r o d u c t i v i t y  ( p h y to p la n k to n  and z o o p la n k to n )  

o f  th e  r e s e r v o i r .

.The t h r e e - y e a r  s tu d y  was u n d e r ta k e n  to  r e l a t e  th e  p h y s ic a l  and 

c h e m ica l e n v iro n m en t o f  th e  r e s e r v o i r  to  p r im a ry  p r o d u c t io n  and to  

d e te rm in e  w hat ch an g es  in  th e  p r im a ry  p r o d u c t io n  to o k  p l a c e  o v e r  th e
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e n t i r e  s tu d y .  An e f f o r t  was a ls o  made to  a s s e s s  th e  p h y s ic a l  and 

c h e m ic a l c h a r a c t e r i s t i c s  o f  th e  i n f l u e n t  and e f f l u e n t  w a te r s  o f  th e  

r e s e r v o i r .

The t h e o r e t i c a l  p o i n t s  o f  th e  above a p p ro a c h  to  p r im a ry  p ro d u c t io n  

a r e  b e s t  sum m arized by  F in d en eg g  (1 9 6 5 ) a s  fo l lo w s :

V I t  i s  a  w e l l  known f a c t  t h a t  p r im a ry  p r o d u c t io n  
in  l a k e s  i s  c o n t r o l l e d  by  th e  i n t e r a c t i o n  o f  many 
f a c t o r s  w h ich  u s u a l l y  a r e  d iv id e d  i n to  t h r e e  g ro u p s :
(1 )  P h y s ic a l  f a c t o r s  o r i g i n a t i n g  d i r e c t l y  o r  i n d i r e c t l y  
from  s o l a r  r a d i a t i o n ,  such  as  l i g h t  c o n d i t i o n s , te m p e ra ­
t u r e ,  m ix in g  and tu r b u le n c e  by  th e  a c t i o n  o f  th e  w in d ;
(2 )  The c o n te n t  o f  th e  n u t r i e n t s  in  th e  e u p h o t ic  zone 
o f  th e  l a k e s ,  and (3 )  The i n t e r a c t i o n  o f  th e  o rg a n ism s  
p r e s e n t  in  th e  p la n k to n  com m unity w hich may p rom o te  o r  
ham per th e  p r o d u c t io n  o f  c e r t a i n  s p e c i e s " .

The c a u s e ( s )  o f  th e  d e c l in e  in  r e s e r v o i r  f i s h  p r o d u c t io n  m ust 

be  known b e f o r e  f o rm u la t io n  o f  b e t t e r  and more f e a s i b l e  f i s h e r i e s  

m anagem ent ( b o th  p r e v e n t iv e  and c o r r e c t i v e )  can b e  a p p l i e d .



DESCRIPTION OF THE STUDY AREA

B ig h o rn  Lake i s  a pew impoundm ent ( Y e l lo w ta i l  Dam) o f  th e  B ig h o rn  

R iv e r  a p p ro x im a te ly  8 0 .5  k i lo m e te r s  (50  m i le s )  s o u th e a s t  o f  B i l l i n g s ,  

M ontana. Y e l lo w ta i l  Dam i s  in  B ig h o rn  County a t  l a t .  4 5 ° 1 8 '2 7 " ,  lo n g . 

107O5 7 '-2 6 ", in  SWl/4  SE1/4  S e c .18 , T,"6 S . and R. 31 E . A t no rm al 

o p e r a t in g  l e v e l  th e  r e s e r v o i r  e x te n d s  from  th e  dam a t  F o r t! S m ith ,  

M ontana, in to  Wyoming f o r  a  d i s t a n c e  o f  9 8 .4  k i lo m e te r s  (61 m i l e s ) .

The w a te r  i s  u se d  f o r  pow er p r o d u c t io n ,  f lo o d  c o n t r o l ,  i r r i g a t i o n  and 

r e c r e a t i o n .

C o n s t r u c t io n  o f  th e  dam by  th e  B ureau  o f  R e c la m a tio n  beg an  in

1961 and was co m p le te d  in  1967 . S to ra g e  beg an  4 November 1965. The

7 3r e s e r v o i r  h a s  a  u s a b le  c a p a c i ty  ( F ig .  l )  o f  169 X 10 m (1 ,3 7 5 ,0 0 0  

a c r e - f t )  b e lo w  e l e v a t i o n  1 ,1 1 4 .6  m : (3 ,6 5 7  f t ) .  Norm al o p e r a t in g
I  3

c a p a c i ty  i s  144 X 10 m, (1 ,0 9 7 ,0 0 0  a c r e - f t )  a t  e l e v a t i o n  1 ,1 0 9 .5  m

7 3
(3 ,6 4 0  f t )  and minimum o p e r a t in g  l e v e l  i s  60 X 10 m (4 8 3 ,4 0 0  a c r e -  

f t )  a t  e l e v a t i o n  1 ,0 8 1 .1  m (3 ,5 4 7  f t ) .  Dead s to r a g e  am ounts to  

234 X lO"’ m^ (1 8 ,9 7 0  a c r e - f t )  b e lo w  e l e v a t i o n  1 ,0 0 5 .8  m (3 ,2 9 6  f t ) .
I

Maximum d a i l y  c o n te n t  s in c e  c o n s t r u c t io n  o c c u r r e d  on 6 J u ly  1967 w ith  

166 X IO7 m^ (1 ,3 4 6 ,0 0 0  a c r e - f t )  a t  e l e v a t i o n  1 ,1 1 4 .5  m (3 ,6 5 6  f t ) ,  

w h ile  th e  minimum s in c e  f i r s t  f i l l i n g  o c c u r r e d  on 22 May 1968 and 

was 82 X IO7 m^ (6 6 7 ,4 0 0  a c r e - f t )  a t  e l e v a t i o n  1 ,0 9 3 .0  m (3 ,5 8 6  f t ) .  

■Other m o rp h o m etric  d a ta  f o r  th e  r e s e r v o i r  a r e  g iv e n  i n  T a b le  I .
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T a b le  X. A d d i t io n a l  m o rp h o m e tric  d a ta  f o r  B ig h o m  Lajce a t
maximum c a p a c i ty  ( e l e v a t i o n  1 ,1 1 5 .5  m ).

Maximum L en g th 9 8 .4  km (61 m i)

Maximum E f f e c t i v e  L en g th 9 .8  km ( 6 .1  m i)

Maximum W idth 3 .2  km ( 2 .0  m i)

Maximum E f f e c t i v e  W idth 3 .2  km ( 2 .0  m i)

M eaniW id th ^ 739 m (2 ,4 2 5  f t )

Maximum D epth 140 m (459 f t )

Mean D epth 24 m (80  f t )

A rea

Volume

727 X IO5 m2 (1 7 ,9 5 8  a c r e s )

176 X IO 7 m^ ( I ,4 2 7 ,8 4 0  a c r e - f t )

L e n g th  o f  S h o r e l in e 206 km (128 m i)

S h o r e l in e  D evelopm ent 11..8 .

S lo p e  o f  B a s in 0.14%
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D e t a i l s  o f  th e  s t r u c t u r e  o f  th e  t h i n  c o n c r e te - a r c h  dam a re  shown 

in  F ig u re  2 . W ater can  be  d is c h a r g e d  from  th e  r e s e r v o i r  th ro u g h  th r e e  

o u t l e t s ; ( l )  th e  s p i l lw a y — e l e v a t i o n  1 ,0 9 5 .1  m (3 ,5 9 3  f t .)  5 (2 )  th e  

pow er p e n s to c k s — e le v a t i o n  1 ,0 5 1 .6  m (3 ,4 5 0  f t ) ,  and (3 )  th e  r i v e r ' ' 

o u t l e t  i n v e r t — e l e v a t i o n  1 ,0 0 5 .8  m (3 ,2 9 6  f t ) .  U n le s s  i t  i s  n e c e s s a ry  

to  d i s c h a r g e  w a te r  th ro u g h  th e  s p i l lw a y  o r  r i v e r  o u t l e t  " . in v e r t , a l l  

w a te r  i s  d is c h a r g e d  from  th e  r e s e r v o i r  th ro u g h  th e  pow er p e n s to c k s .  

■The d e p th  o f  w a te r  o v e r ly in g  th e  pow er p e n s to c k s  w ould b e  6 3 .1  m (207 

f t )  a t  maximum u s a b le  c a p a c i ty ,  5 7 .9  m (190  f t )  a t  n o rm al o p e r a t in g  

l e v e l  and 2 9 .6  m (97  f t )  a t  minimum o p e r a t in g  l e v e l .  D isc h a rg e  

th ro u g h  th e  r i v e r  o u t l e t  i n v e r t  w ould come from  v e ry  deep  w a te r ;

1 0 9 .9  m (3 6 0  f t )  a t  maximum u s a b le  c a p a c i ty ,  9 6 .8  m (317  f t )  a t  no rm al 

o p e r a t in g  l e v e l  and 7 6 .4  m (250  f t )  a t  minimum o p e r a t in g  l e v e l .

I S ix  p e rm a n en t sa m p lin g  s t a t i o n s  w ere  e s t a b l i s h e d  on  th e  r e s e r v o i r

d u r in g  th e  c o u rs e  o f  th e  s tu d y  ( F ig .  3 ) .  K ilo m e te r  0 ( S t a t i o n  0) was 

l o c a t e d  a t  th e  dam s i t e  w i th  th e  re m a in in g  s t a t i o n s  a t  a p p ro x im a te ly  

1 6 .1  k i lo m e te r  (10  m i le )  i n t e r v a l s  from  e a ch  o t h e r  up th e  r e s e r v o i r  

f o r  8 0 .5  k i lo m e te r s  to  s t a t i o n  5 .

The m a jo r  t r i b u t a r i e s  to  th e  r e s e r v o i r ,  a s  can b e  s e e n  from  

F ig u re  3 , a r e  th e  B ig h o rn  and Sho shone  ̂ R iv e rs . The. a v e ra g e  d is c h a rg e  

f o r  th e  B ig h o rn  R iv e r  was 6 3 .9  rn ^ /sec  (2 ,2 5 6  c f s )  f o r  a  41 y e a r  p e r io d  

( U .S .G .S . , 1 9 6 9 ) . The d is c h a r g e  n o rm a lly  f l u c t u a t e s  b e tw een  a f a l l
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F ig u re  2 . D e ta i l e d  s t r u c t u r e  o f  Y e l lo w ta i l  Dam. D iagram  was
f u r n i s h e d  th ro u g h  th e  c o u r te s y  o f  th e  B ureau  o f
R e c la m a tio n .



BIGHORN LAKE-YELLOWTAIL DAM

Fort Smith

Station I 
(16.1 Km.) Station 2 

(32.2 Km.)
Z; O

BighornStation 3 j 
(48.3 Km.)

0 Miles Stations 
(80.5 Km.)Station 4 

(64.4 Km.)
0  Kilometers 8

F ig u re  3 . Map o f  B ig h o rn  Lake (B ureau  o f  R e c la m a tio n )  show ing
l o c a t io n  o f  th e  s i x  p e rm an en t sa m p lin g  s t a t i o n s .
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minimum o f  a p p ro x im a te ly  2 1 .2  m / se c  (750  c f s )  and a s p r in g  maximum
3

o f  3 3 9 .8  m / s e c  (1 2 ,0 0 0  c f s ) .  Maximum re c o rd e d  d i s c h a r g e  was 71227 ■

3 3m / s e c  (2 5 ,0 0 0  c f s )  on 16 Ju n e  1935 and th e  minimum was 5 .1  m / s e c

(179 c f s )  on  22 J u ly  1934 . The d r a in a g e  a r e a  o f  t h i s  r i v e r  co m p rise s  

2 24 0 ,8 3 1  km (1 5 ,7 6 5  mi ) a t  an  e l e v a t i o n  g r e a t e r  th a n  1 ,1 1 5 .6  m (3 ,6 6 0  

f t )  above mean s e a  l e v e l .
3

The a v e ra g e  d i s c h a r g e  from  th e  Shoshone R iv e r  was 3 2 .3  m / s e c  

(1 ,1 4 1  c f s )  f o r  an 11 y e a r  p e r io d  ( U .S .G .S . ,  1 9 6 8 ). The d is c h a r g e
3

n o rm a lly  f l u c t u a t e s  b e tw e en  a  f a l l  minimum o f  a p p ro x im a te ly  12.8  m /
3

se c  (430  c f s )  and a s p r in g  maximum o f  1 9 5 .4  m / s e c  (6 ,9 0 0  c f s ) .
3

Maximum re c o rd e d  d i s c h a r g e  was 3 7 3 .8  m / s e c  (1 3 ,2 0 0  c f s )  on 19
3

S ep tem ber 1961 and th e  minimum was 3 .4  m / s e c  (120  c f s )  on 21 -23
2

J a n u a ry  1959 . The d r a in a g e  a r e a  o f  t h i s  r i v e r  c o m p rise s  7 ,742  km 
2

(2 ,9 8 9  m i . )  a t  an e l e v a t i o n  g r e a t e r  th a n  1 ,1 1 7 .9  m (3 ,6 3 5  f t )  above 

■mean s e a  l e v e l .

P e rm an en t sa m p lin g  s t a t i o n s  w ere e s t a b l i s h e d  d u r in g  th e  s tu d y  

f o r  e ach  o f  th e  above t r i b u t a r i e s .  The B ig h o rn  sa m p lin g  s i t e  was 

l o c a t e d  a t  l a t .  4 4 °4 5 « 3 1 " , lo n g . 1 0 8 ° 1 0 '5 1 " , in  NW1/4 NE1/4 SWl/4  

S e c .9 , ,T .55 N.., R .94  W ., o f f  th e  r i g h t  bank  and 1 0 .5  k i lo m e te r s  

(6 .5  m i le s )  s o u th  o f  K ane, Wyoming. The l o c a t io n  o f  t h e  Shoshone 

R iv e r  sam pling , s t a t i o n  was l a t .  4 4 °5 1 "4 5 " , lo n g . 1 0 8 ° 1 2 '3 0 " , in  

E l /2  S e c .6 ," T .56  N .,  R .95 W ., o f f  th e  r i g h t  b a n k , 1 .6  k i lo m e te r s
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( I  m ile )  n o r th  o f  K ane , Wyoming and 2 .4  k i lo m e te r s  ( 1 .5  m i le s )  

u p s tre a m  from  i t s  m ou th .

. A sam p lin g  s t a t i o n  a t  t h e  b a s e  o f  th e  dam was a l s o  e s t a b l i s h e d  

f o r  th e  c h a r a c t e r i z a t i o n  o f  th e  e f f l u e n t  w a te r s  from  th e  r e s e r v o i r

d u r in g  th e  c o u rs e  o f  th e  s tu d y .



.METHODS AND MATERIALS

I n f l u e n t  and E f f l u e n t  W ate rs

W ate r sam p les  and f i e l d  m easu rem en ts  w ere ta k e n  a t  th e  v a r io u s  

r i v e r  s t a t i o n s  a t  b iw e e k ly  i n t e r v a l s  f o r  1968 and w eek ly  i n t e r v a l s  

f o r  1969 , when p o s s i b l e ,  th ro u g h o u t  th e  d u r a t io n  o f  t h i s  p a r t  o f  th e  

s tu d y .  T a b le  I I  shows th e  d a te s  arid th e  r i v e r s  w hich  w ere  sam pled .

■All sam p les  w ere o b ta in e d  by lo w e rin g  an 8- l i t e r  p o ly e th y le n e  

b u c k e t  i n to  th e  m ain  c u r r e n t  o f  th e  r i v e r .  The c o n ta in e r  was r in s e d  

w e l l  w i th  th e  s u r f a c e  w a te r  p r i o r  to  sa m p lin g . U p o n c c o l le c t io n , two 

1- l i t e r  a l i q u o t s  w ere c o l l e c t e d  in  g l a s s - s to p p e r e d  P y re x  b o t t l e s .  

Im m e d ia te ly , one o f  th e  sa m p le s , to  b e  u se d  f o r  heav y  m e ta l  a n a ly s e s ,  

was p r e s e r v e d  w ith  2 ml o f  50% HCl (R a in w a te r  and T h a tc h e r ,  1 9 5 9 ).

All storage bottles were rinsed twice before being filled with the 

water sample.

Water Chemistry

A f te r  r e t u r n in g  to  th e  l a b o r a to r y ,  a p o r t i o n  (700  m l) o f  th e  

u n t r e a t e d  sam ple was f i l t e r e d  th ro u g h  M i l l i p o r i ^ f i l t e r s  w i th  a p o re  

s i z e  o f  0 .4 5  m ic ro n s . A f t e r  f i l t e r i n g ,  th e  sam ple was p la c e d  back  

in  th e  g l a s s - s t o p p e r e d  P y re x  b o t t l e ,  w h ich  had b e e n  r i n s e d  w ith  a 

sm a ll q u a n t i t y  o f  th e  f i l t r a t e .  The re m a in in g  u n f i l t e r e d  w a te r  was 

p la c e d  in  a 300 ml g l a s s - s to p p e r e d  P y re x  b o t t l e  and u s e d  in  some o f  

th e  s u b s e q u e n t  a n a ly s e s .

M easurem ent i o f  h y d ro g en  io n  c o n c e n t r a t io n  was d e te rm in e d  in  

th e  f i e l d  and in  t h e  l a b o r a to r y  w ith  an O rio n  s p e c i f i c  io n  m e te r
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T a b le  11.. The d a te  and th e  r i v e r  w here w a te r  sam p les  w ere
c o l l e c t e d  (+ ) d u r in g  th e  1968 and 1969 sam p lin g  
p e r i o d s .

1968 1969

B ig h o rn  Shoshone B ig h o rn  Shoshone
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e  D a te  I n f l u e n t  I n f l u e n t  D isc h a rg e

2/22 + + + I /  3 * * 4-
3/ 7 + + + 1 /1 8 * +
3/28 + + + 2 /  I * + +
4 /1 1 + + + 2 /1 5 * + +
5 /  4 + + + 3 / I * + +
5 /1 8 + + + 3 /1 7 + ' + +
6 /  I + + + 3 /3 1 + + +
6/12 + + + 4 /  7 + + +
6/24 + + + 4 /1 4 + + +
7/15 + + + 4 /2 1 '+ + +
8 /  I + + + 4/28 + + +
8 /1 9 + + + 5 / 5 + + +
9/23 + + + 5 /1 2 + + +

10/ 7 + + + 5/22 + + +
10 /19 + + + 5/28 + + +
11/ 9 + + + 6/ 3 + + +
1 1 /23 + + + 6 /10 + + +
12/ 7 + + + 6 /1 7 + + +
12/20 * + + 6/24 + + +

■ 7 / I + + +
7 / 8 + + +
7 /1 4 + + +
7 /2 1 + + +
7/29 + + +
8 /  5 + + +
8 /11  ' + + +
8 /1 8 + + +

*
Sam ples w ere n o t  c o l l e c t e d  b e c a u s e  o f  i c e  c o v e r .
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(M odel 401) and a  Beckman Expanded S c a le  pH m e te r  (M odel 7 6 ) , 

r e s p e c t i v e l y .

T o ta l  a l k a l i n i t y ,  c h l o r i d e , f l u o r i d e , n i t r a t e ,  n i t r i t e ,  ammonia, 

t o t a l  and s o lu b le  n i t r o g e n ,  t o t a l  p h o s p h a te , s o lu b le  and in o rg a n ic  

p h o s p h a te , s u l f a t e ,  s i l i c a ,  c a lc iu m , m agnesium , c o p p e r and t u r b i d i t y  

d e te r m in a t io n s  w ere made as  d e s c r ib e d  by  th e  A m erican  P u b l ic  H e a lth  

A s s o c ia t io n  (1 9 6 5 ) .

T o ta l  i r o n  d e te r m in a t io n s  w ere made a c c o rd in g  to  th e  m ethod o f  

C o l l in s  and D ie h l (1 9 6 0 ) . M anganese was d e te rm in e d  by  th e  le u c o -b 'a se  

m ethod a s  d e s c r ib e d  by  S t r i c k l a n d  and P a rs o n s  (1 9 6 8 ) . The c o l o r i ­

m e t r ic  eq u ip m en t u s e d  in  th e  v a r io u s  a n a ly s e s  was e i t h e r  a  B ausch 

and Lomb " S p e c t r o n ic  20" ( S e r i a l  No. 4848 UB) o r  a  K le tt-S u m m erso n  

(M odel 800^3 ) c o lo r i m e te r .

T o ta l  and s o lu b le  c a rb o n  f r a c t i o n s  w ere d e te rm in e d  by  em ploying  

a  Beckman L a b o ra to ry  C arbonaceous A n a ly z e r  ( S e r i a l  No. P I  1 1 1 4 ).

Sodium  and p o ta s s iu m  w ere d e te rm in e d  by  flam e e m is s io n  w ith  a 

Beckman DU Elame S p e c tro p h o to m e te r .  Z in c  was d e te rm in e d  by a tom ic  

a b s o r p t io n  s p e c t ro s c o p y  em ploy ing  a P e rk in -E lm e r  A tom ic A b s o rp tio n  

U n i t  (M odel 3 0 3 ) .

A l l  o f  th e  above m en tio n ed  a n a ly s e s  w ere made w i th in  96 h o u rs  

a f t e r  c o l l e c t i o n .  T o ta l  a l k a l i n i t y ,  th e  v a r io u s  form s o f  c a rb o n , th e  

v a r io u s  form s o f  p h o s p h o ru s , t o t a l  and s o lu b le  n i t r o g e n ,  ammonia,
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n i t r a t e , n i t r i t e  and l a b o r a to r y  pH d e te r m in a t io n s  w ere made w i th in  

48 h o u rs  a f t e r  c o l l e c t i o n .

T e m p era tu re  and C o n d u c t iv i ty

The te m p e ra tu re  o f  th e  w a te r  sam ple upon c o l l e c t i o n  was m easu red  

w ith  a Gemware b u c k e t  th e rm o m ete r (No. 297WA100).

The e l e c t r i c a l  r e s i s t a n c e  o f  each  sam ple was m easu red  w ith  a YSI 

C o n d u c t iv i ty  B rid g e  (M odel 3 1 ) .  An I n d u s t r i a l  I n s t r u m e n ts  d ip p in g  

c e l l  (M odel CEL 4 ) was u se d  w ith  th e  above c o n d u c t iv i ty  b r id g e .  The 

c e l l  c o n s ta n t  o f  th e  d ip p in g  c e l l  was a p p ro x im a te ly  2 .1  th ro u g h o u t 

th e  s tu d y .

The s p e c i f i c  c o n d u c ta n c e  o f  th e  w a te r  a t  25 C was com puted from  

th e  o b s e rv e d  r e s i s t a n c e  and c o r r e c te d  f o r  te m p e ra tu re  and c e l l  

r e s i s t a n c e .

H ydro logy

D is c h a rg e  m easu rem en ts  f o r  th e  B ig h o rn  and S h o sh o n e -R iv e rs  w ere 

s u p p l ie d  by th e  -U. S . G e o lo g ic a l  S u rv e y . The g a g in g  s t a t i o n s  a re  

l o c a t e d  in  .the  same a r e a s  w here w a te r  sam p les w ere c o l l e c t e d .

.R e co rd s  o f  th e  t o t a l  d is c h a r g e  from  th e  dam w ere f u r n is h e d  by 

th e  B ureau  o f  R e c la m a tio n .

R e s e rv o i r

. D u ring  th e  s tu d y  a l l  w a te r  sam p les  and jLn s i t u  m easu rem en ts  w ere 

ta k e n  d u r in g  one  o f  th e  f i f t y - s i x  c r u i s e s  a t  each  s t a t i o n  on B ig h o rn
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L ake . The l e n g th  o f  th e  sa m p lin g  s e a s o n  was u s u a l ly  f i v e  m onths 

(T a b le  I I I ) .  T h is  s tu d y  was c a r r i e d  o u t  o v e r  t h r e e  y e a r s  (1968 ,

1969 , and 1 9 7 0 ) . Due to  th e  l a t e  d a te  o f  r e c e i p t  o f  th e  g r a n t  award 

i t  was n o t  p o s s ib l e  to  sam ple th e  r e s e r v o i r  i n t e n s i v e l y  in  1967.

When p o s s i b l e ,  sa m p lin g  p e r io d s  w ere sp a ce d  a t  w eek ly  i n t e r v a l s .

I n  1968 and 1969 b o th  " s h o r t  c r u i s e s "  and " lo n g  c r u i s e s "  w ere 

m ade. A lo n g  c r u i s e  was made o n ce  a  m onth and s h o r t  c u r i s e s  th e  r e s t  

o f  th e  m on th . On s h o r t  c r u i s e s ,  t r a n s m i s s i v i t y ,  te m p e ra tu re  and 

c o n d u c t iv i t y  m easu rem en ts  w ere made from  th e  s u r f a c e  to  th e  b o tto m  

o f  th e  r e s e r v o i r  a t  5 m e te r  i n t e r v a l s  a t  a l l  sam p lin g  s t a t i o n s .

I n  s i t u  l i g h t  m easu rem en ts  a t  d e p th  i n t e r v a l s  o f  m e te r  w ere 

o b t a in e d .  W ater sam p les  w ere c o l l e c t e d  from  th e  s u r f a c e  to  th e  low er 

l i m i t  o f  th e  e u p h o t ic  zone u s u a l l y  a t  I  m e te r  i n t e r v a l s .  The pH o f  

e a ch  sam ple  was d e te rm in e d . E qual vo lum es o f  th e  e u p h o tic  zone 

sam p les  w ere  th e n  c o m p o s ite d  and t h i s  c o m p o s ite  was u se d  f o r  c h lo r o ­

p h y l l ,  n i t r a t e ,  n i t r i t e ,  ammonia, o r th o - p h o s p h a te , ,  t o t a l  i r o n ,  

m an g an ese , c o p p e r , and z in c  d e te r m in a t io n s .  A lso , a sam ple was ta k e n  

from  th e  c o m p o s ite  f o r  p h y to p la n k to n  e n u m e ra tio n .

•E v e ry th in g  d e te rm in e d  on a s h o r t  c r u i s e  was d u p l i c a te d  on a lo n g  

c r u i s e , b u t  a d d i t i o n a l  w a te r  sam p les f o r  a  more d e t a i l e d  c h e m is try  

s tu d y  o f  th e  r e s e r v o i r  w ere  c o l l e c t e d  a t  10 m e te r  i n t e r v a l s  from  th e  

s u r f a c e  to  th e  b o tto m  o f  th e  r e s e r v o i r .  T hese  sam p les w ere ta k e n
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T a b le  I I I .  .T h e .d a te s  f o r  e a ch  c r u i s e  and ty p e  o f  c r u i s e
made d u r in g  th e  s tu d y  p e r io d .

1968 1969 1970

C r u is e (T yp e) . D ate C r u is e (T ype) Date C r u is e D ate

I (L) 5 /  5 27 (L ) 4 /1 5 43 6/11
2 (S ) .5 / 1 3 28 (S ) 4 /2 1 44 6 /1 8
3 (S ) 5 /2 0 29 (S ) 4 /2 8 45 6 /2 4
4 ( 5 ) 5 /2 7 30 (S ) 5 /  5 46 7 / 2
5 (L ) 6 /  7 31 (L) 5 /1 2 47 7/ 8
6 (S ) 6/12 32 (S ) 5 /2 1 48 7 /16
7 (S ) 6 / 2 0 33 .CS). 5 / 2 7 49 7 /2 3
8 (S ) 6 /2 7 34 (S ) 6 /  3 50 7/29
9 (S ) 7 / 2 35 (S ) 6 /1 3 51 8 /  4

10 (L ) 7 / 8 36 (L) 6 /1 8 52 8/10
11 (S ) 7 /15 37 (S ) 6 /2 4 53 8 /1 8
12 (S ) 7 /2 3 38 (S ) 6 /3 0 54 8 / 2 4
13 (S ) 7 /29 39 ( S ) 7/22 55 9 /  I
14 (L ) 8 /  5 40 (L) 7 /28 56 9 /  8
15 (S ) 8/12 41 (S ) 8 /  4
16 (S ) 8 /1 9 42 (S ) 8/11
17 (S ) 8 / 2 6
18 (L ) 9 /  3
19 (S ) 9 /  9
20 (S ) 9 /1 7
21 (S ) 9 /2 3
22 (L) 10 /  2
23 (S ) 10 /  8
24 (S ) 1 0 /1 4  ■
25 (S ) 10/22 4
26 (L) 11 /  2

S = s h o r t  c r u i s e  
L = lo n g  c r u i s e
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e v e ry  1 6 .1  km s t a r t i n g  w ith  s t a t i o n  0 and a n a ly z e d  f o r  d i s s o lv e d  

o x y g en , pH, t o t a l  a l k a l i n i t y ,  c h l o r i d e , f l u o r i d e , s u l f a t e , n i t r i t e ,  

n i t r a t e ,  am m onia, o r th o - p h o s p h a te ,  s i l i c a ,  t u r b i d i t y ,  p o ta s s iu m , 

sod ium , c a lc iu m , and m agnesium  c o n c e n t r a t io n s .

I n  1970 , t r a n s m i s s i v i t y ,  te m p e ra tu re  and c o n d u c t iv i t y  w ere 

d e te rm in e d  as  f o r  p r e c e d in g  y e a r s .  S am pling  p ro c e d u re s  i n  th e  

e u p h o tic  zone w ere s i m i l a r  to  t h a t  o f  1968 and 1969, b u t  pH, o x y g e n , 

o r th o - p h o s p h a te , n i t r a t e ,  n i t r i t e  and ammonia c o n c e n t r a t io n s  w ere 

d e te rm in e d  from  th e  s u r f a c e  to  ,the  b o tto m  o f  th e  r e s e r v o i r  a t  10 

m e te r  i n t e r v a l s  f o r  a l l  s t a t i o n s  on a l l  c r u i s e s .  ■<

L ig h t

V e r t i c a l  p r o f i l e s  o f  l i g h t  a t t e n u a t i o n  w ere o b ta in e d  by  m easu r­

in g  _in s i t u  l i g h t  i n t e n s i t i e s  w i th  a Gemware P h o to m e te r  (M odel No. 

268WA310). T h is  in s t r u m e n t  in c lu d e d  a g im b a l-m o u n ted  deck  p h o to c e l l  

and an u n d e rw a te r  p h o t o c e l l  ( b o th  had  m atched  p h o to c e l l s : ) . L ig h t  

i n t e n s i t y  was m easu red  from  th e  s u r f a c e  and a t  I  m e te r  i n t e r v a l s  u n t i l  

a  d e p th  a t  w hich  o n ly  17» o f  th e  t o t a l  s u r f a c e  r a d i a t i o n  was o b ta in e d .

A num ber o f  f i e l d  and l a b o r a to r y  s tu d i e s  have shown t h a t  th e

c o m p e n sa tio n  p o i n t  f o r  v a r io u s  p h y to p la n k to n  o rg a n ism s  i s  rea c h e d

a t  l i g h t  i n t e n s i t i e s  o f  a b o u t 1% t o t a l  s u r f a c e  r a d i a t i o n  ■ (Verduin-,.

1 9 6 4 ) . T h e r e f o r e , ■ by  d e f i n i t i o n  th e  c o m p en sa tio n  p o i n t  s e t s  th e  
' f x

lo w er l i m i t  o f  th e  e u p h o t ic  zo n e .
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The mean v e r t i c a l  e x t i n c t i o n  c o e f f i c i e n t s  w ere com puted as 

d e s c r ib e d , by  H u tc h in so n  (1 9 5 7 ) . The e x t i n c t i o n  c o e f f i c i e n t  u n i t s  

a r e  common lo g  u n i t s  p e r  m e te r  (k /m ) .

L ig h t  t r a n s m is s io n  was m easu red  a t  5 m e te r  i n t e r v a l s  from  th e  

s u r f a c e  w ith  I  m e te r  a n d /o r  10 c e n t im e te r  Hydro P ro d u c ts  t r a n s -  

m is so m e te r  co lum ns.

K im b a l l 's  (1 9 2 8 ) t a b l e s  o f  a v e ra g e  r a d i a t i o n  d a ta  f o r  s e le c te d  

d a te s  and l a t i t u d e s  w ere  u se d  in  th e  c a l c u l a t i o n s  o f  p r im a ry  

p r o d u c t i v i t y .

T e m p e ra tu re  and C o n d u c t iv i ty

V e r t i c a l  in  s i t u  m easu rem en ts  f o r  c o n d u c t iv i ty  and te m p e ra tu re  

w ere made w ith  a B eckm an:RB3-3341 S o lu  B r id g e , c a l i b r a t e d  f o r  u se  

w i th  c o n d u c t iv i t y  c e l l  CEL-S02-VH20-KP-X9. The l a t t e r  in c o r p o r a te s  

a t h e r m is to r  w h ich  s e rv e s  a d u a l f u n c t io n  as  a  com ponent o f  an 

a u to m a tic  te m p e ra tu re  co m p en sa to r f o r  a l l  c o n d u c t iv i ty  r a n g e s  and as 

a  p r im a ry  e le m e n t f o r  te m p e ra tu re  m easu rem en t.

W ater C h e m is try

A 3 - l i t e r  Van Dorn B o t t l e  was u se d  to  c o l l e c t  a l l  w a te r  sa m p le s . 

A l l  s to r a g e  c o n ta in e r s  w ere r in s e d  w ith  sam ple p r i o r  to  f i l l i n g .

(r)O n e - l i t e r  sam p les  w ere f i l t e r e d  th ro u g h  M i l l ip o r e ^ ' f i l t e r s  w ith  

a  p o re  s i z e  o f  0 .4 5  m ic ro n s . A f t e r  f i l t e r i n g ,  th e  sam p les  w ere 

p la c e d  b a c k  in  th e  s to r a g e  c o n ta i n e r s ,  w hich  w ere r i n s e d  w ith  a  sm a ll
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q u a n t i t y  o f  th e  f i l t r a t e .

The m eth o d o lo g y  f o r  th e  c h e m is try  o f  th e  r e s e r v o i r  was th e  same

a s  t h a t  u se d  in  c h a r a c t e r i z i n g  th e  i n f l u e n t  and e f f l u e n t  w a te r s .

A YSI M odel 54 Oxygen M ete r was u se d  f o r  th e  d e te r m in a t io n  o f

d i s s o lv e d  o x y g en . The in s t r u m e n t  was c a l i b r a t e d  by a llo w in g  th e

e le c t r o d e  sy s te m  to  e q u i l i b r a t e  in  a  sam ple o f  known oxygen c o n te n t .

P h y to p la n k to n  S ta n d in g  C ro p , C h lo ro p h y ll  and P rim a ry  P r o d u c t i v i t y
3

The t o t a l  c e l l  volum e p e r  u n i t  volum e o f  w a te r  (mm / l i t e r )  was 

d e te rm in e d  f o r  e ach  ta x o n  in  th e  p h y to p la n k to n  com m unity as  f o l lo w s .

A 125 ml sam ple o f  th e  e u p h o tic  zone c o m p o s ite  was p r e s e r v e d  w ith  

LugoI 1s s o l u t i o n .  L a t e r  in  th e  l a b o r a t o r y , th e  a lg a e  w ere u n ifo rm ly  

su sp en d ed  in  th e  s o l u t i o n ,  and a 10 ml s e t t l i n g  cham ber was f i l l e d  

w ith  th e  p h y to p la n k to n  sam p le . A f t e r  24 h o u rs  th e  se d im e n t was 

exam ined  w ith  a Z e is s -W in k e l in v e r t e d  m ic ro sc o p e . M o rp h o lo g ic a l u n i t s  

r e p r e s e n t in g  each  ta x o n  w ere c o u n te d  and l i n e a r  d im e n s io n s  m easu red  

w ith  a  W hipp le  m ic ro m e te r  d i s k .  By assum ing  an a p p r o p r i a t e  g e o m e tr i­

c a l  s h a p e , ( i . e . , s p h e re ,  p r o l a t e  s p h e r o id ,  e t c . ) ,  th e  a v e ra g e  c e l l  

volum e p e r  m o rp h o lo g ic a l  u n i t  was com puted . A s e r i e s  o f  r a t i o s  

in v o lv in g  sam ple vo lum e, m a g n i f ic a t io n  and th e  num ber o f  f i e l d s  c o u n ts  

ed w ere u se d  to  com pute th e  c e l l  volum e p e r  l i t e r  (S c h w o e rb e l, 1 9 7 0 ). 

Lund e t  a l .  (1958 ) hav e  d is c u s s e d  th e  s t a t i s t i c a l  v a l i d i t y  o f  such

d i r e c t  c o u n t m e th o d s .
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I d e n t i f i c a t i o n  o f  th e  p h y to p la n k to n  was c a r r i e d  o u t  to  th e  

s p e c ie s  l e v e l  w here p o s s i b l e ,  b u t  in  some c a s e s  o n ly  g e n e r ic  

d e s ig n a t io n s  w ere m ade. A lg ae  w ere i d e n t i f i e d  from  b o th  l i v i n g  

and p r e s e r v e d  m a t e r i a l  u s in g  th e  k e y s  o f  S m ith  (1 9 5 0 ) , P r e s c o t t  

( 1 9 6 2 ) , H u s te d t  (1 9 3 0 ) , T i f f a n y  and B r i t t o n  (1 9 5 2 ) a n d .D ro u e t (1 9 5 9 ) .

F re s h  a l g a l  w e ig h t ,  in  mg, was c o n s id e re d  to  be e q u iv a l e n t  to  
3

c e l l  volum e in  mm ( S t r i c k l a n d ,  I 9 6 0 ) .

.C h lo ro p h y ll  a. c o n c e n t r a t io n s  w ere d e te rm in e d  by  f i l t e r i n g  (0 .4 5  

m ic ro n  M i l l i p o r e ^ f l i t e r s )  a  known volum e ( u s u a l ly  500 m l) o f  th e  

e u p h o tic  zone c o m p o s ite  w a te r .  The membrane was th e n  d i s s o lv e d  in  

5 ml o f  90% a c e to n e  and a llo w e d  to  s ta n d  in  th e  d a rk  f o r  24 h o u r s .

The s o l u t i o n  was th e n  c e n t r i f u g e d  and th e  o p t i c a l  d e n s i ty  o f  th e  

s u p e r n a ta n t  was m easu red  a t  665 m i l l im ic r o n s  u s in g  th e  B ausch  and 

Lomb flS p e c tr o n ic  20" c o lo r im e te r .  The m il l ig r a m s  o f  c h lo r o p h y l l  a. 

p e r  c u b ic  m e te r  w ere  c a l c u l a t e d  a c c o rd in g  to  Odum e t  a l .  (1 9 5 8 ) .

The m ethod o f  R y th e r  and Y e p tsc h  (1957 ) a s  m o d if ie d  by M a rtin  

(1 9 6 7 ) was u se d  to  e s t im a te  p r im a ry  p r o d u c t i v i t y .  T h is  m ethod 

assum es an a v e ra g e  r a t i o  b e tw een  c h lo r o p h y l l  and p r o d u c t i v i t y  a t  

l i g h t  s a t u r a t i o n  and r e q u i r e s  d a ta  o n : 'Cl) th e  a v e ra g e  c h lo r o p h y l l  _a 

c o n c e n t r a t io n  o f  th e  e u p h o tic  z o n e ; ( 2 ) t o t a l  s o l a r  r a d i a t i o n ;

(3 )  th e  e x t i n c t i o n  c o e f f i c i e n t  o f  th e  w a te r  colum n; and (4 )  a v e ra g e  

te m p e ra tu re  o f  th e  e u p h o t ic  zone f o r  t h a t  d ay .
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H ydro logy

S ta g e , n e t  in f lo w , t o t a l  d i s c h a r g e  and s to r a g e  r e c o r d s  f o r  th e  

r e s e r v o i r  w ere s u p p l ie d  by  th e  B ureau  o f  R e c la m a tio n .

■Water exchange  r a t e s  f o r  th e  r e s e r v o i r  w ere com puted by d iv id ­

in g  th e  mean s to ra g e :  f o r  a m onth by th e  mean m o n th ly  o u t f lo w .



RESULTS

I n f l u e n t  and E f f l u e n t  W ate rs

H ydro logy

F lu c tu a t i o n s  in  th e  d is c h a r g e  f o r  th e  B ig h o rn  R iv e r  a r e  more 

a p p a re n t  th a n  f o r  th e  Shoshone R iv e r  (T a b le  IV ) . The n a t u r a l  f lo w  

o f  th e  Shoshone i s  r e g u l a te d  by B u f fa lo  B i l l  r e s e r v o i r  w h ile  th e  

B ig h o rn  r e c e iv e s  some r e g u l a t i o n  by  B oysen  r e s e r v o i r .  B o th  r i v e r s  

a r e  a f f e c t e d  by  d i v e r s io n s  f o r  i r r i g a t i o n  and r e t u r n . f l o w  from  

i r r i g a t e d  a r e a s .

D u rin g  1968 and 1969 , th e  B ig h o rn .R iv e r  had  a  mean m on th ly  
3

d is c h a r g e  o f  2 ,1 9 1  m / se c  (7 7 ,3 4 2  c f s )  w h ile  th e  d i s c h a r g e  f o r  th e
3

Shoshone R iv e r  was 941 m / se c  (3 2 ,1 5 8  c f s ) .  W in te r  m onths u s u a l ly  

had  th e  lo w e s t  f lo w s , w hereas, p eak  s t r e a m f low s o c c u r r e d  in  th e  s p r in g  

(T a b le  V ). The p eak  in f lo w s  d u r in g  Ju n e  a c c o u n te d  f o r  13-197» o f  th e  

t o t a l  n e t  in f lo w  to  th e  r e s e r v o i r .  The B ig h o rn  R iv e r  made up a p p ro x i­

m a te ly  70% o f  th e  n e t  in f lo w .

The m a jo r  p o r t i o n  o f  th e  d i s c h a r g e  from  th e  dam was r e l e a s e d  

th ro u g h  th e  pow er p e n s to c k s .  G r e a te r  q u a n t i t i e s  o f  w a te r  w ere d i s ­

c h a rg e d  d u r in g  1968 th a n  any o f  th e  o t h e r  y e a r s .

T e m p e ra tu re  and C o n d u c t iv i ty

The mean m o n th ly  te m p e ra tu re s  f o r  t h e  i n f l u e n t  and e f f l u e n t  

w a te rs  a r e  g iv e n  in  F ig u re  4 . The c y c le  o f  te m p e ra tu re  i n  th e  

d i s c h a r g e  w a te r  la g g e d  b e h in d  th e  i n f l u e n t  w a te r  t e m p e ra tu re .
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T a b le  IV
3

D is c h a rg e  Cm / s e c )  f o r  th e  i n f l u e n t  and e f f l u e n t  
w a te r s  o f  .B igho rn  Lake d u r in g  1968 and 1969 
sa m p lin g  p e r i o d s .

D ate

1968

D ate

1969

B ig h o rn
I n f l u e n t

Sho shone
I n f l u e n t  D is c h a rg e

B ig h o rn
I n f l u e n t

Shoshone
I n f lu e n t .D is c h a r g e

2 / 2 2 5 9 .4 22 .6 114 .5 I /  3 4 2 .5 2 5 .5 129 .8
3 / 7 7 9 .2 2 4 .1 ■ 14 8 .6 1 /1 8 4 2 .5 2 5 ,5 9 5 .9
3 /2 8 6 8 .2 3 2 .3  i ' 10 7 .8 2 /  I 5 6 .6 2 2 . 6 9 2 .5
4 /1 1 6 3 . 4 3 0 .0 9 8 .1 2 /1 5 7 6 .4 1 7 .0 102 .5
5 /  4 5 3 .8 1 5 .6 8 6 .8 3 / I 7 6 .4 2 4 . 1 133 .9
5 /1 8 5 9 .7 2 0 .7 16 7 .8 3 /1 7 7 9 .0 3 4 .2 1 3 9 .4
6 /  I 9 2 .5 2 3 .0 1 4 1 .3 3 /3 1 7 4 .1 2 7 . 3 9 5 .4
6 /1 2 205.05 4 9 .0 3 0 0 .7 4 /  7 7 4 .7 3 1 .7 7 9 .0
6 / 2 4 1 8 1 .4 2 0 .2 1 5 4 .0 4 / 1 4 7 8 .4 2 6 .3 7 6 .9
7/15 4 7 .5 1 9 .7 9 1 .1 4 /2 1 6 5 .1 22 .6 3 9 .4
8 /  I 3 5 .9 2 0 . 7 5 9 . 4 4 / 2 8 7 8 .4 2 8 . 3 4 8 .4
8 /1 9 8 2 .9 5 8 .6 4 6 .3 5 /  5 7 7 .0 1 5 .6 70 .1
9 / 2 3 5 8 .9 3 7 .1 113 .2 ■ 5 /1 2 5 7 .7 1 6 .8 4 3 .4

1 0 / 7 5 8 .9 2 7 .7 9 7 .7 5 /2 2 6 2 .3 2 4 .9 6 2 .7
10 /19 6 4 .2 . 2 5 .7 8 7 .5 5 / 2 8 9 1 .4 2 5 .5 3 6 .7
11 / 9 6 6 .5 3 5 .7 9 4 .7 6 /  3 4 4 .1 1 9 .9 5 0 .7
1 1 /2 3 7 0 .8 2 4 .2 111.8 • 6 /10 6 0 .6 6 5 .7 4 4 .4
1 2 /  7 7 3 .0 3 5 .4 113 .8 6 /1 7 65 „6 4 3 .0 5 6 .4
12/20 4 2 .5 2 8 . 9 1 1 0 .4 6 / 2 4 7 1 .3 . 20 .2 .50 .1

7 / I 1 6 9 .8 2 8 .9 122.8
7 / 8 10 1 .3 2 0 .4 1 6 8 .3
7 /1 4 6 2 .3 1 9 .4 1 6 5 .6
7 /2 1 5 2 .6 1 8 .2 1 4 5 .3
7 /2 9 4 3 .0 1 8 .6 104 .3
8 /  5 2 3 .2 2 4 .9 11 0 .4
8/11 22 .1 4 7 .3 1 0 2 .5
8 /1 8 2 5 . 0 7 0 .8 9 7 . 0
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3
T a b le  V. T o ta l  m o n th ly  d i s c h a r g e  (m / s e c )  f o r  th e  i n f l u e n t

and e f f l u e n t  w a te r s  o f  B ig h o rn  .Lake d u r in g  1968 
and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone B ig h o rn  Shoshone
M onth I n f l u e n t  I n f l u e n t  D is c h a rg e  M onth I n f l u e n t  I n f l u e n t  D isc h a rg e

J a n  1 ,5 7 2

Feb 1 ,8 7 3

Mar 2 ,2 1 4

Apr 1 ,8 5 1

May 1 ,8 4 8

Ju n e  5 ,5 8 2

• J u ly  1 ,7 9 1

Aug 1 ,9 1 8

S e p t 2 ,0 2 3

O ct 1 ,7 8 0

Nov 2 ,0 1 4

1 ,8 1 8

753 4 ,7 1 4

591 3 ,4 3 4

888 3 ,8 2 0

808 3 ,0 6 4

670 3 ,5 8 9

983 7 ,0 1 0

609 2 ,4 0 5

1 ,3 2 5 1 ,905

1 ,035 3 ,1 1 0

874 2 ,9 9 7

973 3 ,445

1 ,025 3,425

J a n 1 ,3 7 3

Feb 2 ,0 1 8

Mar 2 ,3 7 0

Apr 2 ,0 8 5

May 2,102

Ju n e 2 ,9 1 8

J u ly 2 ,2 0 6

Aug 741

S e p t 937

O ct 2 ,9 3 5

Nov 3 ,665

Dec 2 ,9 6 9

880 3 ,136

640 2 ,9 4 3

739 3 ,665

751 1 ,846

485 1,492

1,200 2 ,6 0 5

1 ,1 4 8 4 ,2 3 3

527 3,135

692 2 ,7 3 9

1 ,5 9 8 2 ,8 3 8

1 ,3 8 6 2 ,6 3 5

1 ,2 9 2 3 ,292Dec
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F ig u re  4 . M onthly  a v e ra g e  o f  te m p e ra tu re s  (C) f o r  th e  i n f l u e n t
and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake d u r in g  th e  1968 
and 1969 sam p lin g  p e r io d s  (S ep tem ber - December v a lu e s  
s u p p l ie d  by th e  U . S .G .S . ) •
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T e m p e ra tu re s  o f  th e  i n f l u e n t  s tre a m s  w ere a t  o r  n e a r  f r e e z in g  

th ro u g h  m ost o f  D ecem ber, u s u a l l y  a l l  o f  J a n u a ry  and m ost o f  F e b ru a ry . 

From th e  l a t t e r  p a r t  o f  F e b ru a ry  t h e r e  was a  r i s e  in  te m p e ra tu re  

u n t i l  m axim al te m p e ra tu re s  w ere a t t a i n e d  in  J u ly  and A u g u s t. The 

h i g h e s t  r e c o rd e d  te m p e ra tu re  was 2 8 .2  C f o r  th e  B ig h o rn  R iv e r  on 

5 A ugust 1969 .

I n  c o n t r a s t , t h e  e f f l u e n t  w a te r  te m p e ra tu re  n e v e r  re a c h e d  f r e e z ­

in g .  Minimum te m p e ra tu re s  a p p e a re d  in  M arch and A p r i l  ( 2 .5  C) fo llo w ­

ed by  a maximum in  S ep tem b er ( 1 6 .0  C, 1968; 12 .5  C, 1 9 6 9 ) .

The e f f e c t  o f  im poundm ent and deep  w a te r  w ith d ra w a l was to  

d i s p l a c e  th e  maximum and minimum te m p e ra tu re s  two to  f o u r  m onths 

b e h in d  th e  i n f l u e n t  te m p e ra tu re s  and to  in c r e a s e  th e  minimum tem p er­

a tu r e s  above th o s e  o f  t h e  i n f l u e n t s .

F ig u re  5 com pares th e  c o n d u c t iv i ty  o f  th e  i n f l u e n t  w a te rs  w ith  

t h a t  o f  th e  d i s c h a r g e .  C o n d u c t iv i ty  o f  th e  B ig h o rn  R iv e r  n e v e r  

e x ceed ed  1 ,2 5 0  m icrom hos w h i le  1 ,5 0 0  m icrom hos was th e  h ig h  re c o rd e d  

f o r  th e  Shoshone R iv e r .

E x tre m e ly  l a r g e  f l u c t u a t i o n s  i n  c o n d u c t iv i ty  w ere  n o te d  f o r  th e  

Shoshone R iv e r  w h ereas  m ost o f  th e  v a lu e s  f o r  th e  B ig h o rn  R iv e r  w ere 

a ro u n d  900 m icrom hos. V a lu es  w ere m in im al in  th e  B ig h o rn  R iv e r  

d u r in g  p e r io d s  o f  h ig h  s tre a m f lo w  in  May and J u n e . M axim al conduc­

t i v i t y  v a lu e s  f o r  th e  B ig h o rn  R iv e r  o c c u r r e d  in  l a t e  summer and e a r l y
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f o r  th e  i n f l u e n t  and e f f l u e n t  w a te rs  o f  B igho rn  Lake 
d u r in g  th e  1968 and 1969 sam p lin g  p e r io d s  (Septem ber - 
December v a lu e s  s u p p lie d  by th e  U .S .G .S .) -
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f a l l  p e r i o d s .  The r e l a t i o n s h i p  b e tw een  s p e c i f i c  c o n d u c ta n c e  and 

d i s c h a r g e  i s  i l l u s t r a t e d  in  F ig u re  6 .

The two to  fo u r  m onth la g  i s  a g a in  e v id e n t  b e tw een  minimum and 

maximum v a lu e s  o f  c o n d u c t iv i t y  when i n f l u e n t  w a te rs  ( p a r t i c u l a r l y  

th e  B ig h o rn .R iv e r )  and th e  d i s c h a r g e  a r e  com pared ( F ig .  5 ) .

W ater C h e m is try

The c o m p o s itio n  o f  th e  i n f l u e n t  w a te rs  i s  w hat w ould b e  e x p e c te d  

from  r i v e r s  d r a in in g  s e d im e n ta ry  ro c k s  u n d e r  s e m i- a r id  c o n d it io n s .  

(Hem, 1 9 5 9 ) . The ra n g e  and mean w a te r  c h e m is try  a r e  p r e s e n te d  in  

-T ab les VI and V I I .  The c a t io n s  in  h i g h e s t  c o n c e n t r a t io n ,  c a lc iu m  and 

sod ium , w ere  a p p ro x im a te ly  e q u a l in  c o n c e n t r a t io n  fo llo w e d  by 

m agnesium  and p o ta s s iu m . S u l f a t e  was th e  a n io n  in  h i g h e s t  concen ­

t r a t i o n  fo llo w e d  by  b ic a r b o n a te  and c h lo r i d e .

■ D is c h a rg e -w e ig h te d  m eans ( f o r  1968 and 1969) o f  th e  m a jo r  io n s  

o f  th e  i n f l u e n t  s tre a m s  and th e  d i s c h a r g e  a r e  g iv e n  i n  T a b le  V I I I .  

D is c h a rg e -w e ig h te d  m eans w ere com puted by  m u l t ip ly in g  th e  d is c h a rg e  

f o r  a g iv e n  sa m p lin g  p e r io d  by  th e  c o n c e n t r a t io n s  o f  i n d iv id u a l  

c o n s t i t u e n t s  f o r  th e  p e r io d  and d iv id in g  th e  sum o f  th e  p r o d u c ts  

by  th e  sum o f  th e  d i s c h a r g e s .  O v e r a l l ,  w a te r  d i s c h a r g e  from  th e  dam 

was s l i g h t l y  lo w er in  d i s s o lv e d  s o l i d s  th a n  th e  w e ig h te d -a v e ra g e  o f  ' 

th e  i n f l u e n t s .  Sodium , p o ta s s iu m , c h lo r id e  and s u l f a t e  a p p e a re d  to  

b eh av e  i n  a  c o n s e r v a t iv e  m an n er. The dow nstream  d e c re a s e  in
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F ig u re  6 . R e la t io n s h ip  betw een  s p e c i f i c  co n d u c ta n c e  (m icrom hos)
and mean d is c h a r g e  ( n P /s e c )  f o r  th e  i n f l u e n t  w a te rs  
o f  B igho rn  Lake d u r in g  th e  1968 and 1969 sam p lin g  
p e r i o d s .



T a b le  VI Range and mean . o f  w a te r  c h e m is try  f o r  th e  
i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake 
d u r in g  th e  1968 sam p lin g  p e r i o d s .

B ig h o rn
I n f l u e n t

■ Shoshone 
I n f l u e n t D isc h a rg e

Ca+"1" (m e q /l) 1 .4 5 -4 .6 6 l ; 4 0 - 7 . 6 2 2 .0 0 -4 .9 8

Mg++ (m e q /l)
3 .6 6

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

1 . 3 4 - 3 . 8 4
3 .8 2  ' 

0 .9 1 -2 .6 0

N;a+ (m e q /l) .
2 .0 9

1 .1 2 -4 .7 5
2 .4 2

1 .7 2 - 6 .8 4
1.86

1 .9 9 -4 .2 5

K+ (m e q /l)
3 .3 5

0 .0 6 - 0 .2 7
4 . 8 4

0 .0 9 - 0 .2 2
3 .2 3

0 .0 8 -0 .4 2

H co: (m e q / l)
0 .1 4

1 .9 2 -3 .8 2
0 .1 5

3 .2 4 - 4 .7 6
0 .15

2 . 8 1 - 3 . 9 7
d

Cl (m e q /l)
3 .0 3

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

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

0 . 2 0 - 0 . 4 1

SG, ( m e q / l)
■ 0 .3 5  

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

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

5 .2 5 -7 .4 2
■ 5 .9 5 8 .3 5 6 .1 7

F (m e q /l) 0 . 0 2 - 0 . 1 1 ' 0 . 0 2 - 0 . 1 1 0 . 02- 0 .10
0 .0 4 0 .0 5 0 .0 4

■Soluble O rg a n ic  C (m g /l) 1 . 2  -1 4 .2 1 .5 -  1 1 .4 0 . 0  - 1 0 . 3

P a r t i c u l a t e  C (m g /l)
7 .7

0 .8  - 3 1 .7
6 . 7

0 .3  -  7 .4
6 .4

0 . 0  -  3 .9

NO: -N (m g /l)
7 .0

0 .0 9 -0 .7 9
3 .7

0 . 0 8 - 1 . 6 7
2 . 0

0 . 2 5 - 0 . 8 3J

NO: -N (m g /l)
0 .3 5

0 . 0 0 3 - 0 . 0 2 8
0 .8 5

0 . 0 0 3 - 0 . 0 2 9
0 .5 4

0 .0 0 1 -0 .0 1 7
Z 0 .0 0 8 0 .0 1 1 0 .0 0 5 '

NH„ -N (m g /l) 0 .0 0 -1 .3 6 0 . 00- 0.66 . 0 . 0 0 - 0 . 5 0
J

S o lu b le  O rg a n ic  NIL-N (m g /l)
0 .3 5

0 . 0 0 - 0 . 9 5
0 .2 8

0 . 0 2 - 1 . 4 9
0 .1 7

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

P a r t i c u l a t e  N H -N  (m g /l) 0 . 00- 1.88 0 . 0 0 - 0 . 4 5 0 . 0 0 - 1 . 1 8
0 .3 4 ■ 0 .0 6 0 .0 9

O rtho-P O . (m g /l) 0 .0 0 - 0 .4 0 Oe1OO=-Oe 64- 0 . 0 0 - 0 . 1 6
4 0 .1 1 0 .1 2 0 .0 4

S o lu b le  C jrganic  PO, (m g /l) 0 .0 0 -0 .3 5 0 . 00- 1 .1 0 0 .0 0 -0 .1 6
- 0 .0 4 0 .0 6 0 .0 2

P a r t i c u l a t e  PO. ( m g / l ) 0 . 0 0 - 3 . 3 9 0 . 0 0 - 2 . 0 8 0 . 00- 0 .21
4 1 .9 0 0 .4 7 0 .0 4
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T a b le  V I . '(C o n t1 d)

B ig h o rn Sho shone
I n f l u e n t I n f l u e n t D isc h a rg e

T u r b id i ty  ( J . T . U . ) 3 0 -4 ,9 0 0 3 6 -2 ,2 2 0 4 -3 0
816 434 13

S i l i c a  (m g /l) 6 .3 - 1 2 .9 7 .6 - 1 8 .5 6 . 7 - 1 4 . 0
9 .4 1 3 .8 10 .0

T o ta l  I r o n  (m g /l) 0 .0 0 4 -0 .8 8 5 0 .0 1 6 -0 .4 4 0 0 .0 0 3 -0 .0 2 2

Mn++ (m g /l)
0 .1 3 8 0 .1 2 9 0 .009

0 . 0 0 4 - 0 . 1 1 9 0 . 0 0 1 - 0 . 0 7 7 0 . 0 0 0 - 0 . 0 0 9
0.021 0 .0 2 5 0 .0 0 4

Cu++ (p.g/1.) 0 . 7 0 - 3 . 8 0 0 .8 0 - 2 .8 0 0 .8 0 -1 .7 0

Zti++ (m g /l)
1 .6 0 1 .4 0 ' 1.10

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

C o nductance  (m icrom hos) 4 1 2 -1 ,1 2 5 8 1 8 -1 ,6 8 4 66 9 -9 3 2
837 1 ,062 870

pH Range 7 . 4 9 - 8 . 5 5 7 . 7 8 - 8 . 4 6 6 . 9 8 - 8 . 1 0
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T a b le  V II.; Range and mean ■. o f  w a te r  c h e m is try  f o r  th e
i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake 
d u r in g  th e  1969 sa m p lin g  p e r io d s .

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t D isc h a rg e

Ca++ (m e q /l) 2 .0 8 - 5 .4 8 1 .8 2 - 4 .6 7 2 .8 8 - 4 .4 3

"Mg++ (m e q /l)
3 .4 3

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

0 .8 6 - 2 .7 3
3 .7 1

1 .4 6 -3 .3 8

Na+ (m e q /l)
1 .6 9

1 .7 7 - 6 .8 0
1 .9 5

2 .1 9 - 6 .2 0
2 .0 2

2 .7 3 - 4 .5 0

K (m e q /l)
3 .5 1

0 .0 6 - 0 .1 7
/  4 .1 6  

0 .0 6 - 0 .1 6
3 .5 3

0 .0 6 -0 .1 6

HCO”  (m e q /l)
0 .1 2

1 .4 1 -3 .4 5
I 0 .1 2  
\ 1 .8 1 - 4 .6 0

0.12  . 
2 .2 5 - 3 .7 0

Cl (m e q /l)
2 .5 2

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

0 .1 4 - 0 .6 9
3 .05

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

SO (m e q /l) 2 .4 2 - 7 .5 0 3 .1 0 - 8 .4 4 4 .3 3 - 6 .2 1
4

F (m e q /l)
5 .0 3

0 .0 2 -0 .0 5
5 .8 3

0 .0 2 - 0 .0 6
5 .4 7

0 .0 2 -0 .0 6

S o lu b le  O rg a n ic  C (m g /l)

O
CO O

 
O

 CM
• 

8
O

<h<h

0 .0 4
4 .8  - 2 4 .9

0 .0 4
5 .3  - 2 3 .0

P a r t i c u l a t e  C (m g /l)
9 .6

0 .0  -3 9 .6
■ 9 .7
0 .0  - 2 7 .0

9 .5
0 .0  -3 0 .8

NO -N (m g /l)
1 0 .5

0 .1 2 - 0 .7 8
8 .1

0 .0 0 - 1 .5 3
5 .0

0 .0 0 -0 .7 4
J 0 .4 0 0 .7 9 0 .5 5

N0« -N (m g /I ) 0 .0 0 2 -0 .0 1 1 0 .000-0 .019 . 0 .0 0 0 -0 .0 1 5
Z

NH0 -N (m g /l)
0 .005

0 .0 4 - 0 .7 1
0 .0 1 1

0 .0 7 - 0 .7 1
0 .0 0 4

0 .0 2 -0 .5 5
J

S o lu b le  O rg a n ic  NH0-N (m g /l)
0 .2 5

0 .0 0 - 0 .8 7
0 .2 6

0 .0 0 - 0 .8 7
0 .2 1

0 .0 1 -0 .5 6
U 0 .1 9 0 .2 6 0 .1 8

P a r t i c u l a t e  NH0-N (m g /l) 0 .0 4 -2 .1 8 0 .0 0 - 2 .2 4 0 .0 0 -0 .7 5
J 0 .6 7 0 .4 6 0 .2 1

O rth o -PO. (m g /l) 0 .0 0 -1 .5 5 0 .0 0 - 0 .2 8 0 .0 0 -0 .1 7
4 0 .1 1  . 0 .0 8 : 0 .0 4

S o lu b le  O rg a n ic  PO (m g /l) 0 .0 0 - 0 .0 4 0 .0 0 - 0 .1 2 0 .0 0 -0 .1 4
4 0 .0 0 0 .0 0 0 . 0 0

P a r t i c u l a t e  PO. (m g /l) 0 .0 0 -3 .2 2 0 .0 0 - 1 .3 0 0 .0 0 -0 .1 6
4 0 .6 8 0 .5 5 0 .0 5
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T a b le  V I I . ( C o n t ' d )

-
B ig h o rn Shoshone
I n f l u e n t I n f l u e n t D is c h a r g e

E
Poly-P O  . ( m g / l ) »■ .00-0.43 0 .0 0 - 0 .1 8 0 .0 0 -0 .3 5

4 0.02 0 .0 5 0 .05
T u r b id i t y  CJ .T .U : ) 59-3*600 2 2 -2 ,5 4 0 0-36

631 371 10
S i l i c a  ( m g / l ) 6 .3 - 1 9 .4 8 .3 - 1 7 .6  ■ 6 . 0- 12.8

9 .1 1 3 .8  • " 1 0 .5
T o t a l  I r o n  ( m g / l ) 0 .0 0 1 -4 .0 1 5 0 .0 0 1 - 3 .9 0 0  0 . 0 0 0 - 0 . 4 6 3

Mn++ ( m g / l )
1 .2 9 0 ' 1 .3 9 0 0 .052

0 .0 0 0 -2 .1 4 5 0 .0Q L -0 .560  0 .0 0 0 -0 .3 0 0

Cu'l"+ ( p g / l )
0 .265 0 .1 8 2 0 .0 3 0

0 .5 - 2 2 .0 0 .5 - 2 1 .0 0 . 0- 6 .0
3 .1 2 .6 1 .3

Zn++ ( m g / l ) 0 .0 0 0 -0 .1 7 8 0 .0 0 4 -0 .1 6 9  0 .0 0 4 -0 .0 5 8
0 .0 4 8 0 .0 3 8 0.022

C on ductan ce  :(m icrom hos) 4 2 7 -1 ,2 4 7 5 0 7 -1 ,3 1 5 692-971
826 941 877

pH Range 7 .3 3 -8 .6 3 7 .3 5 -8 .5 6 6 .8 1 - 8 .3 1
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T a b le  V I I I . . D is c h a rg e -w e ig h te d  c h e m ic a l c o m p o s itio n  (m e q /l)
, o f  th e  i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn

. Lake d u r in g  1968 and 1969.

1968

Ca Mg Na . K HCO3 Cl SO4 F Sum

B ig h o r n .( B .H .) 3 .6 4 2 .1 0 3 .2 2 0 .1 3 2 .9 4 0 .3 3 5 .3 7 0 .0 4 17 .7 7
Sho shone ( Sho s . ) 4 .6 9 2 .3 2 4 .7 2 . 0 .1 5 3 .9 1 0 .3 0 8 .0 0 0 .0 4 2 4 .1 3
W eigh ted  A verage i
o f  B .H . & Shos . 3 .9 4 2 .1 7 3 .6 5 0 .1 4 3 .2 2 0 .3 3 6 .1 2 0 .0 4 19 .6 1

D is c h a rg e 3 .8 9 1 .9 1 3 .2 7 0 .1 4 3 .1 8 0 .3 0 6 .11 0 .0 3 18 .8 3

P e r c e n t  change -1 .3 - 1 1 .9 - 1 0 .4 0 . 0 - 1 . 3  -.9 .1 - 6 .2 - 2 5 . 0 4 4 .0

1969*'

Ca Mg - Na K
:■ i

HCO3 Cl SO.
4

F Sum

B ig h o rn  (B .H .) 3 .8 0 1 .9 0 3 .6 1 0 .1 0 2 . 9 4 0 .3 7 5 . 6 5 0.02 18 .39
Shoshone (S h o s . ) 4i.02 2 .0 6 3 .8 7 0 .11 3 .6 2 0 .3 3 5 . 8 3 0 .0 3 1 9 .8 7
W eigh ted  A verage
o f  B .H . & Shos'. 3 .8 7 1 .9 5 3 .6 9 0 .11 . 3 .1 6 0 .3 6 5 .7 0 0 .0 3 18 .8 7

D is c h a rg e 3 .7 4 2 .0 5 3 .7 0 0.11 3 .1 4 0 .3 1 5 .7 9 0 .0 3 18 .8 7

P e r c e n t  change ■ - 3 . 4 + 4 .9 + 0 .3 0 . 0 - 0 .6  --1 3 .9 +1 .6 0 . 0 0 .0

* Sep tem ber-D ecem ber d a ta  s u p p l ie d  by  th e  U .S .Q .S .
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c o n c e n t r a t io n  o f  t h e s e  i o n s , p a r t i c u l a r l y  sodium , p ro b a b ly  was due to  

d i l u t i o n  by  r a i n f a l l  a n d /o r  r u n - o f f  from  snow -fed  t r i b u t a r i e s .  In  

1969, t h e r e  was a d e c re a s e  in  c a lc iu m  c o n c e n t r a t io n  in  th e  d is c h a r g e  

com pared to  an i n c r e a s e  in  m agnesium , b u t  a  d e c re a s e  in  b o th  io n s  

o c c u r r e d  in  1968. T hese  e le m e n ts  w ere d e te rm in e d  u s in g  a  com plexo- 

m e t r ic  t i t r a t i o n  w h ich , b e c a u s e  o f  th e  in h e r e n t  e r r o r s  o f  th e  m ethod 

(A .P .H .A . , 1965), c o u ld  p o s s ib ly  a c c o u n t f o r  th e  d i f f e r e n t  r e s u l t s  

b e tw een  th e  two y e a r s .

T a b le  IX p r e s e n t s  v a lu e s  o f  th e  v a r io u s  c a rb o n , n i t r o g e n  and 

p h o sp h o ru s  f r a c t i o n s  a v e ra g e d  from  22 sam p les  c o l l e c t e d  b e tw een  19 

A ugust 1968 and 18 A ugust 1969 from  th e  i n f l u e n t  and e f f l u e n t  w a te r s .

Of th e  t o t g l  am ount o f  n i t r o g e n  t h a t  e n te r e d  th e  r e s e r v o i r  75% 

was d i s c h a r g e d .  A l a r g e  d e c re a s e  in  p a r t i c u l a t e  n i t r o g e n  was e v id e n t  

from  a  co m p ariso n  :o f i n f l u e n t  and e f f l u e n t  c o n c e n t r a t io n s .  The 

c o n c e n t r a t io n  o f  t o t a l  in o r g a n ic  n i t r o g e n  le a v in g  th e  r e s e r v o i r  was 

e s s e n t i a l l y  th e  same a s  t h a t  e n t e r i n g .  More n i t r a t e  was d is c h a rg e d  

th a n  e n te r e d ,  w h ich  i n d i c a t e s  n i t r i f i c a t i o n  and n i t r o g e n  f i x a t i o n  w ere 

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

O nly ,14% o f  th e  p h o sp h o ru s  t h a t  e n te r e d  th e  r e s e r v o i r  was d i s ­

c h a rg e d . The g r e a t e s t  l o s s  was in  p a r t i c u l a t e  p h o s p h o ru s .

S i g n i f i c a n t  c o r r e l a t i o n s  e x i s t e d  b e tw een  h ig h  t u r b i d i t y  and h ig h  

t o t a l  p h o sp h o ru s  f o r  b o th  th e  B ig h o rn  ( r  = 0 .7 9 ;  P = 0 .0 1 )  and



T a b le  IX, The c a rb o n  (m g/1 C ) , n i t r o g e n  (m g/1 N) and p h o sp h a te  (m g /1 .PO") b a la n c e s  
o f  B ig h o rn  Lake f o r  th e  p e r io d  b e tw een  19 A ugust 1968 and 18 A ugust 19.69.

T o ta l
O rg a n ic

P a r t i c ­
u l a t e

O rg a n ic
-N

S o lu b le
O rg a n ic

WN
NH NO
-N -NZ

NO
-NJ

■Total In  
o r g a n ic  

=N

T o ta l  I n ­
o r g a n ic  

+ O rg a n ic  -N
B ig h o rn  (B .H .) 0 .9 1 0 .6 8 0 .2 3 0 .3 0  0 .006 0 .4 0 0 .7 1 1 .62
Sho shone ( Sho s . ) 0 .7 5 0 .4 7 0 .2 9 0 .2 8  0 .0 1 0 .8 9 1 .1 8 1 .9 3
W e ig h te d •A verage
o f  B .H . Sc Shos . 0 .8 6 0 .6 2 0 .2 5 0 .2 9 . 0 .0 0 7 0 .5 5 0 .8 5 1 .71
D isc h a rg e 0 .4 4 0 .2 3 0 .2 1 0 .2 3  0 .0 0 4 0 .6 1 0 .8 4 1 .2 8
P e rc e n ta g e  change -4 4 9 . : 6 3 — 16 —20 =43 +11 - I -25

T o ta l  " P a r t i c u l a t e O rth o -
rP04 -PO4 -PO4

B ig h o rn  (B .H .) 0 .926 0 .625 0 .1 0 4
Shoshone ( S h o s .) 0 .7 9 2 0 .5 5 3 0 .0 7 7
W eigh ted  A verage
o f  B .H . Sc S h o s. 0 .8 8 6 0 .6 0 3 0 .0 9 6
D isc h a rg e 0 .1 2 3 0 .0 4 0 0 .031
P e rc e n ta g e  change -86 - 9 3 -6 8

T o ta l P a r t i c u l a t e D is so lv e d
O rg a n ic  -C O rg a n ic  -C O rg an ic  -C

B ig h o rn  (B .H . 18 .75 9 .8 2 8 .9 3
Shoshone ( S h o s .) 1 6 .5 0 7 .2 0 9 .3 0
W eigh ted  A verage
o f  B .H . & S h o s . 1 6 .5 7 7 .2 2 9 .2 7
D isc h a rg e 12 .5 1 3 .7 9 8 .7 2
P e rc e n ta g e  change - 2 4 -4 7 -6
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Shoshone ( r  = 0 .7 1 ;  ,P = -0 .01) R iv e r s .  A p o s i t i v e  c o r r e l a t i o n  was a ls o

found  b e tw e en  t u r b i d i t y  and t o t a l  n i t r o g e n  f o r  th e -B ig h o rn  ■ ( r  = 0 . 6 6 ;

P = 0 .0 1 ) ,  how ever, t h i s  r e l a t i o n s h i p  f o r  th e  Shoshone R iv e r  was n o t

s t a t i s t i c a l l y  s i g n i f i c a n t .
'

F ig u re  7 p r e s e n t s  a c o m p ariso n  o f  s t r e a m f low s and t u r b i d i t i e s  f o r  

th e  i n f l u e n t  and e f f l u e n t  w a te r s .  When r u n - o f f  i n to  t h e  r e s e r v o i r  

was h ig h ,  e s p e c i a l l y  in  th e  c a se  o f  th e  B ig h o rn  R iv e r ,  a c o rre s p o n d in g  

in c r e a s e  i h r . t u r b i d i t y  was o b s e rv e d , b u t  t u r b i d i t y  f o r  th e  d is c h a rg e  

n e v e r  ex ceed ed  30 S ta n d a rd  J a c k s o n  T u r b id i ty  U n i t s .

H igh  v a lu e s  o f  o r th o - p h o s p h a te  a s  w e ll  a s  t o t a l  p h o s p h a te  a re  

a s s o c i a te d  w ith  h ig h  t u r b i d i t y  ( F ig .  8 ) .  T h is  may i n d i c a t e  t h a t  a 

b a s e  exchange  e q u i l ib r iu m  o c c u r r e d  b e tw e en  th e  w a te r  and th e  su sp en d ­

ed s e d im e n ts , r e l e a s i n g  o t th o - p h o s p h a te  from  th e  s e d im e n ts .

The m ost s i g n i f i c a n t  change in  th e  c a rb o n  b a la n c e  o f  th e  i n f l u e n t  

and e f f l u e n t  w a te r s  (T a b le  IX) was th e  d e c re a s e  in  p a r t i c u l a t e  c a rb o n . 

D is s o lv e d  o r g a n ic  c a rb o n  was e s s e n t i a l l y  th e  same in  th e  d is c h a rg e  

as  in  th e  i n f l u e n t  s tr e a m s .

■ D a ta  c o n c e rn in g  th e  heavy  m e ta l  a n a ly s e s  a r e  g iv e n  i n  T a b le  X. 

T h e re  Was a  d e c re a s e  i n  c o n c e n t r a t io n  o f  th e s e  e le m e n ts  i n  th e  d i s ­

c h a rg e  com pared to  t h e  i n f l u e n t  s t r e a m s .  . The g r e a t e s t  d e c re a s e  was 

■in i r o n  fo llo w e d  by m anganese . C opper a p p e a re d  to  b e  th e  m ost m o b ile  

o f  a l l  t h e  heavy  m e ta l s .  The r a t i o  o f  i r o n  to  m anganese was l e s s  in
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F ig u re  7 . S e a so n a l f l u c t u a t i o n s  o f  mean d is c h a r g e  (m ^ /sec ) and
t u r b i d i t y  (S ta n d a rd  J a c k so n  T u r b id i ty  U n i ts )  f o r  th e  
i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ighorn  Lake d u r in g  
th e  1968 and 1969 sam p lin g  p e r io d s .
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ORTHO-PHOSPHATE (m g /I )

F ig u re  8 . R e l a t i o n s h i p  be tw een  t u r b i d i t y  ( S ta n d a r d  J a c k s o n
T u r b i d i t y  U n i t s )  and o r th o - p h o s p h a t e  (mg/1 PO^) f o r
th e  B ig h o rn  and Shoshone R i v e r s .
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th e  d is c h a r g e  th a n  in  th e  i n f l u e n t s .  The r a t i o  o f  c o p p e r to  z in c  was 

h ig h e r  in  th e  d i s c h a r g e  th a n  i n  th e  i n f l u e n t  w a te r .  The m a jo r  cau se  

o f  d e c re a s e  in  c o n c e n t r a t io n  o f  th e s e  m e ta ls  was a t t r i b u t e d  to  th e  

s e t t l i n g  o u t  o f  su sp en d e d  s e d im e n ts  t h a t  w ere c a r r i e d  i n to  th e  

r e s e r v o i r .

T a b le  X. I r o n ,  m anganes:e; co p p e r and z in c : ( m g / l )  b u d g e t  o f .  '
B ighokn Laker:, d u r in g  I  t h e  1 9 6 8 .a n d .1969 sa m p lin g  a p e r io d s ,.

Fe • Mn Fe/Mn Cu Zn Cu /  Zn

B ig h o rn  (B .H .) 1 .0 5 2 0 .152 6 .9 2 0 .0025 0 .0 8 6 0 .0 3

Sho shone ( Sho s . ) ,1.000 0 .1 2 4 8 . 6 7 0 .0 0 2 3 0 .0 6 7 0 .0 3

W eigh ted  A verage 
o f  B .H . and Shos . 1 .0 3 6 0 .1 4 4 7 .1 9 0 .0 0 2 4 0 .0 8 0 0 .0 3

D isc h a rg e 0 .0 3 4 0.022 1 .5 5 0 .0015 0 .0 2 3 0 .0 7

P e r c e n ta g e  Change - 9 7 - 8 6 - 4 0 -7 1  .

R e s e rv o i r

H ydro logy

Due to  e x c e s s iv e  in f lo w  to  th e  r e s e r v o i r , B ig h o rn  Lake was f i l l e d  

to  maximum c a p a c i ty  in  1967. S ix ty - o n e  p e r c e n t  o f  th e  t o t a l  n e t  

in f lo w  f o r  1967 o c c u r r e d  d u r in g  May, Ju n e  and J u l y .  Tw enty p e r c e n t  

o f  th e  t o t a l  d i s c h a r g e  f o r  th e  y e a r  was d iv e r t e d  th ro u g h  th e  s p i l lw a y
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in  J u ly  b e c a u s e  o f  th e  e x c e s s iv e  r u n - o f f  to  th e  r e s e r v o i r  i n  th e  

p r e c e d in g  m o n th s . /.These h ig h  d i s c h a r g e s  ca u se d  damage to  t h e  s p i l lw a y  

tu n n e l .

I n f lo w , d i s c h a r g e  and s to r a g e  change d a ta  f o r  w a te r  y e a r s  1968, 

1969 and 1970 a r e  g iv e n  in  T a b le  X I. Two e x tre m e s  a r e  i l l u s t r a t e d ,  

w i th  a n e g a t iv e  s to r a g e  v a lu e  f o r  1 9 6 8 -and p o s i t i v e  s to r a g e  v a lu e s  f o r  

1969 and 1970 . The n e g a t iv e  v a lu e  in  1968 was due to  th e  f a c t  t h a t  

th e  t o t a l  d is c h a r g e  had  to  b e  g r e a t e r  th a n  th e  t o t a l  in f lo w  in  o r d e r  

to  a t t a i n  and m a in ta in  w a te r  l e v e l s  b e lo w  th e  s p i l lw a y  e l e v a t i o n  to  

f a c i l i t a t e  r e p a i r  o f  th e  s p i l lw a y  tu n n e l .

R e s e rv o i r  w a te r  l e v e l  f l u c t u a t i o n s  f o r  1969 and 1970 w ere f a i r l y  

c o n s ta n t .  T h ere  was a s p r in g  r i s e  o f  20 m e te rs  (66  f t )  to  r e a c h  a 

maximum i n  J u ly  fo llo w e d  by  r e c e d in g  w a te r  l e v e l s  to  a  minimum in  

F e b ru a ry  and M arch ( F ig .  9 ) .  H ow ever, th e  r e s e r v o i r  was in  a f i l l i n g  

s ta g e  d u r in g  th e  s tu d y  and w a te r  l e v e l s  w ere n o t  i n d i c a t i v e  o f  norm al 

o p e r a t io n  u n t i l  1970.

The a n n u a l w a te r  exchange  r a t e s  f o r  B ig h o rn  Lake w ere 0 .3  in  

1968, 0 .4  in  1969 and 0 .5  in  1970 (T a b le  X I I ) .  T h is  i l l u s t r a t e s  t h a t  

a s  w a te r  l e v e l s  i n c r e a s e d ,  '".the r e t e n t i o n  tim e  o f  a  g iv e n  m ass o f  w a te r  

w i th in  th e  r e s e r v o i r  becam e g r e a t e r .



T a b le  X I . 5 3In f lo w , d is c h a r g e  and s to r a g e  change (X10 m ) in  B ig h o rn  Lake f o r  th e  
w a te r  y e a r s  e n d in g  30 S ep tem ber 1968, 30 .Sep tem ber 1969 and 30 S ep tem ber 
1970.

1968

O ct Nov Dec Jari Feb Mar Apr May Ju n e J u ly Aug S e p t T o ta l

N et
In f lo w 2 ,3 7 5 2 ,5 8 0 2 ,4 6 6 2 ,3 2 9 2 ,6 2 8 2 ,8 5 3 2 ,4 0 8 2 ,4 9 0 6 ,5 4 2 2 ,3 5 4  2 ,7 9 4 2 ,6 8 6 34 ,505

T o ta l
D ischarge-

S to ra g e
2 ,2 4 0 2 ,7 0 3 3 ,8 3 5 4 ,0 6 4 2 ,9 6 0 3 ,2 6 8 2 ,6 3 8 3 ,0 9 4 6 ,0 4 3 2 ,0 7 4 1 ,643 2 ,6 8 1 37 ,243

Change +135 -123 -1,369 -1,735 -3 3 2 -415 -2 3 0 -604 +499 +280 +1,151 +5 - 2 ,7 3 8

1969

O ct Nov ■ Dec J a n Feb Mar Apr May Ju n e J u ly Aug S e p t T o ta l

N et
In f lo w

T o ta l
2 ,6 6 2 2 ,8 4 0 2 ,4 8 3 2 ,0 3 4 2 ,3 8 9 2 ,8 6 1 2 ,6 2 5 2 ,6 1 5 4 ,0 1 8 3 ,3 2 0 1,561 1 ,8 3 7 31 ,245

D isc h a rg e
S to ra g e

2 ,5 8 7 2 ,9 7 0 2 ,9 5 3 2 ,7 0 4 2 ,5 3 7 3 ,159 1 ,592 1 ,2 8 6 2 ,2 6 6 3 ,157 2 ,7 0 3 2 ,3 6 1 3 0 ,2 7 5

"Change +75 -130 -4 7 0 -6 7 0 -148 -298  +1,033 +1,329 +1,752 +163 -1,142 -5 2 4 +970

-  • • - -
1970

O ct NoV Dec Ja n Feb Mar Apr May Ju n e J u ly Aug S e p t T o ta l

N et I

In f lo w 2 ,4 0 7 2 ,3 3 4 1 ,8 8 0  1 ,719 2 ,2 8 6 2 ,4 3 9 1 ,9 4 5 3,-448 5 ,8 6 3 3 ,643 1 ,334 1,906 31 ,204
T o ta l
.D is c h a rg e 2 ,4 5 0 2 ,2 7 2 2 ,8 3 8 2 ,9 1 9 2 ,4 8 7 1 ,4 5 3 795- 1 ,681  3 ,856 5 ,0 3 2 1 ,7 8 1 1 ,383 2 8 ,9 4 7
S to ra g e  
■ Chanee -43 +62 »958 - 1,200 -201 +986 +1,150 +1,767 +2,007 -1,389 —447 +523 + 2 ,2 5 7
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F ig u r e  9. Range and mean w a te r  l e v e l s  o f  B ighorn  Lake d u r in g  
1 968 , 1969 and 1970 (Bureau o f  R ec la m a tio n  D a ta ) .
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T a b le  X I I .  W ate r exchange  r a t e s  (d a y s )  in  B ig h o rn  Lake
f o r  1968,, 1969, and .1970.

1968

M onth

A verage  
S to ra g e  

(XlO6 m3 )

A verage 
D isc h a rg e  

(XlO6 m3 /d a y )

Exchange
R ate

(d a y s )

J  anuary. 1 ,0 7 1 .7 1 3 .1 8 1 .9
F e b ru a ry 9 8 2 .7 10.2 9 6 . 4
M arch 9 5 2 .4 8 . 7 1 0 9 .4
A p r i l 9 2 2 .9 8 . 8 10 5 .0
May 8 7 7 .1 10 .0 8 8 .0
Ju n e 8 6 6 .9 20 .1 4 3 .1
J u ly 9 2 7 .8 6 . 9 134 .5
A ugust 9 6 8 .7 5 .5 177 .2
S ep tem ber 1 ,0 5 3 .1 8 .9 118 .1
O c to b e r 1 ,0 4 3 .9 8 .3 125 .5
November 1 ,0 4 6 .8 9 .9 105 .9
December 1 ,0 2 7 .4  . 9 .5 10 8 .0

Mean 107 .8

M onth ly 3 .6

A nnual 0 .3

1969

J a n u a ry 9 5 1 .5 8 . 7 10 9 .3
Feb r u a r y 9 2 1 .5 9 .1 101 .9
M arch 8 8 2 .8 10.2 8 6 .8
A p r i l 9 1 7 .8 5 . 3 1 7 3 .3
May 1 ,0 4 4 .2 4 .1 2 5 2 .2
Ju n e 1 , 1 7 5 . 9 7 .5 15 6 .0
J u ly 1 ,2 9 8 .8 1 1 . 8 110 .5
A pgust 1 ,1 9 8 .4 8 .7 137 .7
S ep tem ber 1 ,1 0 5 .5 7 .9 140 .7
O c to b e r 1 ,0 9 1 .3 7 .9 138 .5
November 1 ,0 8 5 .6 7 .6 143.6
December 1 ,0 4 9 .5 9 .1 114 .9

Mean 138 .8

M onth ly 4 .6
A nnual 0 .4
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T a b le  X I I . ( C o n t ' d )

M onth

1970

A verage  
S to ra g e  

(XlO6 m3)

A verage 
D isc h a rg e  

(XlO6 m ^/day)

■ Exchange 
R a te  

(d a y s )

J a n u a ry 9 2 5 .8 9 .4 9 8 .5  •
F e b ru a ry 8 6 5 .2 8 .9 9 7 .6
M arch 8 7 5 .9 4 .7 187.2
A p r i l 1 ,0 2 2 .4 2 .6 386 .5
May 1 ,1 5 2 .7 5 .4 2 1 3 .0
Ju n e 1 ,3 2 3 .2 12.8 103 .1
J u ly 1 ,3 4 6 .1 1 6 .2 8 3 .1
A ugust 1 ,2 8 1 .3 5 .7 223 .5
S ep tem ber 1 ,2 8 1 .3 4 .6 278 .5
O c to b e r 1 ,3 3 2 .9 6 .2 215 .9
November 1 ,3 3 1 .6 7 .5 177 .3
December 1 ,2 9 6 .6 9 .3 139 .0

Mean 183 .6

M onth ly 6 .1

A nnual 0 .5
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L ig h t

The t r a n s m i t t a n c e  o f  l i g h t  i n  B ig h o rn  Lake ra n g e d  from  3 to  100% 

T /10  cm colum n. The i n f l u e n t  w a te rs  had  th e  lo w e s t  c l a r i t y ,  b u t  as  

th e  w a te r  f lo w ed  to w ard  th e  dam th e  c l a r i t y  in c r e a s e d  ( F ig .  1 0 ) . The 

mean t u r b i d i t y  was 10 and 414 J .T .U . a t  s t a t i o n s  0 and 5 , r e s p e c t i v e l y , 

w h ile  t r a n s m is s io n  o f  l i g h t  was 92 and 59%.

The s i g n i f i c a n t  c o r r e l a t i o n  ( r  = - 0 .9 9 ;  P = 0 .0 1 )  b e tw e en  t r a n s ­

m is s io n  and t u r b i d i t y  i s  e v id e n t  ( F ig .  l l ) .  The r e g r e s s i o n  e q u a tio n  

b e tw een  t r a n s m is s io n  and t u r b i d i t y  was c a lc u la t e d :

T ra n s m is s io n  (% T /1 0  cm) = - 2 0 . 9T + 1 1 2 .1  = 0 .9 8

w here T e q u a ls  th e  common lo g  o f  th e  t u r b i d i t y  e x p re s s e d  a s  J .T .U .

I t  h a s  been , p o in te d  o u t  by  many w o r k e r s , in c lu d in g  N ee l e t  a l .  

(1 9 6 3 ) , t h a t  b e c a u s e  o f  impoundm ent t h e r e  i s  a s t r i k i n g  r e d u c t io n  o f  

t u r b i d i t y  as  th e  w a te r  m ass f lo w s th ro u g h  th e  r e s e r v o i r .  More d e t a i l ­

ed p a t t e r n s  o f  w a te r  c l a r i t y ,  u t i l i z i n g  t r a n s m is s io n  d a ta  f o r  1969, 

a r e  d e p ic te d  in  F ig u re  12 . T u r b id i ty  f o r  th e  i n f l u e n t  s tre a m s  was 

s i g n i f i c a n t l y  re d u c e d  w i th in  th e  u p p e r  3 2 .2  km (20  m i) o f  th e  

r e s e r v o i r .  S e a s o n a l ch an g es in  th e  c l a r i f i c a t i o n  p r o c e s s  a r e  g iv e n  

w ith  p e a k  in f lo w  o c c u r r in g  i n  J u n e , and m in im al in f lo w  d u r in g  A u g u st.

F ig u re  13 g iv e s  th e  a v e ra g e  .e u p h o tic  zone e x t i n c t i o n  c o e f f i c i e n t s  

o f  t o t a l  v i s i b l e  l i g h t  m easu red  a t  e a ch  s t a t i o n  f o r  e a ch  y e a r  o f  

s a m p lin g . I t  i s  n o te d  t h a t  s t a t i o n s  0 , I ,  2 , 3 and 4 have
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Turbidity
Transmission

-50 >

STATION

F ig u re  10o W ater  c l a r i t y  i n  B ig h o rn  Lake e x p re s s e d  a s  th e  mean
t u r b i d i t y  ( S ta n d a rd  J a c k s o n  T u r b i d i t y  U n i t s )  and l i g h t
t r a n s m i t t a n c e  (% T /10  cm) a t  each  sa m p lin g  s t a t i o n
d u r in g  th e  s tu d y .
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TRANSMISSION ( % T /  IOcm)

F i g u r e  LI .  R e l a t i o n s h i p  be tw een  t u r b i d i t y  ( S t a n d a r d  J a c k s o n
T u r b i d i t y  U n i t s )  and l i g h t  t r a n s m i t t a n c e  (% T/10 cm),
A p o i n t  r e p r e s e n t s  a mean o f  a l l  d a t a  a t  a g iv e n
s t a t i o n ,  B igho rn  Lake .
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F ig u re  12 . S e a s o n a l and l o n g i t u d in a l  d i s t r i b u t i o n  o f  suspended
se d im e n t, u t i l i z i n g  t r a n s m is s io n  d a ta  (% T/10  cm) f o r  
B ig h o rn  Lake d u r in g  1969.
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— 1969

. / —  1970

STATION

F ig u re  13. A verage e x t i n c t i o n  c o e f f i c i e n t s  (k/m ) a t  e a ch  s t a t i o n  
f o r  e a ch  y e a r ,  B ig h o rn  L ake .
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c o e f f i c i e n t s  r a n g in g  b e tw een  0 .3 5  and 1 .5 0 , b u t  th e  r a n g e  be tw een  

s t a t i o n s  4 and 5 i s  o f  a g r e a t e r  m ag n itu d e  f o r  a l l  y e a r s  e x c e p t  1970. 

S t a t i o n  5 c o n s i s t e n t l y  a t t e n u a t e d  l i g h t  a t  a  much g r e a t e r  r a t e  th a n  

any o f  th e  o t h e r  sa m p lin g  s t a t i o n s .

A t - t e s t  was u se d  to  com pare th e  a v e ra g e  e x t i n c t i o n  c o e f f i c i e n t s  

o f  th e  s i x  s t a t i o n s .  B etw een 13 and 25 d e g re e s  o f  freedom  w ere 

a v a i l a b l e  f o r  e a ch  t e s t  b e tw een  e ach  o f  th e  p o s s ib l e  12 p a i r s  o f  

s t a t i o n s  w i th in  a  g iv e n  y e a r .  The s t a t i s t i c a l  a n a ly s e s  showed a 

s i g n i f i c a n t  d i f f e r e n c e  in  th e  a v e ra g e  t r a n s p a re n c y  c o n d i t io n s  among 

a l l  s t a t i o n s ,  e x c e p t  f o r  s t a t i o n s  2 , 3 and 4 d u r in g  1970.

A t - t e s t  was a ls o  u se d  to  com pare th e  1968, 1969 and 1970 a v e ra g e  

t r a n s p a r e n c i e s  f o r  a l l  s t a t i o n s .  B etw een 178 and 250 d e g re e s  o f  

freedom  w ere  a v a i l a b l e  f o r  e ach  t e s t .  A s i g n i f i c a n t  d i f f e r e n c e  was 

found  b e tw e en  th e  mean e x t i n c t i o n  c o e f f i c i e n t s  f o r  a l l  y e a r s  e x c e p t 

b e tw een  1969 and 1970.

When a l l  th e  d a ta  (n  = 336) a r e  u s e d , th e  c o r r e l a t i o n  ( r  = - 0 .1 9 ;  

P = 0 . 01 ) b e tw e en  e x t i n c t i o n  and r e s e r v o i r  s ta g e  i n d i c a t e d  t h a t  as 

w a te r  l e v e l s  r o s e ,  l i g h t  e x t i n c t i o n  becam e l e s s .

A summary o f  u n d e rw a te r  l i g h t  c o n d i t io n s  a t  a l l  sa m p lin g  s t a t i o n s  

d u r in g  th e  s tu d y  . i s  p r e s e n te d  in  F ig u re  14 .
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F ig u re  14 . P e n e t r a t i o n  o f  t o t a l  v i s i b l e  l i g h t  and a v e ra g e  e x t i n c ­
t i o n  c o e f f i c i e n t s  (k/m ) f o r  each  sam p lin g  s t a t i o n  
d u r in g  1968, 1969 and 1970, B ighorn  L ake.
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■Tem perature and C o n d u c t iv i ty

F ig u re  15 shows th e  th e rm a l reg im e  a t  s t a t i o n  0 d u r in g  th e  1968, 

1969 and 1970 sa m p lin g  p e r i o d s .  I n  g e n e r a l , s p r in g  te m p e ra tu re s  

w ere lo w er d u r in g  1969 th a n  on co m p arab le  d a te s  f o r  1968 and 1970. 

M id-summer s u r f a c e  te m p e ra tu re s  f o r  a l l  y e a r s  w ere g r e a t e r  th a n  2 1 .0  C.

On 5 May 1968, th e  s u r f a c e  te m p e ra tu re  was 7 .8  C. O nly s l i g h t  

th e rm a l s t r a t i f i c a t i o n  was e v id e n t  a s  th e  te m p e ra tu re  d e c l in e d  w ith  

d e p th  to  3 .3  C a t  e l e v a t i o n  1 ,0 2 5 . Below 995 m e te rs  t h e r e  was an 

i n c r e a s e  in  te m p e ra tu re  n e a r  th e  b o tto m  a t t r i b u t e d  to  h e a t  exchange 

w ith  th e  b o tto m  o f  th e  r e s e r v o i r .  Warmer w a te r  was a ls o  found on th e  

b o tto m  o f  th e  r e s e r v o i r  from  th e  l a t t e r  p a r t  o f  A p r i l  to  th e  end o f  

Ju n e  in  1969 .

A r a p id  s p r in g  w arm ing o f  th e  r e s e r v o i r  was e v id e n t  f o r  a l l  

t h r e e  y e a r s .  D u rin g  1968 t h i s  p r o c e s s  o c c u r r e d  u n t i l  27 J u n e , a f t e r  

w hich  th e  i s o th e rm s  w ere  h o r i z o n t a l  and t h e r e  was a te m p e ra tu re  

d i f f e r e n c e  o f  1 4 .4  C b e tw e en  th e  s u r f a c e  and th e  b o tto m . A lth o u g h  

th e r m a l ly  s t r a t i f i e d  th ro u g h  Novem ber, a s h a rp ly  d e f in e d  th e r m o d in e  

was n o t  e v id e n t .  A f t e r  29 J u l y , t h e r e  was a g ra d u a l  c o o lin g  o f  th e  

u p p e r  p o r t i o n  o f  th e  r e s e r v o i r  and by  2 November th e rm a l s t r a t i f i ­

c a t i o n  was g r e a t l y  w eakened .

■The d e g re e  o f  th e rm a l  s t r a t i f i c a t i o n  t h a t  o c c u r r e d  d u r in g  1970 

was s t r o n g e r  th a n  t h a t  o f  1969 . A gain  th e  d ev e lo p m en t o f  a  s h a rp ly
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F ig u re  15. Iso th e rm s  (C) a t  s t a t i o n  O d u r in g  1968, 1969 and 1970, 
B ig h o rn  L a k e .
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d e f in e d  th e rm o c l in e  f o r  e i t h e r  o f  th e  above y e a r s  was n o t  e v id e n t .

A s i g n i f i c a n t  f a c t  was th e  change o f  te m p e ra tu re  a t  th e  d e p th  

o f  th e  power, p e n s to c k s  (1 ,0 5 1  m e t e r s ) .  .,During 1968, from  5 May to  

27 Ju n e  th e  te m p e ra tu re  in c r e a s e d  a t  t h i s  d e p th  from  4 .4  to  ,13 .0  C.

A much s lo w e r  in c r e a s e  o f  te m p e ra tu re  fo llo w e d  r e a c h in g  1 6 .8  C on 7 

S e p tem b e r. A f t e r  7 S e p tem b e r, te m p e ra tu re  a t  th e  pow er p e n s to c k  

e l e v a t i o n  d e c re a s e d ,  a t t a i n i n g  a v a lu e  o f  1 2 .0  C on 2 Novem ber.

S im i la r  t r e n d s  in  te m p e ra tu re  f l u c t u a t i o n s  a t  th e  p e n s to c k  e le v a t io n  

w ere o b s e rv e d  f o r  th e  1969 and 1970 sa m p lin g  p e r i o d s ,  a l th o u g h  th e y  

w ere n o t  a s  w e l l  d e f in e d  as  in  1968.

F ig u re  15 a ls o  i l l u s t r a t e s  th e  f a c t  t h a t  th e  g r e a t e s t  r a t e  o f  

te m p e ra tu re  d e c l in e  w ith  d e p th  was in  th e  s tr a tu m  o f  w a te r  immedi­

a t e l y  above and b e lo w  th e  pow er p e n s to c k .  F o r 1968 t h i s  o c c u r r e d  

from  20 Ju n e  th ro u g h  10■S ep tem b er.

L o n g i tu d in a l  and s e a s o n a l  ch an g es in  te m p e ra tu re  f o r  1968 a re  

p o r t r a y e d  in  F ig u re  1 6 . The warm ing p r o c e s s  beg an  in  th e  u p p e r  end 

o f  B ig h o rn  Lake and th e n  advanced  dow nstream  and to  g r e a t e r  d e p th s  

d u r in g  th e  summer. By 5 May, th e  4 .0  C is o th e rm  had  advanced  to  th e  

dam and th e  1 3 .Q C is o th e rm  was in  th e  u p p e r  end o f  th e  r e s e r v o i r .

By 7 J u n e , th e  s u r f a c e  w a te rs  a t  s t a t i o n  3 had warmed to  1 8 .0  C 

and th e  4 .0  G is o th e rm  had  a lm o s t d is a p p e a r e d .  The c e l l  o f  c o ld  w a te r  

a t  s t a t i o n  4 was a t t r i b u t e d  to  r u n - o f f  in to  th e  r e s e r v o i r  from  a
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F ig u re  16 D i s t r i b u t i o n  o f  I C is o th e rm s  in  B ig h o rn  Lake 
d u r in g  1968.
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s m a l l , sn o w -fed  t r i b u t a r y  in  t h a t  a r e a .

On 8 J u l y ,  th e  e n t i r e  s u r f a c e  was a t  o r  above 2 0 .0  C and th e  

2 2 .0  C is o th e rm  had s t a r t e d  to  d e v e lo p  in  th e  u p p e r  e n d . By 3 

S e p tem b e r, a r a t h e r  d i s t i n c t  s t r a t i f i c a t i o n  d e v e lo p e d  b e tw een  

e l e v a t i o n s  1 ,0 6 0  and 1 ,0 3 5 .

By 2 O c to b e r , th e  s u r f a c e  w a te r  was 1 7 .0  C o r  lo w er and a  1 4 .0  G 

is o th e rm  had  d e v e lo p e d  in  th e  u p p e r  e n d . As o f  2 Novem ber, no 

te m p e ra tu re  g r e a t e r  th a n  1 4 .0  C was e v id e n t .

The above d i s c u s s io n  i l l u s t r a t e s  th e  e f f e c t i v e n e s s  o f  B igho rn  

Lake a s  a h e a t  t r a p .  B ecause  o f  deep  w a te r  w i th d ra w a l ,  summer 

i n f l u e n t  te m p e ra tu re s  a r e  c o n s i s t e n t l y  warm er th a n  th o s e  o f  th e  

e f f l u e n t .  T h e r e f o r e ,  d u r in g  th e  summer th e  r e s e r v o i r  s to r e d  a d v e r te d  

h e a t  in  a d d i t io n  to  h e a t  a b so rb e d  from  s o l a r  r a d i a t i o n .

I s o l i n e s  o f  c o n d u c t iv i t y  a t  s t a t i o n  0 a r e  p o r t r a y e d  in  F ig u re  

17 . On 5 May; 1968 , a  s l i g h t  d e g re e  o f  c h e m ica l s t r a t i f i c a t i o n  was 

e v id e n t  r a n g in g  from  900 m icrom hos a t  th e  s u r f a c e  to  1 ,1 2 0  m icrom hos 

a t  th e  b o tto m . Above e le v a t i o n  1 ,0 7 0  a  m arked change i n  c o n d u c t iv i ty  

o c c u r r e d  a f t e r  3 J u ly  as  f lo o d  w a te r  f lo w in g  a lo n g  th e  s u r f a c e  l a y e r s  

o f  th e  r e s e r v o i r  r e a c h e d  t h i s  s t a t i o n .  A drop  in  c o n d u c t iv i t y  from  

850 to  l e s s  th a n  650 m icrom hos o c c u r r e d  b e tw een  3 and 25 J u ly .

W ater o f  c o n d u c t iv i ty  b e tw een  650 and 600 m icrom hos p e r s i s t e d  a t  th e  

s u r f a c e  from  25 J u ly  to  27 S ep tem ber fo llo w in g  w hich  th e  c o n d u c t iv i ty
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F ig u re  17. I s o l i n e s  o f  c o n d u c t iv i t y  (m icrom hos) a t  s t a t i o n  O 
d u r in g  1968, 1969 and 1970, B igho rn  L a k e .
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in c r e a s e d  to  760 m icrom hos on 2 N ovem ber. T h is  i n c r e a s e  in  conduc­

t i v i t y  was p a r t l y  due to  d o w n - re s e rv o ir  f lo w  o f  h ig h e r  c o n d u c tiv e  

w a te r  a s s o c i a te d  w ith  low  flo w  c o n d i t io n s  and p a r t l y  due to  m ix ing  

w ith  th e  d e e p e r  w a te r  o f  h ig h e r  c o n d u c t iv i t y  as  a r e s u l t  o f  th e  

breakdow n o f  th e rm a l  s t r a t i f i c a t i o n .

The m ost s t r i k i n g  a s p e c t  o f  th e  1968 d a ta  was th e  to n g u e  o f  

w a te r  b e tw een  e l e v a t i o n  1 ,0 7 0  and 1 ,0 3 5  e x h ib i t i n g  a c o n d u c t iv i ty  

minimum from  18 Ju n e  to  7 S ep tem b er. The c e n t e r l i n e  th ro u g h  th e  

to n g u e  o c c u r r e d  a t  th e  d e p th  o f  th e  pow er p e n s to c k . W rig h t (1969) 

showed t h a t  th e  p o s i t i o n  o f  th e  to n g u e  o f  low  c o n d u c tiv e  w a te r  was 

s i m i l a r  in  p o s i t i o n  to  a  w e l l  d e f in e d  d e n s i ty  l a y e r .

D uring  1969 and 1970 t h e r e  a p p e a re d  to  b e  a p r o g r e s s iv e  in c r e a s e  

in  c o n d u c t iv i t y  from  th e  s u r f a c e  to  th e  b o tto m . C hem ical s t r a t i f i ­

c a t i o n  was o b s e rv e d  f o r  b o th  y e a r s , b u t  th e  d ev e lo p m en t o f  low  con­

d u c t i v i t y  w a te r  m asses  a t  th e  pow er p e n s to c k  e le v a t i o n  w as l e s s  

d i s t i n c t .

L o n g i tu d in a l  and s e a s o n a l  ch an g es in  c o n d u c ta n c e  a r e  p r e s e n te d  

in  F ig u re  18 . On .5 May 1968, w a te r  o f  c o n d u c t iv i ty  l e s s  th a n  900 

m icrom hos was o v e r r i d in g  w a te r  o f  h ig h e r  c o n d u c t iv i ty  from  s t a t i o n s  

2 to  3 . The downward b e n d in g  o f  th e  900 and 950 m icromho i s o l i n e s  

b e tw een  s t a t i o n s !  and 0 , i n  c o n t r a s t  to  t h e  h o r i z o n t a l  i s o l i n e  o f  

1,000  m icrom hos, i n d i c a t e s  t h a t  p e n s to c k  w ith d ra w a l o f  w a te r  was
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STATION STATION

F ig u re  18 D i s t r i b u t i o n  o f  100 m icromho i s o l i n e s  o f  c o n d u c t iv i ty  
in  B ig h o rn  Lake d u r in g  1968.
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o c c u r r in g  above e l e v a t i o n  1 ,0 3 2 .

■By 7 J u n e , p eak  r u n o f f  had begun  and w a te r  o f  c o n d u c t iv i ty  ra n g ­

in g  from  l e s s  th a n  500 m icrom hos to  900 m icrom hos had f i l l e d  th e  u p p e r 

end o f  th e  r e s e r v o i r .  W ater o f  c o n d u c ta n c e  h ig h e r  th a n  1 ,0 0 0  m ic ro ­

m hos, t h a t  o c c u p ie d  th e  b o tto m  a t  th e  u p p e r  e n d , had  b e e n  d i s p la c e d  

d o w n - r e s e r v o ir  to  a lm o s t s t a t i o n  2 .

By 8 J u l y ,  w a te r  h a v in g  a c o n d u c t iv i t y  above 800 m icrom hos had 

b een  s p l i t  i n to  two s e p a r a te  m a sse s . One m ass o c c u r r e d  as  a d i s c r e t e  

body b e tw e en  th e  dam and 9 .6  km (6  m i) from  th e  dam and above th e  

pow er p e n s to c k  e l e v a t i o n .  The o t h e r  m ass o c c u p ie d  th e  lo w er p o r t io n  

o f  th e  r e s e r v o i r  b e lo w  th e  pow er p e n s to c k  e l e v a t i o n .  By th e  above 

d a te  l a r g e  in f lo w s  had  d im in is h e d  and w a te r  o f  h ig h e r  c o n d u c t iv i ty  

had  e n te r e d  th e  u p p e r  end o f  th e  r e s e r v o i r  d i s p l a c in g  th e  600 micromho 

w a te r  dow nstream  by  3 2 .2  km (20  m i) .

On 5 A u g u s t, i t  was e v id e n t  t h a t  th e  w a te r  o f  g r e a t e r  co n d u c ta n c e  

had  b e e n  s e p a r a te d  i n to  two m asses  above and be low  th e  pow er p e n s to c k  

e l e v a t i o n .  As a  r e s u l t  o f  w ith d ra w a l and th e  i n f l u x  o f  h ig h e r  

c o n d u c tiv e  w a te r  a s s o c i a te d  w ith  low  s tre a m  flo w , w a te r  h a v in g  a 

c o n d u c t iv i t y  o f  l e s s  th a n  600 m icrom hos had b een  i s o l a t e d  a t  e l e v a t io n s  

1 ,0 8 5  and 1 ,055  b e tw een  s t a t i o n s  I  and 3 .

By 2 O c to b e r , th e  p a t t e r n  d e s c r ib e d  above had  b e e n  e l im in a te d  

and w a te r  o f  c o n d u c t iv i t y  b e tw een  800 and 900 m icrom hos was b e in g
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d i s c h a r g e d .  I n f l u e n t  w a te r  o f  h ig h e r  c o n d u c ta n c e  flow ed  a lo n g  th e  

b o tto m , i n s t e a d  o f  s u r f a c e  o r  s u b - s u r f a c e  b e c a u s e  o f  th e  c o o le r  

w a te r  te m p e ra tu re s  a t  t h i s  tim e  o f  y e a r .

On 2 'Novem ber, a s  a r e s u l t  o f  v e r t i c a l  m ix in g  due to  breakdow n 

o f  th e rm a l  s t r a t i f i c a t i o n ,  th e r e  had  v i r t u a l l y  b e e n  an e l im in a t io n  o f  

v e r t i c a l  c h e m ic a l s t r a t i f i c a t i o n .
' :

W ater C h em is try

C o n c e n t r a t io n s  o f  th e  m a jo r  c a t i o n s  and a n io n s  found  in  B igho rn  

Lake a r e  g iv e n  in  T a b le  X I I I .  T h is  t a b l e . g i v e s  th e  ra n g e  and mean 

o f  a  g iv e n  e le m e n t f o r  th e  co m p le te  s t r a t a  o f  w a te r  saippled  a t  th e  

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

. C a lc iu m , m agnesium , sodium  and p o ta s s iu m , a s  w e l l  a s  b i c a r b o n a t e , 

s u l f a t e  and c h lo r id e  hav e  p r e v io u s ly  b e e n  d e m o n s tra te d  to  a c t  in  a 

r e l a t i v e l y  c o n s e r v a t iv e  m anner (T a b le  V I I I ) .  A co m p ariso n  o f  th e  

mean c o n c e n t r a t io n  o f  a g iv e n  e le m e n t a t  any s t a t i o n  g iv e s  a d d i t io n a l  

e v id e n c e  to  s u p p o r t  t h i s  f a c t . .  I n  g e n e r a l , th e . v e r t i c a l  and h o r iz o n ­

t a l  d i s t r i b u t i o n  o f  e a ch  o f  th e  above c o n s t i t u e n t s  s ta y e d  r e l a t i v e l y  

hom ogeneous as  i n d i c a t e d  by  th e  s i m i l a r  s e a s o n a l  a v e ra g e s  f o r  each  

s t a t i o n  ( T a b le ■X I I I ) .  C om parisons by  m eans o f  a t - t e s t  f o r  p a i r e d  

o b s e r v a t io n s  showed t h a t  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  

mean c o n c e n t r a t io n s  o f  t h e s e  e le m e n ts  f o r  any p a i r  o f  s t a t i o n s  d u r in g

1968 and 1969 .



T a b l e  X I I I . Range and. m e a n '_ w a te r  c h e m is try  a t  e ach  s t a t i o n  o f  B ig h o rn  Lake 
d u r in g  th e  s tu d y .

S t a t i o n  0

1968 1969 ™ 1970

Maximum Mean Minimum Maximum Mean Minimum, Maximum Mean Minimutn

Ca++ (m e q /l) ■ 9 .0 5 4 . 3 8 2 . 7 4 4 .6 4 4 . 0 8 3 .12

Mg++ (m e q /l) 4 .6 6 2 .1 3 0 .8 4 2 .4 0 1 .9 6 1 .1 9

Na (m e q /l) 4 .1 5 3 .3 4 2 .1 0 4 . 2 5 3 .5 9 2 .4 6

'K+ (m e q /l) . 0 .1 5 0.11 0 .0 3 0 .1 5 0.12 .08

HCG).~ (m e q /l) . "4 .5 3 3.21 2 .0 0 3 . 8 0 3 .2 7 2 .5 5

C l (m e q /l) 0 . 3 8 0 . 2 9 0 .1 7 0 .4 1 0 .35 0 .2 5

SO^ (m e q /l) 8 . 3 5 5 i7 4 2 .6 7 7 .25 5 .6 6 3 .9 2  .

F (m e q /l) 0 .1 9  . 0 .0 5 0.01 0 .0 6 0 .0 4 0.02

NO^-N (m g /l) 0 .9 0 0 .5 1 0.22 0 . 7 9 0 ;5 0 0 .1 4 0 .79 0 .5 7 . 0.01

NOg-N (m g /l) 0 .0 3 5 ' 0 .006 0.000 0 .0 1 3 0 .0 0 4 0.001 0 , 0 5 9 0 .005 0.000

NH3-N (m g /l) 0 . 2 5 0 . 0 7 0 .00 0 . 6 0 0 . 2 0 0.00 0 .1 5 0.02 0.01

0 r th o ? P 0^ (m g /l) 0 .8 0 0 ,0 8 0 .00 0 .15 0 . 0 4 0.00 0 .1 4 0 .05 0 . 0 0

T u r b id i ty  ( J .T .U . ) 22 11 4 12 8 4

S i l i c a  (m g /l) 1 2 . 4 9 . 9 6 .4 1 5 . 8 1 0 .4 5 .8

D is s o lv e d  Oxygen (m g /l) 11,6 5 .6  ' 0 .6 10 .0 6 .4 4 .2 10 .9 6 .4 3 .4

C onductance  (m icrom hos.) 1300 . 866 600 1064 918 685 1282 942 692

pH 8 . 7 7 7:55 8 .7 0 7 .5 3 , 8 , 8 0 7 /50



T a b l e  X I I I .  ( C o a t ' d )

S t a t i o n  I

1968 1969 1970

Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum

Ca++ (m e q /l) 8 . 2 6 3 . 9 9 2 .5 5 4 .4 9 3 . 8 6 2 . 9 9

Mg++ (m e q /l) 4 .3 3 2 .1 0 0 .75 3 .8 4 1 . 9 8 1.12

Na++ (m e q /l) 4 .4 0 3 .1 4 1 .9 0 4 .4 0 3 .5 9 2 . 5 0

K+ (m e q /l) 0 .2 7 0.11 0 .0 7 0 .1 3 0.11 0 . 0 8

HCO” (m e q /l) 4 .5 5 2 .9 7 2 . 0 9 3 .4 0 3 .05 2 . 3 6

Cl (m e q /l) 0 .3 7 0 .2 6 0 .1 7 0 .4 1 0 .3 3 0 . 2 2

SO^ (m e q /l) 8 . 8 3 5 .6 2 2 . 8 3 6 .7 5 5 .5 4 4 .1 2

F (m e q /l) 0 .1 8 0 .0 5 0 .00 0 .06 0 . 0 4 0 .0 3

NO^-N (m g /l) 0 . 8 9 0 .5 2 0.11 0 .7 6 0 .4 9 0 . 2 3 0 .7 4 0 .5 6  X' 0 .0 8

NO"-N (m g /l) 0 .0 5 1 0 .0 0 8 0.000 0 .0 4 3 0 .0 0 6 0.001 0 .0 6 5 0 .007 0.001

NH3-N (m g /l) 0 .00 0 .0 8 0 .3 3 0 .4 6 0 . 2 1 0 . 0 1 0 .0 8 0 .0 3 0.01

O rtho-PO ^ (m g /l) 0 . 6 3 0 .0 8 0 . 0 0 0.10 0 .0 4 0 . 0 0 0 .1 4 0 . 0 7 0.00

T u r b id i ty  ( J .T .U . ) 44 17 8 12 8 4

.S i l i c a  (m g /l) 1 4 .6 10.2 6 .7 1 3 .4 10 .0 5 .4

D is s o lv e d  Oxygen (m g /l) 1 0 . 7 6 . 2 1 .4 10.8 7 .3 4 . 7  . 9 .1 6 .0 3 .6

C onductance  (m icrom hos) 1000 798 540 1050 880 590 1077 916 566

pH 8 . 7 8 7.65 8 . 6 3 7 .9 0 8 , 6 5 7 .00



T a b l e  X I I I .  ( C o a t ' d )

S t a t i o n  2

1968 1969 1970

Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum

Ca++ (m e q /l) 7 . 2 8

Mg++ (m e q /l) 3 .8 1

Na++ (m e q /l) 4 .6 5

K+ (m e q /l) 0 .1 8

HCO  ̂ (m e q /l) 3 .5 2

Cl (m e q /l) 0 . 3 6

SO^ (m e q /l) 8 . 6 4

F (m e q /l) 0 , 1 6

NOg-N (m g /l) 0 .9 5

NO"-N (m g /l) 0 .0 3 8

NHg-N ( m g / l ) 0 .3 1

O rth o -PO" (m g /l) 0 .8 5

■ T u rb id ity  ( J .T .U . ) 68

S i l i c a  (m g /l) 1 4 .7

D is s o lv e d  Oxygen (m g /l) 11.2

C onductance  (m icrom hos) 1370

pH 8 . 7 4

4 . 0 0

00 
e—ICN] 5 .7 6 3 .8 7

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

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

0.12 0 . 0 6  . 0 .1 3 0.11

2 .9 3 1 .2 9 3 .5 0 2 . 9 2

0 .2 5 0 .1 3 0 .4 4 0 .3 2

5 .5 0 3 .0 0  • 7 .2 1 5 .5 2

0 . 0 5 0.00 0 .0 8 0 .0 4

0 .5 2 0.11 0 .15 0 .4 9

0 .009 0 .0 0 0 0 .019 0 .006

0 .0 8 0 .00 0 .3 1 0 .2 5

0 .1 5 0.00 0 .1 3 0 .0 5

24 4 16 10

10.6 7 . 3 1 4 . 6 10.2

OOVO 2 .5 11.1 7 .3

816 430 1298 869

7 . 6 1 8 . 7 0

2 . 9 2

1 .0 8

2 .4 0

0 . 0 8

2.22

0 .1 8

3 .1 2

0 .0 3

0.12 0.88 0 .5 3 0 .0 5

0.001 0.039 0.009 0.001

0 .00 0 .0 7 0 . 0 3 0.01

0 .00 0 .3 0 0 .09 0.00

4

6 .7

4 .1 9 . 8 5 .1 0 . 5

531 526 799 1092

7 .6 1 8 .6 5 7 .0 0



T a b l e  X I I I .  (Cont*d)

S t a t i o n  3

1968 1969 1970

Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum

Ca++ (m eq /1 ) 8 . 8 3 4 .1 1 2 .7 4 4 .2 4 3 .7 3 3 .1 3

'Mg + (m eq /1 ) 2 .3 2 2.001 0 .9 2 2 . 3 2 1 .7 6 0 .9 2

Na+ (m eq/1) 4 .2 5 3 .1 1 1 , 9 5 4 , 7 8 3 . 6 3 2 .5 0

K+ (m e q /l) 0 . 1 8 0.12 0 .0 8 0 .1 3 0.11 0 .0 7

HCO^ (m eq /1 ) 3 .4 9 2 . 8 6 2 .0 8 3 .4 5 2 .8 4 2 .3 2

Cl (m eq/1) 0 . 3 3 0 .2 4 0 .1 4 0 .4 0 0 .3 1 0.20

SO^ (m eq /1 ) 7 .9 4 5 .5 7 2 .6 5 6 . 8 9 5 .4 6 3 . 6 2

F (m eq/1). 0 .1 5 0 .0 6 0.01 0 .0 6 0 .0 4 0.02

NO^-N (m g /1 ) 0 . 8 3 0 .4 9 0 .10 1 .4 6 0 .5 2 0.21 0 .8 0 0 .5 1 0 .0 8

NO"-N (m g/1) 0 . 0 3 3 0.011 0.001 0 .0 4 3 0.011 0 .0 0 3 0.065 0.012 0 .0 0 3

NH3-N (m g/1) 0.66 0 .0 8 0 .00 0 .4 4 0 .2 5 0 .1 3 0 .4 4 0 .0 4 0.01

O rtho-PO ^ (m g /l) 0 .7 8 0.10 0.00 0 .1 8 0 .0 7 0.00 0 .7 7 0.11 0 .00

T u r b id i ty  ( J .T .U . ) 217 49 4 34 18 6

S i l i c a  (m g /l) 1 7 .6 10 .5 7 . 6 1 2 .4 10.2 8 . 3

D is s o lv e d  Oxygen (m g /l) 10 .0 7 .3 3 .1 9 . 9 7 .4 5 .2 10 ,3 5 .0 0 .5

C onduetance  (m icrom hos) 1320 828 450 1628 843 531 1105 729 143

pH 8 .7 5 7 .4 0 8 .5 6 7 . 9 1 8 . 8 0 .7 .0 5



T a b l e  X I I I .  ( C o n t t d)

S t a t i o n  4

1968 196:9 1970

Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum

Ca++ (m e q /l) 8 . 9 2 4 . 3 8 2 . 9 2 4 .1 6 3 .6 4 2 . 9 6

Mg++ (m e q /l) 4 .8 2 1 .9 6 0 .1 9 2 .4 0 1 .6 4 0 .8 4

Na+ (m e q /l) 4 .3 0 3 .2 4 0 .9 0 4 .9 5 3.-59 2 .9 0

K+ (m e q /l) 0 .1 4 0.12 0 .0 6 0 .1 4 0.11 0 .0 8

HCO^ (m e q /l) 3 .5 4 3 . 0 2 2.12 3 .5 5 2 . 8 2 2 .3 9

C l (m e q /l) 0 .3 4 0 .2 4 0 .0 7 0 .4 4 0 .3 4 0 .1 6

SO^ (m e q /l) 7 .8 7 5 .6 3 2 . 7 5 7 .3 7 5 .5 7 3 .02

F ( m e q / l ) 0 .1 4 0 .0 4 0 . 00 " 0 .0 7 0 . 0 4 0 .0 3

NO^-N ( m g /l) 0.66 0 .4 4 0 .0 9 0 .7 2 0 .4 7 0 .2 9 0 .7 4 0 .4 4 0 .10

NG^-N (m g /l) 0 .029 0 .009 0.001 0 .0 1 8 0 .0 1 3 0 .0 0 4 0 .046 0:019 0 .005

NH3-N (m g /l) 0 .7 6 0 . 1 2 0 .00 0 .5 3 0 .3 5 0 .1 8 0 . 3 9 0 .05 0 .0 3

O rtho-PO ^ (m g /l) 1 .00 0.11 0.00 0.21 0 .10 0 .00 0 .2 5 0.11 0 . 0 0

T u r b id i ty  ( J .T .U . ) 350 67 12 83 40 16

S i l i c a  (m g /l) 1 3 . 9 1 0 .7 8 . 2 1 2 . 8 10.6 9 . 0

D is s o lv e d  Oxygen (m g /l) 9 . 6 7 .9 5 .4 1 0 .7 7 .7 6 . 0 11.8 5 .8 2 .9

C onductance  (m icrom hos) 1300 858 405 1369 818 407 1199 711 511

<Ti

8 . 8 0 7 :5 7  8 : 5 8 7 .0 07 . 9 0  8 . 7 5



T a b l e  X I I I . ( G o n t1d)

S t a t i o n  5

1968 1969 1970

Maximum .Mean Minimum Maximum Mean Minimum Maximum Mean Minimum

Ca++ (m e q /l) 8 . 9 6 4 .6 2 3 .4 8 4 .0 1 3 .6 6 3 .1 8

Mg (m e q /l) 4 .7 5 2 .1 3 0 .5 2 2 .0 0 1 .56 1 .3 1

Na+ (m e q /l) 4 .5 5 3 .5 0 1 .9 7 5 .0 5 3 .42 2.11

'K+ (m e q /l) 0 .1 8 0 .1 3 0.11 0 .1 3 0.11 0 .0 8

HCO^ (m e q /l) 3 . 3 8 3 .1 0 2 .1 6 3 .0 0 2 .7 7 2 .4 1

C l' (m e q /l) 0 .3 5 0 . 2 7 0 .1 4 0 . 3 9 0 . 3 0 0 .2 5

SO^ (m e q /l) 7 .5 4 6 . 3 9 3 .5 4 6 . 2 5 5 . 4 2 4 .2 5

F ' (m e q /l) 0 .1 7 0 . 0 6 0 .00 0 .0 6 0 .0 4 0 .0 3

'NO'"-N (m g/1) 0 . 7 3 0 .4 4 0 .1 3 0 .8 9 0 .4 4 0.02 0 . 7 2 0 . 5 0 0 . 0 9

NO^-N (m g /l) 0 . 0 3 0 0.011 0 .0 0 4 0 .0 2 3 0.011 0.010 0 .029 0 .019 0 .007

NH^-N (m g /l) 0.22 0 .0 6 0 . 0 0 0 .4 9 0 .42 0 .3 1 0.12 0 .0 4 0.01

O rtho-PO ^ (m g /l) 0 . 7 2 0 . 1 8 0 .00 0 .2 4 0 .1 6 0 .1 6 0 . 3 0 0.11 0.00

T u r b id i ty  ( J .T .U , ) 3350 558 44 875 211 36

S i l i c a  (m g /l) 1 2 .9 . 1 1 .4 9 . 8 1 4 .4 11.2 9 .2

D is s o lv e d  Oxygen (m g /l) 12.6 8 . 3 6 .2 1 3 .0 9 . 3 6 . 4 12.1 6 .7 3 .7

C o nductance  (m icrom hos) 1070 882 460 1133 833 697 1008 731 500

pH 8 . 7 2 8 .1 0 8 .7 1 8 .3 1 8 , 9 0 7 .55
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C o n c e n tra t io n s  o f  n i t r o g e n ,  p h o s p h a te , s i l i c a ,  d i s s o lv e d  oxygen 

and h y d ro g en  io n  a r e  h ig h ly  n o n - c o n s e r v a t iv e  and r a t h e r  l a r g e  

f l u c t u a t i o n s  in  th e  c o n c e n t r a t io n  o f  th e s e  e le m e n ts  w ere o f t e n  

o b s e rv e d  (T a b le  X I I I ) . .  S i l i c a  was n e v e r  T e c o rd e d  l e s s  th a n  5 .4  m g/1 , 

w hich  i s  w e l l  above th e  minimum re q u ir e m e n ts  f o r  m ost d ia to m s  (Lund, 

1954; 1 9 6 4 ).

.The g r e a t e s t  v e r t i c a l  ra n g e  o f  d i s s o lv e d  oxygen was from  0 .6  to  

1 1 .6  mg/1 a t  s t a t i o n  0 . The lo w er pxygen v a lu e s  w ere o b s e rv e d  in  th e  

h y p o l im n e t ic  w a te r s  d u r in g  summer s t a g n a t io n ,  w h ile  th e  h ig h e r  v a lu e s  

w ere u s u a l l y  a s s o c i a te d  w ith  p e r io d s  o f  l a r g e  p h y to p la n k to n  s ta n d in g  

c ro p .

The mean c o n c e n t r a t io n s  o f  c e r t a i n  e le m e n ts  o c c u r r in g  in  th e  

e u p h o tic  zone a r e  p r e s e n te d  in  T a b le ;X IV . T o ta l  in o r g a n ic  n i t r o g e n  

( p r i m a r i l y  n i t r a t e  n i t r o g e n ) ,  o r th o - p h o s p h a te , i r o n ,  m anganese and 

z in c  w ere u s u a l l y  in  h ig h e r  c o n c e n t r a t io n s  a t  s t a t i o n  5 th a n  any 

o th e r ,  s t a t i o n ;  b u t  no s i g n i f i c a n t  d i f f e r e n c e s  in  c o n c e n t r a t io n  w ere 

found  b e tw e en  s t a t i o n s  0 , I  and 2 . T hese  h ig h e r  c o n c e n t r a t io n s  w ere 

a t t r i b u t e d  to  th e  l a r g e r  am ount o f  su sp en d ed  se d im e n t a t  . s t a t i o n  5 

c a r r i e d  i n to  th e  r e s e r v o i r  by th e  B ig h o rn  and Shoshone R iv e r s .

: E u p h o tic  z o n e ■pH ra n g e d  from  7 .6 0  to  8.88  d u r in g  th e  s tu d y .

The m a jo r i t y  o f  th e  h ig h e r  pH v a lu e s  o c c u r r e d  d u r in g  th e  summer.
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T a b le  XIV • Mean w a te r  c h e m is try  (mg/1) o f  th e  e u p h o tic  zone
a t  e a ch  s t a t i o n  o f  B ig h o rn  Lake d u r in g  th e  s tu d y .

S t a t i o n

1968 0 I 2 3 4 5

pH Range 7 .8 0 -8 .6 9 8 .0 2 - 8 .7 5 8 .0 1 - 8 .7 8 8 .1 6 - 8 .8 1 8 .0 0 - 8 .7 0 8 .0 0 -8 .7 2
.N03-N 0 .3 5 0 .3 0 0 .3 7 0 .4 0 0 .5 0 0 .59
NOf-N 0 . 0 0 9 0 .0 0 7 0 .0 0 8 0.012 0.011 0 .0 1 4
NHq-N • 0 .0 9 0 .0 8 0 .0 9 0 .0 9 0.12 0 .1 6
O rth o -PO.4 • 0 .0 8 0 .0 7 0 .0 8 0 .1 3 0 .0 9 0 .15

1969 0 I 2 3 4 5

pH Range 8 .0 3 - 8 .7 0 8 .0 5 - 8 .7 3 8 .1 5 - 8 .8 6 8 . 2 3 - 8 . 8 8 8 .1 7 - 8 .7 5 8 .1 7 -8 .7 9
NO 3-N 0 .4 0 0 .3 8 0 .3 2 0 .35 0 .3 9 0 .4 9  ■
NOf-N 0 .0 0 8 0 .0 0 8 0 .0 0 7 0 .0 0 8 0 .0 0 7 0 .009
NHq-N 0 .1 9 0 . 2 0 0 .1 9 0 . 2 0 0 .2 5 0 .3 4
O rtho-PO ^ 0 .0 6 0 .0 4 0 .0 4 0 .0 7 0 .0 4 0 . 0 9
T o ta l  I r o n 0 .0 3 0 0 .0 3 0 0 .0 3 8 0 .0 5 0 0 .0 8 6 0 .135
Mn++ 0 .0 1 3 0 .0 1 4 0 .0 1 3 0 .007 0 .0 1 5 0 .036
Cu++ 0.001 0.001 0.001 0.001 0.001 0.001
Zn++ 0.011 0 .010 0 .0 0 8 0 .009 0 .0 0 9 0.020

1970 0 I 2 3 4 5

pH Range 8 .0 0 - 8 .7 0 8 .1 5 - 8 .6 0 7 .6 0 -8 .6 5

OOOOOr0Oh 7 .8 5 - 8 .5 0 7 .5 5 -8 .7 5
NOf-N 0 .3 4 0 .3 0 0 . 2 8 0 .2 5 6 .3 0 '0 .4 4
NQf-N 0.010 0.011 0 .010 0 . 0 1 0 0 . 0 1 4 0 .018
NH3-N — 0.02 0 .0 3 0 .0 3 0 .0 4 0 .0 4 0 .05
O rtho-PO .4 0 .0 3 0 .0 6 0 .0 7 0 .0 8 0 .1 0 0.10
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I n  r e l a t i o n  to  a v e ra g e  n a t u r a l  w a t e r s , th e  c o n te n t  o f  t o t a l  i n ­

o r g a n ic  n i t r o g e n  and in o r g a n ic  p h o s p h a te  in  B ig h o rn  Lake i s  r e l a t i v e l y  

h ig h .  M ackenthun (1 9 6 5 ) showed t h a t  n u is a n c e  b looms o f  a lg a e  may be 

e x p e c te d  when in o r g a n ic  p h o s p h a te  and n i t r o g e n  r e a c h  a v e ra g e  concen­

t r a t i o n s  e x c e e d in g  0 .0 1  mg/1 and 0 .3 0  m g/1 , r e s p e c t i v e l y .  The above 

l e v e l s  w ere u s u a l l y  ex ceed ed  in  B ig h o rn  L ake .

The com plex i n t e r a c t i o n  o f  th e rm a l s t r a t i f i c a t i o n ,  d e n s i ty  f lo w  

and s e a s o n a l  in f lo w  and o u t f lo w  n o t  o n ly  e x h ib i te d  an e f f e c t  on th e  

d i s t r i b u t i o n  o f  c o n d u c t iv i t y ,  b u t  a ls o  a l t e r e d  th e  d e p th  d i s t r i b u t i o n  

o f  n i t r a t e ,  o r th o - p h o s p h a te , d i s s o lv e d  o x y g en , pH and t u r b i d i t y  

c o n c e n t r a t io n s  d u r in g  1968 . -The d i s t r i b u t i o n  o f  t u r b i d i t y  w ith  d e p th  

a t  s t a t i o n  0 - is  p o r t r a y e d  in  F ig u re  19 . From th e  end o f  Ju n e  th ro u g h  

th e  m id d le  o f  O c to b e r  t h e r e  was a  t u r b i d i t y  maximum p r e s e n t  a t  th e  

pow er p e n s to c k  e l e v a t i o n .  T h is  t u r b i d i t y  maximum was a s s o c i a te d  w ith  

w a te r  o f  minimum c o n d u c t iv i t y  c h a r a c t e r i s t i c  o f  th e  h ig h  f lo w  c o n d i­

t i o n s  i n  J u n e . A p p a re n tly  a c u r r e n t  was e s t a b l i s h e d  t h a t  was s tr o n g  

enough to  r e t a i n  some o f  th e  su sp en d ed  s i l t  t h a t  e n te r e d  th e  r e s e r v o i r  

in  J u n e .

T h e re  was a ls o  an o r th o - p h o s p h a te  maximum ( F ig .  20 ) p r e s e n t  

d u r in g  A ugust o f  1968 a t  th e  p e n s to c k  e l e v a t i o n .  T h is  s u b - s u r f a c e  

maximum o f  p h o s p h a te  was a t t r i b u t e d  to  th e  p h o s p h a te  b e in g  a s s o c ia te d  

w ith  th e  se d im e n t w ashed in to  th e  r e s e r v o i r  by  th e  heav y  r u n - o f f  in
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F i g u r e  19 = D i s t r i b u t i o n  o f  t u r b i d i t y  ( S t a n d a r d  J a ck s o n
T u r b i d i t y  U n i t s )  w i t h  d e p t h  a t  s t a t i o n  O o f
Big horn  Lake d u r i n g  1968.
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2 0 . D i s t r i b u t i o n  o f  o r t h o - p h o s p h a t e  (mg/1 PO^) w i t h  d e p th
a t  s t a t i o n  0 o f  B ighorn  Lake d u r i n g  1968.
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J u n e . B e in g  b e lo w  th e  e u p h o tic  zone i t  was n o t  u t i l i z e d  by p h y to ­

p la n k to n  and thus, was d is c h a r g e ^  th ro u g h  th e  p e n s to c k .  I t  w i l l  be 

n o te d  t h a t  th e r e  was p h o s p h a te  d e p le t io n  in  th e  s u r f a c e  l a y e r s  o f  th e  

r e s e r v o i r  from  May to  A u g u s t. S l i g h t l y  in c r e a s e d  v a lu e s  o f  p h o sp h a te  

in  s u r f a c e  w a te rs  d u r in g  A ugust and S ep tem ber w ere a l s o  a s s o c ia te d  

w ith  low  c o n d u c t iv i t y  w a te r  t h a t  o r i g i n a t e d  from  h ig h  f lo w  c o n d i t io n s  

a g a in  i n  J u n e .

A s i m i l a r  p a t t e r n  i s  shown in  n i t r a t e  ( F ig .  21) w i th  a to n g u e  o f  

h ig h  n i t r a t e  n i t r o g e n  w a te r  a t  th e  pow er p e n s to c k  e l e v a t i o n  from  June  

to  S e p tem b e r. From S ep tem ber to  November w a te r  o f  lo w er n i t r a t e  

c o n te n t  was a t . t h i s  e l e v a t i o n .  I n  c o n t r a s t  to  p h o s p h a te ,  .th e re  was 

no d e c l i n e  i n  n i t r a t e  i n  th e  e u p h o tic  z o n e ; i n s t e a d , th e  c o n c e n t r a t io n s  

in c r e a s e d  d u r in g  S ep tem ber and O c to b e r .

F ig u re  22 p r e s e n t s  d a ta  f o r  oxygen  and F ig u re  2-3 f o r  pH. I t  i s  

e v id e n t  t h a t  a  l a y e r  o f  w a te r  w i th  minimum oxygen and ph was a t  th e  

pow er p e n s to c k  e l e v a t i o n .  The low  oxygen  and hy d ro g en  io n  concen­

t r a t i o n s  w ere p ro b a b ly  due to  r e s p i r a t o r y  p r o c e s s e s .  H ow ever, . i t  does 

n o t  seem p o s s ib l e  t h a t  r e s p i r a t i o n  in  s i t u  was r e s p o n s ib le  f o r  th e  

d e c re a s e d  oxygen  and pH v a lu e s  as  th e  w a te r  m ass moved dow nstream  

away from  th e  b o tto m . I t  w i l l  b e  n o te d  t h a t  th e  oxygen and pH v a lu e s  

b o th  a r e  s i m i l a r  to  th o s e  o f  th e  s ta g n a n t  b o tto m  w a te r  a t  s t a t i o n  0 . 

T h is  s u g g e s ts  t h a t  oxygen  d e p le t io n  and c a rb o n  d io x id e  i n c r e a s e
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F i g u r e  21. D i s t r i b u t i o n  o f  n i t r a t e  n i t r o g e n  (mg/1 NO3-N) w i t h
d e p t h  a t  s t a t i o n  O o f  B ighorn  Lake d u r i n g  1968.
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F i g u r e  22. D i s t r i b u t i o n  o f  d i s s o l v e d  oxygen (mg/1) w i t h  d e p th
a t  s t a t i o n  0 o f  B igho rn  Lake d u r i n g  1968.
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Bighorn  Lake d u r i n g  1968.
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o c c u r r e d  w h ile  th e  w a te r  was on th e  b o tto m  o f  th e  r e s e r v o i r  u p s tre a m  

from  s t a t i o n  0 and th e  w a te r  m ass p r e s e r v e d  th e s e  c h a r a c t e r i s t i c s  as 

i t  moved down th e  r e s e r v o i r  tow ard  th e  pow er p e n s to c k .

I f  a l i n e  p e r p e n d ic u la r  to  th e  dam ( p a r a l l e l  to  th e  w a t e r 's  

s u r f a c e )  i s  draw n from  th e  pow er p e n s to c k  e le v a t i o n  u p s tre a m  from  th e  

dam, t h i s  l i n e  w ould i n t e r s e c t  th e  b o tto m  o f  th e  r e s e r v o i r  a p p ro x i­

m a te ly  4 8 .3  km (30  m i) from  .th e  dam.

P h y to p la n k to n  S ta n d in g  Crop and C h lo ro p h y ll

T a b le  XV l i s t s  a l l  th e  p h y to p la n k to n  ta x a  i d e n t i f i e d  from  th e  

co m p o s ite d  e u p h o tic  zone sa m p le s . T h is  l i s t  o f  th e  B ig h o rn  Lake f l o r a  

c o n ta in s  51 g e n e ra  and 58 s p e c ie s  o f  a lg a e .

I t  i s  im p o r ta n t  to  rem em ber t h a t  from  y e a r  to  y e a r  th e  e a r ly  

and l a t e  sa m p lin g  p e r io d s  do n o t  c o in c id e  and th e r e  may e x i s t  a 

b u i l t - i n  b i a s  in  th e  p r e s e n t a t i o n  o f  th e  p h y to p la n k to n  d a t a .

■The B a c i l l a r io p h y c e a e  w ere th e  do m in an t c l a s s  o f  p h y to p la n k to n  

c o m p ris in g  5 8 .8 ,  7 1 .5  and 42.97= o f  th e  t o t a l  c e l l  volum e d u r in g  1968, 

1969 and 1970 , r e s p e c t i v e l y .  F r a g i l a r i a  c r o to n e n s i s  was th e  m ost 

im p o r ta n t  o rg a n ism  o f  th e  p h y to p la n k to n  on  a  c e l l  volum e b a s i s  

(T a b le  XVI) ,  b u t  ra n k e d  f o u r th  a c c o rd in g  to  p re s e n c e  (T a b le  X V II)„ 

P re s e n c e  i s  th e  num ber o f  s ta n d s  o f  o c c u r r e n c e  o f  a s p e c ie s  e x p re s s e d  

a s  a  p e rc e n ta g e  o f  th e  t o t a l  num ber o f  s ta n d s  exam ined . T hroughou t 

th e  s t u d y , A s t e r i o n e l l a  fo rm osa  c o n t r ib u te d  more to  th e  t o t a l  c e l l
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T a b le  XV. P h y to p la n k to n  s p e c ie s  o b s e rv e d  from  a l l  sam p ling
s t a t i o n s  o f  B ighorn . Lake d u r in g ' th e  s tu d y  w ith  
some c a l c u l a t e d  volum es o f  i n d iv i d u a l  c e l l s  o r  
c o lo n ie s .

DIVISION CHLOROPHYTA (G reen  A lg a e )
C la s s  C h lo ro p h y ceae

A c tin a s tru m  H a n tz s c h i i  L a g e rh e im . 213
Ankis t ro d e s m u s  B r a u n i i  (N a e g .) B runn t h a l e r .  200
A n k is tro d e sm u s  f a l c a t u s  (C o rd a )  R a l f s .  35
C a r t e r i a  s p . •D ie s in g .  68
C haracium  sp;. A. B rau n . 252
Chlamydomonas s p . E h r .  41
C h l o r e l l a  sp p . B e ij e r n i c k .
C lo s te r iu m  s p . ,N i tz s c h .  2 ,312
Cosmarium su b c o s ta tu m  N o r d s te d t .
C fu c ig e n ia  s p . M orren . 34
P a n d o r in a  morum B q ry . 132
P e d ia s tru m  d u p le x  M eyen. ( C o l . )  44 ,792
O o c y s t is  s p . N a e g e l i .  403
Scenedesm us a c u m in a t is  ( L a g . ) C h o d a t. 362
Scenedesm us q u a d r ic a u d a  ( T u rp . )  d e B re b is s o n . 152
S c h r o e d e r ia  s e t i g e r a  ( S c h ro e d .)  Lemmermann. 321
S ta u ra s tru m  paradoxum  M eyen. 11 ,521
S tic h o c o c c u s  b a c i l l a r i s  N a g e l i ,  31
T e tra e d ro n  s p . K u tz .
W e s te l la  b o t r y o id e s  (W .W est) deW ildem ann.
W e s te l la  l i n e a r i s  C r. M .. S m ith .

DIVISION CRYSOPHYTA (Y e llo w -g re e n  A lg a e )
C la s s  B a c i l l a r io p h y c e a e  (D ia to m s)

• A ch n an th es  l a n c e o la t e  B re b . 171
A s t e r i o n e l l a  fo rm osa  H a s s a l l .  761
O a lo n e is  am ph isbaena  (B o ry ) C le v e . 2 3 ,0 2 4
C o c co n e is  s p p . . E h r .
C y c l o t e l l a  s p p . K u tz .
C ym bella  a f f i n i s  K u tz . 3 ,717
D iatom a e lo n g a tu m  Agardtj.. 875
D iatom a h ie m a le  (Lyngbye) H e ib e rg . 2 ,9 8 5
D iatom a v u lg a r e  B o ry . 974
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T a b le  XV. (C o n ted)

D la to m e lla  B a l f o u r ia n a  G r e v i l l e .
E u n o t la  s p .  E h r .
F r a g i l a r i a  c a p u c in a  D e s m a z ie re s .
F r a g i l a r i a  c r o to n e n s i s  K i t to n .
Gomphonema s p p . A g ard h .
G yrosigm a S p e n c e r i i  (W. S m ith ) C le v e . 
H anneae a r c u s  ( E h r . ) P a t r .
M e lo s i ra  g r a n u l a ta  ( E h r . )  R a l f s .
M e lo s i ra  i t a l i c a  ( E h r . )  K u tz .
N a v ic u la  sp p . B o ry .
N i t z s c h i a  s p p . H a s s a l l .
S te p h a n o d is c u s  n ia g a r a e  E h r .
S u r i r e l l a  o v a ta  K u tz .
S y n ed ra  u ln a  ( N i tz s c h )  E h r.

C la s s  C h rysophyceae
C h ry so co ccu s  s p .  K le b s .
D inobryon  s e r t u l a r i a  E h r .

C la s s  X an th o p h y ceae  (H e te ro k o n ta e )
B o try o c o c c u s  s u d e t i c u s  Lemmermann.

DIVISION CYANOPHYTA (B lu e -g re e n  A lg ae )
C la s s  M yxophyceae

Anabaen a  s p .  B o ry . ( I  mm)
A phanizom enon f lo s - a q u a e  ( L . ) R a l f s .  ( I  mm) 
C o e lo sp h ae riu m  N agelianum  U n g er, ( c o l . )  
C occoc h l o r i s  p e n io c y s t i s  S p r e n g e l . 
M erism oped ia  p u n c ta t a  M eyen.
M ic r o c y s t i s  a e ru g in o s a  K u e tz . ( c o l . )

DIVISION PYRRHOPHYTA ( D i n o f l a g e l l a t e s )
C la s s  D inophyceae  (D in o k o n ta e )

C e ra tiu m  h i r u n d i n e l l a  (O .F .M .) S c h ran k . 
P e r id in iu m  s p . E h r .

DIVISION CRYPTOPHYTA (B lu e  and Red F l a g e l l a t e s )
C la s s  C ry p to p h y ce a e

C ryptom onas o v a ta  E h r .
Rhodomonas l a c u s t r i s  P a s c h . & R u ttn ..

1 ,006
295
385

1 ,057

1 6 ,8 9 6
1 ,4 1 4

492
520

4 1 ,7 0 0
7 ,1 2 0
9 , 5 6 7

25
1 , 2 3 6

263

1 2 . 5 7 0
12 .570  

1 7 7 ,5 0 0
11

2 5 , 6 9 5

108 ,307
2 , 3 4 0

2 , 4 7 3
65
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T a b le  XVI- Rank o f  th e  m a jo r  p h y to p la n k to n 's p e c ie s  from
B ig h o rn  Lakg a c c o rd in g  to  a b s o lu te  mean c e l l  
vo lum es (mm / I )  b a s e d  on c o l l e c t i o n s  from  a l l  
s t a t i o n s  d u r in g  th e  s tu d y .

Rank Taxon CellT.Volume:

I F r a g i l a r i a  c r o to n e n s i s 1.222

2 G ryptom onas o v a ta 0 .658

3 S te p h a n o d is c u s  n ia g a r a e 0 .518

4 A s t e r i o n e l l a  fo rm osa 0 .513

5 • A phanizom enon f lb s - a q u a e 0 .487

6 M e lo s i ra  g r a n u la ta 0 .173

7 C y c l o t e l l a  sp p . 0 .165

8 P e d ia s t ru m  d u p le x 0 .1 4 3

9 Rhodomonas l a c u s t r i s 0 .105

10 C e ra tiu m  h i r u n d i n e l l a 0 .088

11 N a v ic u la  sp p . 0 .087

M ic r o c y s t i s  a e ru g in o s a 0 .0 8 7

.'12 M e lo s i ra  i t a l i c a 0 .0 7 3

■13 D iatom a v u lg a r e 0 .0 6 0

'14 S y n e d ra  u ln a 0 .052
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Table XVII. Rank of the major phytoplankton species of Bighorn
Lake a c c o rd in g  to  p r e s e n c e  (%) a s  d e s c r ib e d  by 
C u r t i s  (1 9 5 9 ) . V a lu e s  a r e  b a s e d  upon c o l l e c t i o n s  
from  a l l  s t a t i o n s  o v e r  th e  e n t i r e  s tu d y .

Rank Taxon P re se n c e

I . Rhodomonas l a c u s t r i s .8 5 .4

2 • C ryptom onas o v a ta 8 4 . 8

3 ■ A s t e r i o n e l l a  fo rm o sa 5 3 .9

4 F r a g i l a r i a  c r o tq n e n s i s 5 2 .7

5 . S te p h a n o d is c u s  n ia g a r a e 3 6 . 3

6 C y c lo te T la  sp p . 3 3 .7

7 N a v ic u la  sp p . - 3 2 .7

8 A n k is tro d e sm u s  f a l c a t u s 3 1 .3

9 A phanizom enon f lo s - a q u a e 3 0 . 9

10 O cJcystis  sp p . 2 6 . 8

11 M elo,s ir a  i t a l i c s . 2 5 . 9

12 Scenedesm us q u a d r ic a u d a 2 5 . 7

13 M e lo s i ra  g r am i-lat a 2 3 .5

14 D iatom a v u lg a r e 2 0 . 6

15 S c h r o e d e r ia  s e t i g e r a 1 8 . 8

16 P a n d o r in a  Tnorum 1 7 . 9

17 Scenedesm us a c u m in a t is 15 .5

18 A n k is tro d e sm u s  B r a u n i i 1 4 . 6

19 A nabaena sp-. 12.2

S y n ed ra  u ln a 12.2

2JL . D iatom a e lo n g a tu m 1 0 .7
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volum e th a n  e i t h e r  S te p h a n o d is c u s  n ia g a r a e  o r  M e lo s ira  g r a n u l a t a . In  

1970, S_. n ia g a r a e  and M. g r a n u l a te  had s i m i l a r  t o t a l  c e l l  vo lum es, 

b u t  in  1968 and 1 9 6 9 , .Sb, n ia g a r a e  c o n t r ib u te d  fo u r  t im e s  th e  volum e 

t h a t  M. g r a n u l a te  d id  to  th e  t o t a l  S ta n d in g ' c ro p . ■ Diatoma- v i t l g a r e , 

N a v ic u la  sp p . , C y c l o t e l l a  s p p . and M e lo s ira  i t a l i c a  a t  t im e s  c o n t r i b ­

u te d  l a r g e  c e l l  vo lum es even  th o u g h  p re s e n c e  was low  com pared to  th e  

p r e v io u s ly  m en tio n e d  d ia to m s . S y n ed ra  u ln a  and D iatom a e lo n g a tu m  

w ere e n c o u n te re d  in  th e  sam p les b u t  c o n t r ib u te d  l i t t l e  to  th e  c e l l  

vo lum e.

The C h lo ro p h y ce a e  w ere n o t  an  im p o r ta n t  c l a s s  on a c e l l  volum e 

b a s i s  a s  th e y  o n ly  c o n t r ib u te d  6 .4 ,  4 .2  and 7.5% o f  th e  t o t a l  c e l l  

volum e o f  p h y to p la n k to n  f o r  1968, 1969 and 1970, r e s p e c t i v e l y .  The 

g re e n  a lg a e  w ere r e p r e s e n te d  by  many g e n e ra ,  none o f  w h ich  showed a 

dom inance in  c e l l  volum e e x c e p t  P e d ia s t ru m  d u p lex ., a  l a r g e  c o lo n ia l  

form  (T a b le  X V I). . A n k is tro d e sm u s  f a l c a t u s  ra n k e d  th e  h i g h e s t  a c c o rd ­

in g  to  p r e s e n c e  o f  th e  c h lo ro p h y te s  (T a b le  X V I I I ) , b u t  c o n t r ib u te d  

l i t t l e  to  th e  c e l l  vo lum e. Q o c y s t is  s p . , Scenedesm us q u a d r ic a u d a , 

S c h r o e d e r ia  s e t i g e r a , P a n d o r in a  morum, Scenedesm us a c u m in a t is  and 

A n k is tro d e sm u s  B r a u n i i  w ere a ls o  f r e q u e n t ly  e n c o u n te re d .

The c l a s s  M yxophyceae co m p rised  1 3 .3 ,  6 .4  and 17.57» o f  th e  t o t a l  

c e l l  volum e in  1968 , 1969 and 1970, r e s p e c t i v e l y .  The b lu e - g r e e n s  

a p p e a re d  in  J u ly  and w ere p r e s e n t  th e  re m a in d e r  o f  th e  sam p lin g
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s e a s o n . A phanizom enon f lo s - a q u a e  was th e  m ost im p o r ta n t  r e p r e s e n t ­

a t i v e  o f  t h i s  c l a s s  on a  p re s e n c e  and c e l l  volum e b a s i s .  O th e r 

im p o r ta n t  members o f  t h i s  g roup w ere A nabaena s p . a c c o rd in g  to  

p r e s e n c e  and M ic r o c y s t i s  a e ru g in o s a  a c c o rd in g  to  c e l l  vo lum e.

The d i n o f l a g e l l a t e s , D in o p h y c e ae , w ere r e p r e s e n te d  b y ■ G era tium  

h i r u n d i n e l l a  and P e r id in iu m  s p . , b u t  Ch h i r u n d i n e l l a  d i s t i n c t l y  

d o m in a ted  t h i s  c l a s s  on a  c e l l  volum e b a s i s  (T a b le  X V I).

Of th e  C ry p to p h y c e a e , Rhodomonas l a c u s t r i s  was th e  m ore f r e q u e n t ­

ly  o c c u r r in g  p h y to p l a n k t e r  (T a b le  XVII'.).-.. H ow ever, C ryptom onas o v a ta  

c o n t r ib u te d  m o st o f  t h e  c e l l  volum e o f  t h i s  c l a s s  a s  can  b e  seen  from  

T a b le  XVI. The C ry p to p h y ce a e  co m p rise d  1 4 .4 ,  1 4 .9  and 28.67- o f  t o t a l  

c e l l  volum e i n  1968 , 1969 and 1970, r e s p e c t i v e l y .

C h ry so c o cc u s  s p .  and D inobryon  s e r t u l a r i a , th e  o n ly  r e p r e s e n t ­

a t i v e s  o f  th e  C h ry so p h y c e a e , a p p e a re d  in  t r a c e  am ounts a s  d id  

B o try o co c cu s  s u d e t i c u s , th e  o n ly  r e p r e s e n t a t i v e  o f  th e  X an th o p h y ceae .

The l o n g i t u d i n a l  p h y to p la n k to n  d i s t r i b u t i o n s  d u r in g  th e  s tu d y  

a r e  p o r t r a y e d  in  F ig u re  2 4 . The t o t a l  s ta n d in g  c ro p s  o f  C h lo r e l la  s p . , 

T e t r a e d ro n  s p . , Chlamydomonas s p . , S t ic h o c o c c u s  b a c i l l a r i s , C a r t e r i a  

s p . ,  C o c c o c h lo r is  p e n i o c y s t i s , M erism o p ed ia  p u n c ta ta  and C hrysococcus 

s p . a p p e a r  u n d e r  th e  t i t l e  o f  " M ic ro p la n k to n " . T h is  c o n s o l id a t io n  was 

n e c e s s a r y  b e c a u s e  d i s t o r t i o n  o f  c e l l s ,  c au sed  by p r e s e r v a t i o n ,  made 

p o s i t i v e  i d e n t i f i c a t i o n  im p o s s ib le  much o f  th e  tim e  and many o f  th e
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11 I In d iv id u a l C lasses ,

r.. \

/
Z z

/

iA.
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B a c illo r io p h y c e o e  -
C ry top hyce oe  --------
C h lo ro p h yce a e -------
M yxo p h yce o e ---------

D inophyceoe -----------
C h rysop hyce ae-------

X onthophyceoe -------
M ic ro p lo n k to n ---------

ABCDEFGH A8C0EFGH ASCDEFGH ASCOEFGH ABCDEFGH ABCOEFGH

0 1 2  3 4 5

STATIONS

1970

" \

v_

ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH
O I 2 3 4  5

ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH ABCDEFGH

O 1 2  3 4 5

OO
Ln

F ig u re  24. Y e a r ly  mean c e l l  volum es (mm^/ I ) o f  th e  p h y to p la n k to n  
a t  each  s t a t i o n  o f  B ig h o rn  Lake d u r in g  1968, 1969 and 
1970.
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above t a x a  w ere o n ly  e n c o u n te re d  in  a few  sa m p le s .

I n  g e n e r a l , p h y to p la n k to n  c e l l  vo lum es in c r e a s e d  from  th e  dam

to  th e  u p p e r  end o f  B ig h o rn  Lake and l a r g e r  s ta n d in g  c ro p s  w ere

o b s e rv e d  i n  1970 th a n  in  1968 ( F ig .  2 4 ) .

The 1968 d i s t r i b u t i o n  o f  p h y to p la n k to n  was r e p r e s e n te d  by

r e l a t i v e l y  sm a ll c e l l  vo lum es a t  s t a t i o n s  0 , I  and 2 w h ile  s t a t i o n s

3 , 4 and 5 w ere h ig h e r  and had  a n n u a l m eans o f  4 .9 0 ,  3 .8 5  and 4 .8 0  
3

mm / I ,  r e s p e c t i v e l y .  The p r o g r e s s iv e  i n c r e a s e  in  c e l l  volum e from

s t a t i o n s  0 and 3 i s  e v id e n t  w i th  s t a t i o n  0 h a v in g  an a n n u a l mean

c e l l  volum e o f  1 .3 3  mm^/1 ( F ig .  24)?

The l o n g i t u d i n a l  d i s t r i b u t i o n  p a t t e r n  o f  p h y to p la n k to n  in  1969

was s i m i l a r  to  t h a t  o f  1968 . The p r o g r e s s iv e  in c r e a s e  i n  c e l l  volum e

•from s t a t i o n  0 to  s t a t i o n  3 was a g a in  e v id e n t ,  b u t  s t a t i o n  2 was

a lm o s t e q u a l  in  c e l l  volum e to  s t a t i o n  3 . S t a t i o n s  2 , 3 , 4 and 5 a l l
3

had c e l l  vo lum es b e tw e en  7 .1 0  and 8 .8 0  mm / I  w hereas  s t a t i o n  0 had
3

an a n n u a l mean c e l l  volum e o f  2 .7 9  mm / I .

I n  1970 , th e  c e l l  vo lum es w ere h ig h e r  a t  s t a t i o n s  I  and 2 w ith
3

volum es o f  7 .65  and 7 .4 0  mm / I  r e s p e c t i v e l y ,  w hereas  s t a t i o n  0
3

e x h i b i t i n g  th e  lo w e s t  volum e o f  3 .4 8  mm / I  ( F ig .  2 4 ) .

I t  i s  a l s o  a p p a re n t  from  F ig u re  24 t h a t  th e  B a c i l l a r io p h y c e a e  

w ere th e  m a jo r  c o n t r i b u t o r s  to  th e  e s t im a te d  c e l l  vo lum es a t  each  

s t a t i o n  d u r in g  th e  s tu d y .  H ow ever, in  1970 th e  C ry p to p h y ce a e  w ere
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o f  e q u a l o r  o f  g r e a t e r  im p o rta n c e  in  t h e i r  c o n t r i b u t i o n  to  th e  c e l l

vo lum es a t  s t a t i o n s  4 and 5 . The !Myxophyceae a r e  a n o th e r  c l a s s  o f

o rg a n ism s  t h a t  a c c o u n te d  f o r  s u b s t a n t i a l  volum es a t  s t a t i o n s  2 , 3 and

4 d u r in g  1968 and 1969 , and s t a t i o n s  0 , I  and 2 d u r in g  1970.

M atched t - t e s t s  a t  th e  95% c o n f id e n c e  l e v e l  d e m o n s tra te d  t h a t

t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  in  th e  amount o f  p h y to p la n k to n  a t

any p a r t i c u l a r  s t a t i o n  v e r s u s  tfye p h y to p la n k to n  volum e a t  any a d ja c e n t

s t a t i o n , e x c e p t  f o r  s t a t i o n s  2 and 3 f o r  1969, and s t a t i o n s  3 and 4

f o r  1970 . A s i g n i f i c a n t  d i f f e r e n c e  in  th e  mean p h y to p la n k to n  volum es

was found  b e tw een  a l l  y e a r s  e x c e p t  f o r  1969 and 1970.

The s e a s o n a l  d i s t r i b u t i o n  o f  th e  m o n th ly  mean p h y to p la n k to n

s ta n d in g  c ro p s  i s  d e p ic te d  in  F ig u re  2 5 . A gain  th e  p r o g r e s s iv e

in c r e a s e  in  c e l l  vo lum es from  1968 to. 1970 was e v id e n t .  O v e r a l l ,

th e  l a r g e r  s ta n d in g  c ro p s  on a volum e b a s i s  w ere o b s e rv e d  in  th e

e a r l i e r  p a r t  o f  th e  sa m p lin g  s e a s o n .

I n  1968, th e  p h y to p la n k to n  re a c h e d  th e  s e a s o n a l  p e a k  in  J u ly

w ith  F r a g i l a r i a  c r o to n e n s i s  a c c o u n t in g  f o r  26.8% by volum e o f  th e

t o t a l  c e l l  volum e d u r in g  t h i s  m on th . S t a t i o n s  I  and 2 e x h ib i te d  th e
3

h i g h e s t  mean c e l l  vo lum es o f  2 .9 6  and 3 .6 7  mm / I ,  r e s p e c t i v e l y .  As

th e  s e a s o n  p r o g re s s e d  th e  amount o f  p h y to p la n k to n .d im in is h e d  to  1 .05  
3

mm / I ,  w i th  th e  B a c i l l a r io p h y c e a e  becom ing  m in im al in  S ep tem ber 

c o r re s p o n d in g  to  a maximum in  th e  M yxophyceae. The C ry p to p h y ceae  and
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. I l  In d iv id u o l Glosses

Z x -a

X
:

\

'V

V .

B o c illo r io p h y c e o e  -
C ry top hyce oe  --------
C h lo ro p h yce o e -------
M yxop hyce oe

C hrysophyceoe -  

X onthophyceoe -  
M ic ro p lo n k to n  —

ABCOEFGH ABCDEFGM ABCDEFGM ABCDEFGM A8C0EF6H ABCDEFGH ABCDEFGM

May June July Sept. Oct.

11 I Ml I . Illll . Mil .
ABCDEFGH ABCDEFGM ABCDEFGH ABCDEFGM

May June July

/;

ABCOEFGM ABCDEFGM ABCOEFt

June July Sept.

OOOO

F ig u re  25 M onthly  mean c e l l  volum es (m urVl) o f  th e  p h y to p la n k to n  
in  B ig h o rn  Lake d u r in g  1968, 1969 and 1970.
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D inophyceae  b o th  re a c h e d  maxima in  Ju n e  and J u ly .

I t  sh o u ld  b e  n o te d  t h a t  th e  c e l l  vo lum es o f  t h e ■D inophyceae  may

b e  m is r e p r e s e n te d .  C e ra tiu m  h i r u n d i n e l l a  c o n t r ib u te d  p r im a r i l y  to

t h i s  c l a s s  and a c c u r a te  volum e d e te r m in a t io n s  a r e  d i f f i c u l t  b e c a u se

o f  i t s  l a r g e  and i r r e g u l a r  sh a p e .

The am ount o f  p h y to p la n k to n  i n - A p r i l  o f  1969 was th e  re c o rd e d
3

low  (5 .8 2  mm / I )  f o r  th e  se a so n  b u t  in c r e a s e d  to  th e  s e a s o n a l  peak  o f
3

7 .6 5  mm / I  in  May ( F ig .  2 5 ) .  A s t e r i o n e l l a  fo rm osa  d o m in a ted  th e

p lan k to n  d u r in g  t h i s  p e a k . From May, th e  p h y to p la n k to n  d e c re a s e d  and

th e n  in c r e a s e d  to  a seco n d  pteak. in  J u ly  when F r a g i l a r i a  c r o t o n e n s i s ,

M e lo s ira  g r a n u l a ta  and S te p h a n o d is c u s  n ia g a r a e  w ere d o m in a n t. The

B a c i l l a r io p h y c e a e  w ere  m axim al in  May, th e n  p r o g r e s s iv e l y  d e c re a s e d

th ro u g h  th e  se a so n  a s  th e  M yxophyceae re a c h e d  p eak  vo lum es in  A u g u st.
3

The m o n th ly  mean c e l l  volum e in  Ju n e  o f  1970 was 4 .9 5  mm / I  and
3

fo llo w e d  by  an in c r e a s e  to  th e  s e a s o n a l  h ig h  o f  8 .4 5  mm / I  in  A u g u st.

Ju n e  to  A ugust was d o m in a ted  by  th e  B a c i l l a r io p h y c e a e  and C ry p to -
3

p h y c e a e . The M yxophyceae w ere a t  a maximum in  A ugust (2 .2 8  mm / I )
3

th e n  d e c re a s e d  to  1 .6 3  mm / I  in  S e p tem b e r.

■ The p h y to p la n k to n  s u c c e s s io n s  o b s e rv e d  d u r in g  th e  c o u rs e  o f  th e  

s tu d y  a r e  p r e s e n te d  i n  F ig u re s  2 6 , 27 and 2 8 . The in d i c a t e d  o rg an ism s 

c o m p rised  6 4 .1 ,  8 5 .3  and 84^67= o f  th e  t o t a l  c e l l  volum e d u r in g  1968, 

1969 and 1970 , r e s p e c t i v e l y .  S p e c ie s  s u c c e s s io n  was s i m i l a r  f o r  a l l
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F ig u r e  26. Mean r e l a t i v e  s t a n d i n g  c ro p  (%) o f  th e  e i g h t  most
a b u n d a n t  p h y to p la n k to n  s p e c i e s  f o r  a l l  sa m p lin g
s t a t i o n s  on B ig h o rn  Lake d u r in g  1968.
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Asterionello formoso
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I0-j
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O-

Melosiro gronuloto

APR. ' MAY JUNE JULY AUG

1969

F ig u r e  27. Mean r e l a t i v e  s t a n d i n g  c ro p  (%) o f  th e  e i g h t  most
a b u n d a n t  p h y to p la n k to n  s p e c i e s  f o r  a l l  sam p lin g
s t a t i o n s  on B ighorn  Lake d u r in g  1969.
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1970

Mean r e l a t i v e  s t a n d i n g  c ro p  (%) o f  th e  e i g h t  most
a b u n d a n t  p h y to p la n k to n  s p e c i e s  f o r  a l l  sa m p lin g
s t a t i o n s  on B igho rn  Lake d u r in g  1970.
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t h r e e  y e a r s  w i th  a l a r g e r  p a r t  o f  th e  s ta n d in g  c ro p  made up o f  d ia to m s 

found  i n  th e  s p r in g  and e a r l y  summer. The l a t t e r  was som ewhat fo llo w ­

ed by  th e  f l a g e l l a t e s ,  C ryptom onas o v a ta  and Rhodomonas l a c u s t r i s .

The f l a g e l l a t e s  w ere su c c e e d e d  by th e  b lu e - g r e e n s ,  w i th  Aphani zomenon 

f lo s - a q u a e  r e a c h in g ." b lo o m "  p r o p o r t io n s  in  S e p tem b e r. A n o th e r  d ia to m  

maximum in  th e  f a l l  was l e s s  d i s t i n c t .

I n  summ ary, c o n d i t io n s  o f  p h y to p la n k to n  s ta n d in g  c ro p  and s p e c ie s  

s u c c e s s io n  w ere s i m i l a r  f o r  a l l  y e a r s .  The same s p e c ie s  shown in  

F ig u re s  2 6 , 2 7 ,and 28 becam e do m in an t and d e c l in e d  a s  d e m o n s tra te d  by 

th e  above f i g u r e s .  M inor v a r i a t i o n s  w ere found  w ith  r e s p e c t  to  th e  

d a te s  and a b s o lu te  v a lu e s  o f  s ta n d in g  c ro p  a t t a i n e d .

As p r e v io u s ly  shown ( F ig .  2 4 ) ,  p h y to p la n k to n  s ta n d in g  c ro p  

e x p re s s e d  on  a volum e b a s i s  (mm./.l), d e c re a s e d  dow nstream  from  s t a t i o n  

5 to  s t a t i o n  0 . When s ta n d in g  c ro p  was e x p re s s e d  as  th e  volum e u n d e r  

a s q u a re  m e te r  o f  r e s e r v o i r  s u r f a c e  to  a  d e p th  a t  w h ich  l i g h t  was 

s u f f i c i e n t  f o r  p h o to s y n th e s is  th e  p i c t u r e  was a l t e r e d .  T a b le  XV III 

shows t h a t  s ta n d in g  c ro p  in c r e a s e d  d o w n - re s e rv o ir  r e a c h in g  a maximum 

a t  s t a t i o n  3 f o r  1968 and 1969 and s t a t i o n  2 f o r  1970.

A s i m i l a r  p a t t e r n  was o b s e rv e d  w i th  c h lo r o p h y l l  ja c o n c e n t r a t io n s

2
(T a b le  X V II I ) .  C h lo ro p h y ll  a. (mg/m ) in c r e a s e d  d o w n - r e s e r v o ir  and 

a t t a i n e d  a maximum a t  s t a t i o n  2 f o r  1968 and 1969, and s t a t i o n  3 f o r

1970 .
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3 3T a b le  X V III. Mean t o t a l  p h y to p la n k to n  s ta n d in g  c ro p  (X10 mm /
m^) and c h lo r o p h y l l  a. c o n c e n t r a t io n s  (mg/'m^) a t  
e a c h  s t a t i o n  d u r in g  th e  s tu d y .

S t a t i o n

1968 o I 2 3 4 5

S ta n d in g  Crop 13 .55 2 0 .4 6 2 1 .4 6 2 4 .4 0 15.19 4.82

C h lo ro p h y ll  a. 3 1 .0 3 4 .9 42.8 3 7 .9 38.3 13 .5

1969 0 I 2 3 4 5

S ta n d in g  Crop 3 2 .7 3  ' 39.59 32.60 4 2 .6 1 2 5 .9 3 16.90

C h lo ro p h y ll  a. 3 0 .4 3 0 .5 4 3 .3 4 1 .8 4 2 .1 2 5 .4

••1 9 7 0 0 I 2 3 4 5

S ta n d in g  Crop 31.65 5 6 .3 7 39.90 37 ,15 2 6 .5 4 22.39

C h lo ro p h y ll  _a 3 4 .5 4 0 .7 5 6 .1 6 0 .0 5 9 .7 4 3 .2
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C h lo ro p h y ll  a. c o n c e n t r a t io n s  (mg/m ) in  th e  e u p h o t ic  zone d u r in g  

th e  s tu d y  a r e  g iv e n  in  T a b le  LXVI o f  A ppendix  C. T hese  v a lu e s  r e p r e ­

s e n t  th e  mean c h lo r o p h y l l  a. c o n c e n t r a t io n  o f  th e  p r o f i l e  ta k e n  th ro u g h

th e  e u p h o t ic  zone assu m in g  a  hom ogeneous v e r t i c a l  d i s t r i b u t i o n  o f
3

p h y to p la n k to n .  I n  g e n e r a l ,  c h lo r o p h y l l  c o n c e n t r a t io n s  (mg/m ) w ere

h i g h e s t  a t  th e  u p p e r  end o f  th e  r e s e r v o i r  and d e c re a s e d  dow nstream  to
3

s t a t i o n  0 . Mean d a i l y  c h lo r o p h y l l  a_ c o n c e n t r a t io n  was 8 .3  mg/m in

1968 and 1969, and 1 0 .1  mg/m^ in  1970, o r  21.6% g r e a t e r  in  1970.
3

The maximum c o n c e n t r a t io n  o f  c h lo r o p h y l l  a. was 7 7 .0  mg/m on
3 3

9 S ep tem b er 1968 , 3 9 .7  mg/m on 4 ■ A ugust 1969 and 3 4 .5  mg/m. o n .'.29 J u ly  

1970, and o c c u r r e d  d u r in g  a p e r io d  o f  l a r g e  s ta n d in g  c ro p s  o f  

A phanizom enon f o r  1968 and 19691

F ig u re  29 p r e s e n t s  th e  r e l a t i o n s h i p  b e tw een  a v e ra g e  c h lo r o p h y l l  a_ 

c o n c e n t r a t io n s  and t o t a l  c e l l  vo lum es in  th e  e u p h o tic  zone d u r in g  th e  

s tu d y .  C h lo ro p h y ll  a. c o n c e n t r a t io n s  fo llo w e d  phy to p  la n k  top. volum es 

and th e  c o r r e l a t i o n  c o e f f i c i e n t s  w ere  r  = 0 .2 8  (P = 0 .0 1 )  f o r  1968, 

r  = 0 .3 7  (P = 0 .0 1 )  f o r  1969 , r  = 0 .1 2  (P = > 0 .0 5 )  f o r  1970 and r  =

0 ,2 7  (P = 0 .0 1 )  f o r  a l l  y e a r s  ta k e n  t o g e t h e r .

The r e g r e s s io n  e q u a t io n  u s in g  mean c h lo r o p h y l l  â  c o n c e n t r a t io n s  

and t o t a l  s ta n d in g  c ro p s  a t  each  s t a t i o n  f o r  each  y e a r  was c a lc u la t e d :

C h lo ro p h y ll  (mg/m ) = 0.97V  + 3 .4 7 28%

w here V e q u a ls  th e  mean p h y to p la n k to n  s ta n d in g  c ro p  (mm / I ) .  The



----  Chlorophyll ô  ( mg /  m^)
—  Cell Volume ( mm^/ l )

JUNE' JULY APR. MAY JUNE JULY JUNE JULY AUG.

F ig u re  29. R e l a t i o n s h i p  be tw een  mean t o t a l  p h y to p la n k to n  s t a n d in g
cro p  (mm^/1) and c h l o r o p h y l l  a c o n c e n t r a t i o n s  (mg/m^)
f o r  a l l  s t a t i o n s  d u r in g  th e  s tu d y ,  B ighorn  Lake.
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e q u a t io n  i n d i c a t e s  t h a t  th e  r e l a t i o n s h i p  b e tw een  c h lo r o p h y l l  and c e l l  

volum e was n o n - l i n e a r .

The h is to g ra m s  p o r t r a y e d  in  F ig u re  30 show th e  f re q u e n c y  a t

w hich  c e r t a i n  r a t i o s  o f  c h lo r o p h y l l  a. and t o t a l  c e l l  volum e o c c u r re d

d u r in g  th e  sam p lin g  p e r io d s  f o r  th e  i n d ic a te d  y e a r .  O ver 57% in  1968,

88% in  1969 and 69% in  1970 o f  th e  r a t i o s  o c c u r r e d  w i th in  th e  i n t e r v a l
3

0 -4  jig c h lo r o p h y l l  a/mm o f  c e l l s .  The mean r a t i o s ,  m ed ian s  and modes

3o f  Ug c h lo r o p h y l l  a./mm o f  c e l l s  a r e  g iv e n  in  F ig u re  3 0 . On th e  b a s i s  

o f  th e  p r e s e n te d  d a t a ,  th e  a v e ra g e  r e l a t i o n s h i p  b e tw een  c h lo r o p h y l l  el 

and c e l l  volum e w ould b e  3 .4  Ug c h lo r o p h y l l  a. i s  e q u iv a l e n t  to  1 .0  

mm o f  c e l l s .  S im i la r  v a lu e s  w ere o b ta in e d  by  M a r t in  (1 9 6 7 ) , P e te r k a  

and K nu tson  (1 9 7 0 ) and W rig h t (1 9 5 9 ) .
3

■ A lth o u g h  th e  a v e ra g e  r a t i o  (ug c h lo r o p h y l l  a/mm o f  p h y to p la n k to n )  

was 3 .4 ,  r a t i o s  d i f f e r e d  somewhat d e p e n d in g  upon th e  s e a so n  in  w hich 

th e  sam p les w ere ta k e n  ( F ig .  3 1 ) .  The r a t i o  o f  c h lo r o p h y l l /p h y to ­

p la n k to n  volum e o f  th e  sam p les  c o l l e c t e d  from  A p r i l  to  J u ly  p r im a r i ly  

composed o f  d ia to m s , was 3 .8 .  The r a t i o  f o r  th e  sam p les  ta k e n  in  

J u ly  composed p r im a r i l y  o f  d ia to m s and f l a g e l l a t e s ,  was 3 .1 .  The

r a t i o  o f  sam p les  ta k e n  from  A ugust to .N ovem ber w hen■Aphanizom enon was
3

d o m in a n t, was 4 .5  ug c h lo r o p h y l l  a/mm o f  c e l l s .

The m u l t ip l e  l i n e a r  r e g r e s s i o n  e q u a t io n ,  u t i l i z i n g  mean e u p h o tic  

zone d a ta  o v e r  e a ch  y e a r  a t  each  s t a t i o n ,  b e s t  e x p la in in g  th e  o b se rv e d
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Mean 5.1

Median 5.5

Mode 1.5

J__

Mean 2.3 

Median 5.5 
Mode 0 .5

1969

I I I

Mean 2 .9  

Median 5 .5  

Mode 0 .5

2 3 4 5 6 7 8 9 IO >10
jjg CHLOROPHYLL a /m m 3 CELLS

F ig u re  30. F req u en cy  o f  th e  r a t i o s  o f  c h lo r o p h y l l  a to  c e l l  
volume (pg/mm3) d u r in g  th e  s tu d y , B ig h o rn  L ake .
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CHLOROPHYLL a ( pg / l )

F ig u re  3 1 . S e a s o n a l r e l a t i o n s h i p  be tw een  mean c h lo r o p h y l l  a
c o n c e n t r a t io n  ( p g / l )  and a l g a l  c e l l  volum e (m m ^/l) 
f o r  a l l  s t a t i o n s  d u r in g  th e  B igho rn  Lake s tu d y .
Open c i r c l e s  r e p r e s e n t  sam p les  w hich  c o n ta in e d  
v i r t u a l l y  no b lu e - g r e e n  a lg a e  w h ile  c lo s e d  c i r c l e s  
r e p r e s e n t  sam ples w h ich  c o n ta in e d  p re d o m in a te ly  
b lu e - g r e e n  a l g a e . The s o l i d  l i n e  r e p r e s e n t s  a 
3 .4 2 :1 .0 0  r a t i o  o f  c h lo r o p h y l l  a to  p h y to p la n k to n  
vo lum e. Month o f  sam ple i s  shown by th e  num ber n e a r  
th e  c i r c l e .
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v a r i a t i o n s  in  th e  r a t i o  o f  c h lo r o p h y l l  a. to  t o t a l  p h y to p la n k to n  stand>- 

in g  c ro p  d u r in g  th e  s tu d y  i s :
3

C h lo ro p h y ll  a / t o t a l  p h y to p la n k to n , s ta n d in g  c ro p  (lig/mm ) =

6 .1 3  -  0 .07E  + 0.26N + 7 .7 6 P  -  0 .01R  R2 = 74%

w here E = eu p h o t ic  zone d e p th  (m)
N = n i t r a t e  n i t r o g e n  (m g /l)
E = o r th o - p h o s p h a te  (m g /l)  ^
R = s o l a r  r a d i a t i o n  (g  c a l / cm )

The m ost s i g n i f i c a n t  v a r i a b l e s ,  in  d e c r e a s in g  o r d e r  o f  s i g n i f i ­

c a n c e , w ere o r th o - p h o s p h a te  ( r  = 0 .8 0 ;  P = 0 . 01 ) , , s o l a r  r a d i a t i o n  

( r  = - 0 .6 6 ;  P = 0 1 0 1 ) , e u p h o tic  zone d e p th  ( r  = 0 .5 3 ;  P = 0 .0 5 )  and 

n i t r a t e  n i t r o g e n  ( r  = 0 .4 8 ;  P = 0 .0 5 ) .

P r im a ry  P r o d u c t i v i t y

A c c u ra te  d a i l y  p h o to s y n th e s is  p r e d i c t i o n s  b a s e d  on e n v iro n m e n ta l 

f a c t o r s  c a n n o t b e  made b e c a u s e  o f  th e  u n p r e d ic ta b l e  f l u c t u a t i o n s  in  

t h e s e  f a c t o r s  from  day to  d a y . H ow ever, a v e ra g in g  o f  t h e s e  f a c t o r s  

o v e r  lo n g e r  p e r io d s  o f  t im e  re d u c e s  f l u c t u a t i o n s  and p e r m i ts  t h e i r  

u s e  in  c a l c u l a t i n g  p h o to s y n th e s i s .

The m ethod o f  R y th e r  and Y e n tsch  (1 9 5 7 ) u s e s  th e  e q u a t io n :

P = T  x C x 3 .7  ( I )k

w here P. i s  th e  p r o d u c t i v i t y  in  grqms c a rb o n  p e r  s q u a re  m e te r  p e r  d ay ,

R i s  a v a r i a b l e ,  r e l a t i v e  r a t e  o f  p h o t o s y n t h e s i s - - t h e  v a lu e  o f  w hich 

i s  f ix e d  by  th e  am ount o f  s o l a r  r a d i a t i o n ,  k  i s  th e  e x t i n c t i o n
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c o e f f i c i e n t  o f  th e  w a te r  co lum n, C i s  th e  a v e ra g e  c h lo r o p h y l l  concen ­

t r a t i o n  and 3 .7  i s  an  a v e ra g e  a s s i m i l a t i o n  r a t i o  a t  l i g h t  s a t u r a t i o n - -  

th e  u n i t s  o f  w h ich  a r e  gram s c a rb o n  p e r  gram  c h lo r o p h y l l  p e r  h o u r .

The w e a k e s t p o i n t  o f  t h i s  m ethod was th e  f ix e d  a v e ra g e  a s s i m i l a t i o n  

r a t i o  o f  3 .7 .  ,

C u r l and S m all (1 9 6 5 ) o b ta in e d  b e t t e r  co m p a riso n s  b e tw een  th e  

c h l o r o p h y l l - l i g h t  m ethod and C"^ m easu red  v a lu e s  by  u s in g  a  l o c a l l y  

o b ta in e d  r a t i o .

W rig h t (1 9 5 9 ) r e p la c e d  th e  c o n s ta n t  in  e q u a t io n  ( l )  w i th  v a r i ­

a b le s  c h a r a c t e r i z i n g  th e  l o c a l  s i tu a t io n * .  The r e s u l t a n t  e q u a t io n  w as:

P = —  x F x T x C x R  - (2 )k- o p t

w here 4 .6 / k  s e t s  th e  lo w e r l i m i t  o f  th e  e u p h o tic  z o n e , F i s  th e  r a t i o  

o f  p h o to s y n th e s is  a t  l i g h t  s a t u r a t i o n  to  t o t a l  e u p h o tic  zone p h o to ­

s y n t h e s i s ,  T i s  th e  num ber o f  h o u rs  o f  p h o t o s y n t h e s i s , C i s  c h lo r o p h y l l

c o n c e n t r a t io n  and R i s  th e  a s s i m i l a t i o n  r a t i o  a t  l i g h t  s a t u r a t i o n .o p t

M a r t in  (1 9 6 7 ) d e m o n s tra te d  t h a t  o v e r  a .wide r a n g e  o f  l i g h t

c o n d i t io n s  th e  a s s i m i l a t i o n  r a t i o  a t  l i g h t  s a t u r a t i o n  i s  in d e p e n d e n t

o f  th e  am ount o f  s u n l i g h t  f a l l i n g  on th e  w a te r  s u r f a c e .  T here  was

a ls o  th e  r e l a t i o n s h i p  b e tw e en  th e  a s s i m i l a t i o n  r a t i o s  o b ta in e d  by

14b o th  g r o s s  and C f i x a t i o n  m ea su rem e n ts , and a v e ra g e  te m p e ra tu re  

o f  th e  e u p h o t ic  zo n e .
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U t i l i z i n g  th e  o b s e rv e d  r e l a t i o n s h i p  be tw een  te m p e ra tu re  and 

a s s i m i l a t i o n  r a t i o s ,  M a r t in  m o d if ie d  e q u a t io n  ( l )  a s  f o l l o w s :

, P = - I  x  C x  At  (3 )

w here a l l  v a r i a b l e s  a r e  th e  same a s  in  e q u a t io n  ( l )  and i s  th e

te m p e ra tu re  d e p e n d e n t a s s i m i l a t i o n  r a t i o .

P e te r k a  and R e id  (1 9 6 8 ) made an  a t te m p t  to  show th e  in f lu e n c e

o f  v a r io u s  e n v iro n m e n ta l  f a c t o r s  t h a t  s i g n i f i c a n t l y  i n f lu e n c e d 'p h o to ­
s' T ‘

s y n t h e t i c  r a t e s  in  Lake A s h ta b u la ,  N o r th  D ak o ta . A m u l t i p l e  l i n e a r  

r e g r e s s i o n  a n a ly s i s  o f  t h e i r  data , r e v e a le d  t h a t  c h l o r o p h y l l , w a te r  

te m p e ra tu re  and S e c c h i  d i s k  t r a n s p a r e n c y  w ere -the o n ly  s i g n i f i c a n t  

v a r i a b l e s  a f f e c t i n g  p h o to s y n th e s i s .  C h lo ro p h y ll  and w a te r  tem p er­

a tu r e  t o g e t h e r  e x p la in e d  65%^of tf ie  v a r i a t i o n  in  p h y to s y n th e s i s .

The m ethods o f  W rig h t (1 9 5 9 ) and M a r t in  (1967 ) a p p e a r  to  be  ■
*

a p p ro a c h e s  in  th e  r i g h t  d i r e c t i o n .  W rig h t’ s m ethod t a k e s  i n to  a c c o u n t 

s e a s o n a l  v a r i a t i o n  i n  th e  v e r t i c a l  p r o d u c t i v i t y  p r o f i l e s  and M a r t in 's  

m ethod u t i l i z e s  a  v a r i a b l e  a s s i m i l a t i o n  r a t i o  b a s e d  on know ledge o f  

th e  e u p h o tic  zone te m p e ra tu re .

Mean v a lu e s  o f  n e t  p r im a ry  p r o d u c t i v i t y  ( c a l c u l a t e d  by  u s in g  

M a r t in 's  m ethod o f  p r e d i c t i o n )  a t  e a c h  s t a t i o n  and s e a s o n a l  f l u c t u ­

a t i o n s  o f  p r im a ry  p r o d u c t io n  during^ th e  s tu d y  a r e  p r e s e n te d  in  

F ig u re  3 2 . A p h o to s y n th e t i c  q u o t ie n t .  (PQ) .o f  u n i ty  was assum ed in  

c o n v e r t in g  c a rb o n  m easu rem en ts  i n to  u n i t s  o f  o xygen . R y th e r  (1956a)

/
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1968  -----

1 9 6 9  ----

1970  ----

STATION

1 9 6 8 -

1 9 6 9 -  

19 7 0 -

----- -

May 1 June 1 July 1 Aug. 1 Sept. Oct. Nov.

F ig u re  32 . Mean p r im a ry  p r o d u c t i v i t y  (g C/m2/d a y )  a t  e a ch  s t a t i o n
and s e a s o n a l  f l u c t u a t i o n s  o f  p r im a ry  p r o d u c t io n  d u r in g  
th e  s tu d y ,  B igho rn  L ak e .
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and S t r i c k l a n d  (1 9 6 0 ) hav e  re v ie w e d  a num ber o f  e x p e r im e n ts  d e s ig n e d

to  d e te rm in e  PQ o f  v a r io u s  p la n k to n ic  a lg a e  and found  v a lu e s  ra n g in g

from  l e s s  th a n  u n i ty  to  1 .6  o r  g r e a t e r  i n  a  n i t r a t e  c o n ta in in g  medium.
2

A verage  d a i l y  p r im a ry  p r o d u c t io n  was 0 .5 1  g C/m / day (1 .3 6  g Og),

0 .5 5  g C /m ^/day  (1 .4 6  g O^) and 1 .4 2  g C /m ^/day (3 .7 8  g O^) f o r  1968, 

1969 and 1970 , r e s p e c t i v e l y .  Maximum p r o d u c t io n  o c c u r r e d  on  29 J u ly  

1970, 6 .9 6  g C/m2 /d a y  (1 8 .5 1  g 0 ) .

An a t te m p t  was made to  d e te rm in e  how much o f  th e  v a r i a t i o n  in  

th e  p r e d i c t e d  p r o d u c t io n  r a t e s  was a c c o u n te d  f o r  by  th e  v a r io u s  p a r a ­

m e te rs  u se d  i n  th e  c a l c u l a t i o n s .  A m u l t i p l e  l i n e a r  r e g r e s s i o n  equa­

t i o n  was c a l c u l a t e d  u s in g  th e  means o f  a l l  d a ta  a t  e ach  s t a t i o n  f o r

e ach  y e a r .  The e q u a t io n  e x p re s s in g  th e  r e l a t i o n s h i p  i s :

2
P rim a ry  P r o d u c t i v i t y  (g  C/m /d a y )  =

- 3 .8  -  0 .04E  + 0 . 02C + 0 . OlR + 0 .14T  R2 = 907, (4 )

w here E = mean e x t i n c t i o n  c o e f f i c i e n t  o f  th e  e u p h o t ic  zone (k /m ) ^
C = mean c h lo r o p h y l l  c o n c e n t r a t io n  o f  th e  e u p h o tic  zone (mg/m )^ 
R = s o l a r  r a d i a t i o n  i n c i d e n t  to  th e  r e s e r v o i r  s u r f a c e  (g  c a l/c m  ) 
T. = mean te m p e ra tu re  o f  e u p h o tic  zone (C)

The above e q u a t io n  (4 )  d e m o n s tra te s  t h a t  th e  l i n e a r  r e g r e s s io n  

e q u a t io n  a c c o u n te d  f o r  m o st o f  th e  o b s e rv e d  v a r i a t i o n  i n  th e  mean 

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

p e n d e n t v a r i a b l e s ,  e q u a t io n  ( 3 ) .

I n  th e  f u t u r e , i t  w ould b e  d e s i r a b l e  to  make a c tu a l  p r im a ry  

p r o d u c t io n  e s t im a te s  ( p r e f e r a b ly  u s in g  C ^ )  and sam ple th e  e u p h o tic
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zone for the parameters needed to predict primary production. A

co m p le te  m u l t i p l e  c o r r e l a t i o n  and r e g r e s s i o n  a n a ly s i s  o f  th e  c o l l e c t e d

d a ta  w ould n o t  o n ly  r e v e a l  th e  d e g re e  o f  s i m i l a r i t y  b e tw e en  e s t i m a t e s ,

b u t  w ould s t r e n g th e n  ( o r  p o s s ib l y  w eaken) th e  a s su m p tio n s  made in  th e

many m odels  o f  p r e d i c t i n g  p r im a ry  p r o d u c t i v i t y .

Many a u th o r s  (M anning and J u d a y , 1941; Edmondson, 1955; R y th e r s

1956b) h av e  o b s e rv e d  a  r a t h e r  c o n s ta n t  r e l a t i o n s h i p  b e tw een  c h lo r o p h y l l

a. and photosynthesis. By using the mean euphotic zone data at each
2

s t a t i o n  f o r  e a ch  y e a r , i t  was found  t h a t  c h lo r o p h y l l  a. (mg/m )

a c c o u n te d  f o r  67% o f  th e  c a lc u l a t e d  v a r i a t i o n  in  p r im a ry  p r o d u c t i v i t y ,

3 3 2w h iI e : p h y to p Ia n k to n  s ta n d in g  c ro p  (X10 mm /m ) o n ly  a c c o u n te d  f o r  21% 

o f  th e  o b s e rv e d  v a r i a t i o n  in  th e  c a l c u l a t e d  p r o d u c t io n  r a t e s  d u r in g  

th e  s tu d y .

R e la t i o n s h ip s  o f  P h y s ic a l  and C hem ical P a ra m e te r s  to  C h lo ro p h y ll  and 

T o ta l  P h y to p la n k to n  S ta n d in g  Crop

M u l t ip le  l i n e a r  r e g r e s s i o n  a n a ly s i s  was u se d  to  p r e d i c t  s ta n d in g  

c ro p s  o f  c h lo r o p h y l l  a. and p h y to p la n k to n  u s in g  14 in d e p e n d e n t v a r i ­

a b le s  (T a b le  X IX ). C h lo ro p h y ll  a. and t o t a l  p h y to p la n k to n  s ta n d in g  

c ro p  w ere n o t  u se d  a s  in d e p e n d e n t v a r i a b l e s ,  b e c a u s e  th e y  a r e  s t r o n g ly  

i n t e r r e l a t e d .  The v a r io u s  m u l t ip l e  r e g r e s s i o n  e q u a t io n s  w ere 

c a lc u l a t e d  u s in g  mean e u p h o tic  zone d a ta  o v e r  each  y e a r  a t  e ach

s t a t i o n .
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T a b le  XIX. V a r ia b le s  u se d  f o r  m u l t ip l e  l i n e a r  r e g r e s s io n
a n a ly s i s  o f  c h lo r o p h y l l  a. and t o t a l  p h y to p la n k to n  
s ta n d in g  c ro p s  f o r  1968, 1969 and 1970 , B igho rn  
L ake . * 1 2 3 4

D ependen t v a r i a b l e s :
3

1 . C h lo ro p h y ll  a_ (mg/m )
2

2 .  C h lo ro p h y ll  a. (mg/m )
3

3 . T o ta l  p h y to p la n k to n  s ta n d in g  c ro p  (mm / I )
3 3 24 . T o ta l  p h y to p la n k to n  s ta n d in g  c ro p  (X10 mm /m )

In d e p e n d e n t v a r i a b l e s :

1 . E u p h o tic  zone d e p th  (m)

2 . E x t in c t io n  c o e f f i c i e n t  (k /m )

3. N i t r a t e  n i t r o g e n  (m g/1 NO^-N)

4 . N i t r i t e  n i t r o g e n  (m g/1 N (^-N )

5 .  Ammonia ! .n i t ro g e n  (m g/1 NH^-N)

6 . T o ta l  in o r g a n ic  n i t r o g e n  (m g/1 N)

7 . O r th o -p h o s p h a te  (m g/1 P0” )

8 . O r th o -p h o s p h a te  to  n i t r a t e  n i t r o g e n  r a t i o

9 . T o ta l  i r o n  (m g /l)

10 . M anganese (m g /l Mn++)

. 11 . C opper ( m g / l ■Cu++)

12 . Z in c  (m g /l Zn++)

13. T e m p era tu re  (c )

14 . C o n d u c t iv i ty  (m icrom hos)
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The e q u a t io n  b e s t  e x p r e s s in g  th e  o b s e rv e d  v a r i a t i o n  in  c h lo r o p h y l l

_a on an  a r e a l  b a s i s  d u r in g  th e  s tu d y  i s :
2

C h lo ro p h y ll  a. (mg/m ) =
2

2 4 .2 6  -  95.62N  + 1 .66T  + 0.28K  R = 65% (5 )

w here N = n i t r a t e  n i t r o g e n  (m g /l)
T = temperature (C)
K = conductivity (micromhos)

The m o st s i g n i f i c a n t  v a r i a b l e s ,  in  d e c r e a s in g  o r d e r  o f  s i g n i f i -
s I

cancer, w ere n i t r a t e  n i t r o g e n  ( r  = F0 . 74; P = 0 . 01 ) ,  c o n d u c t iv i ty  ( r  = 

- 0 .6 7 ;  P = 0 .0 1 )  and te m p e ra tu re  ( r  = 0 .5 8 ;  P = 0 .0 5 ) .  T h e r e f o r e ,  i t  

can  b e  shown t h a t  44% (0 .6 7  X 0 .6 5 )  o f  th e  o b s e rv e d  v a r i a t i o n  in  th e  

c a lc u l a t e d  mean p r im a ry  p r o d u c t i v i t y  can  be  a c c o u n te d  f o r  by th e  above 

e n v iro n m e n ta l  v a r i a b l e s .

The e q u a t io n  b e s t  e x p re s s in g  th e  v a r i a t i o n s  o b s e rv e d  f o r  p h y to ­

p la n k to n  s ta n d in g  c ro p  on an a r e a l  b a s i s  i s :

3 3 2
T o ta l  p h y to p la n k to n  s ta n d in g  c ro p  (X10 mm /m ) =

-3 4 .2 4  -  80 .54N  -  4 .30P  + 0 .23R  + 0.03K  R2 = 65% (6 )

w here N = n i t r a t e  n i t r o g e n  (m g /l)
P = o r th o - p h o s p h a te  (m g /l)  ^
R = s o l a r  r a d i a t i o n  (g  c a l/c m  )
K = c o n d u c t iv i t y  (m icrom hos)

The m ost s i g n i f i c a n t  v a r i a b l e s ,  in  d e c re a s in g  o r d e r  o f  s i g n i f i ­

c a n c e , w ere n i t r a t e  n i t r o g e n  ( r  = - 0 .6 7 ;  P = 0 .0 1 ) ,  s o l a r  r a d i a t i o n  

( r  = 0 .6 0 ;  P = 0 .0 1 ) ,  o r th o - p h o s p h a te  ( r  = 0 .5 7 ;  P = 0 .0 5 )  and 

c o n d u c t iv i t y  ( r  = - 0 .4 3 ;  P = 0 .0 5 ) .  P h y to p la n k to n  s ta n d in g  c rop  and
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<L>

th e  above e n v iro n m e n ta l  f a c t o r s  w ould o n ly  a c c o u n t f o r  14% (0 .2 1  X

0 .6 5 )  o f  v a r i a t i o n  in  th e  c a l c u l a t e d  mean p r im a ry  p r o d u c t i v i t y .

V a r ia t io n s  in  c h lo r o p h y l l  ji (mg/m ) o b s e rv e d  d u r in g  th e  c o u rse

o f  th e  s tu d y  a r e  b e s t  e x p re s s e d  by  th e  fo l lo w in g  e q u a t io n :
3

C h lo ro p h y ll  a. (mg/m ) =

1 3 .0 3  -  1 .38E  -  2.48N  + 9 .56P  + 0 .23T  R2 = 93% (7 )

w here E = e u p h o tic  zone d e p th  (m)
N = n i t r a t e  n i t r o g e n  (m g /l)
P = o r th o - p h o s p h a te  (m g /l)
T = te m p e ra tu re  (C)

The m o st s i g n i f i c a n t  v a r i a b l e s ,  in  d e c re a s in g  o r d e r  o f  s i g n i f i ­

c a n c e , w ere e u p h o tic  zone d e p th  ( r  = - 0 .9 4 ;  P = 0 .0 1 ) ,  o r th o - p h o s p h a te  

( r  = 0 .5 9 ;  P = 0 .0 1 ) ,  n i t r a t e  n i t r o g e n  ( r  = 0 .3 8 ;  P = > 0 .0 5 )  and 

te m p e ra tu re  ( r  = 0 .3 2 ;  P = > 0 .0 5 ) .

The e q u a tio n  b e s t  e x p la in in g  th e  o b s e rv e d  v a r i a t i o n s  i n  p h y to ­

p la n k to n  s ta n d in g  c ro p  on a  volum e b a s i s  d u r in g  th e  s tu d y  i s :
3

T o ta l  p h y to p la n k to n  s ta n d in g  c ro p  (mm / I )  =

-1 6 .1 0  -  0 .52E  -  2.65N  + 0 .06R  R2 = 76% ( 8 )

w here E = e u p h o tic  zone d e p th  (m)
N = ammonia n i t r o g e n  (m g /l)  g 
R = s o l a r  r a d i a t i o n  (g  c a l/c m  )

The m ost s i g n i f i c a n t  v a r i a b l e s ,  in  d e c re a s in g  o r d e r  o f  s i g n i f i ­

c a n c e , w ere s o l a r  r a d i a t i o n  ( r  = 0 .6 3 ;  P = 0 -.01 ), e u p h o t ic  zone d e p th  

( r :  = - 0 .5 7 ;  P = 0 .0 5 )  and ammonia n i t r o g e n  ( r  = 0 .3 4 ;  P = > 0 .0 5 ) .
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E q u a tio n s  (7 )  and ( 8 ) p o i n t  o u t  t h a t  l i g h t  a p p e a rs  to  be  th e  

m a jo r  v a r i a b l e  c o n t r o l l i n g  th e  d e n s i ty  o f  o rg a n is m s . I t  i s  a ls o  

a p p a re n t  by  com paring  e q u a t io n s  (5 )  and ( 6 ) w ith  (7 )  and ( 8 ) t h a t  th e  

m easu red  in d e p e n d e n t v a r i a b l e s  a r e  much m ore e f f i c i e n t  p r e d i c t o r s  on 

a  volum e b a s i s  th a n  on  an a r e a l  b a s i s .



DISCUSSION

The c h e m ic a l b u d g e t  o f  th e  m a jo r  io n s  (T a b le  V I I I )  d e m o n s tra te d  

t h a t  t h e r e  was a s l i g h t  d e c re a s e  in  th e  t o t a l  d i s s o lv e d  s o l i d s  

( s a l i n i t y )  a s  th e  w a te r  moved d o w n - r e s e r v o ir .  H en c e , th e  r e s e r v o i r  

was a c t i n g  a s  a  s a l i n i t y  t r a p .  B ecause  o f  th e  e x te n s iv e  deve lopm en t 

o f  i r r i g a t i o n  p r o j e c t s  and r e u s e  o f  w a te r  a lo n g  a s e r i e s  o f  impound­

m e n ts , s a l i n i t y  o f t e n  p o s e s  a  m a jo r  p o l l u t i o n  p ro b le m .

N ee l (1 9 6 3 ) fo und  w ith  th e  im poundm ent o f  th e  M is s o u r i  R iv e r  

by  F o r t  R a n d a ll  Dam, th e  w a te r  q u a l i t y  o f  th e  r e s e r v o i r  was c o n s id e r ­

a b ly  a l t e r e d  by  c a rb o n a te  p r e c i p i t a t i o n ,  r e s u l t i n g  in  th e  in c r e a s e d  

r a t i o  o f  sodium  to  c a lc iu m . In  B ig h o rn  L a k e , th e  above r a t i o  was 

e s s e n t i a l l y  th e  same f o r  th e  w e ig h te d  a v e ra g e  o f  th e  i n f l u e n t  s tre a m s  

v e r s u s  t h a t  o f  th e  r e s e r v o i r  d i s c h a r g e  f o r  b o th  1968 and 1969 . S in c e  

th e s e  r a t i o s  w ere o f  th e  same m a g n itu d e , i t  was c o n c lu d e d  t h a t  b i o ­

g e n ic  p r e c i p i t a t i o n  o f  c a lc iu m  was n o t  e v id e n t .

The e n tr a n c e  o f  f lo o d  w a te rs  i n to  r e s e r v o i r s  c r e a t e s  c u r r e n ts  

w h ich  v a ry  in  m ag n itu d e  due to  th e  p h y s ic a l  and c h e m ica l p a ra m e te rs  

found  in  th e  r e s e r v o i r  (W iebe, 1938, 1939 , 1940, 1941; Lyman, 1944; 

A nderson  and P r i t c h a r d , 1 9 5 1 ) . The 1968 B ig h o rn  Lake d a ta  r e v e a l  ■ 

t h a t  a  t u r b i d i t y  c u r r e n t  was e s t a b l i s h e d  in  th e  r e s e r v o i r  due to  su b ­

s u r f a c e  w ith d ra w a l th ro u g h  th e  pow er p e n s to c k s  ( F ig .  1 9 ) .  The d e v e lo p ­

m ent o f  th e  c u r r e n t  was a t t r i b u t e d  to  th e  e x c e s s iv e  w ith d ra w a l o f  

w a te r  from  th e  r e s e r v o i r  d u r in g  1968 and was th o u g h t  to  e x te n d  m ost 

o f  th e  l e n g th  o f  th e  r e s e r v o i r .  T h is  c u r r e n t  was n o t  d e t e c t a b l e
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d u r in g  th e  1969 and 1970 sa m p lin g  p e r i o d s .

A to n g u e  o f  o r th o - p h o s p h a te  ( F ig .  20 ) and n i t r a t e  n i t r o g e n  

( F ig .  21) r i c h  w a t e r , w h ich  was a s s o c i a te d  w ith  th e  t u r b i d i t y  c u r r e n t ,  

d e v e lo p e d  in  B ig h o rn  Lake a t  s t a t i o n  0 d u r in g  th e  summer and e a r l y  

f a l l  o f  1968 a t  th e  e l e v a t i o n  o f  th e  pow er p e n s to c k .  The d is c h a rg e  

o f  su ch  n u t r i e n t  r i c h  w a te r  sh o u ld  h av e  had  a m arked in f lu e n c e  on 

dow nstream  p r o d u c t io n  (dow nstream  e u t r o p h i c a t i o n ) .  N ee l (1 9 6 3 ) d i s ­

c u s s e s  s e v e r a l  c a s e s  o f  g r e a t l y  in c r e a s e d  dow nstream  p r o d u c t io n  

f o l lo w in g  im poundm ent.

A lso  a t  th e  d e p th  o f  th e  pow er p e n s to c k  d u r in g  1968 , a l a y e r  

o f  w a te r  w i th  minimum oxygen c o n te n t  ( F ig .  22 ) and pH ( F ig ,  23) 

d e v e lo p e d . K i t t r e l l  (1 9 5 9 ) c i t e s  s e v e r a l  c a s e s  in  w h ich  e f f l u e n t s  

o f  low  oxygen  c o n te n t  from  dams h av e  r e s u l t e d  in  p ro b le m s ( i . e . , 

oxygen  c o n c e n t r a t io n s  a r e  low  enough t h a t  dow nstream  b io c h e m ic a l  

oxygen  demand c a n n o t b e  m e t) .

Deep w a te r  w ith d ra w a l in  a  r e s e r v o i r  te n d s  to  d e p le t e  th e  

r e s e r v o i r  sy s te m  o f  n u t r i e n t s  s in c e  th e  e f f l u e n t  w i l l  b e  c a r r y in g  

away th e  n u t r i e n t s  t h a t  w ould o th e r w is e  te n d  to  a c c u m u la te  in  th e  

deep w a te r  o f  a n a t u r a l  la k e  d u r in g  summer s t a g n a t io n  ( R u t t n e r , 1 9 6 3 ). 

H ow ever, f o r  B ig h o rn  Lake i t  h a s  b e e n  shown t h a t  some o f  th e  n u t r i e n t s  

t h a t  e n te r e d  th e  r e s e r v o i r  w ere r e t a i n e d  (T a b le  IX ) . Of th e  t o t a l  

n i t r o g e n  t h a t  e n te r e d  th e  sy s te m , 757= was d i s c h a r g e d .  The l a r g e s t
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i n o r g a n ic  n i t r o g e n  l o s s  was in  ammonia, w h ile  an 11% in c r e a s e  o f  

n i t r a t e  n i t r o g e n  o c c u r r e d .  O nly 14% o f  th e  t o t a l  p h o sp h o ru s  t h a t  

e n te r e d  th e  r e s e r v o i r  was d is c h a r g e d  from  i t .  A 32%. d e c re a s e  in  

o r th o - p h o s p h a te  was o b s e rv e d .

I t  was a p p a re n t  t h a t  when s t r e a m f low s w ere h ig h  f o r  th e  B igho rn  

and S hoshone R iv e r s ,  th e  r e s e r v o i r  was f e r t i l i z e d  w i th  th e  n u t r i e n t s  

■ a sso c ia te d  w ith  th e  su sp en d e d  s e d im e n ts .

Im p o r ta n t  n u t r i e n t s  in  many n a t u r a l  w a te rs  a r e  o f t e n  l i m i t i n g  

to  p h y to p la n k to n  p r o d u c t io n  (H u tc h in s o n , 1957; Fogg, 1965; Lund e t  

a l . , 1 9 6 3 ) . V a r io u s  w o rk e rs  h av e  d i s c u s s e d  th e  c o n c e n t r a t io n s  o f  

n i t r o g e n  and p h o sp h o ru s  t h a t  a re  n e e d ed  f o r  an a l g a l  b loom . The 

N a t io n a l  T e c h n ic a l  A d v iso ry  C om m ittee on W ater Q u a l i ty  (A n o n ., 1968) 

s u g g e s ts  t h a t  a c o n c e n t r a t io n  o f  a t  l e a s t  0 .015  mg/1 o f  p h o sp h o ru s  i s  

n e c e s s a r y  f o r  a l g a l  g ro w th . H u tc h in so n  (1957 ) s t a t e s  t h a t  A s t e r i o n e l I a  

can  ta k e  up p h o sp h o ru s  w here i t  i s  p r e s e n t  a t  l e s s  th a n  0.001  m g/1 . 

M ackenthun (1 9 6 5 ) showed t h a t  n u is a n c e  bloom s o f  a lg a e  may be e x p e c te d  

when in o r g a n ic  p h o s p h a te  and n i t r o g e n  r e a c h  a v e ra g e  c o n c e n t r a t io n s  

e x c e e d in g  0 . Ol mg/1 and 0 .3 0  m g /1 , r e s p e c t i v e l y .  W rig h t (u n p u b lis h e d  

d a ta )  found  from  h i s  s tu d i e s  on Canyon F e r ry  R e s e r v o i r ,  M ontana, t h a t  

a l a r g e  i n c r e a s e  in  p h o s p h a te  r e s u l t e d  in  a s t r i k i n g l y  l a r g e  in c r e a s e  

in  b lu e - g r e e n  p o p u l a t io n s .  The above l e v e l s  f o r  n i t r o g e n  and 

p h o s p h a te  w ere u s u a l l y  ex ceed ed  a t  a l l  s t a t i o n s  o f  B ig h o rn  Lake and
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w ere n o t  c o n s id e re d  l i m i t i n g  to  a l g a l  g ro w th ,

W r ig h t . (1 9 6 0 ) s u g g e s te d  c a rb o n  d io x id e  to  be  l i m i t i n g  in  r e s e r ­

v o i r s  d u r in g  d e n se  p h y to p la n k to n  b loom s- T a i l i n g  (1 9 6 0 b ) found l i t t l e  

r e d u c t io n  o f  th e  n u t r i e n t  in  r e l a t i o n  to  n a t u r a l  r a t e s  o f  p h o to ­

s y n t h e s i s .  Lewin (1 9 6 2 ) d i s c u s s e s  v a r io u s  o t h e r  e le m e n ts  ( e . g . , i r o n ,  

m anganese -.vetcic.)'. and t h e i r  im p o rta n c e  to  p h y to p la n k to n  p r o d u c t i v i t y  

I n  g e n e r a l ,  th e  c o n c e n t r a t io n  o f  t h e s e  n u t r i e n t s  in  B ig h o rn  Lake a re  

h ig h  enough to  b e  c o n s id e re d  n o n - l i m i t i n g .

The s te a d y  d e p le t i o n  o f  n u t r i e n t s  from  th e  e p i l im n io n  d u r in g  th e  

summer le a v e s tw o  a l t e r n a t i v e s  o f  r e p le n is h m e n t  o f  n u t r i e n t s  f o r  

c o n tin u e d  a l g a l  g ro w th : ( I )  n u t r i e n t s  m ust b e  added from  e x te r n a l  

s o u rc e s  o r  ( 2 ) th e  n u t r i e n t s  p r e s e n t  m u st b e  r a p i d l y  r e c y c le d .

T h e re  was an o r th o - p h o s p h a te  d e p le t io n  o f  th e  s u r f a c e  w a te rs  o f  

th e  r e s e r v o i r  from  May to  A ugust d u r in g  th e  1968 sa m p lin g  p e r io d s  a t  

s t a t i o n  0 ( F ig .  2 0 ) .  T h is  l o s s  o f  p h o s p h a te  was a t t r i b u t e d  to  u p ta k e  

by p h y to p la n k to n .  .S l i g h t l y  in c r e a s e d  c o n c e n t r a t io n s  o f  p h o sp h a te  in  

th e  s u r f a c e  w a te rs  d u r in g  A ugust and S ep tem ber w ere a s s o c i a te d  w ith  

low  c o n d u c tiv e  w a te r  t h a t  o r i g i n a t e d  from  th e  h ig h  f lo w  c o n d i t io n s  

in  J u n e . The l e v e l s  o f  p h o s p h a te  o b s e rv e d  d u r in g  th e  p e r io d  o f  

d e p le t io n  w ere s t i l l  above th e  m in im al l e v e l s  d e s c r ib e d  b y  th e  

l i t e r a t u r e  to  b e  l i m i t i n g .
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E p i l lm n e t ic  p h o s p h a te  r e g e n e r a t io n  h a s  a ls o  b e e n  shown to  be 

m e d ia te d  by  z o o p la n k to n . B arlow  and B ishop  (1965 ) showed t h a t  D aphnia 

l i b e r a t e d  a b o u t 80% o f  th e  a s s i m i l a t e d  p h o sp h o ru s  b ack  i n to  th e  

e p i l im n io n  d u r in g  a p e r io d  o f  s t r o n g  s t r a t i f i c a t i o n .  E n v iro n m e n ta l 

c o n d i t io n s ’ ( e . g . , te m p e ra tu re )  w ould a f f e c t  th e  r a t e  o f  su ch  a r e ­

c y c l in g  p r o c e s s .  Pom eroy a t  a l . (1 9 6 3 ) found tu r n o v e r  t im e s  f o r  

t o t a l  p h o sp h o ru s  a s  low  a s  e ig h t  d a y s .

I n  c o n t r a s t  to  o r th o - p h o s p h a te  t h e r e  was no d e c l in e  in  n i t r a t e  

n i t r o g e n  in  th e  e u p h o t ic  zone ( F ig .  2 1 ) ;  i n s t e a d , c o n c e n t r a t io n s  

in c r e a s e d  d u r in g  S ep tem b er and O c to b e r  o f  1968 , w hich  c o rre s p o n d s  

to  a p e r io d  o f  maximum d ev e lo p m en t o f  b lu e - g r e e n s .

D ugdale  and D ugdale  (1 9 6 2 ) hav e  s t r e s s e d  th e  im p o r ta n c e  o f  

n i t r o g e n  f i x a t i o n  in  th e  o v e r a l l  n i t r o g e n  m e ta b o lism  o f  f r e s h -  

w a te r s .  M ost w o rk e rs  a g re e  t h a t  s p e c ie s  o f  A nabaena a r e  th e  p r in - i  

c i p l e  n i t r o g e n  f i x e r s  i n  th e  p h y to p la n k to n  com m unity. H ow ever, o th e r  

a u th o r s  ( K r a u s s , 1958; Saw yer and F e r u l l o , 1961) have  r e p o r t e d  f i x ­

a t i o n  o f  n i t r o g e n  by  A phanizom enon, w h ich  co m p rised  th e  l a r g e s t  s ta n d ­

in g  c ro p  o f  th e  b lu e - g r e e n  g roup in  B ig h o rn  L ake.

R y th e r  (1956b ) and Edmondson (1 9 5 6 ) have  b o th  s t r e s s e d  th e  

im p o r ta n c e  o f  s u n l i g h t  a s  a  l i m i t i n g  f a c t o r  to  p h y to p la n k to n  p r o ­

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

to  i n c r e a s e  th e  s ta n d in g  c ro p  o f  p h y to p la n k to n  assum ing  o th e r
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e n v iro n m e n ta l  f a c t o r s  a r e  n o t  l i m i t i n g .
3

C h lo ro p h y ll  a. (mg/m ) and t o t a l  p h y to p la n k to n  s ta n d in g  c ro p s  
3

(mm / I )  f o r  B ig h o rn  Lake d e c re a s e d  from  s t a t i o n s  5 to  0 . How ever,

r e f e r e n c e  to  F ig u re  13 shows t h a t  w a te r  c l a r i t y  in c r e a s e d  down-

r e s e r v o i r  a s  th e  r e s u l t  o f  th e  s e t t l i n g  o u t  o f  s i l t .  T h e re fo re  th e

e f f e c t i v e  d e p th s  a t  w hich  p h o to s y n th e s is  co u ld  o c c u r  in c r e a s e d  down-

r e s e r v o i r .  The p i c t u r e  i s  a l t e r e d  when a c c o u n t i s  ta k e n  o f  t h i s

f a c t o r ,  and c h lo r o p h y l l  a. and p h y to p la n k to n  s ta n d in g  c ro p  a r e

e x p re s s e d  a s  th e  c o n c e n t r a t io n s  and volum es u n d e r a s q u a re  m e te r  o f

r e s e r v o i r  s u r f a c e  to  a  d e p th  a t  w hich  l i g h t  i s  s u f f i c i e n t  f o r  p h o to -
2

s y n t h e s i s .  T a b le  X V III shows i f  c h lo r o p h y l l  a. (mg/m ) and p h y to ­

p la n k to n  s ta n d in g  c ro p s  (XlO^ mm^/m^) a r e  e x p re s s e d  on  a a r e a l  b a s i s ,  

th e n  th e  two m ea su res  o f  th e  p h y to p la n k to n  comm unity in c r e a s e d  down- 

r e s e r v o i r  and a t t a i n e d  maximums b e tw een  s t a t i o n s  I  an|d 3 . More

• e f f e c t iv e  l i g h t  p e n e t r a t i o n , i s  o b v io u s ly  im p o r ta n t  to  th e  e x p la n a t io n
2

o f  t h i s  s i t u a t i o n .  The lo w er c h lo r o p h y l l  a. (mg/m ) and p h y to p la n k to n
3 3 2

s ta n d in g  c ro p s  (X10 mm /m ) a t  s t a t i o n s  I  and 0 f o r  1968 and 1969,

and s t a t i o n  0 f o r  1970 c a n p o t b e  e x p la in e d  in  t h i s  m anner s in c e  t h e ■

w a te r  was m ore t r a n s p a r e n t  ( F ig .  1 4 ) .

When n u t r i e n t  c o n d i t io n s  f o r  a l l  t h r e e  y e a r s  a r e  com pared w ith
2

th e  e u p h o t ic  zone c h lo r o p h y l l  a. c o n c e n t r a t io n s  (mg/m ) ,  i t  w i l l  b e  

n o te d  t h a t  t o t a l  in o r g a n ic  n i t r o g e n  and o r th o - p h o s p h a te  c o n c e n t r a t io n s
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( T a b le ■XIV) a r e  g r e a t e s t  a t  th e  u p p e r  end o f  th e  r e s e r v o i r ,  b u t  no 

s i g n i f i c a n t  d i f f e r e n c e  was found  b e tw e en  s t a t i o n s  2 , I  o r  0 to  e x p la in  

th e  d e c re a s e  in  c h lo r o p h y l l  zi (mg/m ) a t  th e  l a t t e r  two s t a t i o n s »

. Z o o p la n k to n  d e n s i t i e s  m ust b e  c o n s id e re d  a s  an  ( im p o rta n t i n f l u ­

en ce  on p h y to p la n k to n  s ta n d in g  c ro p s  and th u s  c h lo r o p h y l l  a. concen­

t r a t i o n s ,  and may b e  th e  f a c t o r  r e s p o n s i b le  f o r  th e  lo w e r p h y to p la n k ­

to n  p r o d u c t io n  a t  s t a t i o n s  I  and O= W rig h t (1 9 5 4 , 1958 , 1965) and 

many o t h e r  w o rk e rs  (A nderson  e t  a l . , 1955; C om ita and A n d erso n , 1959; 

Edmondson e t  a l . , 1962 ; R ichm an, 1966) hav e  found  d e c l i n e s  in  p h y to ­

p la n k to n  s ta n d in g  c ro p s  due to  heav y  p r e d a t io n  by  z o o p la n k to n . How­

e v e r ,  Edmondson (1 9 6 2 , 1965) d e m o n s tra te d  t h a t  z o o p la n k to n  p r e f e r r e d  

th e  m ic ro p la n k to n  p o r t i o n  o f  th e  s ta n d in g  c ro p . Tappa (1 9 6 5 ) h as  

shown t h a t  D aphnia  e x h i b i t s  a  d e g re e  o f  fo o d  s e l e c t i v i t y .

I t  i s  q u i t e  p o s s i b l e  t h a t  o rg a n ism s  su ch  a s  C ryp tom onas, 

Rhodomonas and o t h e r  m ic ro p la n k to n  w ould b e  h e a v i ly  g ra z e d  a s  food  

s p e c ie s  i n  B ig h o rn  L ak e . The food  v a lu e  o f  su ch  o rg a n ism s  a s  

A phanizom enon w hich  c o m p rise  th e  b u lk  o f  th e  p h y to p la n k to n  s ta n d in g  

c ro p  in . l a t e  summer and e a r l y  f a l l ,  i s  q u e s t i o n a b le .  K nu tson  (1970 ) 

showed t h a t  D aphn ia  num bers w ere h ig h  d u r in g  a lm o s t u n i - a l g a l  bloom s 

o f  A phanizom enon and c o n c lu d e d  t h a t  D aphn ia  w ere g r a z in g  upon t h i s  

b lu e ^ g r e e n  a lg a .  He a l s o  p o in te d  o u t  t h a t  th e  f r e q u e n t  p e r io d s  o f  

l a r g e  r o t t i n g  s ta n d s  o f  A phanizom enon w ould i n v i t e  th e  g ro w th  o f
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p ro to z o a n s  and b a c t e r i a  w h ich  c o u ld  s e rv e  a s  fo o d .

B lu e -g re e n  a lg a e  a r e  o f t e n  th e  d o m in an t a lg a e  in  e u t r o p h ic  l a k e s ,  

p ro b a b ly  b e c a u se  th e y  a r e  f r e e  from  g r a z in g  by  z o o p la n k te r s  (Lund, 

1 9 6 9 ) . A phanizom enon c o m p rised  a b o u t 70% o f  th e  t o t a l  p h y to p la n k to n  

volum e d u r in g  th e  l a t e  summer and e a r l y  f a l l  in  B ig h o rn  L ake . L arge  

s ta n d s  o f  t h i s  b lu e - g r e e n  hav e  b e e n  re c o rd e d  f o r  o t h e r  e u t r o p h ic  

la k e s  (Hammer, 1964; H rb a e c k , 1964; M a r t in ,  1967; O liv e  ^ t  a l . ,  1 9 6 9 ).

As th e  c o n c e n t r a t io n  o f  a l g a l  c e l l s  i n c r e a s e s ,  l i g h t  p e n e t r a t i o n  

d e c r e a s e s ,  so t h a t  th e  phy to p l a n k t e r s  become s e l f - s h a d i n g .  In v e r s e  

c o r r e l a t i o n s  b e tw e en  p la n k to n  d e n s i t y  and l i g h t  p e n e t r a t i o n  have 

b een  d e s c r ib e d  (F ogg , 1965; J a v o r n ic k y , 1 9 6 6 ) , b u t  i n  th e  f i e l d  i t  i s  

u s u a l l y  d i f f i c u l t  to  e s t a b l i s h  th e  d i r e c t  c a u s a l  r e l a t i o n s h i p s  due to  

unknown! e f f e c t s  o f  d e t r i t u s  and o t h e r  n o n - a lg a l  form s o f  t u r b i d i t y .  

T a i l i n g  (1 9 6 0 a ) h o w e v e r, h a s  r e p o r te d  a  c a se  o f  s e l f - s h a d i n g  in  a  f i e l d  

s tu d y  o f  a n .A s t e r i o n e l l a  p o p u la t io n .  The a p p e a ra n c e  o f  Aphanizom enon 

in  B ig h o rn  Lake may have  l im i t e d  th e  g row th  o f  o t h e r  a lg a e ,  p a r t i c u ­

l a r l y  M e lo s ira  g r a n u l a t a , . F r a g i l a r i a  c r o to n e n s i s  and S te p h a n o d is c u s  

n ia g a r a e  ( F ig s .  2 6 , 27 and 28) due to  i t s  c h a r a c t e r i s t i c  w aterb loom  

and r e s u l t i n g  s h a d in g  e f f e c t  (V e rd u in , 1 9 5 1 ).

T e m p era tu re  i s  c o n s id e re d  to  b e  a  c a u s a t iv e  a g e n t  o f  p h y to p la n k ­

to n  s u c c e s s io n .  D i f f e r e n t  s p e c ie s  may p re d o m in a te  a t  d i f f e r e n t  t im e s  

b e c a u s e  o f  th e  i n t e r a c t i o n  b e tw een  p r e v a i l i n g  te m p e ra tu re  and o th e r  '
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e n v iro n m e n ta l  f a c t o r s .  A phanizom enon d ev e lo p m en t in  B ig h o rn  Lake 

s t a r t e d  w h ile  w a te r  te m p e ra tu re s  w ere a b o u t 18 C, w i th  b loom s a p p e a r ­

in g  s h o r t l y  t h e r e a f t e r .  M ost o f  th e  summer bloom s o c c u r r e d  a t  w a te r  

te m p e ra tu re s  o f  20 to  25 C , w hich  was c lo s e  to  th e  te m p e ra tu re  ran g e  

f o r  A phanizom enon1w ate rb lo o m s in  s e v e r a l  C anad ian  la k e s  (Hammer,

1 9 6 4 ) .

N u t r i e n t  c o n c e n t r a t io n s  n o t  o n ly  a f f e c t  t o t a l  p h y to p la n k to n  

p r o d u c t i v i t y , b u t  a ls o  th e  s p e c ie s  c o m p o s itio n  o f  th e  p h y to p la n k to n  

com m unity. The s e a s o n a l  s u c c e s s io n  o f  p h y to p la n k to n  c a n n o t be  

e n t i r e l y  r e l a t e d  to  th e  c o n c e n t r a t io n  o f  a  s in g l e  in o r g a n ic  n u t r i e n t  

n o r  to  any c o m b in a tio n  o f  n u t r i e n t s .  H ow ever, th e  o c c u r r e n c e  o f  

d ia to m s  u s u a l l y  c o i n s i d e s  w ith  h ig h e r  l e v e l s  o f  n u t r i e n t s  p r e s e n t  in  

th e  s p r i n g .  The p o s i t i o n  o f  th e  b lu e - g r e e n s  in  th e  s u c c e s s io n s !  

p a t t e r n  i s  u s u a l l y  accom panied  by  low  l e v e l s  o f  n i t r a t e  n i t r o g e n  and / 

o r  h ig h  p h o s p h a te  to  n i t r a t e  r a t i o  (H u tc h in s o n , 1 9 6 7 ).

. The s p r in g  p h y to p la n k to n  p e a k s  w ere do m in a ted  by F r a g i l a r i a  

c r o t o n e n s i s , A s t e r i o n e l l a  fo rm o s a , M e lo s ira  i t a l i c s  and Rhodomonas 

l a c u s t r i s . The s u c c e s s io n s !  p a t t e r n  f o r  m ost o f  th e  above o rg an ism s 

(F ig s i ' 2 6 , 27 and 28 ) was s im i l a r  to  w hat Lund (1 9 6 5 ) o b s e rv e d  f o r  th e  

s u c c e s s io n  o f  a lg a e  in  W inderm ere L ak e .

P r e d ic t e d  p r im a ry  p r o d u c t i v i t y  v a lu e s  f l u c t u a t e d  g r e a t l y  from  

day to  day w ith  p eak  p r o d u c t io n  r a t e s  o c c u r r in g  d u r in g  th e  summer
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m o n th s . T hese  s h o r t  t im e  v a r i a t i o n s  o f  p r o d u c t io n  a r e  p e rh a p s  n o t  

o n ly  th e  r e s u l t  o f  d a i l y  i n s o l a t i o n  ch an g es b u t  a ls o  th e  q u a n t i ty  and 

q u a l i t y  o f  th e  p h y to p la n k to n  s ta n d in g  c ro p  and i t s  h o r i z o n t a l  d i s t r i ­

b u t io n  in  th e  r e s e r v o i r .  (R hode , 1 9 5 8 ) . B ig h o rn  Lake i s  m o d e ra te ly  

p r o d u c t iv e  w ith  c a l c u l a t e d  mean d a i l y  n e t :  p r im a ry  p r o d u c t i v i t y  v a lu e s  

o f  1 .3 6  g O g/m ^/day , 1 .4 6  g O g/m ^/day and 3 .7 8  g C ^/m ^/day f o r  1968,

1969 and 1970, r e s p e c t i v e l y .  M ost o f  th e  above p r o d u c t i v i t y  r a t e s

2a r e  low  when com pared to  o t h e r  e u t r o p h ic  l a k e s : 3 .0  g O^/m /d a y  in

2Canyon F e r ry  R e s e r v o i r ,  M ontana (W rig h t, 1 9 6 5 ) , 6 .9  g Og/m /d a y

d u r in g  th e  summer in  w e s te rn  Lake E r ie  (V erduL n, 1 9 5 6 ) . U npro-
2

d u c t iv e  w a te r s  y ie ld e d  v a lu e s  l e s s  th a n  0 .3  g Og/m /d a y  and th e  m ost
2

p r o d u c t iv e  s a l i n e  and f r e s h  w a te r s  may y i e l d  1 .3  to  8 .0  g Og/m / day

(S te e m a n -N ie ls e n , .1954 ; R hode, 1 9 5 8 ) . Rhode (1 9 5 8 ) a r b i t r a r i l y
2

c o n s id e re d  d a i l y  p r o d u c t io n  r a t e s  o f  a b o u t 0 .3  g Og/m /d a y , a s  th e

d iv id in g  p o i n t  b e tw een  o l i g o t r o p h i c  and e u t r o p h ic  l a k e s .

The r e l a t i o n s h i p  o f  c h lo r o p h y l l  a. c o n c e n t r a t io n  to  c e l l  volum e -
3

was shown to  b e  a b o u t 3 .4  pg c h lo r o p h y l l  a./ 1 . 0  mm o f  a l g a l  c e l l s  f o r

a l l  d a t a .  A ra n g e  o f  v a lu e s  d e r iv e d  from  th e  l i t e r a t u r e  i s  0 .5
3

( S t r i c k l a n d ,  1960) to  7 .6  pg  c h lo r o p h y l l  a./mm o f  c e l l s  (C u sh in g , 

1 9 5 8 ) .



SUMMARY

B ig h o rn  L a k e , an im poundm ent o f  th e  B ig h o rn  R iv e r ,  h a s  a maximum

7 3u s e a b le  c a p a c i ty  o f  169 X 10 ,"m ( 1 ,3 7 5 ,0 0 0  a c r e - f t )  and a  s u r f a c e

5 2a r e a  o f  700 X 10 'm (1 7 ,2 9 8  a c r e s ) .  The p r i n c i p a l  p u rp o s e s  o f  th e  

r e s e r v o i r  a r e  f lo o d  c o n t r o l ,  pow er p r o d u c t io n ,  i r r i g a t i o n  and 

r e c r e a t i o n .

The r e s e r v o i r  becam e th e r m a l ly  s t r a t i f i e d  f o r  a l l  t h r e e  y e a r s  o f  

th e  s tu d y .  S u r fa c e  w a te r  te m p e ra tu re s  w ere g r e a t e r  th a n  20 C in  l a t e  

J u ly  and A u g u s t, B ig h o rn  Lake a c q u ir e d  an  i c e  c o v e r  f o r  a p e r io d  o f  

a p p ro x im a te ly  60 d ay s  in  1969. The s p r in g  warming p r o c e s s  began  in  

th e  u p p e r  end o f  th e  r e s e r v o i r  and advanced  tow ard  th e  dam and to  

g r e a t e r  d e p th s  a s  th e  s e a s o n  p r o g r e s s e d .  The d ev e lo p m en t o f  a 

d i s t i n c t  th e rm o c l in e  f o r  any g iv e n  y e a r  o f  th e  s tu d y  was n o t  d e t e c t - 1 

a b le .

C o n d u c t iv i ty  ra n g e d  from  430 to  1 ,6 2 8  m icrom hos. D if f e r e n c e s  in  

c o n d u c t iv i t y  by  s e a s o n  and l o c a t io n  a r e  d e p ic te d  f o r  th e  1968 sam p lin g  

p e r i ’p d s .  R e s e r v o i r  r e g u l a t i o n  d e la y e d  n o rm al t r e n d s  in  c o n d u c t iv i t y .  

W ater o f  m in im al c o n d u c ta n c e  ( s a l i n i t y )  was d is c h a r g e d  from  th e  dam 

b e tw een  J u ly  and S e p tem b e r, w hich  c o rre s p o n d s  to  th e  p e r io d s  o f  heavy  

dow nstream  i r r i g a t i o n .

C a lc iu m , sod ium , s u l f a t e  and b i c a r b o n a te  a r e  th e  m o st common 

c o n s t i t u e n t s  o f  th e  d i s s o lv e d  s o l i d s  p r e s e n t  in  B ig h o rn  L ake . P h o to -  

s y n th e t iq  r e d u c t io n  o f  a l k a l i n i t y  was n o t  d e te c te d .
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A t u r b i d i t y  c u r r e n t  was e s t a b l i s h e d  a t  th e  d e p th  o f  th e  power 

p e n s to c k  d u r in g  1968 . N i t r a t e  n i t r o g e n  and o r th o - p h o s p h a te  maxima 

as  w e l l  a s  th e  oxygen  and pH m inim a w ere a s s o c i a te d  w ith  th e  above 

t u r b i d i t y  c u r r e n t .

T u r b i d i t i e s  w ere d r a s t i c a l l y  r e d u c e d ? th u s  im p ro v in g  w a te r  

q u a l i t y .  A c o m p ariso n  o f  th e  mean t u r b i d i t i e s  f o r  th e  B ig h o rn  and 

Shoshone R iv e rs  w i th  t h a t  o f  th e  r e s e r v o i r  d is c h a r g e  d u r in g  th e  s tu d y  

r e v e a l s  a p p ro x im a te ly  a  6 0 - f o ld  d e c r e a s e .  E u p h o tic  zone d e p th  a v e r ­

aged  I  m a t  s t a t i o n  5 , b u t  re a c h e d  10 m n e a r  th e  dam.

I t  was a p p a re n t  t h a t  B ig h o rn  Lake was f e r t i l i z e d  w ith  n u t r i e n t s  

from  th e  m a jo r  t r i b u t a r i e s .  The r e l a t i o n s h i p s  o f  c o n d u c t iv i t y ,  

t u r b i d i t y ,  n i t r o g e n  and  p h o s p h a te  to  th e  r a t e  o f  t r i b u t a r y  f lo w  have 

been  exam ined . I t  d o es  n o t  a p p e a r  t h a t  any o f  th e  d e te rm in e d  

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

r e s e r v o i r .

.Maximum p h y to p la n k to n  volum es w ere found  in  th e  s p r in g  and e a r l y  

summer m o n th s . A d e f i n i t e  a l g a l  s u c c e s s io n  p a t t e r n  was e s t a b l i s h e d  

f o r  a l l  t h r e e  y e a r s .  P h y to p la n k to n  volum es in c r e a s e d  from  th e  dam to  

th e  u p p e r  end o f  B ig h o rn  L ake .

C om parison  o f  sam p lin g  p e r io d s  ( J u n e -S ep te m b er)  common to  a l l  

y e a r s  o f  th e  s tu d y  showed t h a t  th e  e s t im a te d  n e t  p r im a ry  p ro d u c t io n  

in c r e a s e d  84% in  1970 o v e r  1968» The above in c r e a s e  in  p r o d u c t i v i t y
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r e l a t e d  w e l l  w i th  th e  44% in c r e a s e  o f  mean t o t a l  p h y to p la n k to n  s ta n d -  

3 2in g  c ro p  (mm /m ) in  .1970 o v e r  1968 a s  w e l l  a s  th e  49% in c r e a s e  in
2

mean c h lo r o p h y l l  a. c o n c e n t r a t io n s  (mg/m ) in  1970 and 33% in c r e a s e
2

in  mean p h y to p la n k to n  b io m ass  (g /m  ) .



APPENDICES
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T a b le  XX. T e m p e ra tu re s  (C) f o r  th e  i n f l u e n t  and e f f l u e n t
w a te r s  o f  B ig h o rn  Lake d u r in g  1968 and 1969 
sa m p lin g  p e r i o d s .

D ate

1968 1969

P ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e  D ate

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D isc h a rg e

2/22 0 .0 5 .0 1.8 I /  3 4 .5
3 / 7 5 .0 6 .3 1.8 1 /18 0 .4 3 .0
3 /2 8 1 8 .0 1 9 .0 . 1 4 .7 2 /  I 0 . 3 4 .0
4 /1 1 10 .0 10 .0 3 .5 2 /1 5 3 . 0 2 .9
5 /  4 11.8 1 0 .9 3 / I 4 .3 3 .0
5 /1 8 3 /1 7 5 .7 5 .0 3 .3
6 /  I 1 4 .2 1 4 .7 5 .0 3 /3 1 9 .8 9 .7 2 . 8
6 /1 2 1 4 .6 1 9 .0 4 /  7 11.6 9 . 6 2.2
6 /2 4 1 5 .4 1 6 .8 4 /1 4 14 .5 1 3 .0 2 .2
7/15 2 1 .4 2 3 .5 1 3 .6 4 / 2 1 14 .5 1 4 .5 3 .1
8 /  I 1 9 .0 2 1 .3 1 5 .0 4 / 2 8 1 1 .4 1 3 .9 3 .9
8 /1 9 5 /  5 1 7 .3 1 7 .1 3 .4
9 / 2 3 1 6 .2 5 /1 2 1 8 .0 1 9 .0 4 . 2

10 / 7 5 /2 2 1 5 .7 1 7 .4 6 .0
10/19 7 .7 7 .0 1 3 .9 5 / 2 8 1 6 .0 1 5 .6 4 .5
11 / 9 5 .2 5 .0 10.1 6 /  3 1 9 .9 2 0 .0 6 .7
1 1 /23 8 .5 8 .5 8 .2 6/10 1 6 .3 1 3 .0 5 .3
1 2 / 7 0 .5 0 .5 8 .0 6 /1 7 1 9 .0 1 7 .8 4 . 8
12/20 0 .0 6 .3 6 / 2 4 1 8 .0 1 5 .5 5 .2

7 / I 1 8 .0 1 7 .2 6 . 3
7/ 8 2 0 .3 1 7 .3 6 .7
7 /1 4 2 3 .7 1 9 .6 7C0
7 /21 2 2 .8 1 9 .0  • 9 .7
7 /2 9 2 3 .6 1 9 .9 10 .5
8 /  5 2 8 .2 2 5 .0  .
8/11 2 6 .1 2 1 .7 1 0 .3
8 / 1 8 2 2 . 0 1 8 .0

I
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T a b le  XXX. C o n d u c t iv i t i e s  (m icro jnhos) a t  25 C f o r  th e  i n f l u e n t
and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake d u r in g  1968 and 
1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D isc h a rg e

2 /2 2 880 1312 932
3 / 7 971 825 907
3 / 2 8 878 868 859
4 /1 1 950 843 859
5 /  4 924 1141 917
5 /1 8 840 1305 910
6 /  I 413 1240 923
6/12 673 1121 914
6 /2 4 412 844
7/15 842 1684 829
8/11 726
8 /1 9 830 949 669
9 /2 3

1 0 / 7 1125 984 932
10/19 907 974 915
11/ 9 920 951 910
1 1 /23 894 1100 851
1 2 / 7 937 871 877
12/20 818 881

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D isc h a rg e

I /  3 891
1 /1 8 935 881
2 /  I 869 923
2 /1 5 962 955
3 / I 832 868
3 /1 7 856 863 860
3 /3 1 1035 799 870
4 /  7 913 739 919
4 /1 4 895 696 969
4 /2 1 865 768 971
4 / 2 8 736 926 933
5 /  5 664 877 887
5 /1 2 489 1190 871
5 /2 2 605 1027 926
5 /2 8 427 876 875
6 /  3 822 1047 840
6/10 638 937 844
6 / 1 7 815 835 887
6 /2 4 783 1043 918
7 / I 591 662 926
7 / 8 603 507 768
7 /1 4 755 958 692
7 /21 998 1315 903
7 /2 9 1098 1290 919
8 /  5 1109 1116 749
8/11 1247 1186 826
8 /1 8 1227 1213 806
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T a b le  X X II. C a lc ium  c o n c e n t r a t io n s  (m eq/1 Ca++) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake 
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  -Shoshone B ig h o rn  Shoshone
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e  D ate  I n f l u e n t  I n f l u e n t  D isc h a rg e

2 /2 2 3 .3 4 6.02 4 .3 8
3 / 7 4 .1 7 5 .9 6 4 .1 8
3 /2 8 4 .0 0 3 .9 8 3 .9 3
4 /1 1 3 .9 5 3 .7 6 3 .7 4
5 / 4 4 . 0 3 3 .6 0 3 .7 6
5 /1 8 3 .6 8 3 .9 9 4 .0 7
6 /  I 3 .7 1 6.02 4 .5 8
6/12 3 .6 0 5 .3 5 4 .3 2
6 / 2 4 2 .4 0 6 .9 6 4 .9 8
7/15 3 .9 9 7 .6 2 3 .6 8
8 /  I 4 .2 0 7 .4 5 3 .1 6
8 /1 9 1 .4 5 1 .4 0 2 . 0 0
9 / 2 3 4 .0 9 4 .0 7 3 .5 9

10 /  7 4 . 6 6 3 .8 0 3 .8 6
10/19 3 .2 5 3 .8 0 3 .8 0
11/ 9 3 .7 8 3 .8 8 3 .5 6
1 1 /2 3 3 .7 2 4 .8 0 3 .6 3
1 2 / 7 3 .8 1 4 . 2 8 3 .5 7
12/20 3 .6 6 3 .7 7

I /  3 3 .58
1 /1 8 4 .6 2 4 .0 5
2 /  I 4 .4 8 3 .6 8
2 /1 5 4 .4 0 4 .0 1
3 / I 4 .2 0 3.-88
3 /1 7 5 .4 8 4 .1 6 4 .0 0
3 /3 1 3 .55 3 .5 0 3 .76
4 /  7 3 .7 0 1 .8 2 2 .8 8
4 /1 4 4 .7 0 3 .8 4 4 .0 4
4 /2 1 . 3 .6 4 3 .8 8 4 .0 4
4 /2 8 3 .0 0  . 3 .1 0 4 .0 0
5 / 5 2 .6 4 3 .2 9 3 .6 0
5 /1 2 2 .0 8 . 4 . 2 8 • 3 .66
5 /2 2 2 .3 7 3 .6 3 3 .65
5 / 2 8 2.22 3 .3 7 4 .4 3
6 /  3 3 .4 0 3 .8 4 3 .75
6/10 2 .6 7 3 .4 4 3 .4 0
6 /1 7  . 4 .3 9 3L76 4 .3 1
6 / 2 4 2 .9 2 3 .7 4 3 .8 0
7/ I 2 .3 6 2 .4 8 3 .72
7 / 8 2 .4 1 2 .0 3 3 .0 5
7 /1 4 3 .2 4 3 .5 3 3.-80
7/ 2 1 . 3 .8 5 4 .6 5 3 .6 8
7 /29  . 3 .6 0 4 . 6 7 3 .6 4
8 /  5 3 .9 3 4 .0 7 2 .9 7
8/11 4 .4 6 4 .4 4 3 .3 0
8 /1 8 4 .7 5 4 .6 5 3 .52
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T a b le  X X III. M agnesium  c o n c e n t r a t io n s  (m eq/1 Mg++) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake d u r in g
1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone B ig h o rn  Shoshone
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e  D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e

2 /22 2.32 3 .3 7 2;23
3/ I 2 .0 7 2.98 2 .0 0
3/28 1 .8 8 2 .1 4 2 .1 3
4 /1 1 2 .3 7 2 .1 3 2 .0 3
5 /  4 2 .1 8 3.-84 2 .0 2
5 /1 8 1 .6 7 2.82 0 .9 1
6 /  I 0 .5 5 3 .4 2 1 .97
6 /12 0 .4 9 1 .5 3 2 .0 0
6 /2 4 5 .1 7 3 .32 2 .6 0
7/15 1 .6 4 1 .3 4 2 .2 2
8 /  I 2 .0 4 2 .2 7 1 .15
8 /19 1 .52 1 .6 4 0 .9 6
9 /2 3 2 .1 0 2 .0 7 1 .66

10/ 7 2 .3 0 2 .2 0 ' 1 .3 8
10/19 2 .5 2 2.28 2.00
11/ 9 1 .99 2 .0 4 1 .9 4
11 /23 2.22 2 .8 0 2 .0 1
12/ 7 2 .0 3 2 .1 6 2 .0 3
1 2 /20 1 .72 1 .99

I /  3 
1 /18 2 .0 2  .

2 .3 6
1 .57

2 /  I 1 .6 4 2 .2 4
2 /15 0 .9 6 1 .96
3 /  I 2 .0 0 1 .92
3 /17 1 .1 6 1 .7 4 2 .02
3 /31 2 .0 0 1 .8 8 1.96
4 /  7 2 .2 2 2 .1 4 3.38
4 /1 4 2 .5 2 2 .2 4 2.28
4 /2 1 2 .0 0 0 .8 6 2 .4 0
4/28 1 .42 1 .82 2 .1 6
5 /  5 1 .42 1.78 1 .9 4
5 /1 2 1 .0 0 2 .6 0 1.92
5/22 1 .31 2 .0 0 2.08
5/28 0 .49 1 .9 4 1.46
6 /  3 1.86. 2 .1 4 1 .68
6 /1 0 1 .31 1 .85 2.08
6 /1 7  ' 0 .6 3 1 .3 4 1 .57
6 /2 4 1 .56 2.38 2 .16
7 / I 1 .16 1 .3 0 2 ,2 0
7/ 8 1 .2 7 1 .0 2 2.32
7 /1 4 1 .78 2 .0 7 2 .0 4
7/21 2 .1 5  . 2.66 1.96
7/29 1.82 2 .7 3 1.96
8 /  5 2 .5 9 2 .3 8 1 .52
8 /1 1 2.80 2 .4 2 1 .92
8 /1 8 2 .6 2 2.68 1.52
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T a b le  XXIV. Sodium c o n c e n t r a t io n s  (m eq/1 Na ) f o r  th e  i n f l u e n t
and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake d u r in g  1968 and
1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  ■. Shoshone B ig h o rn  Shoshone
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e  D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e

2 /22 4 .7 5
3 / 7 4 .7 5
3/28 4 .0 0
4 /1 1 3 .6 8
5 /  4 3.52
5 /1 8 3 .12
6 /  I 1.28
6 /12 2 .5 6
6/24 1 .12
7/15 2.52
8 /  I 3 .4 8
8 /19 3 .95
9 /2 3 3.85

10 / 7 4 .0 5
10/19 3.25
11 / 9 3 .45
1 1 /23 3 .7 0
12/ 7 
1 2 /20

3.26

6 .4 5 4 .2 5
6 .4 5 3 .6 0
4.00 3 .85
3.28 3 .2 4
4.96 3 .52
5 .6 4 3 .52
6 .1 2 3 .4 8
5 .4 4 3.52
6 .8 4 3.20
5 .8 4 2.56
6 .0 8 2.68
5 .2 5 2.92
4 .3 5 3 .35
4 .2 5 3 .5 0
3 .7 0 3 .05
3.00 2 .9 5
5 .4 7 3.85
3 .0 5 2.32
1 .7 2 1 ,99

I /  3
1/18
2 /  I
2/15
3 /  i
3/17 3.78
3/31 5 .00
4 /  7 4.-51
4 /14 6.80
4/21 4.18
4/28 3.25
5 / 5 3.65
5/12 1.77
5/22 2.15
5/28 1.77
6 /  3 3.20
6/10 2 .60
6/17 2.88
6/24 '3.00
7/ I 2 .34
7/ 8 2.15
7/14 2.59
7/21 3.31
7/29 3.20
8 /  5 3.58
8/11 5.86
8/18 5.68

3 .1 5
3.50
3.78

2 .4 0 4 .5 0
3 .25 3.55
3 .0 3 3 .7 0
3 .5 5  ' 3 .55
3 .6 5 4 .0 0
4 .30 4 .0 6
5 .3 0 4 .3 5
3 .5 9 4 .3 5
5 .0 5 3 .6 0
4.23 3 .81
6.20 3 .7 0
3.86 3.75
4 .5 5 3 .6 0
4 .7 5 3 .38
4 .4 0 3:09
3.0$ 2.88
4 .0 5 3.05
2 .5 5 3.20
2 .1 9 3 :10
3.86 3 .2 0
5 .60 3.20
5.30 3.00
4.93 2.73
5 :5 6 3.36
5.86 3.38
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T a b le  XXV. ■ P o ta s s iu m  c o n c e n t r a t io n s  (m eq/1 K ) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e D ate

B igho rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

2/22 0 .1 1 0 .1 9 0 .1 3 I /  3 0 .1 3
3 / 7 0 .1 4 0 .1 7 0 .1 2 1 /18 0 .1 4 0 .1 3
3/28 0 .1 2 0 .1 0 0 .1 3 2 /  I 0 .15 0 .1 3
4 /1 1 0.'09 0 .0 9 0 .0 9 2 /1 5 0 .1 5 0.13
5 /  4 0 .1 0 ■ 0 .1 0 0 .1 1 3 /  I 0 .1 6 0 .1 4
5/18 0 .0 8 0 .1 1 0 .09 3 /17 0 .15 0 .1 3 0 .1 4
6 /  I 0 .1 0 0 .2 2 0 .09 3 /31 0 .12 0 .1 3 0 .1 3
6/12 0 .1 8 0.21 0 .09 4 /  7 0.12 0 .1 3 0 .1 3
6/24 0 .0 6 0 .1 1 0 .0 8 4 /1 4 0 .1 6 0 .1 1 0 .1 3
7/15 0.12 0 .1 8 0 .12 4/21 0 .1 3 0 .1 1 0 .15
8 /  I 0 .12 0 .1 5 0 .0 9 4/28 0.13 0 .1 3 0 .1 3
8 /19 0 .1 9 0 .1 5 0 .1 8 5 /  5 0 .11 0.12 0.16
9/23 . 0.18 0 .1 8 0 .1 7 5 /12 0 .0 6 ■ 0 .1 4 0.12

10/ 7 0 .2 1 0 .1 8 0.42 5 /2 2 0 .08 0 .1 4 0.13
10/19 0.16 0 .1 5 0 .4 0 5/28 0 .09 0 .1 3 0.12
11/ 9 0.27 0 .15 0 .15 6 /  3 0.10 0 .0 6 0 .0 6
11 /23 0 .1 2 0 .1 4 0 .12 6 /1 0 0.09 0 .1 2 0.11
12/ 7 0 .1 4 0.14 0.08 6/17 0 .11 0 .1 1 0 .1 0
1 2 /20 0 .1 2 0 .16 6/24 0.13 0 .1 1 0 .12

7/ I 0 .09 0 .1 1 0 .12
7/ 8 0 .1 1 0 .0 6 0 .11
7 /14 0.10 0 .1 0 0 .1 1
7 /21 0 .1 4 0 .1 5 0.12
7/29 0 .1 4 0.14 0.14
8/ 5 0.12 0 .1 2 0.11
8 /1 1 ■ 0 .1 7 0 .1 2 0.10
8 /1 8 0 .16 0.12 0 .1 0
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T a b le  XXVI. T o ta l  a l k a l i n i t i e s  (m e q /l)  f o r  th e  i n f l u e n t  and
e f f l u e n t  w a te r s  o f  B ig h o rn  Lake d u r in g  1968 and
1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  ' Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22 2.90 4 .6 8 3 .4 1
3/ 7 3 .4 0 4 .4 5 3 .2 4
3/28 3.35 3 .5 4 3 .32
4 /1 1 3.27 3 .4 5  • 3 .2 8
5 /  4 3 .3 2 3.68 ' , 2 .8 1
5/18 3 .0 0 4 .0 0 3 .45
6 /  I 2.28 4 .2 5 3.40
6/12 2 .3 4 3.26 3 .9 7

. 6/24 1 .92 4.18 3 .0 1
7/15 2.92 4 .7 6 2.88
8 /  I 3 .3 7 4 .6 5 3 .1 4
8/19 3 .46 3.49 3 .05
9/23 3 .0 0 4 .1 8 3 .0 3

10/ 7 3.82 3 .3 7 3 .11
10/19 2.80 3 .4 1 3 .18
11/ 9 2.90 3 .2 4 2.86
11 /23 3 .2 7 4 .0 9 3 .12
12/ 7 3 .25 3.95 3 .0 0
12/20 3 .5 0 3.15

B ig h o rn  Shoshone
D ate  I p f l u e n t  I n f l u e n t  D is c h a rg e

I /  3 
1 /1 8 4 .6 0

3 .18
3.60

2 /  I 4 .3 0 3 .1 0
2 /15 3.74 3 .2 4
3 /71 4 .2 0 3.40
3 /1 7 3 .2 0 4 .1 0 3 .4 0
3 /31 2 .6 0 2.90 2.90
4 /  7 3 .0 0 3 .3 0 2.80
4 /1 4 3 .45 3.29 3 .5 0
4 /2 1 3 .1 0 2.85 3 .0 0
4/28 2 .25 2 .6 0 3 .7 0
5 /  5 2 .2 0 2.68 2 .85
5/12 1.69 2.94 2.98
5 /2 2 1 .9 0 2.87 3.12
5/28 1 .4 1 2.59 3 .11
6 /  3 2 .5 1 2.89 2.93
6 /1 0 1 .89 2.60 2.82
6 /1 7 2.69 2 .7 1 3 .12
6/24 2 .4 0 3.01 3 .16
7/ I 1 .89 2 .1 1 3 .16
7 / 8 2 .0 0 1 .8 1 2.86
7 /14 2 .6 1 2.76 3 .12
7 /21 2.78 3 .3 1 3 .0 0
7/29 2 .85 3 .6 1 3 .0 0
8 /  5 2.46 3 .1 4 2 .4 5
8 /1 1 3 .09 3 .4 1 2 .7 0
8/18 3 .42 3 .5 8 2 .25
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T ab le-X X V II. C h lo r id e  c o n c e n t r a t io n s '( m e q /1  Cl ) f o r  th e  i n f l u e n t
..and e f f l u e n t  ,.w aters  O if. B .ighorn h ak e  d u r in g  1968 ,and
1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone B ig h o rn  Shoshone
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e  D a te  I n f l u e n t  I n f l u e n t  d i s c h a r g e

2/22 0 ,4 6 0 .5 2 0 .4 1
3 /  7 0,50 0 .4 4 0 .3 7
3/28 0 .4 5 0 .2 6 0.33
4 /1 1 0 .4 4 0 .2 4 0 .3 1
5 /  4 0 .3 7 0 .3 7 0 .35
5 /1 8 ■ 0 .3 3 - 0.40 0 .3 6
6 /  I 0 .1 2 0.42- 0 .35
6 /12 0 .1 5 0.36 0.35
6 /2 4 0 .4 1 0 .1 3 0.26
7/15 0 .2 9 0 .3 5 0 .2 4
8 /  I 0 .35 0 .3 2 0 .2 1
8 /19 0 .3 6 0 .2 5 0.23
9/23 0 .3 9 0 .2 7 0.29

10/ 7 0 .5 7 0 .23 ' 0 .29
10/19 0.26 0 .2 2 0 .2 7
11/ 9 0 ,3 3 0 .1 7 0.20
11 /23 0 .2 5 0.33 0 .2 4
12/ 7 0 .2 6 0.19 0.28
1 2 /20 0.22 0 .22

I /  3 0 .2 7
1 /18 0 .6 9 0 .3 0
2 / '  I 0 .3 0 0.31
2 /15 0.39 0 .45
3 /  I 0 .3 7 0.32
3 /1 7 0 .4 0 0.31 0 .3 0
3 /31 0 .49 . 0 .3 1 0 .3 4
4 /  7 0.:40 0 ,2 3 0 .3 7
4 /14- 0.54 0.28 0.35
4 /2 1 0 .3 7 0 .4 1 0 .2 7
4 /2 8 0 .35 0 .3 5 0 .39
5 /  5 0.28 0 ,3 2 0 .36
5 /1 2 0 .1 8 0.36 0 .3 4
5 /22 0 .2 1 0 .2 8 0 .3 4
5/28 0 .1 7 0.28 0.38
6/ 3 0 .3 0 0.28 0 .35
6 /1 0 0 .2 1 0.22 0.32
6/17 0 .3 3 0 .2 7 0.36
6/24 0 .3 4 0.31 0.36
7/ I 0.23 0 .1 9 0.36
7/ 8 0.26 0 .1 4 0,34
7 /1 4 0.29 0 .2 5 0.36
7 /2 1 0 .4 1 0.35 0 .3 4
7/29 0,41 0 .3 3 0.38
8 /  5 0 .51 0.31 0,30
8 /1 1 0 .56 0.28 0 .3 0
8/18 0 .5 4 0,34 0.27
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T a b le  X X V III. S u l f a t e  c o n c e n t r a t io n s  (m eq/1 SO^) f o r  th e  i n f l u e n t
and e f f l u e n t - w a t e r s  o f  B ighorn. Lake d u r in g  1968 and
1 9 6 9 .s a m p l in g ;p e r io d s .

1968

■

1969

B ighorn . Shoshone B ig h o rn Shoshone
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e  D ate I n f l u e n t I n f l u e n t  D is c h a rg e

2/22 6 .3 5 10 .3 1 6 .3 5 I /  3 6..17
5/ 7 7.39 . 10 .52 6.46 1 /18 4 .7 5 4,87

:3/28 7 .5 0 7 .3 1 7.29 2 /  I 3.96 6.21
4 /1 1 ' 8.28 7.08 7.19 2/15 &.25 .5,37
5 /  4 5.73 8,12 ' 6 .1 4 3 /  I 5 .4 6 5 .7 5
5 /1 8 5 .0 0 10,21 5.83 3 /1 7 - 5,33 5,46 5 .9 1
6 / ’ I 1 .6 7 11 .46 6 ,0 4 3 /3 1 6.27 4 .7 9 5t33
6 /12 1 3 .5 4 5 .6 2 4 /  7 6 .0 0 3.79 5,50
6/24 1 .0 4 1 3 .5 4 6 .2 5 4/14 7 .50 6.25 6.04
7/15 5.78 6 .0 7 5.38 4 /2 1 5* 12 4 .4 6 5.83
8 /  I 6.94 1 2 .5 0 . 4/28 4 .21 . 5.66 5.71
8/19 7.02 7.27 5 .3 1 5 /  5 3 .46 5 .5 0 5 ,0 8
9/23 6 .1 6 6:77 , 5 .5 2 5 /12 3.08 8.37 5.21

10 / 7- 7.27 6 .0 4 7.42 5/22 3 .12 6,29 5,62
10/19 6.20 7 .19 6.77' 5/28 2,42 . 5 ,7 5 5.50
11/ 9 7.42 6 .7 5 6 .1 0  ' 6/ 3 5^21 6 .7 5 5.29
11 /23 5.83 5 .1 7  . 5 . ?4 6/10 3,12 5,60 5 .1 4
12/ 7 5 .6 4 5 . QO 5 .2 5 6 /1 7 5,50 5 ,90 6 .06
12/20 3.75 6.21 6/24 4.29 6.60 5,48

7/ I 3.75 4,27 6.14
7 / 8 3.71 3 .1 0 5*29
7 /14 5 ,3 1 6,14 5.62
7/21 5 .2 1 8 -4 4 5,62
7/29 5 ,5 4 7.81 5 .1 4
8 /  5 7.08 7,50 4.33
8 /1 1 8.12 7.46 5.16
8/18 7.39 6 .3 1 4.37
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T a b le  -XXIX. F lu o r id e  c o n c e n t r a t io n s  (m eq/.l F ) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te r s  b f  B ig h o rn  Lake
d u r in g  1 9 6 8 -and 1969 sam p lin g  p e r i o d s .

D a te

1968

D ate

1969

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t D is c h a rg e

B ig h o rn
I n f l u e n t

Sho shone
I n f l u e n t  D is c h a rg e

2/22 0 .0 3 0.04 0 .0 2 - I /  3 0 .0 3
.34-7 0‘. 03 0.04 0 .0 2 1 /18 0 .0 6 0 .0 6
3/28 0 .0 2 0.02 0 .02 2 /  I 0.02 . 0 .02
4 /1 1 0 .0 4 0.02 0.04 2 /1 5 0 .0 4 0 .0 3
5 / 4 0.04 0 .0 5 0 .05 3 / I 0 .0 4 0.03
5/18 0.03 0 .0 5 0.04 3/17 0'. 04 0 .0 4 . 0.04
6/. I 0.03 0.06 0.04 3 /31 . 0 .0 4 0 .0 4 0.04
6 /12 0.03 0 .0 7 0 .0 4 4/. 7 0 .05 0.04- 0.05
6/24 0.03 0 .0 5 0.03 4 /1 4 0 .0 4 0 .0 4 0 .0 4
7/15 0.05 0 .0 6 0 .05 4 /21 . 0 .0 3 0 .0 3 O', 04
8 / .  I 0.02 0.04 0.02 4/28 0.04 0.04 0 .0 4
8/,19 0 .0 4  • 0 .0 4 0 .02 5 /  5 0 .0 3 0 .0 4 0 .0 4
9/23 0.02 0.03 0.02- 5 /1 2 0.02 0406 0.06

10/,. 7 0 .0 4 0 .0 4 0.03 5 /2 2 0 .0 3 0.04 0.03
10/19 0.03 0.04 0 .0 3 5/28 0 .02 0.05 0 .0 4
1 1 /  9 0.03 ■ 0 .0 3 0.03 6/. 3 0404 0.05 0 .0 4
11 /23 0 .0 6 0 .0 8 0 .0 7 6 /1 0 0.. 02 0 .0 4 . 0.03
12/ .7 0.11 0 .1 1 0.10 6/17 0 .0 4 0 .0 4 0.04
1 2 /20 0.03 0.03 6/2/k 0.03 0 .0 3 0.04

7/ I 0.03 0.03 0 .0 4
7/, 8 0.03 0.03 0 .0 4
7 /14 0.03 0 .0 4 0 .0 4
7/21 0 .0 4 0 .0 5 0.03
7/29 0 .0 4 0 .0 5 0.04
8/ 5 0 .0 4 0 .0 5
8 /1 1 0.03 0.04 0 .02
8/18 0.04 0.04 0.03

T i - T
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T a b le  XXX. T o ta l  o r g a n ic  c a rb o n  c o n c e n t r a t io n s  (m g/1 C) f o r
th e  i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22  
3/: ? 
3/28
4/11 
5 /  4 
5/18 
6/  I 
6/12  
6 /24  
7/15 
8/ I
8/19
9/23

45 .9 18.8 12 .4

10 /  7 9.8 12.2 10.1
10/19 7.5 8.6 7.6
11/  9 8 .1 12 .7 7 .1
11/23 13.3 7 .7 12.3
12/  7 
12/20

8 .3 7.6
11.1

6.9
10 .0

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e

I /. 3 23.0
1/18 13.5 26.2
2 /  I 7.3 37.3
2/15 9.6 10.5
3 /  I 38.6 13.5
3/17 34.8 18.6 17.7
3/31 23.0 24.9 19.2
4 /  7 2 0 .0 32.1 20 .4
4 /14 5 .8 5 iO 5 .3
4 /21 10.2 6 .2 5 .7
4 /28 11.2 6.8 10.1
5 /  5 22.0 2 0 .0 28.6
5/12 25.5 28.4 10.8
5/22 22.8 29 .1 27.5
5/28 50.2 29.8 9 .6
6 / 3 13.1 18 .0 12.5
6/10 2 7 .0 21 .3 10.4
6/17 14.9 14.8 10.5
6/24 13.0 14.6 5 .6
7/  I 34.1 2 3 .4 11.9
7/  .8 15.7 17.0 14.1
7/14 23.6 21 .4 16.5
7/21 20 .7 15 .7 8.8
7/29
8/ 5
8/11 8 .3 4 .9 8.3
8/18 7.1 5 .6 7.8
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T a b le  XXXI. ■S o lu b le  o r g a n ic  c a rb o n  c o n c e n t r a t io n s  (m g/1 C) f o r
th e  i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

D ate
B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e D ate

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

2/22 I /  3 2 3 .0
3 /  7 1 /1 8 1 0 .8 1 1 .0
3/28 2 /  I 7 .0 6 .5
4 /1 1 2 /1 5 9 .0 9 .5  .
5 /  4 3 /  I 1 1 .6 13.3
5 /1 8 3 /1 7 12 .8 1 6 .0 12.5
6 /  I 3 /3 1 2 0 .0 2 4 .9 14.5
6 /12 4 /  7 8.7 1 0 .4 9 .9
6/24 4 /1 4 5 ,2 5 . 0 5 .3
7/15 4 /2 1 4 .4 4 .8 5.3
8/ I 4/28 11 .2 6 .8 10 .1
8 /19 14 .2 1 1 .4  9 .1  ' 5 /  5 7 .1 6 .4 6 .1
9/23 5 /1 2 1 2 .7 7.2 8 .1

10/ 7 5 .5 6.8  6.2 5/22 10 .9 5 .8 5 .9
10/19 1 .2 1 .5  0 .0 5/28 1 0 .6 9 .4 7 .0
11/ 9 7 .1 5 .8  5 .0 .6/ 3. 7 .0 6 .7 8 .1
11 /23 1 0 .4 6 .6  10 .3 6 /1 0 5 .0 7 .8 6.9
12/ 7 7 .5 7 .3  5 .5 6 /1 7 10 .2 8 .1 7.0
1 2 /20 7 .5  8 .4 6/24 10 .3 12.0 5 .5

7 / I 8.9 1 1 .4 11.9
7/ 8 8 .3 8 .3 7.9
7 /1 4 13 .9 19.0 16.5
7 /21 10 .0 1 3 .0 8.8
7/29
8 / 5
8 /1 1 8.3 4 .9 8 .3
8 /1 8 7 .1 5 .6 7.8
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T a b le  XXXII. P a r t i c u l a t e  c a rb o n  c o n c e n t r a t io n s  (m g/1 C) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

D ate

1968

; D ate

1969

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

2/22 I /  3 0 .0
3/ 7 1 /18 2 .7 15 .2
3/28 2 /  I 0 .3 30 .8
4 /1 1 2 /1 5 0 .6 1.0
5 /  4 3 /  I 2 7 .0 0 .2
5 /1 8 3 /17 21.9 2 .6 5 .2
6 /  I 3 /31 3 .0 0 .0 4 .7
6 /12 4 /  7 1 1 .3 2 1 .7 0 .5
6 /2 4 4 /1 4 0 .6 0 .0 0 .0
7/15 4 /2 1 5 .8 1 .3 0.3
8 /  I 4/28 0 .0 ' 0 .0 0 .0
8 /19 3 1 .7 7 .4 3 .3 5 /  5 14 .9 13 .6 22.5
9/23 5 /12 12.8 21.2 2.6

10/ 7 4 .3 5 .4 1 3 .9 5/22 1 1 .8 23.2 21.6
10/19 1 .2 1 .5 0 .0 5/28 39.6 2 0 .4 2.6
11/ 9 1 .0 6 .9 2 .0 6/ 3 6 .1 11 .2 4 .4
11 /23 2 .9 1 .1 2 .0 6 /1 0 2 2 .0 13 .5 . 3 .5
12 / 7 0.8 0 .3 1 .4 6 /1 7 4 .7 6.7 3 .5
12/20 3 .5 1 .5 6/24 2.7 2 .6 0 .1

7 / I 25.2 1 2 .1 0 .0
7/ 8 7 .4 8 .7 6.2
7 /1 4 9.7 2 . 4 0 .0
7 /21 1 0 .7 2 .7 0 .0
7/29
8/ 5
8 /1 1 0 .0 0 .0 0 .0
8/18 0 .0 0 .0 0 .0  ■

:• '
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T a b le  X X X III. N i t r a t e  c o n c e n t r a t io n s  (m g/1 NO^-N) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a r g e ' D a te

B ig h o rn
I n f l u e n t

Sho shone
I n f l u e n t  D is c h a rg e

2/22 0 .5 4 0.77 0 .3 3 I /  3 0 .06
3 /  7 0.27 0 .5 7 0 .3 5 ' 1 /18 0 .0 0 0 .0 0
3/28 0 .3 2  . 0 .4 3 0 .3 4 2 /  I 0 .0 1 0 .0 1
4 /1 1 0 .2 1 0 .0 8 0 .2 6 2 /1 5 0 .6 5 0 .65
5 /  4 3 /  I 0 .4 4 0 .48
5 /1 8 0 .3 7 1 .0 1 0.39 . 3 /1 7 0 .32 0 .4 5 0 .6 4
6 /  I 0 .3 4 0.78 0 .3 2 3 /31 0 .49 0 .2 7 0 .6 0
6 /12 0 .7 9 1 .0 9 4 /  7 0 .3 6 0 .8 1 0 .6 7
6 /2 4 0 .3 0 1 .0 9 4 /1 4 ■ 0 .5 1 0 .7 0 0 .6 7
7/15 0 .2 9 1 .3 9 0 .8 0 4 /2 1 0 .1 7 0 .4 2 0 .56
8 /  I 0 .6 3 1 .6 7 4 /2 8 0 .42 0 .5 7 0.56
8 /19 0 .4 1 0 .5 3 0 .4 2 5 /  5 0 .4 6 0.99 0 .58
9/23 0 .3 9 0 .9 6 0 .7 3 5/12 0 .2 3 1 .3 8 0 .6 1

10/ 7 0 .2 1 0 .7 8 0 .7 0 5 /2 2 0 .4 8 1 .3 7 0 .65
10/19 0 .0 9 1 .0 5 0 .72 5/28 0 .4 8 1 .35 0 .66
11/ 9 0 .2 3 0 .8 0 0 .6 7 6 /  3 0 .2 7 0 .8 0 0 .65
11 /23 0 .2 6 0 .96 0 .6 7 6 /1 0 0 .5 8 0 .85 0 .6 3
12 / 7 0 .2 2 0 .7 9 0 .5 1 6 /1 7 0 .5 0 0 .85 0 .66
1 2 /20 0 .5 5 0 .8 3 6/24 0 .5 3 0 .9 8 0 .56

7/ I 0 .3 9 0.68 0 .7 4
7/ 8 0 .4 2 0.68 0 .7 3
7 /1 4 0 .2 0 0 .9 0 0 .7 0
7 /21 0:78 0 .5 2 0 .1 7
7/29 0.29 1 .5 3 0 .7 0
8 / 5 0 .12 1.20 0.55
8 /1 1 0 .32 1 .1 3 0 .6 7
8 /1 8 0 .5 0 1 .0 8 0 .7 1
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T a b le  XXXIV. N i t r i t e  c o n c e n t r a t io n s  (m g/1 NC^-N) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22 0 .0 0 6 0 .0 1 8 0 .0 0 6
3 /  7 0.006 0 .0 1 1 0 .0 0 6
3/28 0 .0 0 3 0 .0 0 3 0.003
4 /1 1
5 /  4
5 /1 8 0 .0 1 3 ' 0.019 0 .005
6 /  I 0 .0 0 6 0 .0 1 0 0 .001
6 /12 0 .0 2 6 0 .0 2 9
6/24 0 .005 0 .015
7/15 0 .0 0 8 0 .0 1 0 0 .0 1 7
8 /  I 0 .005 0.010
8/19 0 .028 0 .0 0 8 0 .001
9/23 0 .005 0 .0 0 8 0 .0 0 3

10/ 7 ' 0.005 0 .0 1 1 0 .005
10/19 0 .0 0 3 0 .0 0 7 0 .001
11/ 9 0 .0 0 3 0 .005 0.003
11 /23 0 .006 0 .0 1 0 0 .0 0 3
12/ 7 0 .0 0 3 0.005 0 .005
12 /20 0 .0 0 3 0.008

B ig h o rn  Shoshone
■ D ate  I n f l u e n t  I n f l u e n t  D isc h a rg e

I /  3 .. 0 .001
1 /18 0.000 0.000
2 /  I 0 .0 1 0 0.005
2 /15 0 .0 1 0 0 .0 1 0
3 /  I 0 .0 0 8 0 .0 1 0
3 /17 0.005 0.007 0 .006
3 /3 1 0.005 0 .006 0 .007
4 /  7 0.004 0 .0 1 0 0.005
4 /1 4 0 .008 0 .0 1 1 0.005
4 /2 1 0 .0 0 3 0 .0 0 8 0 .003
4/28 : 0 .005 0 .015 0.001
5 /  5 0 .005 0 .0 1 2 0 .0 0 4
5 /1 2 0 .011 0.008 0.005
5/22 0.003 0 .0 1 8 0 .001
5/28 0 .0 0 3 0.013 0.000
6 / 3 0.005 0.015 0 .005
6 /1 0 0.006 0.010 0.001
6/17 0 .0 0 3 0.008 0.005
6/24 0.007 0.008 0.001
7 / 1 0 .0 1 0 0 .0 1 1 0.015
7/ 8 0 .0 0 3 0.008 0 .003
7 /14 0.002 0 .0 1 0 0 .006
7 /21 ' 0 .0 0 4 0 .0 1 8 0.002
7/29 0.005 0.019 0 ,003
8/ 5 0.002 0 .009 0.005
8 /1 1 0 .009 0.012 0.003
8/18 0.010 0.013 0.006
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T a b le  XXXV. F re e  ammonia c o n c e n t r a t io n s  (m g/1 NH^-N) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone Bighoain Shoshone
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e  ■ D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

0 .56 . 0 .4 02/22 0 .5 2
3 /  7 0.35
3/28 0 .0 4
4 /1 1
5 /  4

• 5 /1 8 0 .0 7
6 /  I 0 .1 5
6 /12 1 .3 6
6/24 0 .0 9
7/15 0 .0 0
8 /  I 0 .4 0
8/19 0 .8 4
9 /2 3 0 .0 5

10/ 7 0.22
10/19 0 .0 6
11/ 9 0 .3 8
11 /23 0 .3 3
12/. 7 0 .7 6
1 2 /2 0

0 .4 1 0 .3 7
0 .0 1 0 .0 9

0.09. 0 .0 0
0 .0 0
0.66
0 .1 2

OiOO

0 .1 7
0 .6 1

0 .0 0

0 .6 6 0 .3 3
0.12 0 .0 4
0 .1 6 0 .0 1
0 .0 4 0 .05
0 .2 1 0 .1 7
0 .2 5 0.18
0.34 0 .5 0
0 .2 9 0 .29

I /  35
1 /18
2 /  I
2 /1 5
3 /  I  ■
3 /1 7 0 .19
3 /31 0.30
4 /  7 0 .26
4 /1 4 0 .16
4 /2 1 0 .26
4/28 0 .2 7
5 /  5 0 .0 4
5 /1 2 0 .1 8
5/2.2 0 .3 0
5/28 0 .25
6 /  3 0 .0 4
6 /1 0 0 .1 9
6 /1 7 0 .32
6/24 0 .3 7
7 / I 0 .2 8
7 / 8 0.28
7 /14 0 .15
7 /21 0.23
7/29 0 .7 1
8/ 5 0 .35
8 /1 1 0 .2 3
8/18 0 .1 7

0 .3 5
0.12
0 .1 1

0 .2 9 0.33
0 .4 7 0.24
0 .4 1 0 .55
0 .1 9 0 i l 9
Oi 14 0 .2 4
0 .3 3 0 .3 0
0 .1 6 0.22
0 .2 9 0.25
0 .1 9 0 .16
0 .0 7 0 .0 4
0 .2 6 0 .16
0 .2 4 0 .36
0 .2 3 0 .15
0 .0 8 0.02
0 .2 2 0.04
0 .2 9 0.32
0.33 0.25
0 .2 3 0 .3 1
0 .2 1 0 .2 8
0.13 0;15
0 .2 2 0:09
0.71 0.31
0.44 • 0.21
0.20 0 .11
0 .1 5 0.12
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T a b le  XXXV,I .  T o ta l  n i t r o g e n  c o n c e n t r a t io n s  (m g/1 NH^-N) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake d u r in g
1968 and 1969 sa m p lin g  p e r i o d s .

D ate

1968

D ate

1969

Bighorn-
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

B igho rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

2/22 1 .1 6 1 .1 3 1 .1 8 I /  3 0 .5 0
3 / 7 1 .1 1 1 .45 1 .09 1 /1 8 0.03 0 .06
3/28 1.40 1 .3 0 1 .4 0 2 /  I 0.09 0.95
4 /1 1 1 .5 0 1 .3 0 1 .2 0 . 2 /1 5 1 .4 4 0.92
5 /  4 0 .7 0 0 .9 4 3 /  I 1 .05 0 .7 0
5 /1 8 0 .9 6 0.98 0.38 3/17 0 .1 7 0 .1 5 0 .18
-6/ I 0 .9 5 0 .5 3 0 .3 8 3 /31 1.03 0.92 1 .02
6/12 1 .05 . 0 .7 3 0 .1 4 4 /  7 0 .79 0 .6 1 0.84
6/26 1.20 0 .5 6 0 .42 4 /1 4 2 .5 2 2.82 0 .58
7/15 0 .6 2 0.93 0.89 4 /2 1 0 .8 1 1.20 0.83
8 / I 0.96 1.16 0 .2 9 4/28 1 .78 1 .19 0.56
8 /19 2.82 0.92 0 .4 6 - 5 /  5 1 .49 1 .4 1 1 .1 3
9/23 0 .3 7 ■ 0 .3 4 1 .4 3 5 /12 0 .6 0 0 .94 0.38

10/ 7 0 .3 8 0 .5 8 0 .1 6 , 5 /22 1 .1 7 1 .1 4 0 .7 3
10/19 ' ,  1 .0 6 0.84 0 .5 6 5/28 1.72 1 .4 1 0 .86
11/ 9 0 .7 7 1.09 1 .1 0 6/ 3 0 .4 8 0 .7 5 0 .3 4
11 /23 1.07 0 .9 4 1,36 6 /1 0 1 .4 4 1.21 0.27
12/ 7 0 .2 2 0 .15 0 .2 7 6/17 0 .8 0 1 .5 5 0 .6 1
1 2 /2 0 0 .4 7 0 .4 8 6/24 1.88 1.12 0.79

7/ I 1.67 0 .7 9 0 .5 3
7/ 8 0.68 0.47
7 /1 4 0 .45 0 .4 0 0 .4 0

. 7/21 1 .22 0.88 0.26
7/29 1 .5 7 1.06 1 .31
8 /  5 0 .65 0.99 0 .1 1
8 /1 1 0 .3 3 0 .2 6 0.28
8 /1 8
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T a b le  XXXVII. T o ta l  s o lu b le  n i t r o g e n  c o n c e n t r a t io n s  (m g/1 NH^-N)
f o r  th e  i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn
Lake d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

D ate
B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

2/22 1 .0 2 0.69 0 .9 1
3 / 7 0 .7 6 1 .32 0 .82
3/28
4 /1 1  
5 /  4 
5 /1 8  
6 /  I  
6 /1 2  
6 /2 4  
7 /15 
8 /  I  
8 /1 9 0 .9 4 0 .6 8 0 .4 4
9/23 0 .8 3 0 .4 6 0 .72

10/ 7 0 .2 0 0 .1 3  ' 0 .1 6
10/19 0 .8 4 0 .8 4 0 .7 6
11/ 9 0 .0 3 1 .7 0 1 .6 7
1 1 /23 1 .2 8 1 .4 4 .18
12/ 7 0 .2 4 0 .2 2 0 .2 4
1 2 /20 0 .5 3 0 .4 6

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

I /  3 0 .4 3
1 /18 0 .0 0 0 .0 4
2 /  I 0 .1 7 0 .6 7
2/15 1 .3 4 0 .6 4
3 /  I 0 .5 6 0 .66
3 /1 7 0 .1 3 0 .1 3 0 .15
3 /31 0 .2 7 0 .2 1 0 .2 7
4 /  7 0 .3 7 0 .3 8 0 .6 7
4 /1 4 0.34 0 .5 8 0 .16
4 /2 1 0 .4 6 0.75 0 .55
4/28 0:88 0 .8 4 0 .5 0
5 /  5 0 .9 1 0 .6 8 0 .6 0
5 /12 0 .4 3 0 .6 0 0 .2 0
5 /2 2 0 .5 3 ' 0 .3 6 0 .4 4
5/28 0 .7 1 0 .9 7 0 .6 0
6 /  3 0 .1 3 0 .4 1 0 .2 1
6 /1 0 0 .1 0 0 .3 2 0 .0 3
6 /1 7 0 .72 0.90 0.47
6/24' 0 .65 0.82 0 .5 3
7 / I 0 .4 4 0 .2 6 0 .4 4
7 / 8 0 .4 0 0 .3 6 0 .3 7
7 /1 4 0 .1 7 0 .0 5 0.25
7 /21 0.24 0 .4 4 0 .22
7/29 0 .6 7 1.03 0 .86
8 / 5 0.36 0 .4 1 0 .11
8 /1 1 0.28 0 .4 8 0 .0 4
8 /1 8
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T a b le  XXXVIII. Obfthb-pH o 'sphate  c o n c e n t r a t io n s  (m g/1 PO^) f o r  th e
in f lu e n t" ,  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  • 1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

D ate
B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e D ate

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

2/22 0 .1 4 ■ 0 .0 4 0 .02 I /  3 0 .0 1
3 /  7 0 .0 5 0 .1 4 0 .0 7 1 /18 0 .0 1 0 .0 3
3/28 0 .0 5 0 .0 4 0 .0 1 2 /  I 0.28 0 .1 7
4 /1 1 0 .0 0 0 .0 0 0 .0 0 2 /1 5 0 .0 0 0 .0 0
5 /  4 0 .1 7 0 .6 4 0 .02 3 /  I 0 .0 2 0 .02
5 /1 8 0 .3 5 0 .2 5 0 .05 3 /1 7 0 .0 0 0.00, 0 .0 0
6 /  I 0 .1 0 0 .1 2 0 .0 6 3 /31 0 .0 1 0 .0 2 0 .0 1
6 /12 0 .4 0 0.26 0 .1 6 4 /  7 0 .0 0 0 .0 0 0 .0 0
6 /2 4 0 .1 2 0 .0 7 0 .1 0 4 /1 4 0 .0 9 0 .0 0 0 .0 0
7/15 0 .0 6 0 .2 4 0 .05 4 /2 1 0 .0 1 0 .0 9 0 .08
8 /  I 0 .0 0 0 .0 7 0 .0 0 4 /2 8 0 .0 1 0 .0 4 0 .02
8 /19 0 .1 5 0 .0 8 0 .0 6 5 /  5. 0 .12 0 .1 4 0 .11
9/23 0 .2 3 0 .2 9 0 .0 8 5 /1 2 0 .0 4 0 .0 7 0 .0 0

1 0 /  7 0 .0 3 0 .0 0 ■ 0 .0 3 5 /22 0 .0 3 ' 0 .2 1 0.06
10/19 0 .0 0  ■ 0 .0 0 0 .0 0 5/28 1 .55 0 .1 8 0 .0 0
11/ 9 0 .0 0 0 .0 0 0 .0 0 6 /  3 0 .0 1 0 .1 2 0 .06
11 /23 0 .05 0 .0 5 0 .02 6 /1 0 0 .0 4 0 .0 8 0 .0 3
12/ 7 0 .0 2 0 .0 3 0 .0 0 6 /1 7 0 .0 1 0 .0 0  ■ 0 .0 0
12 /20 0 .0 0 • 0 .0 0 6 /2 4 0 .1 2 0 .1 3 0 .0 8

7 / I 0 .05 0 .0 4 0 .0 4
7/ 8 0 .05 0 .0 9 0 .0 4
7 /1 4 0 .06 0 .1 9 0 .0 7
7 /21 0 .0 7 0 .1 0 0 .0 1
7/29 0 .0 0 0 .1 4 0.09
8 /  5 0 .0 1 0 .0 6 0 .0 4
8 /1 1 0 .05 0 .1 1  , 0 .02
8 /1 8 0 .0 7 0 .0 5 0 .0 4
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T a b le  XXXIX. T o ta l  p h o s p h a te  c o n c e n t r a t io n s  (m g/1 PO^) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te rs  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

D ate

1968

D ate

1969

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e

2 /2 2 0 .7 8 0 .7 2 0.26 I /  3 0.28
3 /  7 0.38 0 .3 8 0 .2 4 1 /18 0 .1 6 0 .1 4
3/28 0 .2 1 0 .5 3 0 .0 8 2 /  I 0 .3 4 0 .2 4
4 /1 1 0 .2 2 0.38 0 .0 4 2 /15 0 .0 2 0 .0 0
5 /  4 .0.48 0 .9 6 0 .0 7 3 /  I 0 .1 3 0 .0 4
5 /1 8 0 .7 7 0 .8 9 ' 0.02 3 /17 0 .6 4 0 .4 9 0 .0 0
6 /  I 10 .59 1 .0 0 0 .0 5  : '3 /3 1 0 .6 3 0 .0 5 0 .1 4
6/12 16 .8 3 2 .2 3 0 .1 2 4 /  7 0.37 0 .7 6 0 .0 1
6/24 2 .1 7 1 .6 4 0 .0 0 4 /1 4 3 .2 4 1 .3 0 0 .0 4
7/15 0 .0 1 0 .0 3 0 .05 4 /2 1 0 .42 0 .4 6 0 .0 7
8 /  I 0 .0 0 0 .1 5  . 0 .3 5  ' 4/28 1 .48 0 .8 1 0 .07
8 /19 3 .5 6 2 .1 8 0 .1 7 5 /  5 0 .2 1 0 .2 2 0 .09
9 /2 3 0 .1 3 0 .2 1 0.13 5 /1 2 0 .4 4 0.74 0 .0 4

10/ 7 0 .1 7 0 .4 6 0 .1 4 . 5/22 0 .59 0.82 0 .05
10/19 0 .0 6 0 .0 5 0 .0 8 5 /2 8 1 .4 1 1 .0 3 0 .06
11/ 9 0 .0 0 0 .0 0 0 .0 0 6 /  3 0 .1 8 0 .7 1 0 .11
11 /23 0 .3 2 0 .2 6 0 .0 7  ' 6 /1 0 1 .1 0 1.26 0 .2 0
12/ 7 0.18 0 .2 4 0 .0 4 6 /1 7 0 .5 1 0 .7 9 0 .09
1 2 /20 0 .0 2 0 .0 0 6 /2 4 1 .39 0 .6 6 0 .1 3

7 / I 1.98 1 .1 4 0.14
7/ 8 0 .6 3 0.81 0.18
7 /1 4 0.39 0 .9 3  • 0.08
7/21 1 .1 1 0.34 0 .0 0
7/29 0 .21
8 /  5 0.24 0.77 0.05
8 /1 1 0 .02 0.29 0 .1 4
8 /1 8 0.20 0.62 0.00
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T a b le  XL. T o ta l  s o lu b le  p h o s p h a te  c o n c e n t r a t io n s  (m g/1 PO^).
f o r  th e  i n f l u e n t  and e f f l u e n t  w a te rs  o f  B igho rn
■Lake d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone B ig h o rn  Shoshone
D a te  I n f l u e n t  I n f l u e n t  D is c h a r g e  D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22 0 .2 3 0 .1 0 0 .0 5
3 / 7 0 .0 7 0.12 0.06
3/28 0.08 0 .0 5 0 .0 3
4 /1 1 0.00 0.00 0 .0 0
5 /  4 
5 /1 8  
6/  I 
6/12  
6/24  
7/15 
8/ I
8 /19 0 .1 7 0.10 0 .0 7
9 /2 3 0 .3 6 0 .4 1 0 .1 3

10/ 7 0 .1 6 0.03 0 .19
10/19 : 0 .3 5 1 .1 0 0 .1 1
11/. 9 0.03 0 .0 9 0 .01
11 /23 0.09 0.09 0 .0 6
12/ 7 0.06 0 .0 5 0 .0 0
12 /20 0 .0 0 0.00

I /  3 
1 /18 0 .0 0

0 .15
0.00

2 /  I ’ 0 .4 0 0.20
2 /1 5 0 .0 0 0.02
3 /  I 0 .0 5 0.03
3 /17 0 .0 0 0 .0 0 0.00
3 /31 0 .05 0 .0 0 0 .02
4 /  7 0.00 0.00 0 .0 0
4 /1 4 0 .02 0 .0 0 0.00
4 /2 1 0 .0 3 0 .1 2 0 .05
4 /2 8 0 .02 0 .0 2 0 .02
5 /  5 0.13 0.16 0 .09
5 /1 2 0 .0 7 0 .0 6 0 .0 0
5 /2 2 0 .02 0 .05 0 .0 0
5/28 1 .5 1 0 .2 0 0 .0 1
6 /  3 0.03 0 .1 4 0 .02
6 /1 0 0 .0 7 0 .1 0 0.07
6 /1 7  ’ 0.00 ■ 0 .0 0 0 .0 0
6/24 0 .09 0.01 0 .0 4
7/ I 0 .0 7 0 .0 2 0.02
7 /  8 0 .0 7 0 .1 1 0 .02
7/14 0.06 ' 0 .1 5 0 .05
7/21 0 .0 3 0 .1 2 0.02
7/29 0 .0 0 0.10 0 .0 0
8 /  5 0 .0 1 0 .0 8 0 .02
8 /1 1 0 .0 3 0 .1 1 0.16
8/18 0 .0 6  ‘ 0 .1 3 0 .05
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T a b le  XLI. P o l y - p h o s p h a t e  an d  o r t h o - p h o s p h a t e  c o n c e n t r a t i o n s
(mg/1 PO?) f o r  t h e  i n f l u e n t  and e f f l u e n t  w a te r s  
o f  B ig h o rn  Lake d u r in g  1968 and 1969 sam p ling  
p e r i o d s .

1968 1969

D ate
B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e D ate

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D ischarg i

2/22 •• I /  3
3 /  7 1 /18 0 .1 2 0.08
3/28 2 /  I 0.46 0 .36
4 /1 1 2 /1 5 0 .0 1 0 .0 0
5 /  4 3 / I 0 .0 4 0.00
5 /1 8 3 /17 0 .0 0 0 .0 0 0 .05
6 /  I 3 /31 0 .0 8 0.00 0 .05
6 /12 4 /  7 0 .0 0 0 .0 2 0 .0 0
6/24 ; 4 /1 4 0 .0 0 0 .0 0 0 .02
7/15 4 /2 1 0 .0 0 0 .1 1 0 .0 0
8 /  I 4/28 0.05 0 .0 6 0 .1 4
8/19 5 /  5 0 .16 0 .3 0 0 .1 4
9/23 5 /1 2 0 .06 0 .0 7 0 .05

10 / 7 5 /2 2 0 .4 6 0.31 0 .16
10/19 5 /2 8 1 .23 0 .2 0 0 .01
11/ 9 6 /  3 0 .1 8 0.22 0 .18
11 /23 6 /1 0 0 .0 0 0 .0 0 0.00
12/ 7 6 /1 7 0 .05 0 .0 0 0 .0 0
12/20 6/24 0 .09 0.29 0 .0 7

7/ I 0 .0 1 0.01 0 .0 1
7/ 8 0.13 0 .2 1 0 .1 1
7 /1 4 0.13 0.25 0 .25
7 /21 0.00 0 .0 0 0.36
7/29 0.00 0.31 0 .0 0
8/ 5 0 .05 0 .1 3 0 .1 0
8 /1 1 0 .06 0 .1 3 0 .05
8 /1 8 0.09 0.13 0.04
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T a b le  X L II„ T u r b i d i t i e s  (S ta n d a rd  J a c k so n  T u r b id i ty  U n i ts )  f o r
th e  i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

D ate

1968 1969

B ig h o rn
I n f l u e n t

Shoshone
I n f l u e n t  D is c h a rg e  D ate

B ig h o rn  Shoshone
I n f l u e n t  I n f l u e n t  D isc h a rg e  

:

2 /22 1,280 660 6 ' ' I /  3 8
3 /  7 265 153 16 1 /18 24 0
3/28 175 164 12 2 /  I 32' 36
4 /1 1 80 54 4 2 /1 5 22 8
5 /  4 3 /  I 34 20
5 /1 8 700 444 4 3 /17 261 350 6
6 /  I 2 ,9 0 0 376 4 3 /31 125 32 12
6 /12 4,900 2,220 4 4 /  7 258 2,540 12
6/24 670 1,750 4 4 /1 4 3 ,600 965 10
7/15 209 200 12 4 /2 1 180 500 6
8 /  I 265 211 4/28 1 ,7 0 0 355 2
8 /19 1 ,6 0 0 610 26 5 /  5 430 269 6
9/23 512 512 20 5 /1 2 222 335 8

10/ 7 104 153 22 5/22 174 1 ,1 4 0 12
10/19 65 111 30 5 /2 8 412 240 8
11 / 9 47 62 20 6 /  3 73 164 8
11 /23 68 59 16 6 /1 0 790 335 4
1 2 /  7 30 44 16 6/17 188 222 8
1 2 /20 36 12 6 /2 4 1,710 228 4

7/ I 1,225 320 8
7/ 8 300 265 4
7 /1 4 123 245 12
7 /21 1,680 262 12
7/29 106 211 22
8 /  5 71 200 0
8 /1 1 ■ 59 186 12
8 /1 8 188 164 20
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T a b le  X L II I .  S i l i c a  c o n c e n t r a t io n s  (m g/1 SiC L) f o r  th e  i n f l u e n t
and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake d u r in g  1968

• and 1969 sam p lin g  p e r i o d s .

1968 1969.

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22
3 /  7 1 0 .3 1 5 .4 1 4 .0
3/28 10.2 1 2 .3 1 1 .4
4 /1 1  
5 /  4 7 .0

1 2 .3
7 .6

1 2 .0
9 .4

5 /1 8 6 .3 1 4 .0 8 .1
6 /  I 12 .9 11 .2 8.8
6 /1 2 9 .7 1 3 .0 9.6
6 /2 4 1 0 .1 12.5 6 .7
7/15 7 .5 17 .2 7 .8
8 / . I
8 /1 9 1 1 .0 1 4 .2 8.2
9/23 8 .7 14 .6 10 .5

10/ 7 8 .6 13.8 1 0 .0
10 /19 8 .0 12.8 9 .6
11 / 9 9 .0 12 .8 9 .2
11 /23 10 .5 18 .5 1 1 .3
12 / 7 1 1 .4 1 6 .4 1 1 .4
1 2 /20 1 6 .8 11 .8

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

I /  3 
1 /18 1 3 .4

10 .9
l 0 . 2

2 /  I 1 6 .0 1 1 .0
2 /1 5  ■ 14 .1 12 .3
3 /  I 1 0 .6 ■ 10.9
3 /1 7 8.9 8 .3 11 .1
3 /31 1 1 .1 10 .2 11 .2
4 /  7 8 .7 1 2 .3 11 .8
4 /1 4 8 .8 1 2 .7 12 .3
4 /2 1 7 .2 1 3 .3 12 .8
4 /2 8 6 .6 12 .6 12 .2
5 /  5 8 .4 11 .2 1 0 .0
5 /1 2 8 .4 12.7 10 .9
5/22 7 .6 14.2 10 .9
5/28 6 .3 12 .1 9.9
6/ 3 7 .0 1 3 .0  • 10 .6
6 /1 0 8 .0 13 .6 9.9
6 /1 7 10 .2 1 5 .8 1 1 .0
6/24 12 .1 1 6 .3 1 1 .0
7 / I 9 .3 14 .9 10 .7
7 / 8 8.7 1 3 .3 9 .1
7 /1 4 19.4 17 .6 10.6
7 /21 10 .6 1 6 .3 8.8
7/29 9.2 16 .6 10.4
8 /  5 9 .5 1 5 .0 7 .2
8 /1 1 7.8 1 6 .4 8.8
8 /1 8 6 .4 1 7 .0 6 .0
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T a b le  XLIV. T o ta l  i r o n  c o n c e n t r a t io n s  (m g/1 F e++) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake '

■ during 1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone 
D ate  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22 0 .149 0 .1 6 9 0 .0 0 7
3 /  7 0.146 0 .0 7 8 0 .0 0 3
3/28 0 .1 2 5 0 .1 5 3 0 .009
4 /1 1 0 .0 7 1 0 .0 6 5 0 .005
5 /  4 
5 /1 8 0 .3 2 8 0 .2 5 8 0 .022
6 /  I 0 .885 0 .4 4 0 0.015
6 /12 0 .0 1 6 0 .2 1 0 0 .0 0 8
9/24 . : 0 .2 0 3 0 .1 5 3 0 .018
7/15 0 .2 0 3 0 .2 5 8 0 .0 0 7
8 /  I 0 .0 8 3 0 .175 0 .0 0 7
8 /19 0 .0 0 4 0 .0 4 3 0 .0 1 3
9/23 0 .0 4 7 0 .0 3 9 0 .0 0 7

10 / 7 0 .0 1 8 0 .1 0 7  • 0 .009
10/19 0 .0 1 0 0 .0 6 1 0 .009
11 / 9 0 ,0 2 0 0 .0 2 7 0 .007
11/23 0 .028 0 .0 3 4 0 .0 0 3
12/ 7 0 .0 1 4 0 .0 4 0 0 .0 1 0
1 2 /20 0 .0 1 6 0 .0 0 7

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

I /  3 0 .005
1 /18 0 .006 0 .016
2 /  I 0 .002 0 .008
2 /1 5 0 .0 1 7 0 .025
3 /  I 0.009 0 .001
3 /17 0 .0 0 1 0 .0 0 1 0 .001
3 /31 0 .0 2 4 0 .0 1 0 0 .001
4 /  7 2 .3 0 0 3 .9 0 0 0 .0 1 0
4/14 0 .019
4 /2 1 2 .8 3 0 3 .6 3 0 0.290
4 /2 8 3 .0 6 0 2.650 0 .093
5 /  5 3.510 3 .9 0 0 0 .0 6 0
5 /1 2 0 .4 7 3 0 .529 0 .0 3 0
5 /2 2 0 .925 1 .9 0 0 . 0.463
5/28 1 .600 0 .9 6 0 0.076
6 /  3 0.412 0.960 0 .028
6 /1 0 ■ 1 .456 1 .492 0 .047
6 /1 7 1 .7 0 0 3 .315 0.000
6/24 1 .873 1 .865 0.000
7 /  I 4 .0 1 5 3.095 0 .051
7/ 8 0 .768 1 .2 6 3 0.002
7 /1 4 0 .3 6 3 1 .1 0 0 0.000
7 /21 0 .9 6 0 0 .9 6 0 0.032
7/29 0.273 1 .169 0 .1 2 0
8 / 5 0 .2 7 3 0.956 0 .013
8 /1 1 0 .1 2 3 0 .7 0 4 0 .001
8/18 0 .158 0.360 0 .0 0 3
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T a b le  XLV. M anganese c o n c e n t r a t i o n s  (mg/1 Mn++) f o r  t h e
i n f l u e n t  and e f f l u e n t  
d u r in g  1968 and 1969

w a t e r s  o f  B ig h o rn  Lake 
sam p lin g  p e r i o d s .

1968 1969

B ig h o rn S h o s h o n e : . B ig h o rn  Shoshone
D ate  I n f l u e n t I n f l u e n t  D is c h a rg e D ate I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22 0 .006 0 .0 2 2 0 .0 0 8 I /  3 0 .001
3 /  7 0 .0 1 1 0 .0 2 1 0 .0 0 7 1 /18 0 .0 0 4 0.005
3/28 0.007 0 .0 1 4 0 .006 2 /  I 0 .0 0 7 0.000
4 /1 1 0 .0 0 4 0 .0 1 0 0.000 2 /15 0 .0 0 4 0.002
5 /  4 3 /  I 0 .0 0 6 0.000
5 /1 8 0 .025 0 .0 1 6 0 .0 0 7 . 3 /17 0 .0 1 4 0 .015 0 .001
6 /  I 0 .015 0 .0 1 8 0 .009 3 /31 0.005 0 .0 0 3 0 .001
6 /12 0 .075 0 .0 5 0 0 .007 4 /  7 0.000 0 .0 0 1 0 .001
6/24 0 .0 1 8 0 .0 3 1 0 .001 4 /1 4 2.145 0 .5 0 0 0 .045
7/15 0 .012 0 .0 2 1 0 .0 0 4 4 /2 1 0.158 0.388 0 .049
8 /  I 0 .015 0 .0 1 6 0.000 4/28 0.396 0 .2 2 1 0 .0 4 0
8 /19 0 .119 0 .0 7 7 0 .0 0 3 5 /  5 0 .2 6 1 0 .189 0 .3 0 0
9 /2 3 0 .009 0 .0 1 3 0 .002 5 /1 2 0 .0 7 3 0.349 0.075

10/ 7 0 .009 0 .0 1 3 0 .0 0 7 5 /2 2 0 .3 0 0 0 .5 6 0 0 .097
10/19 0 .005 0 .0 1 0 0 .0 0 3 5 /2 8 0.217 0 .165 0 .027
11/ 9 0 .0 0 7 0 .0 1 1 0.000 6 /  3 0 .1 1 3 0 .122 0.011
11/23 0 .0 1 4 0 .0 0 7 0.000 6 /1 0 0 .2 8 3 0 .475 0.013
1 2 /  7 0 .0 0 4 0 .0 0 1 0 .0 0 7  . 6/17 0 .1 1 0 0.164 0.000
1 2 /2 0 0 .0 0 3 0 .0 0 3 6 /2 4 0 .4 3 0 0 .1 6 4 0.000

7/ I 0 .3 7 4 0.250 0.055
7/ 8 0 .2 0 7 0 .1 8 0 0 .0 5 4
7 /1 4 0 .0 9 0 0.195 0 .019
7/21 0.299 0 .1 4 7 0.005
7/29 0.082 0 .0 9 3 0 .005
8 /  5 0.120 - 0 .1 4 9 0.000
8 /1 1 0 .0 7 6 ‘ 0 .1 9 0 0 .001
8/18 0.079 0 .1 8 6 0 .001
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T a b le  XLVI„ C opper c o n c e n t r a t io n s  (m g/1 Cu++) f o r  th e
i n f l u e n t  and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake
d u r in g  1968 and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn Sho shone B ig h o rn Sho shone
D ate  I n f l u e n t I n f l u e n t  D is c h a r g e  D ate I n f l u e n t I n f l u e n t  D is c h a rg e

2/22 0.0015 0 .0012 0 .0 0 1 0
3 /  7 0 .0015 0 .0 0 0 8 0 .0008
3/28 0.0017 0 .0 0 1 3
4 /1 1  
5 /  4

0 .0 0 0 8 0 .0009 0o0008

5 /1 8 0 .0019 0 .0012 0 .0 0 1 0
6 /  I 0 .0022 0 .0 0 1 7 0 .0011
6 /12 0 .0018 0 .0015 0 .0016
6/24 0 .0 0 3 8 0.0028 0 .0011
7/15 0 .0 0 3 0 0.0026 0 .0015
8 /  I 0 .0016 0 .0 0 2 0
8/19 0 .0008 0 .0015 0 .0009
9/23 0 .0012 0 .0 0 1 3 0 .0 0 1 7

10 / 7 0 .0 0 1 3 0 .0 0 1 6 0 .0012
10/19 0.0012 0 .0012 0.0012
11/ 9 0 .0007 0 .0 0 1 1 0W0008
11/23 0 .0008 0 .0 0 0 8 0 .0008
12/ 7 0 .0008 0 .0 0 1 4 0 .0 0 1 0
1 2 /20 0 .0 0 1 0 0 .0009

I /  3 0.0009
1 /18 0 .0 0 1 1 0.0011
2 /  I 0 .0012 0 .0011
2 /15 0 .0 0 1 4 0.0060
3 /  I 0.0018 0.0012
3 /17 0.0220 0 .0 2 1 0 0 .0016
3 /31 0 .0136 0 .0052 0.0000
4/- 7 0 .0 0 4 0 0 .0 0 4 0 0.0060
4 /1 4 0 .0010 0.0012 0.0006
4 /2 1 OvOOOS 0.0008 0 .0009
4/28 0 .0010 0.0012 0.0009
5 /  5 0 .0017 0 .0011 0 .0 0 0 4
5 /1 2 0.0012 0 .0019 0 .0 0 1 0
5/22 0.0011 0.0022 0 .0013
5/28 0.0005 0 .0006 0 .0011
6 /  3 0 .0005 0 .0005 0 .0 0 0 4
6 /1 0 0 .0 0 1 4 0 .0 0 1 4 0 .0008
6 /1 7 0.0015 0.0018 0 .0012
6/24 0.0022 0 .0 0 1 0 0 .0 0 1 0
7/ I 0 .0013 0 .0 0 0 7 0.0007
7/ 8 0 .0011 0.0010 0 .0 0 1 0
7 /1 4 0 .0016 0 .0 0 2 1 0.0009
7 /21 0 .0 0 2 4 0.0027 0.0007
7/29 0.0019 0.0025 0 .0019
8 /  5 0 .0026 0 .0039 0 .0 0 2 0
8/11 0 .0 0 2 0 0.0032 0 .0009
8 /1 8 0 .0033 0 .0028 0 .0007
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T a b le  XLVII. Z in c  c o n c e n t r a t io n s  (m g/1 Zn ) f o r  th e  i n f l u e n t
and e f f l u e n t  w a te r s  o f  B ig h o rn  Lake d u r in g  1968
and 1969 sam p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22  
3/ 7 
3/28
4 /1 1

.058

.063
.118
.0 3 4 .050

5 /  4 
5 /1 8 .052 .063 *042
6 /  I .232 .173 : .023
6 /12 .182 .1 6 4 .011
6 /2 4 .122  . .056 .020
7/15 .126 .142 .110
8 /  I .1 3 0 .128 .070
8 /19 .130 .1 0 4 '..022
9 /2 3 .027 .029 .025

10/ 7 .0 2 0 .026 .018
10/19 .022 .018 *022
11 / 9 .023 .023 .018
11 /23 .023 .0 1 0 .006
12/ 7 ■ .007 .018 .006
1 2 /20 .0 1 0 .008,

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

I /  3 .029
1 /18 .0 0 4 .012
2 /  I .016 .004
2 /1 5 .015 .030
3 /  I .037 .018
3 /1 7 .030 .026 ' .024
3 /31 .007 .0 0 4 .007
4 /  7 .025 .132 .042
4 /1 4 .178 .0 5 4 .017
4 /2 1 .029 .037 ' .030
4/28 .072 .046 .033
5 /  5 .047 .008 .000
5 /12 .010 .020 .018
5 /2 2 .027 .028 .033
5/28 .024 .015 .052
6/ 3 .000 .012 .001
6/10 .0 1 8 .0 2 0 .019
6/17, .069 .169 .019
6 /2 4 .080 .043 .025

.7 / I .050 .042 .058
7/ 8
7 /1 4 .018 .007
7 /21 .153 .054 .028
7/29 .043 .008 .058
8/ 5 .037 :038 .007
8 /1 1 .054 .050 .008
8/18 .046 .031 .004
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T a b le  X L V III.  F i e l d  pH m easu rem en ts  f o r  t h e  i n f l u e n t  and e f f l u e n t
w a t e r s  o f  B ig h o rn  Lake d u r in g  1968 and 1969 sam p lin g  
p e r i o d s .

1968 1969

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22 7 .98 8.25 7 .72
3/;. 7 8.25 8 .3 2 7 .81
3/28 8 .4 2 8 .4 6 8 .1 0
4 /1 1 8.39 8 .4 5 7.55
5 /  4 8 .5 5 8.32
5 /18  
6 /  I 7 .49 8.00
6 /12 7.98 8 .0 0
6 /2 4 8 .0 8 8.20
'7 /15 8.08 7.88 6.98
8 / .  I 8 .1 3 8 .3 7
8 /19  
9 /2 3  

10/ 7 
10/19 8 .4 9 8.22 8 .1 0
11 / 9 8.41 7 .78 7 .9 4
11 /23  
12/. 7 8.38 8 .2 1 8 .0 2
12 /20 8 .1 9 7.85

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

I /  3 8.13
1 /18 8 .1 1 8.08
2 /  I 7.66 7.78'
2 /1 5 8 .1 1 7.99
3 /  I 7 .7 4 7 .4 4
3 /1 7 7.33 7 .3 6 7.05
3 /31 8 .1 0 8.32 6.81
4 /  7 7 .82 8 .2 5 8 .02
4 /1 4 7.99 8.21 8 .0 3
4 /2 1 8.60 8.55 8 .1 0
4/28 '8 .30 8.56 8 .0 4
5 /  5 8.21 8.39 7.72
5 /12 8 .1 7 8 .5 0 8 .2 0
5 /2 2 8.23 8 .5 0 8 .3 1
5/28 7 .3 4 7 .35 7.98
6 /  3 8.36 8 .4 7 7.88
6 /1 0 8.20 8 .4 0 7 .71
6/17 8.32 8.17 8.02
6/24 8.08 8 .1 6 7^89
7/ I 8.02 8.33 7.82
7 /  8 7 .7 0
7 /1 4 8.50 8.23 8.02
7 /21 8.28 8.20 8 .0 1
7/29 8.63 8.42 8.16
8 /  5 8 .5 0 8 .4 0
8 /1 1 8 .5 1 8.38 8 .1 0
8 /1 8
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T a b le  XLIX. L a b o r a to r y  pH m easu rem en ts  f o r  t h e  i n f l u e n t  and
e f f l u e n t  w a te r s  o f  B ig h o rn  Lake d u r in g  1968 and 
1969 sa m p lin g  p e r i o d s .

1968 1969

B ig h o rn  Shoshone
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

2/22 7 .95 8 .1 7 7 .8 0
3 / 7 7 .8 3 7 .85 7 .7 7
3/28 8 .2 1 7 .8 0 8 .0 0
4 /1 1 8 .2 0 8 .1 0 8 .0 5
5 /  4 8.30 8.26 7 .1 0
5 /1 8 7 .9 0 7 .8 0 8 .0 0
6 /  .1 8:30 8 .2 0 7 .9 0
6 /12 8 .0 0 8.36 8 .2 1
6/24 7 .68 8 .0 2 7 .10
7/15 8 .1 0 8 .0 0 7 .58
8 /  I 7 .7 0
8 /19 8 .4 9 8 .3 7 8.09
9/23

10 / 7 8 .2 5 8 .1 0 8 .0 0
10/19 8 .3 5 8.38 8 .2 0
11 / 9 8 .3 0 8.29 8 .2 5
1 1 /23 8.30 8.33 8.27
12/ 7 8.30 8 .4 0 8 .0 9
1 2 /20 8 .4 0 8 .2 5

B ig h o rn  Shoshone 
D a te  I n f l u e n t  I n f l u e n t  D is c h a rg e

I /  3 8.40
1 /18 8.20 8.40
2 /  I 8.30 8 .4 0
2 /15 7 .71 8 .1 1
3 /  I 7. 74 7 .4 4
3 /17 8.35 8 .4 0 8.30
3 /31 8 .0 0 8 .5 0 8 .25
4 /  7 8 .5 0 8 .2 1 8 .4 0
4 /1 4 8.35 8 .4 0 8.20
4/21 8 .4 9 8 .4 5 8 .1 0
4/28 8.39 8 .3 5 8 .1 4
5 /  5 8 .4 0 8 .4 5 8 .1 0
5 /12 8 .3 0 8 .4 1 8.25
5 /22 8 .2 4 8 .4 1 8 .15
5/28 8.14 8 .3 5 8 .15
6 /  3 8.52 8 .3 5 8 .15
6 /1 0 8.29 8 .33 8.30
6 /1 7 8.50 8 .4 1 8.34
6 /2 4 8 .2 0 8 .2 4 8.20
7/ I 8.37 .8.35 8.25
7/ 8 8 .3 1 8.32 8.20
7 /1 4 8 .4 4 8.38 8 .1 9
7 /21 8.03 8.32 8.24
7/29 8.32 8 .3 4 8 .1 1
8 /  5 8 .39 8.48 8.36
8 /1 1 8.43 8.42 8.30
8/18 8.49 8 .3 7 8.26
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A ppendix  B

R e s e r v o i r  D a ta



T a b le  L R e s e r v o i r  s t a g e  ( m e te r s  above mean s e a  l e v e l )  and s t o r a g e  
(Xl()6 nv^) f o r  B ig h o rn  Lake d u r in g  t h e  i n d i c a t e d  sam p lin g  p e r i o d

1968 1969 1970

Date.
S ta g e

(m)
S to r a g e  
(XlO6 m3 ) D ate

S ta g e
(m)

S to ra g e
(XlO6 m b D a te

■ S ta g e  
Cm)

S to ra g e  
(XlO6 m3 )

5 /  5 1 ,0 9 5 .5 9 0 3 .0 4 /1 5 1 ,0 9 5 .5 9 0 3 .0  ■ 6 /11 1 ,1 0 7 .7 1 , 2 8 9 .4
5 /1 3 1 , 0 9 5 . 3 9 0 3 .0 4 /2 1 1 ,0 9 6 .6 9 3 1 .7 6 /18 1 , 1 0 8 ,6 1 ,3 2 8 .4
5 /2 0 1 , 0 9 4 . 0 8 6 7 .1 4 /2 8 1 ,0 9 8 .2 9 7 4 .1 6 /2 4 '1 ,1 0 9 .5 1 ,3 7 5 .1
5 /2 7 1 , 0 9 3 . 1 8 4 6 .4 5 /  5 1 ,0 9 9 .2 1 ,0 0 0 .0 7/ 2 1 ,1 1 0 .6 . 1 ,4 3 1 .8
6 /  7 1 ,0 9 3 .4 85 3 .2 5 /1 2 1 ,1 0 0 .0 1 ,0 2 4 .0 7 /  8 1 ,1 0 9 .3 1 ,3 6 1 .6
6 /12 1 ,0 9 3 .6 8 6 0 .1 5 /2 1 1 ,1 0 1 .5 1 ,0 6 3 .0 7 /16  . . 1 ,1 0 8 .7 1 ,3 3 2 .7
6 /2 0 1 , 0 9 3 . 9 8 6 7 .1 5 /2 7 1 , 1 0 2 . 3 1 ,0 9 2 .9 7 /23 1 ,1 0 8 .5 1 ,3 2 2 .5
6 /2 7 1 ,0 9 5 .1 8 9 5 .7 6 /  3 1 ,1 0 3 .3 1 ,1 2 3 .1 7/29 1 ,1 0 8 .3 1 ,3 1 3 .1
7 / 2 .1 ,0 9 5 .6 9 0 3 .0 6 /1 3 1 ,1 0 4 .6 1 ,1 6 7 .6 8 /  4 1 ,1 0 8 .0 1 ,3 0 1 .8
7/  8 1 ,0 9 6 .4 92 5 .5 6 /1 8 1 , 1 0 5 . 3 . 1 ,1 9 0 .2 8 /1 0 . 1 ,1 0 7 .7 1 ,2 8 9 .4
7 /1 4 1 , 0 9 7 . 2 9 4 8 .9 6 /2 3 1 ,1 0 4 .8 1 ,1 7 5 .4 8 /1 8 1 ,1 0 7 .4 1 ,2 7 5 .3
7 /23 1 ,0 9 6 .5 926 .5 6 /3 0 1 ,1 0 7 .7 1 ,2 8 9 .4 8 /2 4  ' 1 ,1 0 7 .3 1 ,2 6 8 .8
7/29 1 , 0 9 6 . 4 9 2 5 .5 7/22 1 ,1 0 7 .6 1 ,2 8 1 .8  . 9 /  I 1 ,1 0 7 .1 1 ,2 6 2 .7
8 /  5 1 , 0 9 6 .5 92 6 .5 7 /28 1 ,1 0 7 .2 1 ,2 6 7 .0 9 /  8 1 ,1 0 7 .1 1 ,2 6 2 .7
8 /1 2 1 ,0 9 7 .0 9 4 1 .0 8 /  4 1 , 1 0 6 . 6 1 ,2 4 3 .4
8 /1 9 1 , 0 9 8 . 3 976 .6 8 /1 1 1 ,1 0 5 .9  , 1 , 2 1 2 .3
8 /2 6 1 ,1 0 0 .2 1 ,0 2 7 .6
9 /  3 1 ,1 0 1 .0 1 ,0 4 8 .4
9 /  9 1 ,1 0 1 .4 1 ,1 8 3 .2
9 /1 7 1 ,1 0 1 .4 1 , 1 8 3 .2
9 /2 3 1 ,1 0 1 .0 1 , 0 4 8 . 4

10 /12 1 ,1 0 0 .7 1 , 0 3 9 .9
10/ 8 1 ,1 0 0 .5 1 , 0 3 7 . 2
1 0 /14 1 , 1 0 0 . 8 1 , 0 4 3 . 4
10/21 1 ,1 0 1 .0 1 , 0 4 8 . 4
11/ 2 1 ,1 0 1 .1 1 , 0 5 2 . 4
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T a b le  L I .  T u r b i d i t y  p r o f i l e s  ( S ta n d a r d  J a c k s o n  T u r b i d i t y
U n i t s )  o f  B ig h o rn  Lake a t  a l l  s t a t i o n s  f o r  a l l  
c r u i s e s .

S t a t i o n  0

Depth
(m) C r u i s e I C r u i s e 5 C r u i s e  10 C r u i s e 14 C r u i s e 18 C r u i s e  22

S 4 8 12 12 10
10 8 12 4 8 8 10
20 8 20 8 8 12 10
30 8 12 4 8 16 ■14
40 8 8 8 12 16 16
50 8 12 16 16 20 22
60 8 8 12 8 16 18
70 12 8 4 . 4 8 12
80 8 8 4 8 12 10
90 8 22 4 8 12 10

100 8 16 8 8 16 12
HO 12 20 8 8 20 14
120 22 12 8 8 22 12

C r u i s e 26 C r u i s e 27 C r u i s e  31 C r u i s e 36 C r u i s e 40

' S ' 12 8 . : 12 4 8 ■
10 12 8 12 4 8
20 10 6 8 4 4
30 12 6 8 8 6
40 8 ' 6 4 ■ -e 8
50 12 8 8 8 8
60 12 ■ 10 8 8 8
70 8 10 6 8 8
80 6 12 6 8 4
90 4 12 8 8 8

100 8 12 8 8 8
HO 12 12 4 12 4
120 12 12 10 12 8
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T a b le  L I .  (C o n t’ d)

S t a t i o n  I

D epth
(m) C r u i s e I C r u i s e 5 C r u i s e 11 C r u i s e 14 C r u i s e 18 C ru is e  22

S 12 26 ier 16 12 10
10 16 26 20 16 10 10,
20 16 30 16 12 16 8'
30 20 20 16 12 20 10
40 8 16 22 22 22 20
50 8 22 20 20 30 -30
60 12 30 12 12 16 44
70 39 20 8 20 12
80 12 18 20
90

C r u i s e 26 C r u i s e 27 C r u i s e 31 C r u i s e 36 C r u i s e 40

S 8 6 8 8 8
10 8 8 8 8 12
20 8 10 12 4 8
30 10 6 ■ 4 4 8
40 12 8 4 4 10
50 16 10 10 6 8
60 22 12 8 8
70 14 10 8
80 • 16 10 8
90
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T a b le  L I .  ( C b n t1d)

S t a t i o n  2

D epth
(m) C r u i s e  I C r u i s e  5 C r u i s e  10 C r u i s e  14 C r u i s e  18 C ru is e  22

S 16 32 20 12 21 18
10 20 30 20 8 20 12
20 8 51 20 20 16 10
30 8 ■ 32 36 16 20 12
40 16 32 16 20 22 32
50 12 65 36 8 64 ' 43
60 39 -56 68
70

C r u i s e  26 C r u i s e  27 C r u i s e  31 C r u i s e  36 C r u i s e  40

S 6 10 6 16 12
10 8 12 14 16 14
20 4 10 6 12 10
30 6 12 10 8 6
40 22 12 4 8 8
50 31 10 4 8 8
60 4 l 12 12 4 8
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T a b le  L I .  ( C o n tM )

D epth
(m)

S t a t i o n  3

C r u i s e I C r u i s e 5 C r u i s e 10 C r u i s e 14 C r u i s e 18 C ru is e 22

S 44 71 26 16 32 12
10 22 114 20 20 12 18
20 26 193 20 30 16 14
30 30 217 61 36 42 47
40 30 114 144 54 125

C r u i s e 26 C r u i s e 27 C r u i s e 31 C r u i s e 36 C r u i s e 40

S 8 16 34 16 16
10 12 26 28 20 16
20 8 20 21 26 12
30 30 16 8 16
40 4 20 14 6 20

S t a t i o n  4
C r u i s e I C r u i s e 5 C r u i s e 10 C r u i s e 14 : C r u i s e 18 C ru is e 22

S 61 273 44 22 36 18
10 65 350 61 22 47 16
20 39 47 49 56 39
30 92

C r u i s e 26 C r u i s e 27 C r u i s e 31 C r u i s e 36 C r u i s e 40

S 12 64 16 20 22
10 12 64 44 22 ■24
20 36 83 60 36 20
30
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T a b le  L I .  (C o n t ’ d)

S t a t i o n  5

D epth
(m) C r u i s e I C r u i s e  5 C r u i s e  10 C r u i s e 14 C r u i s e 18 C r u i s e  22

S 240 3 ,3 5 0 97 73 59 48
10 .

C r u i s e 26 C r u i s e  27 C r u i s e  31 C r u i s e 36 C r u i s e 40

S 44 875 39 36 39
10 64
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T a b le  L U . '  T r a n s m is s io n  p r o f i l e s  (7» T /10  cm) o f  B ig h o rn  Lake
a t  a l l  s t a t i o n s  f o r  a l l  c r u i s e s .

S t a t i o n  -0

Dep t h
' (m) C r u i s e  19 C r u i s e  20 C r u i s e  23 C r u i s e  24 C r u i s e  26 C r u i s e  27

S 90 94 98 97 97 89
5 91 94 99 95 98 89

10 91 94 100 .95 98 89
15 91 95 100 95 98 88
20 91 94 99 95 98 88
25 89 94 98 95 98 87
30 88 93 97 91 98 89
35 89 93 96 ' 92 81 88
40 88 91 93 90 93 88
45 86 89 90 89 96 88
50 84 87 88 88 93 85
55 82 81 88 88 92 84
60 85 79 92 89 92 83
65 87 88 96 91 96 83
70 89 91 97 91 99 83
75 88 91 97 92 99 81
80 88 91 97 92 100 84
85 88" 91 96 91 100 84
90 87 90 97 90 100 83
95 85 89 96 90 100 82

100 84 86 96 89 98 83
105 6 81 87 95 89 98 83
HO 80 86 95 88 82
115 78 85 81
120 76 81
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T a b le  L U .  ( C o n t ’.d)

S t a t i o n  0 ( C b n t' d )

D epth
(m) C r u i s e  30 C r u i s e  31 C r u i s e  32 C r u i s e  33 C r u i s e  34 C ru is e  35

S 90 89 85 94 96 94
5 90 89 91 93 96 95

10 90 88 89 93 97 95
15 91 88 92 93 96 96
20 91 89 90 93 96 95
25 92 91 93 ' 94 95 95
30 92 92 94 93 95 95
35 92 93 94 91 95 95
40 92 92 94 91 95 95
45 92 92 94 92 94 95
50 91 91 94 92 94 ■ 95
55 92 . 91 94 92 93 95
60 92 91 93 91 93 94
65 91 91 93 91 93 94
70 91 91 93 91 93 94
75 91 91 93 91 93 93
80 91 90 92 . 90 92 93
85 90 90 .91 90 92 93
90 90 90 91 90 92 92
95 89 90 91 89 91 ■ 91

100 90 90 90 88 91 91
105 89 90 78 89 91 91
HO 89 89 74 89 90 91
115 90 90 89 90 90
120 90 89
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T a b le  L U .  ( C o n t?d)

S t a t i o n  O ( C o n t* d )

D epth
(m) C r u i s e  36 C r u i s e  37 C r u i s e  38 C r u i s e  39 C r u i s e  40 C ru is e

S 96 95 96 94 91 89
5 95 95 95 93 90 88

10 95 95 95 93 90 90
15 95 96 95 . 95 94 92
20 94 95 91 95 95 94
25 94 95 94 94 96 94
30 94 94 95 93 95 95
35 94 94 94 91 94 95
40 94 94 95 90 94 94
45 94 94 95 90 92 93
50 94 94 95 92 92 92
55 94 94 94 93 93 92
50 94 94 94 91 92 92
65 94 94 94 90 91 91
70 93 94 94 90 91 91
75 93 93 94 91 91 91
80 93 93 93 92 93 93
85 92 93 93 93 94 93
90 91 92 93 94 94 93
95 91 91 93 94 94 93

100 91 91 92 93 94 92
105 90 91 92 93 93 91
HO 90 91 91 93 92 91
115 90 89 91 91 92 90
120 90 88 92
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T a b le  L U .  ( C o n t l d )

S t a t i o n  0 ( C o n t f d)

D epth
(m) C r u i s e  42 C r u i s e  44 C r u i s e  45 C r u i s e  46 C r u i s e  47 C r u i s e  48

S 91 90 95 96 94 92
5 90 90 94 96 93 90

10 ■ 90 90 94 95 93 92
15 90 91 94 94 93 92
20 93 91 94 94 91 91
25 94 . 91 94 95 92 91
30 94 91 94 95 94 92
35 94 90 94 95 93 95
40 95 90 93 94 94 95
45 94 90 93 94 94 95
50 94 90 93 94 94 95
55 93 90 92 93 93 95
60 93 90 92 93 90 94
65 92 90 92 92 88 89
70 92 90 91 92 89 87
75 91 90 91 91 90 86
80 92 90 91 91 90 87
85 93 90 91 91 90 89
90 93 90 91 91 90 90
95 93 89 91 90 90 90

100 94 88 90 90 90 90
105 92 85 88 90 90 90
HO 91 87 , 90 90 90
115
120

91 89 90
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T a b le  L U .  ( C o n t i d)

S t a t i o n  0 ( C o n t 'd )

D epth
(m) C r u i s e  49 C r u i s e  50 C r u i s e  51 C r u i s e  52 C r u i s e  53 C r u i s e  54

S 91 90 90 90 91 93
5 90 90 89 90 91. 93

10 92 90 92 92 91 93
15 92 92 93 93 93 93
20 91 92 93 93 94 94
25 91 92 93 93 94 94
30 92 91 93 93 . 94 94
35 92 92 93 93 94 93
40 93 92 93 93 94 93
45 94 93 94 93 94 ■ 93
50 94 " 94 93 93 93 92
55 94 93 92 9.1 91 90
60 94 94 92 90 91 90
65 92 93 94 92 93 92
70 90 91 93 93 93 93
75 89 90 93 92 93 93
80 87 90 91 91 93 93
85 87 90 91 92 93 93
90 84 90 91 92 93 93
95 90 91 92 92 93 93

100 90 91 92 92 93 92
105 91 91 92 92 93 92
HO 91 91 92 90 93 92
115 90 90 91 91 93 91
120
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T a b le  L U .  (Cont-Jd)

S t a t i o n  0 ( C o n t 'd )

D epth
(m) C r u i s e  55 C r u i s e  56

S 94 94
5 95 95

10 95 95
15 95 95
20 96 95
25 96 96
30 96 96
35 96 96
40 ■ 95 96
45 95 96
50 94 95
55 90 91
60 90 88
65 94 92
70 94 ' 95
75 94 95
80 94 95
85 94 95
90 94 95
95 94 94

100' 94 95
105 92 94
HO 93 ?4
115 93 94
120
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T a b le  L U .  ( C o n t 'd )

S t a t i o n  I

D epth
(m) C r u i s e  19 C r u i s e  20 C r u i s e  21 C r u i s e  23 C r u i s e  24 C ru is e

S 92,: 93 92 96 97 87
5 92 , 93 92 98 97 '87

10 92. 92 92 98 97 87
15 9 i  : 92 92 98 97 ,87
20 92 92 92 98 97 8'8
25 9 CL ' 92 92 98 96 87
30 88, 91 92 98 96 8.7
35 87 91 92 97 95 .87
40 85„ 88 88 92 88 '86
45 82... 80 82 ' 83 81 .86
50 73, 91 73, 76 75 '86
55 83 68 74 68 .85
60 76.. ' 63 63 70 60 85
65 84 76 90 85 84
70 84. 84 88 84
75 83. . 84 89 84
80 82, 84 90 84
85 84 90 84
90 81
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T a b le  L U .  (G o n t1 d)

S t a t i o n  I ( C o n t r d)

D epth
(m) C r u i s e  30 C r u i s e  31 C r u i s e  32 C p u ise  33 C r u i s e  34 ' C r u i s e  35

S 81 79 82 81 87 94
5 85 79 83 76 88 94

10 87 84 86 80 90 94
15 90 87 87 91 . 93 95
20 91 90 93 91 94 95
25 91 91 95 92 94 95
30 91 91 95 94 94 95
35 91 91 95 94 94 95
40 90 90 95 93 94 94
45 90 90 92 93 93 93
50 90 90 92 93 92 91
55 90 90 93 92 91 91 .
60 90 89 93 91 91 90
65 89 93 91 91 90
70 . 91 90 90
75 87
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T a b le  L U .  ( C o n t i d)

D epth
(m)

S t a t i o n  I (C o n t8 d)

C r u i s e  36 C r u i s e  37 C r u i s e  38 C r u i s e  39 C r u i s e  40 C ru is e  41

S 94 94 89 90 91 90
5 93 94 87 91 • 93 90

10 93 94 90 91 94 91
15 93 93 90 92 94 93
20 94 93 78 92 93 94
25 94 93 76 92 94 94
30 93 93 90 91 94 94
35 . 94 94 91 91 92 93
40 94 94 91 91 91 93
45 93 93 91 90 92 93
50 92 91 90 91 91 91
55 90 90 88 91 91 89
60 90 90 86 91 90 87
65 91 91 85 90 90 86
70 90 83 90 ,
75 88 90
80 8& 90
85 88 89
90 . 86 88
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T a b le  L U .  ( C o n t8d)

S t a t i o n  I ( C o n t8 d )

Depth
(m) C r u i s e  42 C r u i s e  44 C r u i s e  45 C r u i s e  46 C r u i s e  47 C r u i s e  48

S 89 90 87 90 89 88
5 89 90 87 87 84 87

10 90 90 90 84 87 86
15 90 89 90 85 89 81
20 93 88 90 86 80 82
25 94 91 90 90 90 88
30 94 91 92 91 92 89
35 94 91 92 ■ 91 92 91
40 92 91 92 92 92 93
45 91 91 92 93 90 94
50 90 91 91 86 89 94 ' '
55 90 90 90 83 90 93
60 90 90 90 79 85 92
65 90 • 90 90 76 84 91
70 90 90 90 76 85 90
75 91 89 87 74 87 '90
80 90 86 73 81 '89
85 89 84 71 79 85
90 87 82 71 76 83
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T a b le  L U .  ( C o n t1(I)

Station I (Cont1Cl)

D epth
(m) C r u i s e  49 C r u i s e  50 C r u i s e  51 C r u i s e  52 C r u i s e  53 C ru is e  54

S 89 86 88 90 90 91
5 89 85 89 90 90 91

10 90 87 89 90 90 91
15 90 88 85 . 90 92 92
20 90 90 89 89 92 91
25 90 90 88 90 92 90
30 90 90 89 89 90 90
35 90 91 88 89 90 88
40 92 91 87 86 88 86
45 93 92 86 84 ■ 79 84
50 93 91 84 86 81 70
55 93 91 81 83 79 68
60 93 92 85 84 84 73
65 92 91 90 89 88 86
70 90 90 89 90 90 89
75 ' 90 . 90 90 90 90 90
80 89 89 90 90 90 89
85 87 .88 90 90 89
90 87 88 89 89 88
95 88 87 87
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T a b le  L U .  ( C o n t f d)

S t a t i o n  I  (C o n t f d)

D epth
(m) C r u i s e 55 C r u i s e  56

S 92 94
. 5 91 94 :

10 92 94
15 92 94 .
20 92 94
25 91 93
30 90 91
35 90 90
40 89 90 ■
45 88 88
50 81 82
55 59 63
60 59
65 76 84
70 88 90
75 90 90
80 89 90 ■
85 87 '90
90 84 ■87
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T a b le  L U .  (C ont’' d )

S t a t i o n  2

D epth
(m) C r u i s e 19 C r u i s e 20 C r u i s e 21 C r u i s e 23 C r u i s e 24 C r u is e 25

S 82 ' 92 97 93 97 96
5 91 94 97 93 97 97

10 91. 94. 97 94 97 97
15 92 94 9S 94 97 97
20 92 94 99 96 97 96
25 77. 92 98 96 97 96
30 73 88 98 97 69 96
35 58. " 64 78 98 59 89
40 75, ■ 74 68 62 54 70
45 69 70 67, 54 47 63
50 66. ■ 73 57 52 58
55 43 50 28 44 55
60 41 64 34 53

C r u i s e 26 C r u i s e 27 C r u i s e 28 C r u i s e 30 C r u i s e 31 C ru is e 32

S 97 85 76 79 71 74
5 98 84 79 80 73 76

10 98 84 81 • 79 76 79
15 98 84 84 . 76 79 83
20 98 84 85 84 89 89
25 98 84 84 91 91 91
30 98 84 84 91 91 93
35 88 83 83 91 91 93
40 74 83 83 . 91 91 92
45 70 83 82 91 90 91
50 70 83 82 91 90 90
55 71 82 81 91 90 90
60 68 78 87 87
65
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T a b le  L U .  (C o n t^d )

S t a t i o n  2 ( C o n t1d )

D epth
(m) C r u i s e 33 ' C r u i s e 34 C r u i s e  35 C r u i s e 36 C r u i s e 37 C r u i s e 38

S 70 79 88 ■ 87 91 88
5 74 78 87 90 91 88

10 84 83 87 91 92 89
15 87 84 89 92 90 89
20 88 91 91 92 87 90
25 90 92 94 94 90 91
30 91 93 94 94 93 91
35 91 93 94 94 94 92
40 91 93 93 94 94 66
45 91 91 92 93 93 63
50 90 90 91 92 92 ' 58
55 90 90 91 92 92 56
60 90 90 91 91 48
65 90 90 90 46

C r u i s e 39 C r u i s e 40 C r u i s e  41 C r u i s e 42 C r u i s e 44 C ru is e 45

S 88 89 91 86 83 87
5 89 88 91 92 83 86

10 90 88 92 93 84 86
15 91 90 92 91 83 78
20 92 91 94 93 89 77
25 92 91 95 94 92 89
30 91 91 95 94 93 92
35 91 91 95 93 93 92
40 91 91 92 90 93 92
45 91 91 92 88 92 92
50 90 • 90 91 87 92 '91
55 89 90 90 87 91 91
60 88 89 86 91 91
65 88 89 91 91
70 91



176

T a b le  L U .  (G o n t t d)

S t a t i o n  2 (C o n t t d)

D epth
/

(m) C r u i s e  46 C r u i s e 47 C r u i s e  48 C r u i s e  49 C r u i s e 50 C r u i s e  51

S 84 92 74 81 88 87
5 84 93 74 87 91 86

10 84 87 87 84 91 90
15 84 86 63 84 92 90
20 84 84 68 82 92 87
25 86 90 68 81 87 84
30 84 89 85 . 88 89 83
35 87 89 87 93 92 86
40 92 90 89 94 95 84
45 92 92 90 94 96 80
50 92 91 90 93 95 79 .
55 90 90 90 92 93 76
60 90 88 88 91 94 76
65 90 89 88 90 91 76
70 90 89 86 87 88 76

C r u i s e  52 C r u i s e 53 C r u i s e  54 C r u i s e  55 C r u i s e 56

S 90 90 94 58 91
5 90 90 94 70 92

10 90 91 94 76 93
15 90 90 91 78 93
20 90 . 89 90 85 93
25 87 88 90 88 90
30 85 87 90 85 90
35 85 85 89 8% 87
40 82 84 84 83 84
45 74 79 73 80 81
50 76 66 59 76 71
55 76 59 74 ■59
60 76 71 73 79
65 79 79 . 81 89 68
70 79 ■ 74
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T a b le  L U .  (G o n t ’ d)

S t a t i o n  3

Dep t h  
(m) C r u i s e 19 C r u i s e 20 C r u i s e  23 C r u i s e 24 C r u i s e 25 C r u i s e  26

S 74 ’ 91 95 96 97 96
5 .8 ? 91 98 96 99 96

10 91 92 99 96 99 96
15 91 91 100 96 98 96
20 81 92 100 94 98 96
25 65 ' 92 98 ■ 94 96 96
30 54 78 59 58 66 72
35 57., • 94 53 53 64 61
40 46, ' 82 50 55 60
45 67

C r u i s e 27 C r u i s e 28 C r u i s e  29 C r u i s e 30 C r u i s e 31 C ru is e  32

S 68 85 59 74 59 74
5 68 85 73 79 63 79

10 63 77 87 81 63 82
15 63 79 96 81 76 85
20 76 90 100 82 84 87
25 79 92 100 84 85 90
30 80 93 100 87 85 89.
35 79 90 100 86 84 89
40 79 85 100 86 82 88

C r u i s e 33 C r u i s e 34 C r u i s e  35 C r u i s e 36 C r u i s e 37 O ru ise  38

S 63 71 76 88 88 70
5 70 74 79 . 89 88 72

10 78 79 78 87 90 68
15 76 84 79 . 78 86 63
20 84 -89 84 73 84 63
25 87 91 87 84 85 60
30 84 90 91 90 91 78
35 78 87 89 90 90 81
40 80 86 90 90 67
45 84 85 90
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T a b le  L U .  ( C o n t ’ d)

S t a t i o n  3 ( C o n t1d)

D epth
(m) C r u i s e 40 C r u i s e 41 C r u i s e 42 C r u i s e  44 C r u i s e  45 C ru is e 46

S 80 ' 88 87 86 86 68
5 83 89 . 89 88 84 71

10 89 87 90 76 73 72
15 94 '85 87 87 69 72
20 . 99 90 86 76 59 74
25 99 92 90 85 59 86
30 100 93 90 90 86 91
35 97 90 76 91 90 98
40 94 78 68 91 90 100
45 73 90 89 100
50 90 88 99

C r u i s e 47 C r u i s e 48 C r u i s e 49 C r u i s e  50 C r u i s e  51 C ru is e 52

• S 86 81 . 88 92 89 81
5 78 86 88 93 89 84

10 72 87 81 93 90 87 '
15 69 79 77 92 87 84
20 64 78 73 92 84 76
25 62 75 75 91 78 73
30 91 73 79 90 85 79
35 91 70 90 86 58 68
40 91 78 88 75 80 42
45 92 68 80 75 75
50 93 83 71 69
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T a b le  L I ! . .  (G o n t t d)

D epth
(m)

S t a t i o n  3 ( C o n t! d)

C r u i s e  53 C r u i s e  54 C r u i s e  55 C r u i s e  56

S 68 ■91 73 83
5 82 . 91 ' 84 84

10 84 93 88 86
15 81 86 88 87
20 79 78 92 88
25 79 80 90 86
30 80 75 85 77
35 63 79 81 52
40 63 55 61 69
45 59 51 41 58
50 27 21 27 40

S t a t i o n  4

C r u i s e  19 C r u i s e  20 C r u i s e  21 C r u i s e 22 C r u i s e  23 C ru is e 24

S 82 81 79 100 96 97
5 87 81 80 100 100 97

10 82. 79 79 100 100 97
15 68 80 64 98 95 86
20 84 79 60 79 78 ■67
25 82 78 45 70 . 66 62

C r u i s e .25 .Q r u i s e  27 . . Q r u i s e .28 C r u i s e 29 C r u i s e  30 C ru is e 31

S 98 26 60 35 66 59
5 98 23 . 60 , 35 67 57

10 98 23 55 34 65 50
15 80 23 51 35 59 35
20 72 12 32 29 43 83
25 70 73
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T a b le  L U .  ( C o n t td )

S t a t i o n  4 ( C o n t t d)

D epth
(m) C r u i s e 32 C r u i s e 33 C r u i s e  34 C r u i s e  35 C r u i s e  36 C ru is e 37

S 68 63 79 32 98 . 81
5 68 68 83 54 99 82

10 70 68 81 56 99 80
15 73 70 88 58 98 78
20 74 68 91 59 97 74
25 75 63 85 53 97 76
30 98

C r u i s e 38 C r u i s e 40 C r u i s e  41 C r u i s e  42 C r u i s e  44 C ru is e 45

S 68 67 65 77 100 • 94
5 72 67 82 84 100 94

10 66 67 73 84 84 89
15 63 70 70 83 76 86
20 55 89 82 75 69 65
25 ' 49 88 82 71 62 87
30 42 88 62 96 99
35 91

C r u i s e 46 C r u i s e 48 C r u i s e  49 C r u i s e  50 C r u i s e  51 C r u i s e 52

S 75 73 79 84 99 94
5 73 76 86 94 100 95

10 73 73 77 . 86 93 92
15 73 63 60 76 72 86
20 73 57 51 82 59 ■ 74
25 81. 59 68 85 53 70
30 88 58 67 85 51 71
35 89 19 27 12
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T a b le  L U .  ( C o n t1 d )

S t a t i o n  4 ( C o n t ' Id)

D epth
(m) C r u i s e 53 C r u i s e 54 C r u i s e 55 C r u i s e 56

S 78 88 94 53
5 77 89 95 . 54

10 77 89 95 55
15 77 75 91 56
20 74 81 76 54
25 47 O 60 58 ' 53
30 ■ 39 34 43 37

S t a t i o n  5

C r u i s e 19 C r u i s e 21 C r u i s e 22 C r u i s e 23 C r u i s e 25 C ru is e 2.7

S 62 59 100 " 66 32 3
5 62 53 61 68 32

10 54 48

C r u i s e 28 C r u i s e 29 C r u i s e 30 C r u i s e 31 C r u i s e 32 C ru is e 33

S 20 30 54 39 40 50
5 21 43 55 42 - 49

10 34

C r u i s e 34 C r u i s e 35 C r u i s e 36 C r u i s e 37 C r u i s e -38 C ru is e 39

S 72 29 80 42 66 25
5 77 35 75 54 63 22

10 51 21
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T a b le  L U .  ( C o n t 'd )

S t a t i o n  5 (G o n t1d)

D epth
(m) C r u i s e 40 C r u i s e 41 C r u i s e 42 C ru is e 44 r C r u i s e  45 C ru is e 46

S 82 84 85 17 78 42
5 66 80 80 3 85 42

10 37 77 43 91 35
15 80 12

C r u i s e 47 C r u i s e 48 C r u i s e 49 C r u i s e 50 C r u i s e  51 C ru is e 52

S 67 87 88 73 97 97 ■
5 66 85 81 82 85 81

10 65 70 75 58 74 67
15 39 23

C r u i s e 53 C r u i s e 54 C r u i s e 55 C r u i s e 56

S ■ 79 96 72 29
5 75 95 84 26

10 51 86 77 28
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T a b le  L I I I .  T e m p era tu re  ( c )  p r o f i l e s  o f  B ig h o rn  Lake a t  a l l
s t a t i o n s  f o r  i n d i c a t e d  c r u i s e s .

S t a t i o n  0

D epth
(m) C ru ise .  I C r u i s e  3 C r u i s e  4 C r u i s e  5 ■ C r u i s e  6 C r u i s e  7

S 7 .8 1 0 .0 12 .2 1 4 .7 1 6 .1 18.9
5 7 .8 8 .9 1 2 .2 1 4 .4 1 5 .3 18 .9

10 6 .4 8 ,9 1 2 .2 14 .2 1 4 .4 17 .8
15 6 . 'i : . 8 .1 1 0 .0 14 .2 1 4 .4 16 .1
20 6 .1  ■’ 7.5 8 .9 12 .5 14 .2 1 5 .0
25 6 .1 6 .7 7.8 11 .7 13 .6 1 4 .4
30 5 .8 6 ,1 6 .7 11 .1 1 2 .8 1 4 .4  .
35 5 .0 5 .6 5 .6  ■ 9 .7 1 1 .1 13 .9
40 4 .4 5 .0 5 .6 9 .2 1 0 .3 13 .3
45 . 4 . 4 4 .7 5 .6 6 .9 8 .6 12 .8
50 4 .4 4 .4 5 .0 6 .7 7 .5 12 .2
55 4 .2 4 .4 4,7. 6 .1 7 .2 1 0 .0
60 3 .9 4 .4 4 .4 5 .8 6 .7 8.9
65 3 .6 4 .2 ■ 3 .9 5 .5 6 .4 7.8
70 3 .3 4 .2 3 .9 5 .3 6 .1 7 .8
75 3 .3 3 .9 3 .6 4 .7 5 ,8 7 ,2
80 3 .3 3 .6 3 .3 4 .2 5 .6 6 .7
85 3 .3 3 .5 3 .6 3 .6 5 .3 6.1
90 3 .3 3 .5 3 .6 3 .6 4 . 4 5 .6
95 3 .3 3 .5 3.6 4 .2 4 .2 4 .4

100 3 .3 4 ,4 4 .2 ■ 4 ,2 4 .2 4 .4
105 3 .6 4 .4 4 .4 4 .4 4 .4 4 .4
1.10 4 .4 4 .4 4 .4 4 .4
115 4 .7 "4.4 4 .4 4 .4
120 4 .7 4 ,4  .



184

T a b le  L I I I . ( C o a t 'd )

S t a t i o n  0 ( C o n t1d)

D epth
(m) C r u i s e  8 C r u i s e  9 C r u i s e  10 C r u i s e  11 C r u i s e  12 C ru is e  13

S 19.4 18.9 2 1 .4 2 2 .5 20.8 2 1 .7
5 18 .9 1 7 .8 19 .2 2 1 .1 2 0 .5 2 1 .4

10 1 8 .9 17.8 1 8 .0 18 .9 1 9 .7 2 1 .4
15 1 7 .8 17 .5 1 7 .8  . 1 7 .8 1 8 .0 20 .5
20 1 7 .8 1 7 .5 17 .5 ,1 7 .5 17.8 1 8 .0
25 1 6 .7 1 6 .1 1 6 .4 16 .9 1 7 .5 17.8
30 15 .5 15 .5 1 5 .8 1 6 .4 1 6 .7 17.5
35 1 5 .0 1 4 .4 15 .3 15 .5 1 5 .8 1 6 .7
40 1 3 .3 1 3 .9 14 .2 1 4 .4 1 5 .0 15 .5
45 1 2 .2 1 3 .3 12.5 12.8 1 3 .0 1 4 .4
50 1 1 .7 1 1 .7 11 .9 11 .9 1 1 .1 12 .2
55 1 0 .6 1 1 .1 11 .1 11 .1 1 0 .3 11 .1
60 9 .4 1 0 .0 9 .7 9 .4 8 .3 8.9
65 7.8 8 .9 8 .1 8 .3 7.5 7 .8
70 7 .8 77.8 7 .5 7 .5 6 .9 7 .2
75 7 .2 7 .2 6.9 7 .2 6 .7 6.9
80 6 .7 6 .7 6 .7 6 .7 6 .4 6 .7
85 6 .1 6 .1 6 .1 6 .1 5 .8 6 .1
90 5 .6 5 .8 5 .8 5 .8 ■ 5 .6 5 .8
95 5 .6 5 .6 5 .6 5 .6 5 .6 5 .8

100 5 .6 5 .3 5 .3 ' 5 .6 5 .6 5 .6
105 5 .0 5 .0 5 .0 5 .6 5 .6
HO 5 .0 5 .0 5 .0  ■ 5 .0 5 .3 5 .3
115 5 .0 5 .0 5 .0 5 .0 5 .0 5 .3
120 4 .7 5 .0 5 .3 5 .0
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T a b le  b i l l .  ( C o n t t d)

D epth
(m)

S t a t i o n 0 (C o n t t d)

C r u i s e  14 C r u i s e  15 C r u i s e  16 C r u i s e  17 C r u i s e  18 C r u i s e  19

S 2 1 .9 20.8 2 0 .5 1 9 .7 18 .9 18.6
5 2 1 .4 20.3 19 .5 19.7 18 .9 18 .3

10 20.8 2 0 .3 19.4 19.4 18.9 18 .3
15 19.7 2 0 .0 1 9 .4 18.9 18.9 1 8 .0
20 1 8 .3 1 9 .4 19 .2 18 .9 17 .8 1 8 .0
25 17.8 ' 1 8 .3 1 8 .0 18.3 1 7 .8 17 .8
30 1 6 .9 17.8 1 7 .8 17 .8 16 .9 17.5
35 1 5 .8 1 6 .9 17 .2 17 .5 16.7 16 .9
40 1 5 .3 1 5 .8 16 .6 16 .7 16 .1 16.7
45 1 4 .2 1 4 .7 1 5 .3 15 .5 15 .8 1 6 .7
50 12.8 1 3 .3 1 4 .3 1 4 .4 1 5 .3 1 6 .4
55 1 1 .7 11 .9 12 .2 1 3 .3 13 .6 1 5 .0
60 1 0 .0 10.0 8 .9 11 .1 10 .8 11 .7
65 8 .9 8 .1 8 .1 9 .2 8 .9 9 .4
70 7.8 7 .8 7 .8 7 .8 7 .8 8.6
75 6 .9 6 .9 7.8 7.8 7 .5 7 .8
80 6 .7 6 .7 7 .8 7 .2 6 .9 7.2
85 6 .4 6 .1 7.8 6 .7 6 .7 6 .7
90 6 .1 5 .8 7 .8 6 .7 6 .7 6 .7
95 5 .8 5 .8 7.8 6 .4 6 .4 6 .1

100 5 .6 5 .6 7.8 6 .1 6 .4 6 .1
105 5 .6 5 .6 7 .8 5 .8 6 .4 5 .6
HO 5 .6 5 .6 7 .8 5 .6 6 .4 5 .6
115 5 .6 5 .6 7 .8 5 .6 6 .4 5 .6
120 5 .6 7.8 5 .6 6 .4 5 .6
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T a b le  L I I I . (C o n t^d )

S t a t i o n  0 (C on t*d)

Depth
(m) C r u i s e  20 C r u i s e  21 C r u i s e  22 C r u i s e  23 C r u i s e  24 C ru is e

S 17 .5 17 .5 1 6 .7 15 .5 15 .5 1 4 .4
5 1 7 .8 1 6 .9 1 6 .7 1 6 .1 15 .5 1 4 .4

10 1 7 .8 16 .9 1 6 .7 16 .1 15 .5 1 4 .4
15 17 .8 16.9 1 6 .7 1 6 .1 15 .5 . 1 4 .4
20 1 7 .8  • 1 6 .9 1 6 .7 1 6 .1 15 .5 1 4 .4
25 1 7 .8 16 .9 1 6 .7 1 6 .1  ■ 15 .5 1 4 .4
30 17 .2 16.9 16 .9 1 6 .1 15 .5 1 4 .4
35 1 6 .7 1 6 .9 1 6 .9 1 6 .1 1 5 .5 1 4 .4
40 1 6 .7 16 .9 1 6 .7 1 6 .1  . 1 5 .3 1 4 .4
45 1 6 .7 16 .9 1 6 .4 15 .5 1 5 .0 , 1 4 .4
50 1 6 .7 16 .9 1 5 .8 1 5 .0 1 4 .7 13 .9
55 ■ 15 .5 1 6 .4 15 .5 1 5 .0 1 4 .4 13 .3
60 .13.0 12 .2 1 1 .1 13 .9 1 0 .8 12 .2
65 1 0 .3 9 .7 8 .9 1 0 .0 9 .7 11 .1
70 8 .9 8 .6 7 .8 8 .3 8 .9 8.9
75 8 .1 7 .8 7.5 7 .8 7.8 8 .9
80 7 .5 7 .2 6 .9 7 .8 7.8 ^ 7 .8
85 6.9 6 .7 6 .7 6 .7 7.2 7 .2
90 6 .7 6 .7 6 .4 6 .7 6 .9 6 .7
95 6 .4 6 .7 6 .1 6 .7 6 .7 6 .7

100 6 .1 6 .4 6 .1 6 .7 6 .7 6 .7
105 6 .1 5 .9 5 .8 6 .1 6 .4 6 .7
HO 6 .1 5 .8 5 .8 6 .1 6 .1 6 .4
115 6 .1 5 .8 5 .6 6 .1 6 .1

25
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T a b le  L I I I . ( C o a t 'd )

S t a t i o n 0 ( C o a t 'd )

D epth
(m) C r u i s e  26 C r u i s e  27 C r u i s e  28 C r u i s e  29 C r u i s e  30 C r u i s e  31

S 1 3 .9 4 . 4 6 .7 6 .7 8 .9 1 1 .7  .
5 1 3 .3 4 .4 5 .6 6 .1 6.9 1 1 .4

10 1 3 .3 4 .4 5 .6 5 .6 6 .7 11 .1
15 1 3 .3 4 .4 5 .6  ■ 5 .6 6 .1 1 0 .0
20 1 3 .3 4 .4 5 .6 5 .0 5 .6 8 .6

"25 1 3 .3 3 .9 5 .3 4 .7 5 .6 6.9
30 1 3 .3 2 .2 4 .7 4 .4 • 5 .0 6 .1
35 1 3 .3 2 .2 3 .1 4 .4 4 .7 5 .6
40 1 2 .8 2 .2 2 .5 4 .4 4 .4 5 .0
45 12 .2 2 .2 2 .2 4 .4 4 .2 4 .4
50 1 2 .2 2 .2 2 .2 3 .3 3 .3 3 .9
55 1 1 .7 2 .2 2 .2 3 .1 3 .3 3 .3
60 1 1 .1 2 .2  . 2 .2 2 .8 2 .8 3 .3
65 10 .6 2 .8 2 .8 2 .8 2 .8 3 .3
70 1 0 .0 3 .3 3 .3 3 .3 3 .3 3 .3
75 8 .9 3 .3 3 .3 3.3 3 .3 3 .3
80 7 .8 3 .3 3 .6 3 .3 3 .3 3 .3
85 7 .2 3 .3 3.9 3.9 3 .6 3 .3
90 6 .7 3 .3 4 .4 4 .4 3.9 3 .6
95 6 .7 3 .3 4 .4 4 .4 4 .4 / 3.9

100 6 .7 3 .3 4 .4 4 .4 4 .4 4 .2
105 6 .4 2 .8 4 . 4 4 .4 4 .4 4 .4
HO 6 .4 2 .8 4.4- 4 .4 4 .4 4 .4
115 6 .4 3 .3 4 .4 4 .4 4 .4 4 .4
120 6 .4 3 .3 4 . 4 4 .4 4 . 4 4 .4
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T a b le  L I U .  ( C o n t 'd )

S t a t i o n  0 ( C o n t6 d)

D epth
(m) C r u i s e  32 C r u i s e  33 C r u i s e  34 C r u i s e  35 C r u i s e  36 C ru is e

S 12 .2 1-7; 5 1 6 .7 17 .8 1 8 .3 1 8 .0
5 1 1 .7 1 4 .4 1 6 .7 16 .1 1 6 .4 17 .2

10 1 0 .8 1 3 .3 1 6 .4 ' 1 5 .3 15 .5 16 .9
15 9 .7 1 2 .2 1 3 .3 14 .2 1 5 .0 15 .5
20 7 .5 1 0 .3 1 2 .2 1 3 .0 13 :9 14 .5
25 5 .8 8 .6 1 0 .8 11 .9 " 1 2 .2 12 .5
30 5 .6  . 6 .7 7 .8 8 .3 1 0 .0 10.3
35 4 .4 5 .8  ■ 6 .1 6 .7 7 .5 7 .2
40 4 .4 5 .0 5 .6 5 .6 5.; 6 - 5 .8
45 4 .4 4 .7 5 .0 5 .0 5 .6 5 .6
50 4 .2 4 .4 5 .0 5 .0 5 .3 ■ 5 .6
55 3 .9 4 . 4 4 .7 5 .0 5 .3 , 5 .6
60 3 .3 4 .4 4 . 4  - 5 .0 5 .0 5 .3
65 3 .3 4 .2 4 .4 4 .4 4 .7 5 .0
70 3 .3 3.9 4 .2 4 .4 4 .4 5 .0
75 3 .3 3.9 3 .9 3 .9 4 .2 4 .4
80 3 .3 3 .6 3.9 3 .9 , . 3 .9 3.9
85 3 .3 3 .6 3 .9 3 .6 3 .6 3 .9
90 3 .6 3 .6 3 .9 3 .3 3 .6 3 .6
95 3 .9 3 .6 3 .9 3 .6 3 .9 3.6

100 3.9 3.9 4 .2 3.6 3.9 3 .6
105 4 .2 4 .4 4 .4 3 .9 4 .2  . 3.9
HO 4 .2 4 .4 4 .4 4 .2 4 .2 4 .2
115 4 .2 4 .4 4 .4 4 .2 4 .2 4 .2
120 4 .2 4 .4 4 .4 4 :2 3 .9

37
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T a b le  L I I I . ( C o n t 'd )

• S t a t i o n  0 ( G on t1 d)

D epth
(m) C r u i s e  38 C r u is e '  39 C r u i s e  40 C r u i s e  41 C r u i s e  43 C r u i s e  44

S 16.9 22v8 23.9 2 3 .3 17 .5 1 8 .0
5 • 1 6 .7 2 1 .7 22.2 22.8 17 .5 17 .8

10 1 6 .1 19.4 2 1 .1 2 2 .2 14.4 16 .7
15 15 .5 1 7 .8 18.9 2 0 .5 1 3 .6 15.5
20 114.2 1 6 .9 1 7 ,8 18.0 1 1 .4 13.5
25 13.0 15.8 16.7 1 6 .7 10.0 12.5
30 1 1 .7 1 5 .3 . 15 .5 15 .5 7.8 1 0 .0
35 8 .9 1 4 .4 1 4 .4 1 5 .0 6.9 9 .2
40 6 .7 13 ; 3: 1 3 .6 14 .2 6 .4 7 .2
45 5 .6 1 3 .0 13.3 13 .6 5 .6 6 .7
50 5 .6 1 2 .2 1 2 .8 13.6 . 5 .6 5 .6
55 5 .6 1 0 .0 . 1 1 .4 12 .2 5 .6 5 .6
60 5 .6 8 .6 8 .9 1 0 .0 4 .7 5 .3
65 5 .3 7.8 8 .3 8 .1 4 .6 5 .0
70 5 .0 7 .5 7 .8 7 .5 4 .6 4 .7  .
75 4 .4  ' 6 .7 6 ,4 6 .7 4 .6 4 .6
80 4 .2 5 .6 5 .6 5 .3 4 . 4 4 .4
85 3 .9 5 .0 4 .7 4 .7 4 .4 4 .4

: 90 3.9 4 .4 4 .4 4 .4 . 4 . 4 4 .4
95 4 .2 4 .4 4 .4 4 .4 4 . 4 4 .4

100 4 .2 4 .4 4 .4 4 .2 4 .4 4 .4
105 4 .2 4 .4 4 .4 4 .2 4 .4 4 .4
HO 4 .2 4 .4 4 .4 4 .2 4 . 4 4 .4
115 4 .2 4 .4 4 . 4 4 .2 4 , 4 4 .4
120 4 .2 4 .4 4 .2 4 .2 4 ,4
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T a b le  L I I I . ( C o a t 'd )

Station 0 (Coat'd)

D epth
(m) C r u i s e  45 C r u i s e  46 C r u i s e  47 C r u i s e  48 C r u i s e  49 C r u i s e  50

S 20.5 2 1 .1 2 3 .3 2 5 .0 2 3 .3 2 5 .0
5 1 9 .7 20 .0 22.8 2 2 .8 23.3 2 4 .4  .

10 1 6 .7 18.9 2 1 .4 22.2 2 1 .7 23.3-
15 15 .8 17.8 21.1 2 1 .1 2 1 .1 22.2
20 14.6 1 7 .2 2 0 .0 20.5 2 0 .8 2 1 .1
25 13.9 1 5 .5  ■ 1 8 .3  . 20.0 2 0 .0 20.8
30 1 1 .9 1 5 .0 16 .9 19 .2 1 9 .7 20.3
35 1 1 .1 13 .9 1 5 .8 17 .5 18 .9 2 0 .0  .
40 8 .9 1 3 .3 .14 .7 15 .8 1 6 .7 . 18 .9
45 8 .1 1 1 .1 1 3 .3 1 4 .4 15 .5 17 .8
50 6 .7  • 1 0 .0 12.2 1 3 .3 1 5 .0 16 .7
55 5 .8 7.8 1 0 .0 1 1 .9 1 3 .3 1 5 .3
60 5 .6 7 .5 8 .9 1 0 .0 12 .2 13 .9
65 5 .3 6 .7 7 .8 8.9 1 1 .1 11 .1
70 5 .0 6 .4 7 .8 8 .1 9 .2 9 .7
75 5 .0 5 .8 6 .9 7 .8 8 .9 8 .3
80 4 .7 5 .6 6 .7 7 .2 7.8 7.8
85 4 .7 5 .6 6 .7 6 .9 7.2 7.5
90 4 .4 5 .3 6 ,7 6 .7 6 .7 6.9
95 4 .4 5 .3 6 .4 6 .7 6 .7 . 6 .7

100 4 .4 5 i3 6 .1 6 .7 6 .4 6 .7
105 4 .4 4 .7 5 .8 6 .1 6 .1 . 6 .1
H O 4 .4 4 .4 5 .6 6 .1 ■5.8 6 .1
115 4 .4 4 .4 5 .6 5 ,8 5 .6 5 .6
120 4 .4 4 .3 5 .6 5 .6 • 5 .6 5 .6
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T a b le  L I I I .  . ( C o n t 'd )

S t a t i o n 0 ( C o n tId )

Depth
(m) C r u i s e  51 C r u i s e  52 C r u i s e  53 C r u i s e  54 C r u i s e  55 C r u i s e  56

S 2 4 .4
5 2 3 .3

10 22.5
15 2 1 .4
20 2 1 .1
25 2 0 .8
30 2 0 .3
35 2.0 .0
40 18 .9
45 17 .5
50 1 6 .1
55 1 5 .0
60 1 2 .2
65 . 9 .2
70 8 .6
75 7 .8
80 7.8
85 7.2
90 6 .7
95 6.. 7

100 6 .4
105 6 .1
HO 5 .8
115 5 .8
120 5 .6

23 .3  
22.8
21 .4  
20.8  
20 .0  
1 9 .7
19 .2  
18 .9
18.3
17 .5
1 5 .3  
14 .2  
11.1

8 . 3
7 .2
6 .7
6 .4
5 .8
5 .6
5 .6
5 .6
5 .3
4 .7
4 .7  

' 4 .7

2 3 .5  22 .9

2 2 .5  2 2 .1

2 0 .9  ' 21.0

20.0  19 .9

1 8 .8  1 9 .0

1 6 .1  17 .5

10.2  1 3 .3

7 .1  8 .3

6 .8  . 6 .3

5 .8  5.8

5 .2  5 .5

5 .1  . 5 .0

4 .8

2 2 .2 2 1 .2

2 1 .7 2 1 .0

20 .7 2 1 .0

1 9 .8 19 .7

19 .2 19 .2

1 7 .0 18 .1

1 2 .8 13.0

OC
o 6.9

6 .0 6 .0

5 .8 5 .0

5 . 7 ' 4 .9

4 . 9 4 . 4

4 . 4 4 .64 . 6
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T a b le  L I I I .  ( C o n t rd )

S t a t i o n  I

D epth
(m) C ru is e  I C ru is e  3 C ru is e  4 C ru is e  5 C ru is e  6 C ru is e  7

S 7 ,8

1—I1—
1

l—
J 1 3 .3 1 5 .5 • 1 6 .7 1 8 .3

5 7 .5 1 1 .1 1 2 .8 1 5 .3 1 6 .4 1 7 .8
10 7 ,2 1 0 .0 1 1 .1  ' 1 4 .7 1 5 .5 1 5 .5

. 15 6^9 8 .9 1 0 .6  . 1 4 .4 1 4 .4 ■ 1 4 .7
20 6 .7 7.8 9 .4 1 4 .2 1 3 .9 1 4 .4
25 6 ,4 7.2 8 .9 1 2 .2 1 3 .3 1 4 .4
30 6 .1 6 .7 8 .3 1 1 .1 1 2 .5 13 .9
35 5 .6 6 .1 7 .8 1 0 .0 1 2 .2 1 2 .2
40 5 ,6 6 .1 6 .7 8 .9 1 1 .7 1 1 .7
45 5 .6 5 .6 6 .7  ' 8 .1 10.8 1 1 .1
50 6 .3 5 .6 6 .4 7 .2 1 0 .3 1 0 .6
55 5 .0  • 5 .6 5 .8 6 .7 8 .6 1 0 .0
60 5 .0 5 .6 5 .6 6 .7 8 .3 1 0 .0
65 5 .6 6 .7 7.8 1 0 .0
70 5 .0 6 .4 8 .0 9 .4
75 4 .7 5 .6 6 .9 1 0 .0
80 4 .4 5 .3 7 .8 1 0 .0
85 6 .7 1 0 .6
90 6 .4 1 0 .6
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T a b le  L I I I .  ( C o n t ’ d)

S t a t i o n  I  ( C o n t1d )

D epth
(m) C ru is e  8 C ru is e  9 C ru is e  10 C ru is e  11 C ru is e  12 C ru is e  13

S 1 8 .0 18.9 1 9 .2 2 1 .4 2 1 .4 2 2 .5
5 1 7 .8 1 7 .8 1 9 .2 20,0 2 0 .8 2 1 .1

10 1 6 .9 17.2 1 7 .8 1 8 .0 1 8 .9 20.8
15 1 6 .7 1 6 .9 16.9 1 7 .2 1 7 .2 1 8 .3
20 1 5 .5 1 6 .7 1 6 .4 1 6 .7 1 6 .9 ' 17 .5
25 1 5 .0 1 6 .1 . 1 5 .5 1 5 .8 1 6 .7 1 6 .7
30 1 4 .4 1 5 .5 1 5 .0  ' 1 5 .3 1 5 .5 16 .1
35 1 4 .4 1 4 .7 1 4 .4 1 4 .7 1 5 .3 1 5 .3
40 1 4 .4 1 4 .4 1 3 .3  ' 1 4 .4 1 4 .4 1 4 .7
45 1 4 .0 1 3 .3 1 2 .2 1 3 .0  . 1 3 .3 14 .2
50 1 1 .7 1 2 .2  . 1 1 .7 1 2 .2 1 2 .5 1 2 .8
55 1 1 .1 1 1 .4 1 0 .8 1 1 .4 1 2 .2 1 1 .7
60 1 0 .6 1 0 .0 1 0 .0 1 0 .3 8 .9 9 .4
65 1 0 .0 8 .1 8 .1 8 .9 8 .1 8 .3
70 7 .8 7 .8 7 .8 7.8 7 .8 7 .8
75 7 .2 7.2 6 .9 6 .9 7 .5 6.9
80 6 .7 7 .2 6 .7 6 .7 7 .5 6 .7
85 ■6.7 7.2 6 .4 6 .1  ' 7 .5 6 .7
90 6 .1 7 .2 5 .8 5 .8 7 .5
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T a b le  L I I I . ( C o n t i d)

S t a t i o n I  ( C o n ti d)

D epth
(m) C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 C ru is e  18 C ru is e  19

S 2CU6 2 1 .1 ■ 1 9 .5 1 9 .2 1 9 .4 18.6
5 2 0 .5 2 0 .3 1 9 .5 19 .2 1 8 ,9 1 8 .3

10 20.5 2 0 .0 1 9 .2 18.9 1 8 .6 1 8 .0
15 20 .0 2 0 .0 1 9 .2 1 8 .9 1 8 .6 1 7 .8
20 1 7 .8 1 8 .0 1 9 .0 1 8 .9 18.6 1 7 .8
25 16.9 17.2 17.8 17.8 1 8 .0 1 7 .8
30 16.7 16.7 1 6 .7 1 6 .7 1 7 .5 1 7 .8
35 1 5 .5 1 6 .1 1 6 .6 1 6 .4 1 7 .5 1 7 .8
40 1 5 .0 15.3 1 5 .5 1 6 .1 1 7 .5 1 7 .8
45 1 4 .4 1 4 .4 1 4 .7 1 5 .5 1 7 .2 17 .5
50 1 3 .3 1 3 .3 13.6 14.7 1 5 .8 1 6 .7
55 1 2 .2 1 2 .2 1 2 .1 1 3 .3 1 4 .2 1 4 .7
60 12.2 1 0 .0 9 .4 1 1 .1 1 1 .1 1 1 .4
65 12.2 8 .1 9 .4 1 1 .1 8 .9 8.9
70 7 .8 9 .4 1 1 .4 7.8 7.8
75 9 .4 6 .7 7 .5
80 9 .7 6 .7 6 .5
85 6 .7
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T a b le  L I I I . ( C o a t 'd )

S t a t i o n  I ( C o a t 'd )

D epth
(m) C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru is e  -24 C ru is e  26

S 1 8 .0 16.7 ■ 1 6 .7 15 .5 1 5 .5 12.8
5 1 7 .5 16.9 16.7 1 5 .8 1 5 .5 1 2 .8

10 17.5 1 6 .9 16.7 15.8 1 5 .3 1 2 .8
15 17.5 1 6 .9 1 6 .7 1 5 .8 15.3 12.8
20 1 7 .5 ■ 1 6 .9 1 6 .7  ' 1 5 .8 1 5 .3 1 2 .8
25 1 7 .5 16.9 1.6.7 1 5 .8 1 5 .3 1 2 .8
30 17.5 16.9 16.7 1 5 .8 15.3 1 2 .8
35 17.8 1 6 .9 1 6 .7 1 5 .8 1 5 .3 1 2 .8
40 1 7 .5 16.9 1 6 .7 1 5 .5 1 5 .3 1 2 .8
45 1 6 .9 16.9 1 6 .1 15 .5 14.7 12.2
50 16.7 1 6 .7 1 5 .5 1 5 .3 1 4 .4 1 1 .7
55 16.4 1 6 .4 1 5 .0 1 5 .0 1 3 .9 1 1 .1
60 1 4 .2 1 3 .6 13.9 1 4 .4 13.6 1 1 .1
65 9 .7 1 0 .8 1 0 .0 12.3 1 0 .0 1 0 .6
70 8 .6  . 1 0 .6 8 .3 1 0 .0
75 17.8 1 0 .6 7 .8 8 .3
80 7.2 1 0 .6 7 .5 7.8
85 6 .9 1 0 .8 7 .2 7 .8
90 6 .9 1 0 .8 7 .2
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T a b le  L I I I . ( C o n f*;d)

S t a t i o n  2

D epth
(m) C ru is e  I C ru is e  3 C ru is e  4 C ru is e  5 C ru is e  6 C ru is e  7

S 1 1 .1  • 1 1 .7 13.3 1 5 .5 1 6 .7 ' 1 7 .8
5 1 0 .0 1 1 .9 1 3 .3 1 5 .3 16.4 1 7 .2

10 8 .9 1 2 .2 1 2 .2 1 4 .7 1 5 .5 1 6 .1
15 8 .3 1 1 .1 1 1 .7 14.4 . 1 4 .4 1 5 .5
20 8 .3 9 .7 8.9 1 4 .2 13.9 14.4
25 7.2 7.8 7.8 12.2 1 3 .3 14.4
30 6 .7 7.2 7.2 1 1 .1 12.5 13.3
35 6 .1 6 .7 7.2 10.0 ’ 1 2 .2 12.2
40 5 .6 6 .1 6 .1 8.9 1 1 .7 12 .2
45 5 .6 6 .1 6 .1 8.1 1 0 ,8 1 1 ,7
50 5 .6 5 .8 6.1 7.2 1 0 .3 1 1 .1
55 5 .6 5 .8 6 .7 8 .6 1 1 .1
60 7.8 6 .7 8 .3 1 1 .1
65 7.2 6 .7 , 7JS
70 6 .4 8 .0

C r u is e  8 C ru is e  9 C ru is e  10 C ru is e  11 C ru is e  12 C ru is e  13

S 1 7 .8 18.9 2 1 .4 22.8 21.4 23.3
5 17.8 16.7 19.7 2 1 .9 2 1 .4 2 1 .9

10 1 7 .2 16.7 1 7 .2 19.4 2 1 .4 2 1 .1
15 16.7 16.4 16.7 16.7 18.9 20.0
20 15.5 15.8 16.1 1 6 .1 " 1 6 .7 1 6 .7
25 1 4 .4 1 5 .0 15.5 1 5 .5 15.8 1 6 .1
30 13.3 14.4 1 5 .3 15.0 1 5 .5 15 .5
35 12.8 13.3 14.4 14.4 1 5 .0 15.3
40 12.2 12.2 1 3 .3 13.6 14 .4 ' 1 4 .4
45 12.2 12.2 12.5 12.5 13.3 1 3 .3
50 1 1 .7 1 1 .7 1 1 .9 12.2 12.2 12.5
55 1 1 .1 1 1 .1 11.,I 1 1 .1 1 1 .4 1 1 .4  .
60 1 1 .1 1 1 .1 1 1 .1 1 1 .1 1 1 .1
65 1 0 .6 1 0 .0
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T a b le  L I I I . ( C o n t ’ d)

S t a t i o n 2 (G o n tt d)

D epth
(m) C ru is e  14 C r u is e  15 C ru is e  16 C ru is e  17 C ru is e  18 C ru ise  19

S 22.2 2 3 .3 20.3 2 0 .3 1 9 .7 2 1 .1
5 21.4 2 1 .1 20.3 19.7 1 9 .4 19.2

10 20.8 20.5 1 9 .7 19.4 18.9 1 8 .3
15 20.5 20.5 19.7 1 9 .4 1 8 .9 1 8 .3
20 1 8 .6 20 .0 1 9 .7 19.2 1 8 .9 1 8 .0
25 16.9 17.8 19.2 18.9 1 8 .3 17.8
30 16.1 1 6 .1 18.3 18.6 1 7 .8 1 7 .8
35 15.8 15.5 16.7 1 7 .8 1 7 .8 1 7 .5
40 1 5 .3 15.3 1 5 .5 17.8 17.5 17 .5
45 14.4 14.4 15.3 1 7 .5 1 7 .2 1 6 .9
50 13.3 13.0 1 4 .4 1 5 .5 16.9 16 .9
55 1 1 .4 12.2 12.2 1 4 .4 1 4 .7  ' 1 5 .5
6.0 1 1 .1 1 1 .1 11.4 13.6 1 3 .0 13.3
65 1 0 .0 1 0 .0 1 1 .4 1 1 .9 1 2 .5

C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru is e  24 C ru ise  25

S 17.8 1 6 .9 16.7 1 5 .0 1 5 .0 1 4 .4
. 5 17.8 17.2 1 6 .7 1 5 .5 1 5 .3 1 4 .4
10 17.8 1 7 .2 16,7 1 6 .1 15.3 1 4 .4
15 17.8 17.2 1 6 .7 1 6 .1 1 5 .3 1 4 .4
20 17.-8 17.2 16.7 16.1 15.3 1 4 .4
25 17.8 17.2 16.7 1 6 .1 1 5 .3 1 4 .4
30 1 7 .8 ■ 17.2 16.7 1 6 .1 1 5 .3 1 4 .4
35 17.5 17.2 16.7 1 5 .5 15.3 1 4 .4
40 16.9 1 6 .9 1 5 .5 1 5 .5 1 5 .0 12.2
45 16.7 16,.7 1 5 .0 1 5 .0 1 3 .3 12.2
50 16.4 16.7 14.7 15,0 1 2 .5 12.2
55 16.4 16.4 14.7 1 5 .0 1 2 .5 12.2
60 14.4 13.9 1 4 .4 1 5 .0 12.2 1 2 .2
65 12.2 12.2
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T a b le  L I I I . ( .C en tId )

S t a t i o n  2 (C o n t1d)

D epth
(m) C ru is e  26

S ■ 12.-8
5 12.8

10 12.8
15 12.8
20 12.8
25 12.8
30 .12.8
35 12.2
40 1 1 .1
45 3,0.0
50 10.0
55 12.8
60 10.0
65 1 0 .0
70 1 0 .0

S t a t i o n  3

D epth
(m) C ru is e  I C ru is e  2 C ru is e  3 C ru is e  4 C ru is e  5 C ru ise  'i

S 12.2 13.3 12.5 1 4 .4 1 8 .6 15 .5
■5 1 0 .0 12.2 1 2 .5 1 3 .6 16.7 1 3 .3

10 10.0 11.7 1 2 .2 1 3 .0 1 3 .3 12.2
15 9 .7 10.6 12.2 12.2 12.5 12.2
20 8 .1 8 .9 1 1 .1 ' 1 1 .1 1 1 .9 11 .9
25 7.8 7.8 8 .9 8 .6 1 1 .7 1 1 .9
30 6 .7 7.2 7.8 8 .3 1 1 .4 1 1 .9
35 6 .1 7 .2 1 1 .4 12.2
40 6 .1 6 .7 11 .9



199

T a b le  L I I I .  ( C o n t 'd )

S t a t i o n  3 ( C o n t’ d)

D epth
(m) C ru is e  7 C ru is e  8 C ru is e  9 C ru is e  10 C ru is e  11 C ru is e  12

S 1 8 .3 1 7 .8 2 0 .0 2 1 .9 2 1 .9 2 1 .7
5 1 8 .3 1 7 .8 1 7 .2 2 1 .1 21.9 2 1 .7

10 1 7 .8 1 6 .7  . 16.7 2 0 .0 20.8 2 1 .1
15 1 7 .8 1 5 .5 1 6 .4 1 6 .9 1 7 .8 2 0 .3
20 1 6 .7 1 5 .5 1 5 .8 1 6 .7 1 6 .7 18.3
25 1 4 .4 1 5 .0 1 5 .5 1 5 .5 1 5 .8 16.7
30 ■ 1 3 .3 1 4 .4 15 .5 1 5 .3 1 5 .5 15.8
35 1 2 .8  ' 1 2 .8 1 3 .3 1 4 .4 1 4 .4 1 5 .3
40 12.2 1 2 .2 1 2 .8 1 3 .6 1 3 .6 1 4 .4
45 12.2 1 1 .7 12 .5 1 3 .0 1 3 .3

C ru is e  13 C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 C ru is e  18

S 2 3 .3 2 5 .0 22.2 2 0 .5 2 0 .5 19.7
5 21.9 2 1 .4 2 1 .4 2 0 .0 2 0 .0 19.2

10 2 1 .1 20.8 20.8 1 9 .7 19.4 18 .9
15 2 0 .5 2 0 .5 20.8 19.4 1 9 .4 18 .9
20 1 9 .7 1 9 .4 2 0 .0 1 9 .2 1 8 .6 18 .6
25 1 6 .7 1 8 .6 1 8 .9 1 8 .3 1 8 .0 1 7 .8
30 1 5 .5 16.9 1 7 .8 1 8 .0 1 7 .8 1 7 .8
35 1 5 .0 1 6 .1 1 6 .1 17.8 ' 1 7 .5 1 7 .8
40 1 4 .4 1 5 .3 1 5 .0 1 7 .8 1 6 .9 17.8
45
50

1 2 .8 1 4 .2 1 3 .9 15 .5 1 6 .7
1 5 .5

17.2
15 .5
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T a b le  L I l I .  ( C o n t ’ d)

S t a t i o n  3 (C o n t1d)

D epth
(nU C ru is e  19 C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru is e  24

S 2 0 .3 1 7 .8 1 7 .2 17 .2 1 4 .4 1 5 .0
5 1 8 .9 1 8 .0 17 .5 1 6 .7 15 .5 1 5 .0

10 1 8 .5 .1 8 .0 1 7 .2 1 6 .7 1 5 .5 1 5 .3
15 1 8 .3 1 1 8 .0 1 7 .2 1 6 .7 15 .5 1 5 .3
20 1 7 .8 1 8 .0 1 6 .9 1 6 .7 1 5 .5 1 5 .3
25 1 7 .8 1 8 .0 1 7 .2 1 6 .7 1 5 .5 1 5 .3
30 1 6 .9 1 7 .8 1 6 .1 1 5 .3 1 4 .4 1 4 .4
35 1 6 .7 1 6 .9 1 5 .5 1 4 .7 1 3 .9 12 .2
40 1 6 .4 1 6 .7 1 5 .5 1 4 .7 1 3 .3
45 1 6 .1 1 6 .7 1 5 .5 1 4 .4 1 3 .3
50 1 5 .3

C ru is e  25 C ru is e  26

S 1 4 .4 1 2 .2
5 1 4 .4 1 2 .8

10 1 4 .4 1 2 .8
15 1 4 .4 1 2 .8
20 1 4 .4 1 2 .8
25 1 4 .4 1 2 .8
30 12.2 1 0 .6
35 1 1 .7 1 0 .0
40 1 1 .1 9 .4
45 1 1 .1 9 .4

S t a t i o n  4

C ru is e  I C ru is e  2 C ru is e  3 C ru is e  4 C ru is e  5 C ru is e  6

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

10 1 2 .8 1 1 .1 1 2 .2 1 4 .4 8 .9 15 .5
15 1 0 .8 1 0 .8 1 2 .2 1 3 .3 1 0 .8 1 5 .0
20 8 .9 1 0 .6 1 1 .7 1 2 .2 1 1 .1 1 3 .3
25 8 .1 1 3 .9 1 4 .7
30 1 4 .4
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T a b le  b i l l .  ( C o n t 'd )

S t a t i o n  4

D epth
(m) C ru is e  7 C ru is e  8 C ru is e  9 C ru is e  10 C ru is e  11 C ru is e  12

S 1 7 .8 1 6 .7 1 8 .0 2 2 .2 2 1 .7 2 1 .1
5 17.8 1 6 .7 1 5 .8 2 1 .9 2 0 .8

10 1 7 .8 1 6 .7 15 .5 20.5 2 0 .8
15 1 7 .2 1 6 .7 1 4 .4 1 7 .2 2 0 .8
20 1 6 .1 1 6 .7 1 4 .4 1 6 .1 2 0 .5
25 1 4 .4 1 3 .3 1 4 .7 1 8 .6
30 1 3 .3 1 8 .0
35 1 3 .3

C ru is e  13 C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 C ru is e  18

S 2 1 .7 2 3 .9 2 0 .5 2 0 .0 2 0 .0 18.0
5 2 1 .7 2 1 .7 2 0 .5 1 9 .4 1 9 .4 1 7 .8

10 2 1 .7 2 1 .1 1 9 .2 1 7 .8 18.6 17 .8
15 2 1 .7 2 0 .8 18-9 1 6 .9 1 7 .2 17.5
20 2 0 .0 2 0 .0 1 8 .6 1 6 .9 1 6 .7 17 .5
25 2 0 .0 18.9 1 8 .0 16.9 1 6 .7 17.5
30 18.9 1 6 .7 1 6 .1 1 6 .1
35 1 6 .7
40 1 6 .7

C ru is e  19 C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru is e  24

S 1 7 .8 1 6 .6 1 6 .1 1 7 .8 ' 1 3 .3 1 4 .4
5 1 7 .8 1 6 .9 1 6 .4 1 6 .7 14.4 1 4 .4

10 1 7 .5 1 6 .9 1 6 .1 1 6 .1 • 1 4 .4 1 4 .4
15 1 6 .7 '1 6 .9 IS. 3 14.7 1 3 .9 12 .5
20 1 6 .1 1 6 .9 1 4 .7 1 4 .4 1 2 .8 1 1 .4
25 1 5 .8 1 6 .9 1 4 .7 14 .2 1 2 .2 1 0 .8
30 1 5 .5 ' 1 1 .1
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T a b le  L I U .  (G o n t td )

S t a t i o n  4 ( C o n t1d)

Dep t h
(m) C ru is e  25 C ru is e  26

S 1 3 .3 12.2
5 13 .-3 12.2

10 1 3 .0 1 1 .7
15 1 1 .1 8 .9 ,

20 10.0 8 .3
25 9 .4 8 .3

S t a t i o n  5
D epth

(m) C ru is e  I C ru is e  2 C ru is e  3 C ru is e  4 C ru is e  5 C ru ise  6

S 1 2 .2 12.5 1 4 .4 15 .5 1 1 .4 15 .8

C ru is e  7 C ru is e  8 C ru is e  9 C ru is e  10 C ru is e  11 C ru ise  12

S 1 7 .5 16.7 18.9 22.2 22.2 2 2 .2
5 22.2 18 .9

C ru is e  13 C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 C ru ise  18

S 2 1 .7 2 3 .9 18.9 16 .9 1 9 .2 15 .3
5 2 1 .7 2 1 .1 1 8 .9 1 6 .9 1 8 .3 1 5 .3

C ru is e  19 . C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru ise  24

S 1 7 .8 1 4 .2 1 3 .6 1 6 .1 1 1 .1 1 1 .1
5 1 6 .7 1 3 .9 1 3 .0 1 4 .4 1 1 .1 11 .1

10 12.8 1 3 .3 1 1 .1

C ru is e  25 C ru is e  26

S 8 .9 7 .8
5 8 .9 7 .8
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T a b le  LIV . S p e c i f i c  c o n d u c t iv i t y  p r o f i l e s  (m icrom hos) o f
B ig h o rn  Lake a t  a l l  s t a t i o n s  f o r  i n d ic a te d  c r u i s e s .

S t a t i o n  0

D epth
(m) C ru is e  I C ru is e  3 C ru is e

S 895 870 850
5 900 870 850

10 905 880 860
15 905 900 860
20 905 900 880
25 905 900 910
30 910 900 910
35 940 940 940
40 950 960 950
45 960 970 970
50 975 970 980
55 980 980 980
60 995 980 1000
65 1005 1000 1000
70 1020 '1005 1100
75 1020 1010 1150
80 1025 1010 1200
85 1030 1020 1250
90 1040 1020 1250
95 1050 1020 1300

100 1050 1050 1300
105 1060 1300
HO 1110
115 1120
120 1130

C ru is e  5 C ru is e  6 C ru ise

850 870 780
850 830 800
850 860 800
860 870 830
850 870 825
860 875 860
860 875 875
900 905 870
910 925 830
950 950 825
960 975 900
960 980 940
970 980 950
970 980 970
975 980 975
980 980 980

1000 980 980
1020 990 980
1020 1000 990
1020 1010 1000
1020 1030 1010
1030 1030 1020
1050 1040 1020
1050 1050 1030
1050
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T a b le  LIV. ( C o n t1d)

S t a t i o n  0 ( C o n t1d)
D epth

(m) C ru is e  8 C ru is e

S 880 875
5 880 880

10 890 890
15 900 890
20 875 890
25 880 900
30 880 900
35 875 800
40 790 775
45 750 730
50 870 780
55 910 880
60 950 940
65 960 960
70 970 975
75 975 975
80 970 980
85 980 1000
90 1000 1000
95 1000 1000

100 1000 1010
105 1010 1010
HO 1010 1000
115 1010 1000
120 1020

C ru is e  10 C ru is e

750 720
795 710
850 780
880 845
880 880
890 880
890 895
825 855
790 800
750 740
750 750
880 880
940 950
970 965
975 975
975 980
975 980
975 980
995 995

1000 1000
1005 1000
1005 1000
1010 1005
1020 1010

1010

C ru is e  12 C ru is e  13

660 620
660 620
670 630
800 645
860 800
880 850
860 865
830 810
780 840
830 840
840 740
900 860
950 950
970 950
970 955
970 960
980 970
980 • 975

1000 '9 8 0
1000 990
1000 990
1000 995
1000 .995
1010 1000
1010 1000
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T a b le  LIV. (Cont>«d)

D epth
(m)

S t a t i o n 0 (C o n t’.d)

C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 C ru is e  18 C ru is e  19

S 620 600 610 610 620 615
5 610 600 600 610 610 615

10 630 600 610 600 610 615
'15 645 620 610 600 620 615
20 775 655 620 610" 720 6 2 0 -
25 850 780 760 730 780 740
30 815 830 820 800 . 720 740
35 700 775 790 760 650 675
40 700 655 6.90 690 615 655
45 720 ' 670 640 620 . 600 755
50 700 700 660 640 605 ■ .735
55 800 795 750 680 670 645
60 890 890 890 840 850 790
65 920 940 930 890 905 895
70 950 950 950 930 940 910
75 960 950 950 950 945 925
80 960 960 960 ' 950 950 940
85 970 960 960 950 950 950
90 975 975 970 950 950 950
95 980 980 970 960 950 950

100 980 980 970 970 950 955
105 990 980 970 970 950 965
HO 990 990 970 980 950 970
115 990 860 970 980 955 970
120 860 970 980 960 970
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T a b le  LIV. (C on t*d)

D epth
(m)

S t a t i o n 0 (C o n t1 d )

C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru is e  24 C ru is e  25

S 625 610 670 730 620 770
5 625 645 670 700 620 750

10 625 645 670 700 620 750 ■
15 625 645 670 700 620 750
20 625 650 670 700 620 750 •
25 630 650 670 700 620 750
30 7.00 650 790 700 680 750
35 660 650 800 790 700 750
40 850 775 830 820 730 750
45 875 860 840 820 730 830
50 825 860 840 840 740 850
55 770 840 830 850 730 860
60 740 780 800 800 690 870
65 825 860 900 830 710 800
70 890 910 910 870 750 820
75 910 920 925 890 750 840
80 930 930 925 900 760 870
85 930 940 930 900 760 870
90 940 945 940 900 770 880
95 950 950 940 910 770 890

100 950 950 940 910 780 890
105 925 950 950 910 780 900
HO 930 950 950 910 780 900
115 940 955 950 780 900
120 940 955 950 780 900



207

T a b le  LIV. ( C o n t 'd )

Dep th  
(m)

S t a t i o n 0 (C o n tfd)

C ru is e  26 C ru is e  27 C ru is e  28 C ru is e  29 C ru is e  30 C ru ise  31

S 770 944 932 926 909 885
5 760 944 920 915 909 874

10 760 944 932 915 909 874
15 760 944 932 915 909 874
20 760 944 944 920 915 885
25 ' 760 950 944 932 932 897
30 760 1027 944 944 932 909 -
35 820 1038 1003 944 932 909
40 860. 1038 1027 944 944 932
45 850 1050 1038 944 944 944
50 850 1062 1050 956 985 956
55 850 1062 1056 1003 1003 986
60 850 1062 1062 1015 ■ .1003 1003
65 840 1062 1062 1032 1027 1003
70 830 1062 1062 1032 1027 1003
75 850 1062 • 1050 1032 1027 1003
80 870 1062 1050 1032 1027 1003 ‘
85 870 1062 1050 1032 1027 1003
90 870 1062 1044 1032 1021 1003
95 890 1062 1044 1015 1021 1003

100 890 1062 1044 1015 1021 1003
105 900 1062 1033 1015 1021 1003
HO 900 1062 1038 1015 1015 ' 1003
115 900 1062 1038 1015 . 1015 . 1003
120 900 ■ 1062 ' 1038' ■ 1015 1015 1003
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T a b le  LIV. (C en tr 'd )

D epth  ■
Cm)

S t a t i o n 0 ( .C o n t'd )

C ru is e  32 C ru is e  3 3 ' C ru is e  34 C ru is e  35 C ru is e  36 C ru is e  37

•S 868 826 850 768 732 727
5 856 826 850 738 732 709

10 850 826 850 738 744 709
15 850 826 862 768 756 321
20 850 826 862 768 768 738
25 885 826 838 780 768 768
30 897 826 838 780 768 768
35 897 850 862 780 768 768
40 909 874 885 802 768 780
45 915 897 897 814 826 814 ■
50 932 909 915 826 826 826 .
55 944 909 915 826. 826 826
60 944 915 920 826 838 826
65 ' 956 932 932 838 838 826
70 962 944 944 850 850 826
75 962 944 944 856 856 838
80 962 944 944 - 868 862 850
85 962 944 956 879 874 856
90 962 • 944 956 885 885 862
95 962 944 956 885 885 862

100 962 944 956 885 885 862
105 962 944 956 885 885 862
HO 962 868 956 885 885 862
115 962 868 956 885 885 862
120 962 868 ' 956 885 862
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T a b le  LIV. (C o n t t d)

D epth
(m)

S t a t i o n 0 ( C o n t1d)

C ru is e  38 C ru is e  39 C ru is e  40 C ru is e  41 C ru is e  43 C ru ise  44

S 709 814 806 821 865 825
5 697 791 806 821 865 833

10 697 760 806 821 873 851
15 697 -798 806 821 908 868
20 685 806 806 798 925 833
25 750 821 829 821 960 868
30 756 806 829 821 978 911
35 756 775 806 814 1012 963
40 768 775 791 775 1012 981
45 798 837 806 775 1030 1005
50 814 898 867 829 1047 1005
55 814 914 933 898 1047 1005
60 814 988 958 ’ 914 1047 1024
65 826 1003 1019 1003 1065 1024
70 826 1003 1019 1019 1065 1024
75 838 1003 1019 1003 1065 1024
80 850 1003 . 1019 1019 1065 1024
85 850 1019 1049 1033 . 1065 102-4
90 856 1027 1049 1033 1065 1024
95 856 1033 1049 . 1041 1065 1024

100 856 1049 1064 1049 1065 1024
105 856 1049 1064 1049 1065 1024
HO 856 1049 . 1064 1033 1065 1024
115 856 1049 . 1064 1033 1082 1024
120 856 1064 1049 1082 1024



210

T a b le  LIV. ( C o n t jd )

D epth
(m)

S t a t i o n 0 (C o n tjd )

C ru is e  45 C ru is e  46 C ru is e  47 C ru is e  48 C ru is e  49 C ru ise  50

S 843 885 747 748 735 761
5 880 885 757 748 746 773

10 862 885 747 748 746 761
15 890 847 747 748 746 761
20 862 904 747 748 746 761
25 890 904 786 738 746 761
30 890 885 845 748 746 761
35 937 885 835 829 746 773
40 955 885 884 809 840 784
45 1012 914 884 768 798 829
50 1012 962 933 789 756 840
55 1030 981 963 930 786 806
60 1030 1039 1032 991 882 851
65 1049 1039 1032 991 945 905
70 1068 1039 1061 1031 966 1008
75 1068 1039 1061 1062 924 1030
80 1068 1058 1061 1062 987 1030
85 1068 1058 1061 1062 1016 1030
90 1068 1058 1061 1062 1016 1052
95 1068 1058 1061 1062 1016 1052

100 1068 1058 1061 1062 1016 1052 .
105 1068 1058 1061 1062 1050 1064
HO 1068 1058 1061 1062 1050 1064
115 1068 1058 1061 1062 1050 1064
120 1068 1058 1061 1062 1050 1064
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T a b le  LIV. ( C o n t 'd )

D epth
(m)

S t a t i o n 0 ( C o n t1d)

C ru is e  51 C ru is e  52 C ru is e  55 C ru is e

S 721 771 737 720
5 732 771

10 732 735 700 811
15 743 771
20 755 759 779 692
25 743 759
30 755 759 785 764
35 732 759
40 755 771 782 773
45 777 771
50 777 806 757 745
55 799 830
60 943 925 811 763
65 988 1008
70 999 1043 1202 1107
75 999 1043
80 943 1043 1249 1217
85 988 1067
90 999 1067 1282 1195
95 999 1067

100: 999 1067 1249 1202
105 999 1067
HO 999 1067 1218 1173
115 999 1067
120 999 1067 1210 1195
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T a b le  LIV. ( C o n t fd )

D epth  • 
(m)

S t a t i o n  I

C ru is e  I C ru is e  3 C ru is e  4 C ru is e  5 C ru is e  6 C ru ise  7

S 900 930 950 970 925 825
5 910 930 950 970 925 780

10 930 930 930 950 950 750
15 950 950 940 940 920 725
20 955 950 950 910 890 700 •
25 955 950 950 950 880 880
30 955 950 950 960 880 725
35 955 960 950 950 925 675
40 960 960 960 960 950 720
45 ' 970 970 970 960 960 850
50 975 980 975 980 960 910
55 975 980 980 990 950 925
60 980 1000 980 990 950 900
65 980 990 960 930
70 990 990 975 950
75 1000 990 980 900
80 1000 990 980 900
85 900
90 900
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T a b le  LIV. (C o n t i d)

D epth  ■ 
(m)

S t a t i o n I  ( C o n t1d)

C ru is e  8 C ru is e  9 C ru is e  10 C ru is e 11 C ru is e  12 C ru is e  13

S 640 600 585 570 585 600
5 610 600 585 555 575 580

10 620 620 565 555 • 540 . 585
15 640 640 640 675 650 550
20 700 640 590 645 690 645 ■
25 710 745 655 580 650 . 695
30 760 720 700 695 580 620
35 870 720 720 700 665 600
40 870 850 755 760 685 660
45 760 700 720 710 . 725 695
50 750 720 800 740 720 710
55 870 870 895 850 750 . 800
60 900 920 940 920 930 820
65 940 960 960 .955 940 840

. 70 960 960 980 965 750 960
75 970 970 980 975 750 970
80 975 980 980 975 750 950
85 980 980 990 990 760 950
90 975 980 995 990 760



214

T a b le  LIV. ( C o n t i H)

D epth  ' 
(m)

S t a t i o n I  (C o n tiH)

C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 C ru is e  18 C ru ise  19

S 610 ■ 660 660 660 650 ' 670
5 610 650 660 660 640 665

10 610 650 650 660 650 670
15 590 650 660 650 655 675
20 560 575 660 640 725 685
25 685 660 600 690 855 800
30 655 650 620 600 790 . 865
35 575 590 620 590 890 900
40 610 600 578 590 920 910
45 660 645 630 610 900 910
50 710 680 650 650 740 840
55 735 770 660 700 695 685
60 ' 720 910 900 710 840 825
65 720 940 910 730 900 890
70 950 • 910 730 930 910
75 910 930 925
80 910 930 935
85 940



215

T a b le  LIV. (C o n t ' 'd )

S t a t i o n  I  ( C o n tt d )
^epta
(m) C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru is e  24 •C ru ise  26

S 720 730 720 750 600 750
5 730 730 720 720 620 740

10 730 730 720 710 620 750
15 735 740 720 710 620 750
20 735 740 720 720 620 750
25 740 735 720 720 620 750
30 795 735 730 720 620 750
35 910 745 740 720 630 750
40 880 800 810 790 650 800
45 855 855 840 830 710 830
50 850 855 850 850 720 830
55 850 850 850 870 750 830
60 765 770 850 860 750 850
65 860 690 870 800 700 850
70 900 730 750 850
75 915 730 760 850
80 925 725 760 860
85 895 730 690 870
90 900 735 7.00
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T a b le  LIV. (C on t*d )

S t a t i o n  2
D epth  ------------------------------ ------------------------------------

(m) C ru is e  I C ru is e  3 C ru is e  4 C ru is e  5 C ru is e  6 C ru is e  7

S 950 980 950 970 925 630
5 950 980 950 970 925 630

10 950 980 950 950 950 620
15 960 960 960 940 920 635
20 960 ■950 975 910 890 650
25 970 970 975 950 880 700
30 970 980 980 960 880 710
35 980 980 980 950 925 750
40 980 990 990 960. 950 790
45 990 1000 IOpO .960 960 875
50 990 1000 1000 980 960 900
55 1000 1000 990 950 900
60 1100 990 950 1000
65 ! 990 960
•70 990 975

C ru is e  8 C ru is e  9 C ru is e  10 C ru is e  11 C ru is e  12 C ru is e  13

S 450 430 495 71.0 770 770
' 5 440 450 485 750 770 750
10 440 450 495 690 770 780
15 460 460 530 500 680 810
20 580 480 595 540 550 560 .
25 600 520 650 625 590 550
30 620 610 660 655 655 615
35 620 675 670 ■ 650 660 655
40 730 720 700 670 650 650
45 800 780 755 710 640 670
50 860 8.60 825 770 750 750

■ 55 900 880 1080 870 860 850
60 1010 1060 900 1110 1020
65 1290 1250
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T a b le  LIV. ( Cpntfd)-

D epth
S t a t i o n  2 (C o n t1d)

Cm) C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 .• C ru is e  18 C ru ise  19

S 790 790 840 810 780 805
5 790 780 840 800 775 770

10 820 810 850 820 785 805
15 855 820 850 830 795 805
20 720 950 980 1000 800 820
25 560 700 1020 960 900 855
30 545 570 930 950 900 860
35 630 625 690 950 900 860
40 660 650 650 960 890 865
45 660 660 660 950 880 870
50 690 720 680 740 875 870
55 860 810 770 790 835 835
60 1100 875 850 820 850 820
65 1320 1370 1300 1125 1125

C ru is e  20 C r u is e  21 C ru is e  22 C ru is e  23 C ru is e  24 C ru ise  25

S 815 810 810 850 650 770
5 805 810 810 800 650 760

10 -800 815 810 800 650 760
15- 800 815 810 800 650 760
20 805 815 810 790 650 760
25 850 815 810 790 650 760
30 850 825 810 790 650 760
35 850 845 810 800 650 780
40 850 850 870 830 690 830
45 855 850 900 850 750 850
50 860 855 900 850 750 860
55 860 855 900 850 700 860
60 810 825 900 850 700 860
65 900 900
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T a b le  LIV. ( C o n t1d)

• S t a t i o n  2 ( C o n t1 d)
D epth  --------------------------------------------------------------------------

(m) , C ru is e  26

S 750
5 750

10 750
15 750
20 750
25 750
30 750
35 810
40 820
45 840
50 850
55 850
60 850
65 800
70 800

S t a t i o n  3

C ru is e  I C ru is e  2 C ru is e  3 C ru is e  .4 C ru is e  5 C ru ise  6

S 890 980 1090 975 650 610
5 890 980 1090 975 6.50 610

10 900 960 1080 975 540 620
15 900 960 1090 975 530 660
20 900 980 1090 980 530 690
25 900 970 1100 1000 530 750
30 900 1100 1000 530 800
35 1000 1100 530 810
40 1300 1200
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T a b le  LIV. ( C o n t fd)

S t a t i o n  3 ( C o n t1d)
n e p rn

(m) C ru is e  7 C ru is e  8 C ru is e  9 C ru is e  10 C ru is e  11 C ru ise 12

S 600 450 470 770 780 800
5 600 450 450 760 780 800

10 600 460 500 755 750 825
15 600 460 600 620 660 815
20 590 475 620 670 625 700
25 550 475 620 690 680 670
30 700 700 620 670 675 690
35 775 770 650 670 675 680
40 950 780 700 870 695 675
45 950 1050 1010 940 1250

C ru is e  13 C ru is e  14 C ru is e  15 " C ru ise  16 C ru is e  17 C ru ise 18

S 820 860 920 940 910 880
5 800 840 925 940 900 870

10 860 885 940 940 920 870
15 895 950 960 980 920 875
20 850 1000 990 970 920 875
25 640 970 980 950 920 855
30 680 940 860 950 900 855
35 675 675 720 960 900 850
40 • 675 680 700 960 890 850
45 1300 1230 1320 1200 860 855
50 1230 1300
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T a b le  LIV„ ( C o n t$d)

Dep t h  
(m)

S t a t i o n 3 ( C o n t1d)

C ru is e  19 C ru is e  20 ■ C r u i s e '2 1 C ru is e  22 C ru is e  23 C ru ise 24

S 870 855 860 840 850 700
5 865 850 855 840 830 700

10 865 850 845 840 820 700
15 875 850 850 840 820 700
20 850 850 855 840 820 700
25 850 850 850 840 820 . 700
30 850 850 845 880 850 750
35 860 830 855 890 870 „750
40 870 840 . 860 890 875
45 870 .850 870 890 875
50 1300 ,

C ru is e  25 C ru is e  26

S 800 770
.5 800 770

10 800 , 770
15 800 ' 770
20 800 770
25 800 770
30 850 820
35 -850 ■840
40 860 ■ 850
45 860 850

S t a t i o n  4

C ru is e  I  ■ C ru is e  2 C ru is e  3 C ru is e  4 ■C ruise 5 C ru ise 6

S 890 950 - 600 990 405 770
5 850 • 950 950 990 500 770

10 850 950 .980 990 350 755
15 900 950 980 850 540 675
20 900 950 920 800 540 560
25 1300 990 940
30 925
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T a b le  LIV. ( Cnnt v.'d )

S t a t i o n  4 (C o n tj d)
Dep t h  

(m) C ru is e  7 C ru is e  8 C ru is e  9 C ru is e  10 C ru is e  12 C ru is e  13

S 460 660 710 790 890 1005
5 470 650 655 795 890 1005

10 475 650 470 720 910 1005
15 470 640 475 585 910 1005
20 480 550 460 600 905 1200
25 860 960 1040 950 1200
30 850 1000
35 850

C ru is e  14 C ru is e  15 C ru is e  16 C ru is e  17 C ru is e  18 C ru ise  19

S 1000 1080 1000 950 895 900
5 1005 1070 1000 940 870 890

10 1010 1030 930 910 870 865
15 1020 1040 930 • 840 850 840
20 1020 1050 950 850 845 850
25 1110 1380 950 850 845 855
30 1130 950 1270 1250 1185
35 990
40 1000

C ru is e  20 C ru is e  21 C ru is e  22 C ru is e  23 C ru is e  24 C ru is e  25

S 870 855 850 900 700 810
5 855 855 850 850 700 810

10 850 850 860 850 700 800
15 850 860 900 860 700 840
20 850 . 870 910 900 750 880
25 850 880 910 920 760 880
30 1020
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T a b le  LIV. ( C o n t t d)

S t a t i o n  4 (C o n tt d)
D epth  ---------------------------------------- --------------------- --------------

(m) C ru is e  26

S 790
5 790

10 790
15 830
20 870
25 870

S t a t i o n  5
C ru is e  I C ru is e  2 C ru is e 3 C ru is e  4 C ru is e  5 C ru ise 6

S 900 980 1000 990 540 695

C ru is e  7 C ru is e  8 C ru is e 9 C ru is e 10 C ru is e  11 C ru ise 12

S 460 750 510 800 875 930
■ 5 800 950

C ru is e  13 C ru is e  14 C ru is e 15 C ru is e 16 C ru is e  17 C ru ise 18

S 1070 1050 960 900 870 890
5 1070 1050 970 900 840 880

C ru is e  19 C ru is e  20 C ru is e 21 C ru is e 22 C ru is e  23 C ru ise 24

S 840 880 955 900 1000 750
5 830 880 955 910 1030 ' 760

10 970 920 950

C ru is e  25 C ru is e  26

S 910 870
5 900 870
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T a b le  LV. O r th o -p h o s p h a te  p r o f i l e s  (m g/1 PO") o f  B ig h o rn  
Lake at- ' s t a t i o n  0 f o r  i n d ic a te d  c r u i s e s ,  1968.

D epth
(m)

S t a t i o n 0

C ru is e  I C ru is e  5 C ru is e  10 C ru is e  14 C ru is e  18 C ru is e  22

S 0 .2 5 0 .0 5 0 .0 0 0.03 0.03 0 .0 1
10 0 .1 6 0 .0 9 • 0 .0 0 0 .0 0 0 .0 3 0 .0 0
20 0 .1 6 0 .2 3 0.00 0.00 0 .0 4 0 .0 0
30 0 .1 6 0.20 0 .0 0 0 .0 0 0 .1 4 0 .0 1
40 0 .1 1 0 .1 1 0 .0 0 0 .1 6 0 .0 9 0 .02
50 0 .1 8 0 .0 9 0.00 0 .0 3 0 .1 0 0 .0 1
60 0.18 0.02 0.00 0 .1 3 0 .0 9 0 .0 1
70 0.20 0.02 ' 0 .0 0 0 .0 0 0 .0 6 0 .0 2
80 0 .2 3 0 .0 7 0 .8 0 0 .0 3 0 .0 6 0 .0 0
90 0.29 0 .0 5 0 .0 0 0 .0 0 0 .0 6 0.00

100 0 .2 3 0 .0 0 ' 0 .1 4 0 .0 7 0 .0 0
HO 0 .2 3 0.00 0.26 0 .0 9 0 .0 0
120 0.23 0 .0 0 0 .0 0 0 .1 0 0 .0 0

C ru is e  26

S 0 .0 0
10 0 .0 2
20 0.02
30 0 .0 2
40 0 .0 1
50 0.02
60 0 .0 1
70 0..01
80 0 .0 0
90 0 .0 0

100 0 .0 4
HO 0 .0 0
120 0 .0 0
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T a b le  LVI. N i t r a t e  n i t r o g e n  p r o f i l e s  (mg/1 NO^-N) o f  B igho rn
Lake a t  s t a t i o n  0 f o r  i n d i c a t e d  c r u i s e s ,  1968.

S t a t i o n  0
D epth

(m) C r u i s e  I C r u i s e  5 C r u i s e  10 C r u i s e  14 C r u i s e  18 C r u i s e  22

S 0 .2 6 0 . 3 1 0 . 2 8 0 . 2 2  . 0 .3 4 0 . 4 8  .
10 0 .3 2 0 .3 1 0 . 4 2 0 . 2 6 0 .3 7 0 .5 3
20 0 . 2 8 0 .4 2 0 .22 0 .5 3 0 .7 1 0 .5 7
30 0 . 2 6 0 . 3 4 0 . 2 9 0 .6 1 0 . 6 8 0 .6 0
40 0 .3 1 0 . 3 8 0 . 6 0 0 .5 7 0 . 6 2 0 .9 0
50 0 .2 6 0 .4 3 0 .45 0 .72 0 .6 5 0 . 4 2
60 ■ 0 . 3 4 0 .5 2 0 .2 9 0 . 6 2 0 .8 7 0 .72
70 0 .3 5 0 .6 0 0 .3 9 0 .4 1 0 .6 5 0 .7 3
8 0 0 .4 2 0 . 5 9 0 .2 6 0 .4 1 0 .5 7 0 .5 8
90 0 . 3 8 0 .6 6 0 . 2 3 0 . 5 6 0 .6 5 0 .71

100 0 . 4 5 0 . 3 9 0 . 5 8 0 .6 3 0 . 6 3
HO 0 .5 8 0 .5 7 0 . 4 8 0 .7 0
120 0 . 6 7 0 .2 7 0 .4 8 0 . 6 8 0 . 5 2

C r u i s e  26

S 0 .6 4
10 0 .6 3
20 0 .7 1
30 0 .6 3
40 0 .6 5
50 0 .4 6
60 0 .5 8
70 0 .6 1
8 0 0 .5 4
90 0 .6 5

100 0 . 6 9
HO 0 .7 1
120 0 .6 5
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T a b le  L V I l . D i s s o lv e d  oxygen p r o f i l e s  (mg/1 CL) o f  B igho rn
Lake ■ a t  I  s t a t i o n  0 f o r  i n d i c a t e d  c r u i s e s . ,  1968.

S t a t i o n  0
JJeptn

(m) C r u i s e  I C r u i s e  5 C r u i s e  10 C r u i s e  14 C r u i s e  18 C r u is e  22

S 11 .6 8 . 7 8 . 7 7 . 6 7 .0 7 .1
10 10 .5 8 .4 7 .2 6 . 9 6 . 9 7 .1
20 1 0 .6 9 .0 7 .1 5 .4 4..5 7 . 2

. 30 1 0 .6 9 .1 6 . 9 5 . 8 4 .8 6 . 8
40 1 0 .0 9 . 2 ' 6 .0 5 .4 4 .7 5 . 8
50 9 . 2 8 . 6 4 .2 3 .6 4 . 4 5 .3
60 8 .4 8 .3 - 5 .5 5 .0 2 .5 3 .2
70 7 . 4 7 . 8 ' 7 . 1 6 .6 4 .6 ■ 5 .3
80 6 .7 6 . 8 7 .1 6 .1 4 .5 4 .9
90 6 . 8 6 . 2 5 .6 4 .7 4 .1 4 .5

100 . 6 . 2 4 . 8 5 .0 4 .3 3 .2 3 .5
HO 1 .6 2 .7 4 . 7 5 . 8 2 . 6 3 .5
120 0 . 6 3 .6 4 .1 3 .1 2 . 5 3 .5

C r u i s e  26

S 5 .5
10 5 . 3

: 20 5 .2
30 5 . 2
40 4 . 5
50 4 .4
60 3 .5
70 2 . 8
80 3 . 2
90 2 . 4

100 2 . 0
H O '1.5
120 1 .1
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T a b le  L V I I I . pH p r o f i l e s  o f  B ig h o rn  Lake a t  s t a t i o n  0 f o r
i n d i c a t e d  c r u i s e s  d u r in g  1968.

S t a t i o n  0
D epth  ------------------------------------------------------------------

(m) C r u i s e  I C r u i s e  5 C r u i s e  10 C r u i s e  14 C r u i s e  18 C r u i s e  22

S 8 . 2 0 8 .5 0 8 . 6 5 8 .7 7 8 . 3 8 8 .45
10 8 .2 0 8 .5 1 8 . 4 0 8 . 6 2 8 .4 0 8 .4 0
20 8 . 2 0 8 .4 0 8 .3 1 8 . 2 8 8 . 0 1 8 .4 0
30 8 .2 0 8 .4 0 8 . 2 3 8 .2 2 8 .0 0 8 . 3 0
40 8 .1 0 8 .3 0 8 . 0 9 8 .0 6 7 .91 8 . 3 0
50 8 . 0 0 8 .2 0 7 .8 0 7 . 8 8 7 . 8 3 8 . 2 5
60 . 7 .9 0 8 .1 0 7 .97 8 .0 2 7 .7 3 8 .0 0
70 7 .8 5 8 .0 0 8 .0 4 8 .1 0 7 .8 4 8 .0 8
8 0 7 .8 0 7 .95 7 . 9 8 8 . 0 0 7 .85 8 .0 0
90 7 .7 8 7 .9 0 7 .72 7 . 8 9 7 .7 8 8 . 0 0

100 7 . 7 0 7 . 8 2 7 .8 0 7.85 7 .7 1 8 .0 0
HO 7 . 5 5 7 .8 0 7 .72 8 .2 0 7 .6 4 8 . 0 0
120 7 .55 7 .72 7 . 7 9 7 .6 6 8 .0 0

C r u i s e  26

S 8 . 2 0
10 8 .1 4
20 8 .1 5
30 8 ,1 3
40 8.-12
50 8 . 0 9
60 7 .9 7
70 7 .85
8 0 7 . 8 0
90 7 .75

lo o 7 .69
HO 7 . 9 9
120 7 . 6 2
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T a b le  LIX Range and mean c e l l  volum es (mm / l )  f o r  t h e  p h y to p la n k to n  s p e c i e s  
p r e s e n t  a t  e a ch  sa m p lin g  s t a t i o n  o f  B ig h o rn  Lake d u r in g  t h e  s tu d y

3

S t a t i o n

Taxon 0 I

C la s s  C h lo ro p h y ceae  
A c t in a s t r u m  E a n t z s c h i i 0 :0 0 - 0 .0 2 0 .0 0 -  t

A n k is tro d e sm u s  B r a u n i i
t

0 .0 0 - 0 .4 6
t

0 .0 0 - 0 .0 3

A n k is tro d e sm u s  f a l c a t u s
0 .02
0 .0 0 - 0 .1 1

t
0 . 0 0 - 0 . 0 5

C haracium  sp .
0 .0 1
0 .0 0 - 0 .0 0

t
0 . 0 0 - 0 . 0 2

C lo s te r iu m  sp .
0 .0 0
0 .0 0 - 0 .0 0

t
0 .0 0 - 0 .0 0

Cosmarium s u b c o s ta tu m
0 .0 0
0 .0 0 - 0 .0 0

OCOO
0 .0 0 - 0 .0 0

C r u c ig e n i a  s p .
0 . 0 0
0 .0 0 - 0 .0 0

0 .0 0
0 .0 0 - 0 .0 0

P a n d o r in a  morum
0 .0 0
0 .0 0 - 0 .2 3

0 .0 0
0 .0 0 - 0 .1 1

P e d ia s t r u m  d u p le x
0 .02
0 .0 0 - 0 .6 5

0 .0 1
0 .0 0 - 2 .0 7

O o c y s t i s  s p .
0 .02
0 . 0 0 - 0 . 7 1

0 .1 4
0 .0 0 - 0 .1 5

Scenedesm us a c u m in a t i s
0 .05
0 .0 0 - 0 .0 0

0 .0 1
0 .0 0 - 0 .1 1

Scenedesm us q u a d r ic a u d a
0 .0 0
0 .0 0 - 0 .0 2

t
0 .0 0 .0 .0 2

S c h r o e d e r i a  s e t i g e r a
t

0 .0 0 - 0 .0 6
t

0 .0 0 - 0 .0 1
t t

2 3 4 5

0 . 0 0 - 0 . 0 1 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 4 0 .0 0 - 0 .1 6
t 0 .0 0 t t

0 . 0 0 - 0 . 0 3 0 . 0 0 - 0 . 0 5 0 .0 0 - 0 .0 1 0 . 0 0 - 0 . 0 7
t t t t

0 .0 0 - 0 .0 3 0 .0 0 - 0 .0 6 0 . 0 0 - 0 . 0 4 0 .0 0 - 0 .1 3
t 0 .0 1 t ' 0 .01

0 . 0 0 - 0 . 0 2 0 . 0 0 - 0 . 0 6 0 .0 0 - 0 .0 4 0 .0 0 - 0 .2 9
t t t 0 .01

0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .1 7
0 . 0 0 0 .0 0 0 .0 0 0 .01
0 .0 0 - 2 .8 3 0 .0 0 - 0 .0 0 0 . 0 0 - 0 . 4 0 0 .0 0 - 0 .0 0
0 .05 0 .0 0 0 .0 1 0 .0 0
0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 5
0 .0 0 0 .0 0 0 .0 0 t
0 .0 0 - 0 .1 1 0 . 0 0 - 0 . 0 7 0 . 0 0 - 0 . 1 6 0 . 0 0 - 0 . 4 5
0 . 0 1 0 .0 1 0 .01 0 .03
0 .0 0 - 7 .9 1 0 .0 0 - 4 .9 8 0 .0 0 - 2 .2 7 0 .0 0 - 3 .5 8
0 . 2 9 0 .29 0 .06 0 .06
0 .0 0 - 0 .2 3 0 .0 0 - 1 .3 4 0 .0 0 - 0 .5 4 0 .0 0 - 0 .1 5
0 . 0 3 0 .0 4 0 .0 3 0 .01
0 . 0 0 - 0 . 3 5 0 .0 0 - 0 .4 4 0 .0 0 - 0 .3 4 0 .0 0 - 0 .6 0
0 .0 1 0 .0 3 0 .0 3 0 .0 4
0 . 0 0 - 0 .4 5 0 .0 0 - 0 .3 1 0 .0 0 - 0 .4 2 0 .0 0 - 1 .8 9
0.03 . 0 .02 0 .0 3 0 .1 0
0 .0 0 - 0 .0 4 0 .0 0 - 0 .0 2 0 .0 0 - 0 .0 9 0 . 0 0 -0 ;2 4

t t • 0 .0 1 0 .0 2
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T a b le  LIX (C o n t?d )

S t a t i o n

Taxon O I 2 3 4 5

S t a u r a s t r u m  paradoxum 0 .0 0 - 0 .6 5 0 .0 0 - 8 .0 6 0 .0 0 - 0 .0 0 0 .0 6 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0
0 .0 1 0 .1 6 0 .0 0 0 .0 0 0 .0 0 0 .0 0

W e s t e l l a  b o t r y o i d e s 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 . 0 0 - 0 . 1 0 0 . 0 0 - 0 . 2 4 0 . 0 0 - 0 . 2 6 0 . 0 0 - 0 . 2 2
0 .0 0 0 .0 0 t 0 .0 1 0 .0 1 t

:W e s t e l l a  l i n e a r i s 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 . 0 0 - 0 . 0 3 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0
0 .0 0 0 .0 0 0 .0 0 t 0 .0 0 0 .0 0

C la s s  B a c i l l a r i o p h y c e a e
A ch n an th es  l a n c e o l a t e 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 7 0 . 00- 0 . 0 7 0 .0 0 - 0 .1 1 0 .0 0 - 0 .0 4

0 .0 0 0 .0 0 t t t t
A s t e r i o n e l l a  form oaa 0 .0 0 - 2 .4 3 0 .0 0 - 5 .0 9 0 . 0 0 - 1 6 . 9 4 0 . 0 0 - 7 . 4 3 0 .0 0 - 5 .1 9 0 . 0 0 - 3 . 6 9

0 .0 8 0 .4 4 1 .1 4 0 .6 3 0 .48 0 .31
C a lo n e is  am ph isbaena OeQO=OeOO 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 6 . 0 0 - 8 . 8 2 0 .0 0 - 0 .0 0

0 .0 0 0 .0 0 . 0 .0 0 0 .0 0 0 .16 0 .0 0
C o c c o n e is  spp . 0 .0 0 - 0 .0 8 0 . 0 0 - 0 . 2 0 0 .0 0 - 0 .1 7 0 .0 0 - 0 .0 0 0 .0 0 - 0 .2 2 0 .0 0 - 1 .3 1

t t 0 .0 1 0 .0 0 0 .0 1 0 .06
C y c l o t e l l a  s p p . 0 . 0 0 - 0 . 2 0 0 .0 0 - 1 .4 8 0 . 0 0 - 0 . 4 7 0 . 0 0 - 1 . 6 8 0 . 0 0 - 3 . 1 0 0 .0 0 - 6 .3 5

0 .0 1 0 .05 0 .1 1 0 . 2 1 0 .2 1 0 . 4 0
C ym bella  a f f i n i s 0 .0 0 - 0 .0 0 o . oo- o . o o : 0 .0 0 - 0 .0 9 0 . 0 0 - 0 . 0 4 0 . 0 0 - 0 .4 9 0 .0 0 - 2 .7 5

0 .0 0 0 .0 0 t t 0 .0 0 0 .18
Diatom a e longa tum 0 .0 0 - 0 .0 3 0 . 0 0 - 0 . 0 7 0 .0 0 - 0 .1 1 0 . 0 0 - 0 . 0 2 0 .0 0 - 0 .1 1 0 . 0 0 - 0 . 1 8

t 0 .0 1 0 .01 • t t 0 . 0 1
Diatom a h ie m a le 0 , 0 0 - 0 . 0 4 0 .0 0 - 0 .0 0 o . oo- o .o o 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0

t 0 . 0 0 0..00 o .o o 0 .0 0 0 ,0 0
Diatom a v u l g a r e 0 . 0 0 - 0 . 1 3 0 . 0 0 - 0 . 1 7 0 . 0 0 - 0 . 1 7 0 .0 0 - 0 .3 5 0 . 0 0 - 0 . 8 0 0 . 0 6 - 4 . 5 3

0 .02 0 . 0 2 0 .0 1 0 . 0 2 0 . 0 3 0 .26
D ia to m e l l a  B a l f o u f i a n a 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 . 0 0 - 0 , 0 3 0 .0 0 - 0 .0 0 0 . 0 0 - 0 . 0 0

0 . 0 0 0 .0 0 0 . 0 0 t 0 .0 0 0 .0 0
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T a b le  LIX ( C o n t1d)

S t a t i o n

Taxon O I 2 3 4 5

E u n o t i a  s p . 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 5 0 .0 0 - 0 .0 0 0 . 0 0 - 0 . 4 9 0 .0 0 - 0 .1 3
0 . 0 0 0 . 0 0 t 0 .0 0 0 .01 t

T n a g i l a r i a  c a p u c in a 0 . 0 0 - 0 . 2 9 0 . 0 0 - 0 . 6 7 0 . 0 0 - 0 . 0 8 0 . 0 0 - 0 . 5 9 . 0 . 0 0 - 0 . 0 6 0 . 0 0 - 0 . 5 4
0 .0 1 0 .0 2 0 .01 0 . 0 1 t 0 .01

F r a g i l a r i a  c r o t o n e n s i s 0 .0 0 - 1 0 .5 9 0 .0 0 - 1 8 .9 5 0 . 0 0 - 9 . 8 3 0 . 0 0 - 1 0 . 9 8 0 . 0 0 - 9 . 3 5 0 .0 0 - 2 3 .4 8
0 . 8 5 1.-74 1 .2 4 1 .35 0 .78 1 . 3 7

Gomphonema s p p . 0 . 0 0 - 0 . 0 3 0 . 0 0 - 0 . 0 9 0 .0 0 - 0 .0 8 0 .0 0 - 0 .0 9 0 . 0 0 - 0 . 0 5 0 . 0 0 - 2 . 5 6
t t t t t 0 .1 3

Gyrosigm a S p e n c e r i i 0 . 0 0 - 0 . 0 0 ' 0 .0 0 - 0 .0 0 0 . 0 0 - 0 . 6 5 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0
0 .0 0 0 .0 0 0 .0 1 0 .0 0 0 . 0 0 0 .0 0

Hanneae a r c u s 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 .0 0 - 0 .0 0 0 . 0 0 - 0 . 1 8 0 .0 0 - 0 .0 0
0 .0 0 0 .0 0 0 .0 0 0 .0 0 t 0 .0 0

M e lo s i r a  g r a n u l a t e 0 . 0 0 - 0 . 3 8 0 . 0 0 - 2 . 4 4 (L-00-4.62 0 . 0 0 - 5 . 9 1 0 . 0 0 - 2 . 6 7 0 . 0 0 - 1 .9 2
0 .0 1 0 . 1 2 0 .2 1 0 . 3 1 0 .25 0 .1 4

M e lo s i r a  i t a l i c a 0 . 0 0 - 0 . 4 6 0 . 0 0 - 0 . 3 0 0*00=0* 68 0 . 0 0 - 0 . 9 4 0 .0 0 - 1 .0 1 0 . 0 0 - 0 . 6 0
0 . 0 1 0 . 0 3 0 .1 0 0 .1 0 0 . 1 2 0 .08

E a v i c u l a  sp p . 0 .0 0 - 0 .1 6 0 . 0 0 - 0 . 0 9 0 .0 0 - 0 .1 1 0 . 0 0 - 0 . 0 7 0 . 0 0 - 0 . 9 8 0 .0 0 - 5 .4 3
0 .0 1 t 0 .0 1 0 .0 1 0 .0 8 0 .41

N i t z s c h i a  sp p . 0 . 0 0 - 0 . 0 8 0 . 0 0 - 0 . 3 9 0* OO=̂ Oe 00 0 .0 0 - 0 .1 1 0 .0 0 - 0 .2 5 0 . 0 0 - 3 . 7 7
0 . 0 1 0 . 0 1 0 .0 0 t 0 .0 1 0 .08

S te p h a n o d i s c u s  n i a g a r a e . 0 . 0 0 - 0 . 5 5 0 .0 0 - 3 .6 1 0 .0 0 - 4 .4 1 0 .0 0 - 8 .4 3 0 .0 0 - 8 .5 9 0 .0 0 -1 3 .8 5
0 .0 2 0 .3 4 0 .49 0 . 9 7 0 . 7 8 0 .51

S u r i r e l l a  o v a t a 0 .0 0 - 0 .1 1 0 .0 0 - 0 .0 0 6 . 0 0 - 0 . 5 5 0® 00=0*06 0 . 0 0 - 0 . 7 8 0 . 0 0 - 0 . 6 8
t 0 .0 0 0 . 0 2 t 0 .0 4 0 .0 3

S y n e d ra  u l n a 0 . 0 0 - 0 . 3 7 0 . 0 0 - 0 . 3 5 0 .00-0 .-28 0 . 0 0 - 0 . 7 5 0 .0 0 - 1 .7 1 0 .0 0 - 3 .2 3
0 .02 0 .0 1 0 .02 0 .0 4 0 .0 7 0.15
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■Table LIX ( C o n t1d )

S t a t i o n

Taxon O I

C l a s s •C hrysophyceae
D inobryon  s e r t u l a r i a 0 . 0 0 - 0 . 1 4 0 . 0 0 - 0 . 3 4

C la ss ,  X an thophyceae  
B o try o c o c c u s  s u d e t i c u s

t

0 .0 0 - 0 .2 9

0 .0 1

0 . 0 0 - 0 . 0 3
0 .0 1 t

C la s s  Myxophyceae
Anabaena s p . 0 . 0 0 - 0 . 0 2 0 . 0 0 - 0 . 2 0

Aphanizomenon f l o s - aquae
t

0 .0 0 - 6 .7 2
0 .0 7
0 . 0 0 - 6 . 2 2

0 .3 1
C o e lo sp h ae r iu m  N a g e l ianumO.OO- t

0 .4 0
0 . 0 0 - 1 . 5 6

M i c r o c y s t i s  a e r u g i n o s a
t

0 .0 0 - 7 .9 6
0 .05
0 . 0 0 - 7 . 8 3

0 .2 2 0 .2 1

C la s s  D inophyceae  
C e ra t iu m  h i r u n d i n e l l a 0 .0 0 - 2 .9 7 0 . 0 0 - 1 . 0 3

P e r id in iu m  s p .
0 .3 3
0 . 0 0 - 0 . 0 2

0 . 0 2
0 . 0 0 - 0 . 3 6

t 0 .0 1

2 3 4 5

0 .0 0 - 0 .2 3 0 . 0 0 - 0 . 0 8 0 . 0 0 - 0 . 2 1 ' 0 . 0 0 - 0 . 2 1
0 .01 t t t

0 .0 0 - 1 .7 0 0 . 0 0 - 0 . 3 0 0 .0 0 - 0 .1 4 0 .0 0 - 1 .9 8
0 .0 4 0 .0 1 t 0 .0 4

0 .0 0 - 0 .4 0 0 . 0 0 - 0 . 5 0 0 . 0 0 - 0 . 1 3 0 .0 0 - 0 .0 9
0 .0 2 0 .0 1 0 .0 1 V-
0.-00^3.95 0 .0 0 - 8 .0 7 0 .0 0 - 4 .2 1 0 . 0 0 - 5 . 4 3
0 .6 7 0 .7 1 0 .62 0 .2 1
0 . 0 0 - 0 . 0 0 0 . 0 0 - 0 . 1 0 0 .0 0 - 0 .3 0 Os 0 0 -0 .0 0
0 .0 0 t 0 .01 0 .0 0
0 . 0 0 - 2 . 6 4 0 .0 0 -  t 0 .0 0 - 1 .2 6 0 .0 0 - 0 .0 1
0 . 0 7 t 0 .02 t

0 .0 0 - 1 .1 6 0 .0 0 - 2 .8 3 0 . 0 0 - 0 . 0 0 0 . 0 0 - 0 . 0 0
0 .0 4 0 .1 4 0 .0 0 0 .0 0
0 .0 0 - 0 .4 6 0 .0 0 - 1 .8 3 0 .0 0 - 0 .8 2 0 . 0 0 - 2 . 1 5
0 . 0 3 0 .0 8 0 .05 0 .0 4
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T a b le  LIX ( C o n t*d )

Taxon O I

S t a t i o n  

2 3 4 5

C la s s  C ry p to p h y ce a e  
Dryptomonas o v a t a 0 .0 0 - 1 .4 1 0 .0 0 —6.06 0 .0 0 - 7 .6 6 0 .0 0 - 7 .3 9 0 .0 0 - 7 .2 1 0 .0 0 - 1 1 .1 5

. 0 .22 0 . 4 5 1 .1 3 1 .0 1 1 .1 0 0 .3 7
Rhodomonas l a c u s t r i s 0 . 0 0 - 0 . 4 0 0 . 0 0 - 0 . 4 8 0 .0 0 - 0 .8 5 0 .0 0 - 0 .6 4 0 .0 0 - 0 .4 9 0 .0 0 - 2 .6 5

0 .0 6 0 .0 9 0 .1 4 0 .12 0 .09 0 .1 3
M ic ro p la n k to n 0 . 0 0 - 0 . 2 3 0 .0 0 - 0 .3 9 0 .0 0 - 0 .4 2 0 .0 0 - 0 .4 8 0 .0 0 - 0 .6 5 0 .0 0 - 1 .0 1

0 .0 4 0 .06 0 .0 6 0 .0 7 0 .09 0 .1 8

t  = l e s s  t h a n  0 .0 1  iran / I
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T a b le  LX. T o t a l  p h y to p la n k to n  s t a n d i n g  c ro p s  (mm / I )  in  t h e
e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

S t a t i o n

1968 0 I 2 3 4 5

5 /  5 1 , 3 9 8 0 .9 0 8 2 . 2 3 6 5 .1 2 6 2 .3 4 7 8.195
5 /1 3 0 .422 2 .2 4 8 4 . 4 8 9 2 .2 4 8 4 . 5 0 3 10.-848
5 /2 0 1 .355 1 .6 4 4 7 .791 2 . 9 7 3 0 .9 6 4  - 5 .023
5 /2 7 0 .6 0 7 3 .8 4 4 4 .3 0 4 2 . 2 6 2 1 .572 12.521
6 /  7 1 .9 0 0 3 .0 9 4 1 .842 1 .2 6 4 0 ;-&06 12.609
6 / 1 2 0 .615 5 .5 2 5 3 .0 1 1 3 .5 0 4 1 0 . 0 6 3 5 .405
6 / 2 0 0 .246 0 .7 0 0 3 .8 5 3 0 .476 2 . 0 6 7 5 .658
6 / 2 7 3 . 0 6 8 0 .8 7 2 0 . 8 3 8 0 .7 5 4 0 .4 7 6 ■8.082
7/ 2 1 .3 7 8 1 .5 7 0 2 . 5 4 2 • 3 .781 1 .8 5 3 0 .951
7/ 8 6 .2 0 7 3 . 1 1 9 2 .5 6 2 8 .5 3 6 3 .7 9 4 2 .6 5 7
7/15 1 .362 12 .776 10 .253 11 .117 4 .5 6 2 3.842
7 /23 1 . 6 2 4 9 .5 4 7 13 .395 7 .019 1 5 .3 2 4 5 .103
7 / 2 9 1 .9 2 7 9 . 8 3 8 6 .2 4 4 2 0 . 7 4 3 7.152 10.505
8 /  5 3 .9 7 7 2 .0 1 2 3 . 3 8 3 10.515 6 .3 1 6 11 .864
8 /12 1 .285 3 .4 6 4 4 .9 2 7 8 .0 6 6 5 .0 4 8 1.373
8 /19 1 .7 4 0 3 .502 5 .1 5 2 11.765 4 .5 2 9 0 .8 9 5
8 / 2 6 0 .809 1 .9 1 1 3 .875 4 .7 1 1 12.17-8 0 .716
9 / 3 2 .1 8 5 1 .325 3 .3 4 2 4 .6 2 4 4 .8 1 5 1.212
9 / 9 0 .5 6 3 3 . 5 9 8 4 .3 4 5 8 . 5 1 6 2 .2 7 0 4 .025
9 /1 7 0 .356 2 .7 7 6 2 .4 5 3 1 .599 0 .8 5 8 1.-833 -
9/%3 0 .2 3 4 1 .1 9 8 0 .5 2 8 ■ 1 .396 3 .5 0 7 0.506

10/ 2 0 .3 4 3 0 .2 7 7 0 .3 0 1 2 .175 2 .7 8 4 1.601
10/ 8 0 .4 0 7 '0 .2 9 5 0 .0 6 1 0 .2 5 4 2 . 8 7 7 4 ,436
1 0 /14 0 . 0 9 9 1 .336 0 .082 0 .459 1 .016 1.296
10/22 0 .1 7 4 0 .369 0 .1 2 7 1 .988 3 .4 7 1 3 . 5 2 4
11 / 2 0 .1 1 4 0 .402 0 .105 1 .181 2 .2 5 1 2 .325

1969

4 / 1 5 2 .1 1 9 1 .6 5 2 3 .2 7 3 4 .2 2 8 0 . 8 9 4 0 .0 0 0
4 /2 1 3 .922 3 .7 7 8 10 .646 2 .9 5 3 3 .6 0 8 10.127
4 / 2 8 4 .7 7 4 8 . 8 8 5 4 .4 9 0 9 .1 8 7 5 .4 9 1 25 .623
5 / :  5 11 .117 13 .859 8 .1 8 9 7.771 12 .968 4 .612
5 /1 2  . 6 . 2 2 9 9 .3 6 5 10 .313 4 .5 8 3 5 .4 4 2 5 . 9 6 6
5 /2 1 4..811 9 .305 19.736 5 , 2 2 6 6 . 8 5 8 4 . 3 2 8



234

T a b le  LX. ( C o n t1d)

S t a t i o n

1969 I(C o n t1d) 0 I 2 3 4 5

5 /2 7 1 .505 4 .6 3 5 10 .388 8 .7 1 3 5 .1 6 5 2 .7 1 4
6 /  3 0 .366 1 .598 11 .1 0 4 13 .638 9 .9 9 1 2 2 . 3 6 3
6 /1 3 1 .0 4 0 0 .3 8 6 6 .4 1 7 11 .159 15.152 19.097
6 /18 0 .415 0 .286 9 .5 1 3 3 .045 3 .995 5 .315
6 /2 4 3 .3 5 1 3 .0 0 3 8 , 3 9 6 6 .7 7 1 3 . 8 6 8 4 .3 0 3
6 /3 0 3 .765 8 .1 9 0 5 .2 1 3 20 .812 1 6 .3 8 0 1.109
7/22 0 .1 4 1 4 .3 2 6 9 .5 5 6 2 0 .9 6 0 3 .9 4 3 4 .0 0 3
7 / 2 8 0 .2 4 1 2 .5 1 1 9 . 8 0 5 10 .768 3 .2 9 0 4 .202
8 /  4 0 .108 4 .0 7 8 5 . 3 8 2 4 .9 0 1 9 . 7 9 8 15.859
8 /1 1 0 .1 9 3 0 .5 5 4 7.479 4 .9 5 7 6 .6 0 2 11 .394

1970

6 /11 3 .1 5 8 4 .1 4 7 6 .9 1 7 6 .845 5 .2 1 8 11 .704
6 /18 1 . 9 8 2 1 .756 10 .398 1 .767 3 .495 2 .7 8 0
6 /2 4 0 .2 4 3 4 .6 5 1 8 . 5 9 7 4 .6 4 3 7 .0 5 3 4 . 1 0 4
7/ 2 0 .7 8 0 1 .7 3 0 4 .5 0 6 0 .933 1 .355 0 .6 8 9
7/ 8 0 . 8 2 7 4 .9 0 2 5 .6 2 4 1 .2 4 4 5 . 5 3 9 4 .105
7/16 7 ,2 5 4 ■ 2 .0 9 1 5 .7 2 5 2 . 9 5 8 2 .1 4 3 4 .0 2 3
7/23 6 .616 2 6 . 2 3 2 2 . 3 4 0 6 . 8 1 0 7 .881 1 2 . 6 8 8
7 / 2 9 10 .978 16 .287 9 .0 7 5 6 . 3 6 6 5 .3 4 4 7 .244
8 /  4 2 . 9 2 6 5 .6 9 5 2 2 . 2 4 0 6 . 9 5 7 5 .2 1 0 8 .7 4 7
8 /1 0 3 . 5 9 0 8 . 4 1 2  ' 4 .3 4 4 18 .893 4 .9 4 0 3 .674
8 / 1 8 1 .832 3 .5 3 1 7 . 3 7 0 11 .587 17 .376 7.882
8 / 2 4 11 .086 14 .482 1 1 .6 2 6 5 .8 8 5 5 .0 7 4 9 . 3 2 0
9 /  I 0 .682 10 .025 1 .4 8 2 4 .2 9 4 6 . 1 0 5 9 .122
9 / 8 2 .2 0 9 3 . 0 9 0 3 . 1 9 3 1 .349 2 . 2 0 5 0 .520
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T a b le  LXI 3B a c i l l a r i o p h y c e a e  s t a n d i n g  c ro p s  (mm / l )  i n  th e  
e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

S t a t i o n

1968 0 . I 2 3 4 . 5

5 / 5 0.571 0,582 1 .7 6 9 4.819 2 . 3 1 6 -8.195
5 /13 0 . 4 1 4 . I i 904 . 3 .3 0 2 1.304 3 .740 8 . 0 7 8

' 5 /2 0 1.110 1.206 6 . 7 7 5 2 . 1 3 6 0 . 4 6 1 4 .984
5 /27  . 0.282 3.652 3 .2 2 9 1.202 0 . 9 6 4 11.981
6 /  7 Oi 787 • 2 . 4 3 0 0.788 0.748 0 . 6 9 8 1 2 .5 2 1
6/12 0 . 0 2 1 3 .374 0 . 6 8 9 1.711 9.-840 5 . 0 9 9
6 /20 0 . 0 9 5 0.275 1 . 2 9 1 0.314 1.798 5.544
6/27 0.402 0.405 0.285 0.265 0.176 7 .8 5 9
7/  2 1.030 1.013 0 . 4 5 9 1.585 0.271 0.771
7/  8 3.865 1.301 1.379 2 .344 2 . 6 7 2 1.981
7/15 1 . 0 9 7 0 , 6 0 0 7 .2 8 2 8 . 8 3 2 3 . 0 9 5 1 . 9 6 4
7/23 ■ 0.833 8 .1 3 4  ' 10.906 5.582 3.401 4 . 3 2 6
7/29 0.171 9.201 3.136 9 . 9 5 4 5.867 9.236
8 /  5 0.007 1 .421 2 . 8 3 3 5 .584 1.610 7 .9 3 6
8/12 0.094 . 0 .704 2.911 6.645 3.111 1.268
8/19 0.016 0.085 1.807 9 .360 2 .180 0.670
8 / 2 6 0.621 0.021 0 . 1 0 6 0.000 8 . 1 9 5 0.000
9 / 3 ■ 0.045 0 .094 0.018 0.000 0 . 0 6 8 0.138
9 / 9 0.052 1.080 0.083 0.000 0.000 0.411
9 / 1 7 0.008 0.000 ' 0.000 0.000 0 . 3 9 7 0.368
9 /23 ' 0.000 0.432 0.000 0 . 0 2 0 0 . 1 3 0 0.168

10 / 2 0 .050 0.085 0.195 0 .617 0.086 0.264
10/  8 ' 0.309 • 0 .024 0 . 0 3 8 0.062 0 ,020 3.144
10/ 14. . 0 . 0 6 4 1.186  ' 0.000 0.339 0.000 1.217
10/22  . 0.000 0.203 0.033 0 .100  . 0 . 9 5 8 3.160
11 / 2 0.041 0 .250 0,069 0.020 1.070 2.043

1969

4/16 1.915 1.258 2 .540 4 .013 0 .894 0 . 0 0 0
4/22 3.483 2.935 9 .831 2 .310 3.335 9.841
4/29 4 .460 8 . 6 3 d 3 .6 3 9 7.618 5.435 25.560

' 5 /  5 10.771 13.423 7.891 6.940 12.810 4.579
5/12 5 . 9 8 6 8.489 10.163 •• 4 . 1 3 6 3.755 1.442  ■
5 /21 4 . 7 2 9 8 . 6 3 7 18.670 2.791 5.782 1.106
5 /2 7 1.354 4 .5 8 4 9 . 6 2 3 7.344 4 .551 2 . 6 7 2
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T a b l e 'LXI. ( G o n t 'd )

1969 I' G o n t 'd )  0 I

S t a t i o n  

2 3 4 5

6 /  3 0 .0 6 8 1 .355 9 . 9 8 6 1 2 .4 2 9 9 . 5 8 5 1 8 .0 5 3
6 /11 0 .2 2 6 0 .2 0 4 5 .7 7 5 9 . 6 4 5 1 3 . 9 9 3 14.861
6 /18 0 .045 0 .0 3 0 3 .175 2 . 2 5 6 1 .531 1 .5 1 9
6 / 2 4 0 .1 9 4 1 .1 8 1 5 .5 3 7 2 . 8 2 4 2 . 0 6 6 2 . 5 7 5
7/ I 1 .409 1 .4 9 4 2 . 9 5 7 8 .6 1 9 8 . 7 7 5 0 .5 5 3
7 / 2 2 0 . 0 2 7 2 .9 7 2 5 .1 3 9 1 5 .2 0 8 3 . 0 2 6 3 . 7 8 3
7/29 0 .0 0 0 I . .773 5 .5 1 6 5 . 4 3 9 2 .4 7 2 2 . 9 5 3
8 /  5 0 .0 0 0 0 . 4 1 7 1 .096 0 .0 0 0 3 . 8 2 6 3 . 6 6 4
8 /12 0 .0 0 0 0 .0 0 0 0 .4 2 9 0 .0 0 0 2 . 8 2 7 2 .771

1970

6 /11 2 .5 7 3 3 . 6 2 8 5 .8 4 4 6 .0 2 7 4 .3 2 6 10.806
6 /18 0 .9 3 4 1 .4 6 3 ' 2 .7 0 4 0 .8 6 4 1 .8 3 1 0 .181
6 /2 4 0 . 1 0 2 2 .8 6 8 5 .3 9 0 2 .4 4 6 6 .0 1 7 2 . 2 8 8
7/ 2 0 .226 0 .786 2 .2 1 5 0 .746 0 . 7 8 0 0 .030
7/ 8 0 .442  . 1 .9 6 8 0 .452 0 .0 0 0  . 1 .276 1 .3 8 2
7/16 0 .132 1 .3 9 5 1 .226 1 .3 4 4 1 .0 4 6 0.725'
7 /23 2 .2 6 0 2 5 .3 6 0 1 .7 5 3 3 . 6 2 2 0 .446 0.075
7/29 2 .1 7 8 13 .612 1 .2 8 4 0 .1 6 0 0 .0 0 0 0 .727
8 /  4 0 .632 4 .8 5 3 10 .943 4 .6 1 7 0 .0 0 0 0 .000
8 /1 0 0 .552 2 .7 2 2 3 .6 5 1 17.645 4 .0 4 1 0 .113
8 /1 8 0 .076 0 .0 0 0 2 . 4 2 3 9 . 2 8 5 11 .5 0 7 1.156
8 /2 4 0 .0 2 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 1 .542 6 . 4 8 4
9 /  I 0 .0 0 0 0 .0 0 0 q .ooo 0 .211 0 .3 0 0 5 . 9 8 2
9 / 8 1 .835 0 .1 3 3 0 .0 0 0 0 .066 0 . 2 0 2 0.072
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T a b le  LXII
3

C h lo ro p h y ce a e  s t a n d i n g  c ro p s  (mm / I )  i n  th e  
e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

S t a t i o n

1968 0 I 2 3 4 5

5 /  5 0 .0 0 0 0 .0 0 0 0 .0 0 4 0 .0 0 0 0 .0 0 0 0 .000
5 /1 3 0 .0 0 0 0 .0 0 7 0 .0 2 4 0 .0 0 4 0 .0 8 1 0 .188
5 /2 0 0 .0 0 0 0 .0 1 1 0 .0 7 8 0 .1 7 3 0 .2 0 7 0 .0 0 0
5 / 2 7 0 .0 1 0 0 .0 2 2 0 .0 8 3 0 .348 0 .3 6 7 0 .000
6 /  7 0 .0 0 0 0 .0 1 0 0 .4 7 6 0 .1 7 9 0 .0 4 9 0 .0 0 0

■ 6 /12 0 .1 4 8 0 .1 6 3 0 .1 1 0 0 .318 0 .1 7 0 0 .000
6 / 2 0 0 .0 8 4 0 .0 0 3 0 .146 0 .075 0 .055 0 .000
6 / 2 7 0 .231 0 .002 0 .0 3 0 0 .0 5 0 0 . 2 5 2 0 . 0 5 0
7/ 2 0 .122 0 .0 0 9 0 .025 0 .026 0 .242 0 .136
7/ 8 0 .601 0 .065 0 .1 2 1 2 .0 2 6 0 .6 5 4 0 .220
7 / 1 5 0 .011 0 .0 0 3 0 .5 1 4 0 . 2 6 6 0 .116 1.199
7 / 2 3 0 .0 0 8 1 .0 7 8 0 .3 9 8 0 .766 3 . 1 8 6 0 .538
7 / 2 9 0 .3 8 1 0 .1 1 1 0 .182 5 .0 3 8 0 .4 0 9 0 .466
8 /  5 0 .7 5 8 0 .0 1 3 0 .039 0 . 5 3 9 .0 .855 2 .7 3 0
8 /12 0 .0 0 0 0 .565 0 .0 0 2 0 .078 0 . 5 1 3 0 .000
8 /1 9 0 .0 3 4 0 .0 0 0 0 . 0 0 5 0 .149 0 .0 0 0 0.025
8 / 2 6 0 .0 0 0 0 .0 0 2 0 .0 0 0 0 .0 3 6 0 .022 0 .453
9 /  3 0 .665 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .233
9 / 9 0 .0 0 0 0 .045 0 .0 0 0 0 .0 0 0  ' 0 .0 0 0 2 .2 0 4
9 /1 7 0 .001 0 .0 1 3 0 .0 0 0 0 .0 0 0 0 .0 5 7 0 .114
9 /2 3 0 .0 2 3 0 .0 0 0 0 .038 0 .0 0 9 0 .0 2 0 0.161

10/ 2 0 .009 0 .055 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .181
1 0 /  8 0 .0 0 4 0 .0 0 1 0 .0 0 0 0 .0 0 0 0 .0 0 0 0.26:1
1 0 /14 0 .002 0 . 0 1 9 0 . 0 0 4 0 .0 0 0 0 .0 0 0 0 .030
10/22 0 .049 0 .002 0 .0 0 0 0 .0 0 0 0 .0 0 0 0.349
11/ 2 0 .0 0 0 0 .0 0 0 0 .0 0 1 0 .0 0 0 0 .4 0 1 0 .063

1969

4 /1 6 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .027 0 .0 0 0 0 .000
4 /2 2 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
4 /2 9 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 . 0 9 8 0 .0 0 0 0 .063
5 /  5 0 .0 0 0 0 .0 0 9 0 .0 6 3 0 .031 0 .0 3 4 0 .000
5 /12 0 .0 0 0 0 .009 0 .0 2 9 0 .2 4 9 0 .4 9 6 0 .517
5 /21 0 .031 0 . 1 2 3 0 .0 4 0 0 .745 0 .1 3 8 0 .854
5 /2 7 0 .0 8 8 0 .0 0 0 0 .269 0 .1 1 1 0 . 0 2 9 0.035
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T a b le  L X II . ( C o a t 'd )

S t a t i o n

1969 I[C o a t 'd )  0 I 2 3 4 5

6 /  3 0 .011 0 .0 0 0 0 .0 1 7 0 .175 0 .112 3.608
6 /11 0 .7 6 1 0 .005 0 .0 0 0 0 .161 0 .0 7 0 0 .5 5 0
6 / 1 8 0 .0 1 7 0 .0 0 0 0 .1 0 1 0 .0 7 7 0 .205 0 . 5 1 9
6 / 2 4 t 0 .005 0 .0 0 1 0 .092 1 .363 0 .1 7 1 0.036
7/ I 0 .006 0 .1 5 0 0 .8 3 3 4 .6 7 0 0 .0 2 3 0 .029
7 / 2 2 0 .019 0 .855 0 .2 0 7 0 .1 8 0 0 .0 4 6 0 .123
7 / 2 9 0 .178 0 .0 4 7 3 .512 0 .0 7 0 0 .0 2 0 0 .138
8 / 5 0 . 0 2 4 0 .0 5 0 0 .0 9 0 0 .156 0 .0 0 0 0.205
8 / 2 0 .0 0 0 0 .0 0 0 2 .8 4 5 0 .748 0 .0 0 0 0 .100

1970

6 /11 0 .0 3 4 0 .046 0 .0 3 9 0 . 0 3 6 0 .0 0 0 0 .0 0 0
6 / 1 8 0 . 4 6 4 0 .0 1 0 0 .0 0 0 0 .0 0 0 0 . 0 1 2 0 .0 0 0
6 / 2 9 0 .0 0 0 1 .136 0 .1 3 3 0 .0 1 3 0 .2 4 7 0 .1 2 2
7/ 2 0 .0 0 0 0 . 0 0 7 0 .0 3 1 0 .003 0 .1 3 0 0 .2 2 4
7/ 8 0 .016 1 .966 0 .032 0 .048 0 .0 2 4 0 .124
7/16 0 .416 0 .0 3 9 0 .0 5 0 0 .0 3 0 0 .0 1 3 0 .0 1 8
7 /23 0 .0 0 0 0 .256 ■0.002 0 .1 3 7 0 .0 1 5 0.522
7 / 2 9 0 . 2 9 4 2 .1 8 3 4 .6 4 8 3 .2 3 0 0 .0 5 2 0 .103
8 / 4 0 .7 4 0 0 .0 6 7 8 . 0 8 9 0 .6 3 7 0 :1 3 4 0.275
8 /1 0 0 .3 4 4 0 .1 9 2 0 . 1 3 3 0 . 0 0 3 0 .0 8 4 0 . 0 4 8
8 / 1 8 0 . 2 9 2 0 .0 6 4 0 .0 0 4 0 . 0 4 8 0 .0 0 3 0 .047
8 / 2 4 0 . 0 4 6 0 .0 0 0 0 .1 6 4 0 . 0 6 4 0 .1 9 4 0.035
9 /  I 0 .0 0 0 8 . 0 6 5 0 .108 0 . 0 4 0 0 .5 6 0 0 .1 2 6
9 /  8 0 .2 4 2 0 .8 3 4 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
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Table LXlII. Myxophyceae standing crops (mm /I )  in the euphotic 
zone of Bighorn Lake during the study.

Station

1968 0 I 2 3 4 . . 5

5 /  5 0 . 0 0 0 ' 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
5 / 1 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 4 0 . 0 0 0 0 . 0 0 2 0 . 0 0 0
5 / 2 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 4 0 . 0 0 0
5 / 2 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
6 /  7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 2 0 0 . 0 0 0 0 . 0 0 0
6 / 1 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
6 / 2 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
6 / 2 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .0 0 0
7 /  2 0 . 0 0 0 0 . 0 7 5 0 , 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
7 /  8 0 . 0 3 1 0 . 0 0 0 0 . 0 3 5 0 . 1 9 6 0 . 0 2 2 0 . 0 0 0
7 /1 5 0 . 0 4 2 1 . 1 2 3 0 . 0 3 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
7 / 2 3 0 . 1 3 8 0 . 0 3 3 0 . 0 4 1 0 . 0 0 0 0 . 0 0 0 0 .0 0 0
'7 /2 9 •0 . 1 9 1 0 . 1 1 4 0 . 0 7 0 0 . 0 1 7 0 . 0 0 0 0 . 0 0 0
8 / : 5 0 . 2 7 9 0 . 36,9 '0 . 2 7 2 0 .1 3 5 0 . 0 6 3 • 0 . 0 0 0
8 / 1 2 0 . 5 4 0 1 . 7 2 6 0 i 670 0 . 5 5 0 0 . 0 0 0 0 .0 0 0
8 / 1 9 0 . 0 7 8 1 . 4 8 9 3 , 0 5 4 0 . 3 9 3 0 . 2 2 8 0 . 0 0 0
8 / 2 6 0 . 0 4 3 1 . 4 9 0 3 . 1 6 0 2 . 7 1 0 3 . 7 1 4 0 . 2 3 0
9 /  3 0 . 1 4 5 1 . 0 1 2 - 2 . 7 0 4 4 . 4 7 3 4 . 4 8 6 0 .0 0 0
9 /  9 0 . 1 2 3 2 . 2 0 4 3 . 6 4 4 8 . 0 7 8 2 . 1 1 7 0 . 0 2 3
9 / 1 7 0 . 2 3 9 2 . 6 3 2 2 . 2 5 8 0 . 98$ 0 . 2 0 2  ' 0 . 7 5 6  •
9 / 2 3 0 . 0 7 1 0 .5 8 5 0 . 4 1 6 1 .2 2 6 B . 7 4 5 0 .0 5 3

1 0 /  2 0 . 0 0 0 0 . 0 0 0 0 . 0 2 0 1 .4 6 1 2 : 3 8 8 0 .1 8 5
1 0 /  8 0 . 0 0 0 o . o b i 0 . 0 0 0 0 .0 2 6 2 . 5 9 6 0 . 0 0 0
1 0 / 1 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 ■ 0 . 0 0 0 0 . 5 3 8 0 . 0 0 3
1 0 / 2 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 8 3 6 0 . 0 0 0
1 1 /  2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 2 2 0 . 0 0 0

1969

4 / 1 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
4 / 2 2 . 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 :
4 / 2 9 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .0 0 0
5 /  5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
5 / 1 2 0 . 0 0 0 . 0 . 0 0 0 o . o o o 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
5 / 2 1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
5 / 2 7 0 . 0 0 0 0 . 0 0 0 o . o o o 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0



240

T a b le  L X I I I . ( C o n t 'd )

S t a t i o n

1969 Î Cont1d)  0 I 2 3 . 4 •5

6 /  3 0 .0 0 0 0 .0 0 0 0 .0 0 0 ■ 0 .0 0 0 . 0 .0 0 0 0 .0 0 0
6 /11 . . 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 o .o o o
6/18 0.004 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0.029
6/24 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .011 0 .0 0 0 0 .0 0 0
7/ I 0 .000 . 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
7/22 0 .0 0 0 0 .0 0 1 1 .3 2 3 0 .041 0 .4 7 7 0.-008
7/29 0 .0 0 1 0 .0 8 9 0.018 1.939 0 .2 1 2 0.609
8 /  5 0.018 3 .0 7 8 3.855 . 4.320 3 .7 6 0 4.863
8 /1 2 0 .0 2 7 0 .4 3 1 0 .9 4 6 3 .783 3.686 5 .426

1970

6 /1 1 0 .0 0 0 0 .0 0 0 0 .0 6 3 0 :0 0 0 0 .0 0 0 0 .0 0 0  '
6 /1 8 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .000
6/24 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
7/ 2 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 OvOOO
7/ 8 0 .0 2 2 0 .0 0 0 0 .0 2 7 0 .0 0 0 0 .0 0 0 0 .000
7 /16 6 .1 4 0 0 .032 0 .0 6 3 0 .0 0 0 0 .0 0 0 0 .000
7 /23 1 .806 0 .0 0 0 0 .1 6 1 0 .0 0 0 0 .0 6 6 0 .0 0 0
7/29 6 .7 2 0 0 .115 0 .155 0 .0 0 0 0 .0 0 0 0 .000
8 /  4 1 .2 2 0 0 .0 8 6 2.093 0 .0 2 1 0 .0 0 0 0 .0 0 0
8 /1 0 2.334 3 .4 5 8 0 .3 5 3 0.639 0 .0 0 0 0 .000
8 /18 1 .1 6 8 3.209 3 .9 3 1 1 .1 6 1 0 .0 7 9 0 .030

' 8/24 8.034 1 4 .0 5 0 5.579 4.386 2 .5 4 4 0.052
9 /  I 0.296 1.388 1.204 3 .1 1 7 4.212 1.311
9/ 8 0 ,0 0 0 2 .0 1 9 3 .0 2 8 1 .0 0 9 1 .5 9 8 0.295
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T a b le  LXIV C rypto .phyceae s t a n d i n g  c ro p s  (m m ^/l)  i n  t h e  e u p h o t i c  
zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

S t a t i o h

1968 0 I 2 3 4 5

5 /  5 ■ 0 . 8 2 7 0.326 0.463 0.307 0.023 0.000
5 /13 0.008 0 . 3 3 7 1.124 0.924 0 .610 0.031  .
5 /20 0.238 0 . 3 7 2 0 .904 0.635 0.221 0.000
5/27 • 0.311 0.069 0.867 0.391 0.198 0.000
6 /  7 0.865 0 .540 0.393 0.283 0 .044 0.000
6/12 0.127 1.869 2.029 • 1.413 0.006 0.000
6 / 2 0 0.047 0 . 3 4 0 2.331 0 . 0 5 4 0.075 0.000
6 / 2 7 0.377 0.455 0.506 0.420 0 .020 0.000
7/  2 0.213 0 .454 1.861 1.997 1 . 2 0 3 0.000
7/ 8 0.497 1.422 0.903 2 .513 0 . 2 8 2 . 0.257
7/15 0.145 0.102 1 .954 1.463 0.952 0 . 2 3 0
7 / 2 3 0.294 0.263 0 .700 0.517 1.043 0.101  ■
7/ 29' 1.131 0.358 2 . 7 5 6 3.932 0.601 0.530
8 / 5 0.656 0 . 1 6 8 0.179 1 . 3 9 0 3.069 0.971
8/12 0.630 0 .290 0 .144 0.767 0.499 0.000  •

8/19 0.108 0 .820 0.232 1.015 2 . 0 8 7 0.059
8 / 2 6 0.107 0 . 3 2 9 0.550 1.653 0.165 0.020
9 / 3 0 . 0 3 0 0.-172 0.483 0.093 . 0.195 0.593
9 / 9 0 .384 0.158 0.202 - 0.443 0 .114 0.706
9/17 0.091 0.051 0 . 1 6 3 0 . 4 0 0 0 .124 ■0.307
9 / 2 3 0.103 0.135 0.009 0.105 0.572 0.047

10/  2 0.237 0 . 0 7 7 0.067 0.028 0.266 0.816
10/  8 0.038 0.208 0.010 0.131 0 . 1 8 2 0.977
10/14 0.026 0.095 0 . 0 6 7 0.116 0 .420 0.000
10/22 0.023 0 . 1 2 6 0.061 0.126 1.627 0.000
11 /  2 0 . 0 6 2 0 ,120 0 . 0 2 2 0.130 0.661 0.196

1969 i

4 / 1 6 0.153 :0.,354
i . . 1 ■ i

0.699 0 . 1 6 8 0.000 ■ 0 : 0 0 0
4 / 2 2 0 . 4 2 7 0 . 6 0 2 0.776 0.530 0.072 0.256
4 / 2 9 0 .3 0 1 0 . 2 4 6 0.817 0.448 0.000 0.000
5 /  5 0.309 0.392 0.193 0.683 0 .090 0.020
5/12 0 .167 0 .814 0 .120 0.167 1 . 0 3 9 3 .8 2 9
5/21 0.017 0.429 0.752 1.534 0 . 8 2 0 1 .3 5 8
5/27 0.028 0 . 0 3 1 0.401 . 0.844 0.385 0.000
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T a b le  LXIV. ( C o n t 'd )

■ S ta tion

1969 ( C o n t ' d )  0 I 2 3 4 5

6 /  3 0 .2 6 4 0 .2 1 7 0 .4 0 7 0 .472 0 .2 0 3 0 .1 5 1
6 /1 1 '0 .0 2 9 0 .145 0 .165 1 . 3 0 0 0 .4 5 6 1 .3 8 4
6 / 1 8 0 .3 4 4 0 .2 4 1 6 . 1 7 9 0 .7 0 0 2 . 2 2 8 2 .735
6 /2 4 0 .546 1 .7 9 7 2 .7 1 4 2 .2 4 5 1 .602 " ' 1 .1 9 9
7/ I 0 .2 1 6 6 .3 4 8 ' 1 .359 7 .485 7 .469 0 .5 1 0
7 / 2 2 0 . 0 9 0 0 .482 2 , 8 0 9 5 .4 6 6 0 .2 2 0 0 .0 0 0
7/29 0 .0 2 7 0 .5 5 2  . 0 ,7 1 9 1 .4 1 8  ; 0 .5 4 3 0 . 3 3 3
8 /  5 0 .065 0 .165 0 , 3 1 6 0 .3 6 2 2 .1 7 7 7.096
8 /12 0 .1 5 8 0 .0 3 0 0 .2 2 8 .0.476 0 .0 0 0 3 .053

1970

6 /1 1 0 .3 4 1 0 .1 2 2 0.7-93 0 .6 6 4 0 .5 9 1 0.6-84
6 /1 8 0 .5 5 4 0 .275 7 .6 6 0  ' 0 .902 1 .642 2 . 5 8 2
6 /2 4 0 .1 3 4 0 .6 4 6 3 .052 2 .1 4 8 0 .762 1 .694
7/ 2 0 .516 0 .9 2 3 2 .2 0 5 ,0 .167 0 .4 2 1 0 .291
7/ ,8 0 .3 4 0 0 . 9 3 7 4.-667 1 .196 4 .1 9 8 2 . 2 8 7
7/16 0 .5 3 8 0 .5 8 4 4 .3 8 3 1 .5 2 3 1 .0 6 2 3.191
7/23 0 .022 0 .5 8 8 0 . 4 1 9  . 3 .0 5 0 7 .3 1 9 T l . 3 8 4
7/29 1 . 5 8 4 0 .2 9 7 2 . 9 6 1 2 .9 1 4 4 .6 9 3 6 .3 5 7
8 /  4 0 .3 0 4 0 .6 5 7 ■ 0 .966 1 .647 ■ 5 .0 7 4 6 .042
8 /1 0 0 .2 3 4 1 .8 6 8 0 .1 7 4 0 .6 0 3 0 .8 0 9 2 .765
8 /1 8 0 .2 7 8 0 .2 5 4 0 .972 1 .0 0 4 5 .6 0 8 6 . 6 1 7
8 / 2 4 0 .0 0 0 0 .0 4 6  • 4 .0 8 6 0 .951 0 . 6 3 9 2 .582
9 /  I 0 .3 1 4 0 .4 9 9 0 .1 5 0 0 .731 0 .9 7 4 1.641
9 / 8 0 .006 0 .0 9 7 0 .1 6 3 0 .2 7 0 0 .3 8 6 0 .147
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T a b le  LXV
3

M ic r o p la n k to n  s t a n d i n g  c ro p s  (mm / I )  i n  th e  
e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

S t a t i o n

1968 0 I 2 3 4 5

5 /  5 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 8 0 .0 0 0
5 /1 3 0 .0 0 0 0 .0 0 0 0 .0 3 7 0 .016 0 .0 7 0 0.128
5 /2 0 0 .0 0 7 0 .0 6 4 0 .0 3 4 0 .029 0 .0 7 1 0 .039
5 /2 7  . 0 .0 0 4 0 .1 0 1 0 .125 0 .246 0 .0 4 3 0 .5 4 0
6 /  7 0 .0 9 3 0 .1 1 4 0 .062 0 .0 2 1 0 .015 0 .088
6 /12 0 .026 0 .119 0 .1 8 3 0 .042 0 .0 4 7 0.306
6 / 2 0 0 .0 1 1  • 0 .082 0 .0 8 7 0 .0 3 3 0 .139 0 .114
6 /2 7 0 .0 1 6 0 .0 1 0 0 .0 1 7 0 .019 0 .0 0 8 0 .173
7/ 2 0 .0 1 3 0 .0 1 9 0 .0 6 0 0 .1 7 3 0 .1 3 3  ' 0 .039
7/ 8 0 .0 0 0 0 .1 3 3 0 .0 5 4 0 .129 0 .1 4 4 0.199
7/15 0 .0 3 3 0 .0 3 1 0 .0 4 6 0 .138 0 .1 1 6 0.336
7 /23 0 .0 8 3 0 .039 0 .0 7 1 0 .082 0 .4 1 7 0.102
7 / 2 9 ' 0 .2 3 1 0 .0 5 4 0 .1 0 3 0 .058 0 .195 0 .273
8 /  '5 0 .022 0 .041 0 .0 6 0 0 . 0 4 1 0 .6 4 7 0 .227
8 /12 0 .021 0 .2 8 1 0 .0 4 4 0 .026 0 .109 0.105
8 /19 0 .0 3 3 0 .0 7 7 0 .0 5 4 0 .0 4 0 0 .0 3 4 0.141
8 / 2 6 0 .038 0 .069 0 .059 0 .312 0 . 0 8 2 0 .013  .
9 / 3 0 .0 1 0 0 .0 4 7 0 .141 0 .058 0 .0 1 6 0.248
9 / 9 0 .0 0 4 0 .1 1 1 0 .4 1 6 0 .0 0 0 0 .0 3 9 0 .781  ‘
9 /1 7 0 .0 1 7 0 .0 8 0 0 .032 0.116 0 .0 7 8 0 ;2S 8
9 / 2 3 0 .0 3 7 0 .0 4 6 0 .065 0 .036 0 .0 4 0 0 .1 2 4

10/ 2 0 .0 4 7 0 .0 6 0 0 .0 4 0 0 .069 0 .0 4 4 0.155
10/ 8 0 .0 5 6 0 .0 4 1 0 .0 1 3 0.035 0 .0 7 9 0 .054
10 /14 0 . 0 0 7 0 .036 0 .0 1 1 0 .0 0 4 0 .0 5 8 0.046
10/22 0 .0 4 0 0 .0 3 8 0 .0 3 3 0 .023 0 .0 5 0 0.015
11/ 2 0 .0 1 3 0 .032 0 .0 1 3 0 .062 0 .0 9 7 0 .023

1969

4 /1 5 0 .0 5 1 0 .0 4 0 0 .0 0 3 0 .0 2 0 0 .0 0 0 0 .0 0 0
4 /2 1  • 0 /012  • 0 .0 1 1 0 .006 0 .113 0 .2 0 1 0 .0 3 0
4 /2 8 0 .0 1 3 0 .0 0 3 0 .0 3 4 0 .043 0 .0 5 6 0 .000
5 /  5 0 .0 3 7 0 .035 0 .042 0 .117 0 .0 3 4 0 .013
5 /1 2 0 .076 0 .0 5 3 0 .0 0 1 0 .0 0 0 0 .1 5 2 ' 0 .0 0 0
5 /2 1 ■ 0 .0 3 4 0 .169 0 .2 7 4 0 .156 0 .089 1 .010
5 /2 7 0 .005 0 .0 2 0 0 .0 6 7 0 .1 3 4 0 .085 0 .007
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T a b le  LXy. (C ont 'ti .)

•• S t a t i o n

1969 I(C o n tr d )  0 I ■ 2 3 4 5

3 0.023' 0 .0 2 6 0 .045 0 .2 0 0 0 .0 9 1 0 .551
6/13. 0 .0 2 4 0 .032 0 .0 1 7 0 .0 5 3 0 .0 9 4 0.068
6 /18 0 .005 0 .015 0 .0 5 8 0 .012 0 .031 0.102
6 / 2& 0 .036 0 .0 2 4 0 .0 5 3 0 .0 3 3 0 .029 0 .093
6 / 3 0 0 .0 4 4 0 .0 3 8  . 0 .0 6 4 0 .038 0 .1 1 3 0 .017
7/22 0 .005  ' • 0 .016 0 .0 7 8 0 .065 0 .0 6 6 0.089  •
7/28 0 .035 0 .0 5 0 0.040 ,0 . 0 6 8 0 .0 4 3 0.169
8 /  4 ,0 ,0 0 1  , 0 .0 0 6  ■ 0 .025 0 .0 6 3 0 .035 0 .031
8 /11 0 .008 0 .0 9 3 ' 0 .0 3 1 0 .0 5 0 0.089■ 0 .0 4 4  '

1970

6 /1 1 0 .0 6 7 0 .015 0 .0 2 7
j
0.042 0 . 0 0 7 ■ 0 .0 5 4

6 /18 0 .0 3 0 0 .0 0 8 0 .0 3 4 ■ 0.001 0 .0 1 0 0 .017
6 /2 4 ' 0 .0 0 7 0 .0 0 1 0 .0 2 2 0 .0 1 4 0 .0 2 7 0.000
7/ 2 0 .038 0 .0 1 4 0 .055 0 . 0 1 7 0 .0 2 4 . 0 .144
7/ 8 ■0.007 0 .0 3 1  ' 0 .2 3 1 0.000 0 .0 4 1  ■ 0 .103
7/16 0 . 0 2 8 0 .0 4 1 0 .0 0 3 0 .061 0 .0 2 2 0 . 0 8 9  .
7 /23 0 .0 5 8 0 .0 2 8 0 .005 0 .001 0 .035 0 .707
7/29 0 .202 0 .0 8 0 0 .0 2 7 0.000 0 .5 9 9 0 .057
8 /  4 0 .0 3 0 0 .032 0 .149 0.035 0 .002 0.288
8 /1 0 0 .126 0 .172 ■ 0 .0 3 3 0 . 0 0 3 0 .0 0 6 0.748
8 /18 0 .018 0 .0 0 4 0 . 0 4 0 0 .0 8 9 0 .0 4 3 0.032.
8 /2 4 0 .016 0 .3 8 6 0 .099 0 . ^ 8 4 0 .1 5 5  ■■ 0.167
9 / 1 0 .072 0 .0 7 3 0 .0 1 0 0 .195 0 .059 0.062
9 / 8 0 .126 0 . 0 0 7 0 .002 0 .0 0 4 0 .0 1 9 0.006
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Table TXVI
3

Chlorophyll _a standing crops (mg/m ) in the 
euphotic zone of Bighorn Lake during the study.

Station

19 6 8 0 I 2 3 4 5

5 /  5 3 .2 1 .4 9 . 9 6 .4 4 .8  ■ 9 . 3
5 /1 3  ■ 5 .1 2 . 9 1 3 . 8 6 .6 8 .5 8 .0
5 / 2 0 5 .1 6 .6 8 . 5 7 .7 3 .5 11 .6
,5 / 2 7 6 .7 7 . 8 1 2 .0 9 . 4 18 .2 4 0 .0
6 /  7. 2 .1 6 .7 7 .8 4 . 9 6 . 9 2 4 . 8
6 /12 3 .6 9 . 7 1 1 .7 " 9 . 0 5 .3 14.2
6 / 2 0 4 .1 4 .3 8 .1 2 . 4 3 .5 8 . 8
6 /2 7 4 .3 5 .8 7 . 8 6 .0 8 .0 2 9 . 0
7 / 2 9 4 . 2 7 .7 8 . 5 8 . 3 2 1 .6 2 4 . 8
8 /  5 1 .9 3 .7 ' 5 . 0  . 10 .7 12 .6 38 .1
8 /12 3 .7 7 .7 8 . 8 11 .7 2 3 .8 4 8 .0
8 / 1 9 2 _ 8 3 .6 4 .7 7 .3 8 .1 2 . 8
8 / 2 6 0 . 0 2 . 8 9 .7 5 .0 0 .6 2 4 . 2
9 /  3 3 . 6 7 .7 7 .3 15 .5 2 4 .8 9 .3
9 / 9 1 .8 5 .8 2 2 . 8 7 7 .0 2 5 . 8 5 .9
9 /1 7 0 .7 4 .3 3 . 6 3 . 9 5 . 8 3 .5
9 / 2 3 0 .7 0 . 0 2 .1 2 .1 7 .7 1 .2

10/ 2 3 . 6 3 . 9 5 . 8 8 . 5 5 . 8
10 / 8 2 .1 0 .7 1 .4 : i . i 6 .6 2 . 9
1 0 /14 1 .4 1 . 8 2 .1 2 .5 5 .8 3 . 5
10/21 2 . 2 2 . 0 2 .2 2 . 8 6 . 2 3 .5
11/ 2 3 .6 3 . 9 3 . 6 3 .2 5 .5 1 2 . 9

1969 '

4 /1 5 ' 4 .3 ■ 3 .6  '
■ r: r '

!8 . 9 5 . 0 6 . 2 17 .6
4 /2 1 5 . 8 6 .6 :6 . 6 3 .6 5 . 9 5 .3
4 / 2 8 2 . 8 3 .2 4 .3 3 . 9 2 . 9 7 . 0
5 /  5 2 .1 3 . 2 7 .3 7 . 3 9 .3 10.6
5 /1 2 2 . 8 3 . 6 '4 .3 9 . 7 1 1 . 6 2 5 . 2
5 /2 1 1 . 8 2 .1 4 . 3 4 . 3 3 .5 4 .4
5 / 2 7 6 .7 9 . 7 19 .1 2 5 .6 2 9 . 5 9 . 8
6 /  3 2 . 5 2 .5 1 7 .3 2 7 . 8 1 5 .5 2 4 . 2
6 /1 3 2 .1 1 .4 5 .4 2 1 .0 2 1 .9 20 .2
6 / 1 8 2 .1 2 .1 2 . 8 2 . 8 5 . 8 9 . 8
6 / 2 4 2 .1 3 .7 5 . 8 6 .9 6 . 9 9 . 8
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T a b le  LXVI. ( C o n t 'd )

S t a t i o n

1969 ( C o n t1'd ) 0 I 2 3 4 5

6 /3 0 1 .4 7 .7 3 .9 5 .8 6 .6 1 .8
7/22 1 .1 1 .8 4 .3 2 .1 2 .5 4 .7
7 / 2 8 3 . 2 2 .1 8 .5 4 .7 7 .3 10 .9
8 / 4 3 . 4 2 .7 4 .7 6 .2 31 .8 39 .7
8 /1 1 2 . 2 8 .5 5 .8 3 1 .0 2 5 . 8

1970

6 /11
6 /1 8 5 .3 2 0 .2 2 6 . 2 2 8 . 2 3 2 .3
6 /2 4 1 .8 p .o 3 . 5 2 4 .2 2 8 . 2 8 . 9
7/ 2 1 .8 7 .1 10 .8 5 .3 8 . 9 9 . 8
7/ 8 8 . 9 10 .8 2 2 . 2 10 .8 8 . 9 2 2 . 2
7/16 3 .5 8 . 9 12 .6 2 0 .2 5 .3 10 .8
7 /23 »3.5 12 .6 11 .7 1 8 .3 2 8 . 2
7/29 3 .5 7 .1 8 . 9 5 . 3 10 .8 34.5
8 /  4 7 .1 5 .3 7 .1 7 .1 12 .6 5 .3
8 /1 0 1 .8 3 .5 7 .1 1 0 . 8 8 . 9 10 .8
8 / 1 8 3 .5 1 .8 7 .1 12 .6 14 .5 8 . 9
8 / 2 4 3 .5 5 .3 7 .1 12 .6 1 6 .4 12 .6
•9/ I 5 .3 1 .8 5 .3 1 .8 3 .5 5 .3
9 / 8 0 .0 1 .8 1 2 . 6 3 . 5 3 . 5 3 . 5
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T a b le LXVII. E u p h o t ic  
t h e  s tu d y

zone d e p th s Cm) o f  B ig h o rn  Lake d u r in g

1968 0 I

S t a t i o n  

2 3 4 5

5 /  5 1 0 .0 1 0 .0 7 .0 4 .0 2 .0 0 .3
5 /1 3 1 0 .0 8 .0 5 .0 4 .0 3 .0 1 .4
5 /2 0 1 0 .0 8 .0 5 .0 3 .0 2 .0 0 .9
5 /2 7 1 0 .0 8 .0 6 .0 4 .0 2 .0 0 .3
6 /  7 .1 8 .0 7 .0 3 .0 •2.0 1 .0 0 .1
6 /12 1 6 .0 7 .0 3 . 0 2 .0 2 .0 0 .1
6 /2 0 1 8 .0 1 0 .0 3 ,0 2 .0 1 .0 0 . 1
6 / 2 7 1 2 .0 4 .0 2 .0 3 .0 • 1 .0 0 .3
7 / 2 1 1 .0 6 .0 3 .0 2 .0 2 .0 1 .0
7 / 8 1 0 .0 6 .0 6 .0 4 .0 2 .0 1 .0
7 /15 9 .0 '6 . 0 4 .0 4 .0 3 . 0 1 .0
7 /23 8 .0 6 .0 8 .0 6 .0 3 .0 1 .0
7/29 1 0 .0 7 .0 7 .0  ' 5 .0 3 .0 0 .5
8 / 5 1 0 .0 1 0 .0 1 0 .0 1 0 .0 6 .0 1 .3  ■
8 /12 8 .0 6 .0 8 .0 5 .0 3 .0 0 .5
8 /1 9 8 .0 6 .0 8 .0 6 .0 4 .0 1 .0
8 / 2 6 8 .0 8 .0 8 .0 4 .0 4 .0 1 .2
9 /  3 8 .0 8 .0 5 .0 4 .0 4 .0 2 .0
9 /  9 8 .0 6 .0 4 .0 2 . 0 4 .0  ^ 2 .0
9 /1 7 8 .0 6 .0 8 .0 8 .0 4 .0 3 .0
9 /2 3 9 .0 9 .0 9 .0 9 . 0 6 .0 3 .0

10 / 2 9 .0 9 . 0 9 .0 8 . 0 6 . 0 3 .0
10 / 8 9 .0 9 .0 9 .0 9 .0 6 .0 3 .0
1 0 /1 4 8 .0 8 .0 9 .0 9 .0 8 .0 3 . 0
10 /22 9 .0 8 .0 6 .0 6 .0 6 . 0 3 .0
11 / 2 9 .0 9 .0 9 .0 9 .0 9 .0  ' 3 .0  '

1969

4 /15 1 2 . 0 1 0 .0 8 .0 6 .0 3 .0 0 .3
4 /2 1 1 0 .0 1 0 .0 8 .0 6 .0 3 .0 1 .3
4 /2 8 1 1 .0 1 0 .0 8 .0 5 .0 2 .0 1 .4
5 /  5 1 2 .0  . 1 0 .0 8 .0 6 .0 4 .0 1 . 6
5 /12 1 4 .0 8 .0 6 .0 4 .0 3 .0 1 .3
5 /2 1 1 4 .0 8 .0 6 .0 6 .0 4 ,0 2 .0
5 /2 7 1 0 .0 8 .0 7 .0 ■ 4 .0 4 . 0 2 .0
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T a b le  LXVII. ( C o n t 'd )

S t a t i o n

1969 ( C o n t1d) 0 I 2 3 4 5

6 /  3 1 0 .0 1 0 .0 4 . 0 4 .0 4 . 0 3 .0
6 /1 3 1 0 .0 1 0 .0 6 .0 6 .0 4 .0 1 . 8
6 / 1 8 1 2 .0 8 .0 6 .0 6 .0 4 .0 ■ 2 .0
6 / 2 4  • 1 0 .0 8 .0 6 .0 6 .0  ' 4 . 0 3 .0
6 /3 0 1 2 .0 6 .0 6 .0 4 .0 4 .0 3 .0
7/22 1 0 .0 6 .0 6 .0 6 .0 6 .0 3 .0
7 /28 8 .0 6 .0 6 .0 4 .0 4 .0 3 .0
8 /  4 . 8 .0 6 .0 3 .0 2 .0 2 .0 1 .1
8 /1 1 8 .0 S1-O 4 .0 4 .0 3 .0 1 .5

1970

6 /11 1 3 .0 8 .0 5 .0 4 .0 4 .0 4 .0
6 /1 8 1 3 .0 7 .0 5 .0 5 .0 4 .0 3 .0
6 / 2 4 1 4 .0 6 .0 5 .0 5 .0 4 .0 3 .0
7 / 2 1 3 .0 5 .0 5 .0 2 .0 3 .0 2 .0
7 /  8 7 .0 5 .0 3 .0 3 .0 4 .0 . 2 .0
7/16 7 .0 5 .0 3 .0 3 .0 4 .0 3 .0
7 /23 1 5 .0 6 .0 5 .0 . 4 .0 4 .0 . 3 .0
7 / 2 9  - 6 . 0 5 .0 4 . 0 1 1 .0 5 .0 4 .0
8 /  4 7 .0 6 .0 5 .0  ' 6 .0 4 .0 3 .0
8/.10 1 0 .0 1 3 .0 1 2 .0 ' 1 0 .0 1 1 .0 4 ,0
8 /1 8  ' 7 .0 6 .0 6 ..0 5 .0 4 .0 4 .0
8 /2 4 9 .0 6 .0 6 .0 5 .0 5 .0 4 .0
9 /  I 9 .0 6 .0 7 .0 5 .0 6 .0 4 .0
9 /1 8  ■ 9 .0 7 .0 7 .0 7 .0 4 .0 2 .0
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T a b le  LX V III . E x t i n c t i o n  c o e f f i c i e n t s  (k/m ) o f  t h e  e u p h o t i c
zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

• S t a t i o n
19 6 8 0 I 2 . 3 4 5

5 /  5 0 .3 9 0 .4 1 0 .55 1 . 18 2 .5 8 1 5 . 3 0
5 /1 3 0 .3 4 0 .4 0  ■ 0 .6 0 0 .95 1 .0 1 3 .18
5 /2 0 0 .3 0 0 .3 9 0 , 6 0 1 .2 0 1 .6 7 5 .2 0
5 /2 7 0 .3 3 0 .4 4 0 .65 0 .8 6 1 .7 1 5 .2 0
6 /  7 0 .2 3 0 .4 6 0 .8 9 1 .7 3 3 . 6 8 79 .70
6 /12 0 .26 0 .4 7 0 .9 8 1 .29 2 . 4 9 79 .60
6 / 2 0 0 .2 1 0 .4 3 1 .5 4 2 . 2 9 5 .0 0 51 .2 0
6 / 2 7 0 .3 4 0 .9 4 2 .2 9 . 1 .22 4 .0 5 17.36
7/ 2 0 .3 4 0 .7 8 1 .39 1 .62 1 .2 2 4 .6 9  ■
7/ 8 0 .3 4 0 .5 7 0 .6 3 ■ 0 .85 1 .22 2 . 7 3
7/15 0 .4 0 0 .5 9 0 ,59 0 . 8 9 0 . 9 2 4 .7 7
7 /23 0 .3 9 0 .5 2 0 .4 8 0 .5 8 1 .2 0 2 .6 4
7/29  , 0 .4 2 0 .5 2 0 .4 9 0 .6 7 1 .1 3 8 . 6 9
8 /  5 0 .4 2 0 .5 7 0 . 4 5 0 .6 1 0 .8 4 3.52
8 /12 0 .5 1 0 .5 8 0 .4 6 0 .6 8 1 .22 10 .00
8 / 1 9 '0 .5 1 0 .4 9 0 .4 7 0 . 6 9 0 . 9 9 4 .8 0
8 / 2 6 0 . 4 6 0 .4 7  . 0 .6 4 ■ 0 .95 0 . 8 8 3 , 77
9 /  3 0 .3 9 0 .4 9 0 .8 3 0 .96 1 .1 9 2 .1 4
9 /  9 0 .4 9 0 .6 7 1 .0 4 1 .36 0 .4 9 1 .99
9 /1 7 0 .4 2 0 .6 2 0 .5 3 0 .7 0 1 .0 7 1 .56
9 / 2 3 0 .4 7 0 .3 2 0 .4 6  ■ 0 .52 0 . 7 6 1 .40

10/ 2 0 .4 4 0 .4 1 0 .36 0 .5 6 0 .7 4 1 .5 0
10 / 8 0 .46 0 .4 7 0 .4 8 0 .3 1 0 .5 7 1 .4 0
1 0 /1 4 0 .5 4 0 .4 6 0 .4 5  . 0 .4 1 0 .4 7 1 .85
10 /21 0 .4 4 0 .3 9 0 .4 6 0 .5 1 0 .5 9 1 .8 7
11 / 2 0 .4 3 0 . 3 9 0 .3 8 0 .35 0 .4 3 1 .5 0

19 6 9

4 /1 5 0 .3 2 ' 0 .36 0 .4 1
v;
0 .66 2 .0 3 16.55

4 /2 1 0 . 3 4 0 .3 9 0 .5 3 ti.64 0 . 9 4 3.36
4 /2 8 0 .3 4 0 .3 8 0 .4 6 1 .0 4 1 .4 2  • 3 .2 2
5 /  5 0 .3 3 0 . 3 9 0 .6 4 0 .8 4 1 . 2 2 2 .85
5 /12 0 . 3 1 0 . 4 0 0 : 6 2 1 .0 3 1 . 6 3 3 . 5 8
5 /2 1 0 .31 Q.44 0 .5 9 0 . 6 9 1 .5 8 2 .1 4
5 /2 7 0 . 2 7  ' 0 .3 5 0 .5 1 0 . 8 9 1 .0 6 2 . 2 2



T a b le  LXVIII ( C o n t1d )

251.

1969 ( C en t * d:) 0 I

S t a t i o n  

2 3 4 5

6 /  3 0 .2 3  ■ 0 .3 3 •0.55 0 .7 3 0 .9 0 1 .48
6 /1 3 0 .2 7 0 .3 1 0 .5 8 0 . 6 6 0 .8 0 2 . 5 8
6 /18 0 .25 0 .3 6 0 .4 8 0 .5 4 0 .5 7 2 .0 4
6 / 2 4 . 0 . 2 8 0 .3 4 0 .4 9 0 .4 9 0 .6 7 1 .51
6 / 3 0 0 . 2 9 0 .5 1 0 .5 8 0 .5 8 0 . 7 8 1 .48  .
7 / 2 2 0 .3 1 0 .4 1 0 . 4 3 0 .5 6 0 .7 8 1 .4 9
7 / 2 8 0 .3 8 0 . 3 8 0 .5 2 0 .6 0 0 . # 8 1 .4 0
8 /  4 0 .4 0 ' 0 .4 1 0 . 4 5 0 .5 6 0 .5 3 4 .0 1
8 /1 1 0 .3 0 0 . 4 7 ■ 0 . 4 7 0 .5 4 0 . 8 0 3 . 0 8

1970

6 /11 0 .31 , : 0 .4 9 '0 .88 1 .1 6 . 1 .1 4 0 . 6 7
6 /1 8 0 . 2 9 0 . 5 2 0 .9 1 0 .9 3 1 .1 4 1 . 4 6
6 / 2 4 0 . 2 6 0 .6 9  . 0 . 8 5 0 . 8 9 1 .2 1 1 . 6 6
7/ 2 0 .32 0 .4 3 0 . 9 3 1 . 9 9 1 .8 0 2 . 8 8
7/ 8 0 . 6 0 0 .8 1 1 .5 0 1 . 3 6 0 . 8 2 2 .25
7/16 0 .5 7 .0.85 1 .3 4 1 .3 7 1 .2 0 1 .32
7 /23 0 .2 6 0 .7 3 0 .8 3 1 .12 0 .7 9 1 .57
7 / 2 9 0 . 6 5 0 . 7 9 0 .5 8 0 . 3 6 0 .7 6 1 .0 0
8 / 4 0 .6 0 0 .6 3 0 .8 6 0 . 6 6 0 . 9 9 1 . 2 3
8 /1 0 0 .35 0 . 2 9 0 .2 1 0 .3 8 0 .3 4 1 .08
8 /1 8 0 . 5 4 0 .6 6 0 . 7 0 ■ 0 .8 7 1 .05 1 .24
8 /2 4 0 .4 6 0 .5 2 0 .7 0 0 .8 4 0 .7 9 0 . 9 9
9 /  I 0 .3 8  ■ 0 .4 8 0 .4 8 0 .66 0 .6 6 1.15
9 / 8 0 .4 4 0 .4 4 0 .5 1 0 .4 7 0 .9 6 2 .4 5
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T a b le  LXIX. N i t r a t e  n i t r o g e n  c o n c e n t r a t i o n s  (mg/1 NO^-N) in  t h e
e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

• S t a t i o n

1968 o • I 2 3 4 5

5 /  5 0 . 2 9 0 . 1 4 0 .1 4 0 .37 0.41 0.13
5 /13 0 . 2 9 0 .33 0 . 3 1 0.47 0.75 0.51
5 /20 0.41 0.32 0.41 0.68 0.76 0.82
5 /27 0.42 0 . 3 2 0.56 0 .73 1.09 1 . 0 3
6 /  7 0.31 0 . 3 4 0.52 0 . 5 7 0.42 0.36
6/12 0.16 0.48 0 .4 0 0.29 0 .48 0 . 4 2
6 / 2 0 0 . 2 9 0.36 0 .41 0.23 0.16 0 . 1 7
6 / 2 7 0 . 5 4 0 .23 0.26 0 . 2 6 0.32 0 . 5 2
7/  2 0.29 0 .21 0 ; 1 5 0 .14 0 .27 0.30
7/  8 0 .3 0 0.22 0 . 1 3 0.18 0 .17 0.38
7/ 1 5 - 0 . 3 0 0 .1 4 0 .07 0.13 0 .4 3  - 0.51
7/23 0.26 0 .13 0.17 0.23 0.41 0.56
7/29 0.15 0.11 0.09 0 . 1 6 0 . 1 7 0 .6 5
8 /  5 0.22 0 .13 0.18 0 .20 0 .23 0.61
8 / 1 2 0.19 0 .11 0 .21 0.29 0 . 5 3 0.90
8/19 0.55 0.38 0 .43 0.48 0 . 8 5 1.17
8 / 2 6 0 . 4 4 0 . 3 2 0.46 0.66 0 . 7 5 1 . 2 3
9 /  3 0 .33  ■ 0 . 3 2 0 .40 0 . 5 9 0 . 7 5 0 . 9 7
9 /  9 0.27 0.26 0 .3 0 0 . 2 8 0 .4 4 0.59
9 /17 0 .2 0 0 .4 0 0 .4 0 0.30 0.46 0.47
9 / 2 3 0 . 3 6 0 . 3 2 0 .40 0 .20 0 . 3 8 0.62

10 /  2 0.33 0 .47 ■ 0.79 0.62 0 .51 0.62
10 /  8 0 .4 0 0 .31 0.62 0.45 0 .51 0 . 4 2
10/14 0.58 0 . 4 4 0 i 57 0.63 0 .51 0 . 5 8
10/21 0 . 6 0 0.52 0 . 6 5 0.66 0 i 64 0 . 4 7
11 /  2 0 .6 4 0 .57 0 .5 4 0.62 0 .5 4 0 . 3 5

1969

4/15 0.51 0 .5 3 0.49 0 . 7 4 0 .3 4 0.86
4-/21 '. 0 .47 0 .4 0 '0.38 6.51 0 . 3 0 0 . 3 2
4 / 2 8 0.53 0.45 0 . 4 5 0.32 0 . 2 5 0.30
5 /  5 0 . 4 8 0.36 0.29 0.31 0.35 0.47
5/12 0.42 0.29 0 . 2 0 0.47 0 .67 0,22
5 /21 0.38 0 . 2 5 0 . 2 8 0.39 0.49 0.70
5 /27 0 . 2 7 0.21 0.29 0 .2 4 0 .5 5
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T a b le  LXIX. ( C o n t 'd )

S t a t i o n

1969 I[ C o n t 'd )  0 I 2 3 4 5

6 /  3 0 .2 9 0 .2 1 0 . 2 0 0 .3 2 0 . 4 2 0 .66
6 / 1 3 0 . 2 9 0 .2 6 0 .2 5 0 .36 0 .2 7 0 .2 4
6 /1 8 0 .2 6 0 .2 4 0 .35 0 .3 7 0 .3 1 0 . 6 8
6 / 2 4 0 .2 7 0 .3 1 0 . 4 0 0 . 4 4 0 . 6 5 0 .72
6 / 3 0 0 .9 1 1 . 0 3 1 . 0 3 0 . 6 9 0 .7 8 0 .71
7 / 2 2 0 . 3 7 0 .3 1 0 . 1 6 0 . 1 9 0 .62 0 .65
7 / 2 8 ,0.35 0 .5 3 0 .1 5 0 . 0 0 0 .2 4 0 .35
8 /  4 0 . 3 0 0 . 4 1 0 .1 4 0 .1 3 0 .1 9 0 . 1 0
8 /1 1 0 .32 0 . 3 1 0 .0 9 0 .0 7 0 . 0 8 0 . 3 7

1970

6 /11 0 .6 1 0 . 6 2 i0 . 7 3 0 .6 3 0 . 5 4 0 . 5 0
6 / 1 8 0 .1 0 0 .6 4 0 .4 5 0 .3 3 0 . 4 9 0 . 5 3
6 / 2 4 0 . 2 7 0 .6 1 0 .4 5 0 .49 0 .5 1 0 .6 4
7 /  2 0 .2 9 0 .5 2 0 .5 8 0 .52 0 .4 9 0 .53
7 /  8 0 . 2 9 0 .4 7 0 .52 0 . 2 9 0 .2 9 0 .2 7
7/16 0 .55 0 .1 7 0 .0 7 0 .1 1 0 .1 8 0 .09
7 /23 0 .5 5 . 0 .1 7 0 .0 9 0 .15 0 .1 0 0 . 3 3
7/29 0 .4 7 0 .1 4 0 .1 3 0 .1 4 0 .2 0 0 .25
8 /  4 0 . 4 4 , 0 .2 0 0 .0 7 0 .1 0 0 . 2 0 0 .29
8 /1 0 0 .2 0 0 .0 8 0 .0 8 0 .1 0 0 .2 1 0 .4 4
8 / 1 8 0 .1 8 0 .0 9 0 .05 0 . 0 9 0 . 4 9 0 .5 7
8 / 2 4 0 .2 0 0 .0 8 0 .05 0 .0 8 0 .1 1 0 .5 3
9 /  I 0 . 2 7 0 .1 5 0 .1 8 0 .1 0 0 .2 1 0 .5 1
9 / 8 0 .3 8 0 .2 0 0 . 4 5 0 . 3 6 0 .4 1 0 .66
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T a b le  LXX. N i t r i t e  n i t r o g e n  c o n c e n t r a t i o n s  (mg/1 NC^-N) i n
t h e  e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

S t a t i o n

1968 0 I 2 3 4 5

5 /  5 0 . 0 0 2 0 . 0 1 0 o . o i o 0 . 0 2 0 0 . 0 2 0 0 . 0 3 0
5 / 1 3 0 . 0 0 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 4 0
5 / 2 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0  ■ 0 . 0 1 0 0 . 0 1 0 0 . 0 3 0
5 / 2 7 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 2 0 0 . 0 2 0
6 /  7 0 . 0 1 0 0 . 0 1 0 0 . 0 0 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0

■6/12 0 . 0 5 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
6 / 2 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 0
6 / 2 7 0 . 0 3 0 0 . 0 2 0 0 . 0 2 0 0 . 0 5 0 0 . 0 2 0 0 . 0 3 0
7 /  2 0 .0 1 0 ' 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
7 /  8 0 . 0 2 0 0 . 0 2 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
7 /1 5 0 . 0 2 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
7 / 2 3 0 . 0 0 0 0 . 0 1 0 0 . 0 0 0 0 . 0 1 0 0 . 0 2 0 0 . 0 1 0
7 / 2 9 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 ,0 .0 1 0 0 . 0 1 0 0 . 0 1 0
8 /  5 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
8 / 1 2 0 . 0 1 0 0 . 0 1 0 0 . 0 2 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
8 / 1 9 0 . 0 1 0 0 . 0 0 0 0 . 0 1 0 0 . 0 2 0 0 . 0 1 0 0 . 0 2 0
8 / 2 6 0 . 0 1 0 0 . 0 0 0 0 . 0 1 0 0 . 0 2 0 0 . 0 1 0 0 . 0 1 0  ■
9 /  3 0 . 0 1 0 0 . 0 0 0 0.Q10 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
9 /  9 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 0 OVOlO 0 . 0 1 0
9 / 1 7 0 . 0 0 0 0 . 0 0 0 0.0,00 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
9 / 2 3

1 0 /  2 0 . 0 0 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
1 0 /  8 0 . 0 0 0 0 . 0 0 0 0 . 0 1 0 •0 .0 2 0 0 . 0 1 0 0 . 0 1 0
1 0 / 1 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 0 0 . 0 3 0 0 . 0 0 0
1 0 / 2 2 ■ 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 0 o . o i o  ■
1 1 /  2 0 . 0 0 0 0 . 0 0 0 ■ o . o b o 0 . 0 0 0 0 . 0 0 0  ■ 0 . 0 1 0

1969

4 / 1 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 0 0 . 0 1 0
.4 /2 1 ■ o . o i o 0 . 0 1 0 o . o i o 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
4 / 2 8 0 . 0 0 0 ■ 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 0 0 0 . 0 2 0
5 /  5 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0
5 / 1 2 0 . 0 0 5 0 . 0 0 8  . 0 . 0 0 7 0 . 0 0 8 0 . 0 0 8 0 . 0 0 8
5 / 2 1 0 . 0 0 4 ■0.QQ6 0 . 0 0 1 0 . 0 0 6 0 . 0 0 8 0 . 0 1 0
5 / 2 7 0 . 0 0 5 0 . 0 0 6  1 0 . 0 1 0 0 . 0 0 8 0 . 0 0 7
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T a b le  LXX. ( C o n t 'd )

1969 ( C o n t1'd )  0 I

S t a t i o n  

2 3 4 5

6 /  3 .0 .0 0 6 0 .009 0 .012 0 .0 0 8 0 .0 0 8 0 .0 1 0
6 /13 0 .0 0 4 0 .006 0 .006 0 .008 0 .0 0 8 0 .0 1 0
6 / 1 8 0 .005 0 .0 0 7 0 .0 0 8 0 .008 0 .0 1 0 0 .013
6 /2 4 0 .0 0 8 0 .0 0 8 0 .006 0 .0 1 1 0 .0 1 0 0 .008
6 /3 0 0 .012 0 .0 0 3 0 .0 1 1 0 .0 0 4 0 .005 0 .001
7/22 0 .0 4 0 0 .0 0 8 0 .006 0 .0 1 0 0 .0 0 1 0 .009
7 / 2 8 0 .0 0 6 0 .0 1 4 ■0.009 0 .001 0 .0 0 3 0 .0 1 0
8 / 4 0 .0 0 8 0 .0 1 6 0 .0 1 0 0 .007 0 .0 1 1 0 .004
8 /1 1 0 .0 1 0 0 .0 1 3 0 .0 0 4 0 .0 1 0 0 .,006 0 .002

1970

6 /11 0 .0 0 3 0 .009 0 .0 1 8 0 .016 0 .0 1 4 0.012
6 / 1 8 0 .0 0 4 0 .0 0 9 0 .0 2 0 0 .017 0 .0 1 3 0 .007
6 /2 4 0 .0 0 8 0 .0 1 4 0 .0 1 7 . 0 .015 0 .015 0.015
7/ 2 0 .0 0 7 0 .0 1 4 0 .015 0 .017 0 .015 0 .023
7/ 8 0 .0 1 3 0 .0 1 7 0 .0 1 4 0 .0 1 3 0 .0 1 3 0 .013
7/16 0 .0 1 3 0 .0 1 8 0 .0 0 8 0 .008 0 .0 1 0 0 .007
7 / 2 3 0 .0 1 3 0 .0 1 7 0 .0 0 8 0 .011 0 .0 0 8 0 .017
7/29 0 .0 1 4 0 .0 1 3 0 .0 1 3 0 .011 0 .0 1 7 0 .020
8 / 4 0 .0 1 4 0 .0 1 0 0 .005 '0 .0 0 9 0 .0 1 9 0 .018
8 /1 0 0 .0 1 4 0 .0 0 7 0 .0 0 7 0 .0 0 7 0 .0 1 7 0 .018
8 /18 0 .0 1 1 0 .0 0 8 0 .0 0 1 0.005 0 .0 2 6 0 .026
8 / 2 4 0 .0 0 9 0 .0 0 5 ,0 .002 0 .0 0 4 0 .0 0 7 0 .026
9 /  I 0 .009 0 . 0 0 4 0 .0 0 1 0 .0 0 4 0 .005 0.019
9 / 8 0 .0 0 7 0 .0 0 4 0 .0 0 4 0 .007 0 .0 1 0 0 . 026 '
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T ab ie .L X X I. Ammonia n i t r o g e n  c o n c e n t r a t i o n s  (mg/1 NH^-N) in
t h e  e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  t h e  s tu d y .

S t a t i o n

1968 0 I 2 3 4 5

5 /  5 0 .1 8 0 .0 9 0 .0 0 0 .0 0 0 .0 0 0 .1 0
5 /1 3 0 .0 0 0 . 0 0 0 . 0 0 0 .0 0 0 .0 0 0 .0 0
5 /2 0 0 . 0 2 0 . 0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
5 /2 7  ■ 0 .0 0 0 .0 0 0 .0 0 0 .1 8 0 .2 4 .0.42
6 /  7 0 .0 0 0 .0 0  ' 0 .0 0 0 . 0 0 0 .0 0 0 .0 0
6 /12 0 .0 4 0 . 0 4 0 .0 6 0 .0 4 0 .1 8 0.15
6 /2 0 0 . 5 9 0 .6 4 0 . 3 7  ' 0 .5 6 0 .3 3 0 .59
6 /2 7 0 . 0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
7 / 2 0 .0 0 0 . 0 0 0 .0 0 0 .0 0 0 . 0 0 0 .0 0
7 /  8 0 .0 0 0 .0 0 0 .4 1  ■ • 0 .0 0 0 .0 0 0 .0 0  ■
7/15 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
7 /23 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 . 0 0 0 . 0 0
7/29 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
8 /  5 0 .0 0 0 . 0 0 0 .0 0 0 .0 0 ' 0 . 3 3 0 .0 0
8 /12 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
8 / 1 9 0 . 2 4 0 . 2 2 0 .2 4 0 . 2 6 0 .2 4 0 . 2 6
8 / 2 6 ■ 0 .1 1 0 .1 1 0 .0 8 0 .0 8 0 .1 2 0 .22
9 /  3 0 .0 8 0 .0 8 0 .1 1 0 . 0 8 0 .2 3 0 .33
9 / 9 0 .2 9 0 . 2 4 0 .1 8 0 .1 9 0 .2 0 0.16
9 / 1 7 0 .1 8 0 . 0 8 0 .1 8 0 .16 ^ .2 3 0 .18
9 / 2 3 0 .1 8 0 .1 3 0 .1 0 0 .1 6 0 .16 0 . 2 6

10/ 2 0 .0 8 0 .1 1 0 .2 1 0 .06
10 / 8
1 0 /14 0 .0 8 0 .0 3 0 . 0 8 0 .12 0 .1 8 0 . 0 8
10/22 0 .0 8 0 . 0 9 0 .0 9 0 .0 9 0 .0 8 0 .19
1 1 /  2 0 .1 1 0 . 1 0 : 0 .2 6 0 .1 4 0 .3 4 1 . 0 4

1969

4 /1 5 0 .1 1  ■ . 0 .1 3 : 0 .1 7 0 . 2 6 0 .2 5 0 . 4 8
4 /2 1 0 .1 7 0 .1 9 0 .1 6 0 .25 0 .6 1 0 .52
4 /2 8 0 .1 4 0 .1 4 0 .1 2 0 .1 0 0 . 2 2  . 0 .1 0

.5 /  5 ' 0 .0 1 . 0 .0 0 0 .1 1 0 .0 3 0 .0 0 0 . 1 8
5 /12 0 . 2 8 0 .2 3 ' 0 . 2 2 0 .2 0 0 .2 2 0 .2 4
5 /2 1 0 .4 0 0 .2 4 0 .1 6 0 .2 0 0 .2 5 0 .32
5 /2 7 0 .26 0 .0 3 0 .1 6 0 .1 5  • 0 .3 3



2-57

T a b le  LXXI. (C o n t’ d )

1969 Î Cont1d ) '0 I

S t a t i o n  

2 3 4 5

6 /  3 0 .25 0.08 0 .1 1 0.12 0.18 0 .17
.6 /1 3 0 .1 3 0.22 0 .2 0 0.21 0.24 0.36
6/18 0 .3 3 0 .3 0 0 .32 0.26 0 .3 9 0 .3 4
6/23 0.24 0 .2 6 0 .2 7 0 .3 3 0 .2 9 0 .37
6 /3 0 0.26 0.28 0.29 0.22 0 .3 1 0.45
7/22 0 .1 0 0 .1 0 0 .1 1 0 .0 9 0 .1 2  ' 0 .35
7/28 0.47 0 .6 5 0 .3 1 0 .3 6 0 .3 0 0 .33
8/ 4 0 .15 0.16 0.17 0.19 0.22 0 .56
8 /1 1 0.16 0 .2 5 0.19 0 .2 0 0 .2 5 0 .3 0

1970

6 /11 0 .02 0 .0 3 0 .0 3 0 .0 4 0.05 0 .05
6/18 0 .0 5 0 .0 1 0 .0 7 0.08 0 .1 2 0.29
6 /2 4 0 .0 1 0 .0 3 0 .0 3 0 .0 4 0.03 0 .0 3
7/ 2 0 .0 2 0.03 0 .0 3 0 .0 5 0.05 0 .01
7/ 8 0.03 0.03 0 .0 4 0 .05 0 .0 5 0 .05
7/16 0 .0 2 0.03 0 .0 4 • 0 .05 0.04 0 .0 3
7/23 0 .0 3 0.03 0 .0 3 ■ 0.03 0 .0 3 0 .0 4
7/29 0 .0 3 0.03 0 .0 2 0.02 0 .0 3 0 .0 4
8/ 4 0.03 0.02 0 .0 2 0.02 0.03 0.03
8 /1 0 0 .0 2 0.03 0 .0 2 0.03 0 .0 3 0 .0 3
8 /1 8 0 .0 1 0 .0 2  ■ 0 .0 2 0.03 0 .0 3 0 .0 3
8/24 0 .0 3 0 .0 2 0 .0 3 0 .0 2 0 .0 3 0 .0 3
9 /  I 0.01 0 .0 2 0 .0 2 0.02 0 .0 3 0 .0 3
9/ 8 0 .0 2 0 .0 2 0 .0 3 0.02 0 .0 3 0 .05
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T a b le  LXXII .  O r th o -p h o s p h a te  c o n c e n t r a t io n s  (m g/1 EO^) in  th e
e u p h o tic  zone o f  B ig h o rn  Lake d u r in g  th e  s tu d y .

S t a t i o n

1 9 6 8 0 • I 2 3 4 5

5 /  5 0 .1 6 0 .2 5 0 .02 0 . 7 2 0 .15 0.72
5 /1 3 0 .0 9 0 .0 0 0 .0 0  ' 0 .0 0 0 .0 0  • ,0 .0 9
5 /2 0 0 .2 9 0 .2 8 0 .2 0 0 .2 8 0 .3 4 0 .2 0
5 / 2 7 0 .3 2 0 .2 3 0 .2 7 0 .3 2 0 .2 7 0 .68
6 /  7 0 .05 0 .0 2 0 .2 3 0 .0 7 0 .0 2 0 .11
6 / 1 2 0 .1 8 0 .2 0 0 . 2 9 0 .2 0 0 .1 4 0 .1 4
6 / 2 0 0 .2 7 0 .1 6 0 .0 0 0 .0 2 0 . 3 0 0 . 5 4
6 / 2 7 0 . 0 7 0 .1 6 0 . 0 9 0 .2 7 0 .0 7 0.05
7 / 2 0 .0 0 0 . 0 0 0 .0 0 0 .1 8 0 .0 0 0 . 0 0
7/ 8 0 .0 0 0 .0 0 0 .2 7 0 .0 0 0 .0 0 0 .0 0
7/15 0 .0 0 0 .0 5 0 .05 0 .2 0 0 .1 9 0 .09
7 / 2 3 0 .0 5 0 .0 3 0 .0 1 0 .0 0 0 .0 3 0 .01
7 / 2 9 0 .0 0 0 .0 5 0 .0 0 0 . 0 0 0 .0 0 0 .0 0
8 /  5 0 .0 2 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
8 / 1 2 0 .1 0 0 .0 5 0 .0 1 0 .0 0 0 .0 0 0 . 1 3
8 /19 ■0.04 0 .0 0 0 .0 0 0 .0 3 0 .0 5 0 .01
8 / 2 6 0 .0 0 0 .0 1 0 .0 0 0 .0 3 0 .0 0 0 .03
9 /  3 0 .0 3 0 .0 3 0 .0 3 0 .0 6 0 . 2 5 0 . 4 5
9 / 9 0 .02 0 .0 1 0 , 0 4 0 .05 0 . 0 1 0 .08
9 /1 7 0 .0 6 0 .0 5 0 .35 0 .1 8 0 . 1 7 0 .1 0
9 / 2 3 0 . 0 0 0 .0 0 0 . 0 0 0 .0 0 0 .0 0 0 .0 0

10/ 2 0 .0 0 ■ 0 . 0 6 0 . 0 7 0 .22 0 .1 2 0 . 1 4
10 / 8 0 .0 1 0 .0 0 0 .0 1 0 . 0 0 0 . 0 0 0 .0 0
1 0 /1 4 0 . 2 8 0 . 0 4 0 .0 4 0 .45 0 .0 1 0 .03
10/22 0 . 0 9 0 . 0 9 0 . 0 9 0 . 0 9 0 .0 9 0 . 0 9
11/ 2 0 .0 0 0 . 0 0 0 .0 1 0 .05 0 .0 3 0 .1 0

1969

4 /15 0 .05 0 .0 0 0 .0 2 0 . 1 2 0 .05 0 .15
4 /2 1 0 .0 7 0 .0 0 0 .0 4 0 .0 4 0 .0 3 0 .0 0
4 /2 8 0 .0 2 0 .0 3 0 .05 0 .35 0 . 0 3 0 .0 4
5 /  5 0 .0 2 0 .0 2 0 .0 4 0 . 0 4 0 .0 5 0 .09
5 /12 0 .0 1 0 . 0 5 0 .0 4 0 . 0 1 0 .05 0 .01
5 /2 1 0 . 0 2 0 .0 7 0 .0 3 0 . 0 1 0 .0 4 0 .1 3
5 / 2 7 0 .0 0 0 . 0 0 0 .0 0 0 .0 0 0 .0 7
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■ T able . LXXII. ( C o n t1 d)

S t a t i o n

1969 ( C o n t1'd )  0 I 2 3 4 5

6 / 3 0 .0 4 0 .15 0 .0 7 0 .0 6 0 .0 3 0 .35
6 /1 3 0 .0 4 0 .0 1 0 .0 1 0 .0 1 0 .0 3 0 .06
6 /18 0 .3 6 0 .0 1 0 .0 1 0 .0 1 0 .0 1 0.08
6/24 0 .1 0 0 .0 5 0 .05 0 .16 0 .18
6 /3 0 0 .0 8 0 .0 8 0 .12 0 .1 1 0 .05 0 .19
7/22 0 .0 0 0 .0 1 0.00 0 .0 1 0.00 0 .0 0
7/28 0 .0 1 0 .0 1 0 .0 1 0 .0 1 0 .0 1 0 .01
8/ 4 0 .0 4 0 .0 5 0 .0 4 0.23 0 .0 8 0 .09
8 /1 1 0.03 0 .0 4 0.01 0 .0 3 0 .0 1 0 .01

1970

6 /1 1
6/18'
6 /2 4
7 / 2 0 .05 0 .0 5 0 .1 1 0 .1 4 0 .1 9 0 .3 0
7 / 8 0 .0 5 0 .1 1 0 .1 5 0 .1 8 0 .2 1 0 .18
7/16 0 .05 0 .0 8 0 .1 4 0 .1 1 0 .1 1 0 .1 0
7 /23 0 .05 0 .1 0 0 .1 1 0 .1 0 0 .1 0 0 .1 0
7/29 0 .05 0 .0 8 0 .0 8 0 .0 8 0 .1 0 0 .11
8 /  4 0 .05 0 .0 5 0 .05 0.05 0 .0 8 0.05
8 /1 0 0 .0 0 0 .0 5 0 .05 0 .05 0 .05 0 .0 0
8 /18 0 .0 5 0 .0 5 0 .0 0 0 .0 8 0 .1 0 0 .0 8
8 /2 4 0 .0 0 0 .0 0 0 .0 0 0.08 0 .05 0 .0 0
9 /  I 0 .0 0 0 .0 5 0 .05 0 .0 0 0 .0 0 0.05
9/ 8 0 .0 0 0 .05 0 .0 5 0 .05 0 .05 0 .1 0
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T a b le  LX X III . T o t a l  i r o n  c o n c e n t r a t i o n s  (m g / l )  i n  t h e  e u p h o t i c
zone o f  B ig h o rn  Lake d u r in g  1969.

S t a t i o n

0 I 2 3 4 5

4 /15  
4 /2 1  
4/28  
5 /  5 0.001 0.004 0.010 0 .0 4 0 0 .0 9 0 0 .170
5 /12 0.004 0.007 0.013 0.053 0.123 0 .013
5 /2 1 0.004 0 .0 0 7 0 .0 0 7 0 .0 1 3 0.120 0 .186
5/27 • 0.152 0 .192 0.068 0.138 0 ,1 2 4 0 .291
6/ 3 0.142 0.052 0 .2 9 1 0 .2 2 3 0 .3 4 1 0.210
6 /1 3 0 .0 2 8 0 .0 5 7 0 .0 4 3 0.057 0 .0 8 6 0.242
6 /18 0 .005 0 .0 0 7 0.015 ' 0 .019 0 .0 3 0 0.029
6 /2 4 0 .005 0.009 0 .005 ■ 0 .019 0 .0 5 3 0.125
6 /3 0 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .012 0 .0 0 3 0.082
7/22 0 .019 0.019 0 .012 0 .022 0 .0 7 1 0 .111
7/28 0 .019 0 .005 0 .005 0 .008 0 .0 1 3 0 .183
8/ 4 0 .0 1 3 0 .0 2 3 0 .0 1 8 0 .033 0 .0 4 3 0.072
8 /1 1 0 .0 0 1 0 .0 0 4 0 .0 0 4 0 .0 0 7 0 .0 1 6 0 .043
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■Table LXXIV .Manganese c o n c e n t r a t i o n s  (mg/1 Mn++) i n  t h e  
e u p h o t i c  zone o f  B ig h o rn  Lake d u r in g  1969.

S t a t i o n

4 /1 5  
4 /2 1  
4 /2 8  
5 /  5 
5 /12  
5 /2 1  
5 /2 7  
6 /  3 
6 /1 3  
6 /18  
5 /2 4  
6 /3 0  
7 /22 
7 /28  
8 /  4 
8/11

0

0 .0 4 6
0 .0 3 7
0 .025
0 .0 6 6
0 .0 1 4
0.002
0.001
0.001
0.001
0.002
0.001
0.001
0.001
0.001
0.002
0.002

I

0 .0 5 3
0 .0 6 7
0 .035
0.020
0 .0 1 4
0.001
0 .0 1 6
0.001
0 .0 0 3
0.001
0.001
0.001
0.002
0.000
0.002
0.001

2

0 .1 0 3
0 .0 3 4
0 .0 0 7
0 .0 1 3
0 .005
0 .000 .
0.042
0.001
0.001
0.001
0.001
0.001
0.001
0 .000
0.002
0.001

3

0 .043  
0 .0 1 3  
0 .016  
0 .017  
0 .009  
0.001  
0.001  
0.001  
0 .0 0 3  
0.001  
0.001  
0.001  
0.002 
0.000 
0.. 002 
0.002

4

0 .0 5 6
0 .0 3 3
0.022
0.010
0 .0 5 6
0 .005
0.032
0.001
0 .0 0 3
0.002
0 .0 0 3
0.001
0 .005
0 .0 0 0
0:007
0.010

5

0 .299
0.046
0 .023
0.035
0.066
0 .005
0.001
0.001

0.005
0.005
0.000
0.020
0.001
0.019
0 .014
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Table LXXV Copper c o n c e n t r a t i o n s  (mg/1 Cu++) i n  t h e  e u p h o t i c  
zone o f  B ig h o rn  Lake d u r in g  1969.

0 I
S t a t i o n  

2 3 4 5

4 /1 5 0 .0 0 0 " 0 .0 0 1 0 .0 0 1 0 .001 0 .002 0 .001
4/21 0 .001 0 .002 0 .0 0 1 0 .001 0 .0 0 1 0 .001
4 /2 8 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .001
5 /  5 0 .002 0 .0 0 1 0 .0 0 1 0.001 0.001 0 .003
5 /12 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .002 0 .001
5 /2 1 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .001 0 .002 0 .001
5 /2 7 0 .0 0 0 0 .0 0 1 OkOOl ■ 0 .001 0 .0 0 1 0 .001
6 / 3 '0 .001 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .001
6 /1 3 0 .0 0 1 0 .0 0 1 0 .0 0 1  . 0 .001 0 .0 0 1 0 .002
6 /18 0 .0 0 1 0 .0 0 1 0 .0 0 1 0.001 0 .0 0 1 0 .001
6/24 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
6 /3 0 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .001 0 .0 0 1 0 .001
7/22 0.001 ' 0 .0 0 1 0 .0 0 1 0 .001 0 .0 0 1 0.002
7/28 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .0 0 1 0 .001
8/ 4 0 .001 0 .0 0 1 0 .002 0 .002 0 .002 0 .002
8 /1 1 0 .001 0 .002 0 .0 0 1 0 .002 ChOOl 0.001

Cs
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Table LXXVI Z ih c  c o n c e n t r a t i o n s  (mg/1 Zn+"1") i n  t h e  e u p h o t i c  
zone o f  B ig h o rn  Lake d u r in g  1969.

S t a t i o n

4 /1 5  
4 /2 1  
4/28  
5 /  5 
5 /1 2  
5 /21  
5 /2 7  
6/ 3 
6 /1 3  
6 /18  
6/24  
6/30  
7/22 
7/28 
8 /  4 
8/11

0

0 .0 0 8
0.012
0.012
0 .026
0 .0 0 6
0 .0 0 3
0.002
0 .0 0 4
0 .000
0.021
0 .0 2 7
0 .042
0 .006
0 .0 0 4
0.002
0.003

I

0 .0 0 7
0 .0 2 3
0.011
0.002
0.002
0 .003 .
0 .0 0 3
0.002
0 .0 0 0
0 .021
0 .015
0 .0 0 6
0.006
0 .0 4 0
0.002
0 .0 1 8

2

0 .0 0 7
0.002
0 .0 1 4
0 .0 0 4
0.002
0 .0 0 4
0 .0 0 3
0:003
0.Q00
0:016
0.021
0.002
0 .0 1 9
0.011
0.010
0.002

3

0 .006
0 .0 0 4
0.012
0 .0 2 4
0 .0 0 0
0 .0 0 3
0 .008
0 .0 0 3
0 .0 0 0
0.020
0.021
0 .0 2 4
0.011
0 .0 0 7
0 .0 0 3
0.005

4

0 .016
0.002
0 .0 1 8
0.011
0 .0 0 0
0 .0 0 4
0 .0 0 0
0 .0 0 0
0 .025
0.021
0.020
0 .0 0 4
0 .0 0 8
0 .0 0 3
0 .009
0 .0 0 4

■5

0 .0 8 4
0 .0 2 4
0.035
0 .0 2 4
0 .0 0 0
0 .008
0 .008
0 .000
0.020
0 .024
0.021
0.006
0 .0 0 4
0 .028
0 .014
0 .014
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T a b le  LXXVII .  pH o f  t h e  B ig h o rn  Lake e u p h o t i c  zone .co m p o s i te s
d u r in g  t h e  s tu d y .

S t a t i o n
1968 0 I 2 3 4 5

5 /  5 8.25 8 .1 0 8.35 8 .2 0 8.30 8.32
5 /1 3
5 /2 0 8.40 8 .5 0 8 .5 0 8 .3 0 8.22
5 /2 7 8.42 8 .7 5 8 .6 1 8.33 8 .1 5 8.30
6 /  7 8.52 8 .5 0 8 .3 0 8.22 8 .1 0
6 /12 8.55 8.43 8.39 8 .4 0 8 .2 0 8.28
6 /2 0 8.25 8 .3 0 8 .3 0 8 .1 6 8 .0 0 8 .0 0
6/27 8 .5 5 8.20 8 .0 5 8 .5 0 8 .4 0 8 .4 1
7/ 2 8.36 8.10 8.25 8 .4 0 8 .3 0 8 .2 0
7/ 8 8 .4 7 8 .6 0 8 .6 0 8.73 8 .5 7 8 .5 0
7/15 8.32 8 .7 0 8 .5 2 8 .45
7 /23 8.57 8 .7 0 8.78 8 .7 0 8 .7 0 8 .59
7/29 8.64 8 .7 0 8.73 8 .8 1 8.48
8 /  5 8.69 8 .7 3 8 .7 1 8.67 8.58 8.72
8 /12 8 .5 3 8 .6 0 8 .6 4 8.65 8 .6 9 8.48
8 /19 8.54 8 .6 2 8.63 8 .6 4 8 .5 0 8 .3 7
8/26 8.41 8 .5 0 8 .6 0 8.55 8 .5 0
9/ 3 8 .4 0 8 .5 0 8.60 8 .6 5 8.50 8.37
9/ 9 8.41 8 .5 1 8.77 8.80 8 .5 6 8 .5 0
9 /1 7 8.20 8.45 8 .5 3 8.65 8 .4 6 8.50
9/23 8.00 8 .4 0 8.50 8.60 8.58 8.45

10/ 2 8.40 8 .6 0 8 .6 0 8.72 8.80 8.60
10/ 8 8.20 . 8 .3 4 8.48 8.52 8 .1 3
1 0 /1 4 8 .1 3 8.30 8.33 8 .4 0 8.48 8.42
10/22 8.21 8.26 8.30 8.21 8 .4 6 8.30
11/ 2 7.80 8.02 8 .0 1 8.49 8 .5 1 8.50

1969

4 /1 5 8 .0 8 8 .1 0 8 .1 5 8.40 8.40 8.31
4 /2 1 8 .0 3 8 .0 5 8 .3 0 8.23 8.17 8.20
4/28 8.23 8.29 8 .5 0 8 .5 0 8.58 8.49
5 /  5 8.30 8.43 8.50 8.56 8 .5 0 8.50
5 /12 8.30 8.51 8.60 8 .5 3 8 .5 0 8.65
5 /2 1 8.30 8 .5 4 8 .7 1 8.59 8 .5 0 8 .4 7
5 /2 7 8 .4 5 8 .7 3 8.24 8.78 8 .7 5 8.79
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T a b le  LXXVII. ( C o a t 'd )

S t a t i o n

1969 ( C o n t1'd )  0 I 2 3 4 5

6 /  3 8.28 ' 8 .5 4 8.86 8.88 8 .6 0 8 .6 6
6 /1 3 8.48 8.52 8 .7 0 8 .7 0 8 .4 8 8 .35
6 /1 8 8.47 8.43 8 .5 1 8.48 8 .4 0 8 .3 9
6/24 8 .3 7 8 .4 5 8.53 8.36 8 .3 5 8 .1 7
6/30 8 .1 4 8.53 8 .1 7 8.41 8.29
7/22 8 .5 1 8 .5 9 8.59 8 .4 0 8.35 8.40
7/28 8.70 8 .6 4 8 .7 0 8 .5 4 8 .4 4 8.58
8/ 4 8 .7 0 8 .5 5 8.52 8 .5 5 8.60 8 .6 0
8 /1 1 8.68 8.62 8.62 8.64 8.63 8.83

1970

6 /1 1
6 /18 8 .0 0 8.30 7.60 8.25 7.90 7 .90
6 /2 4 8 .6 0 8.38 7 .85 8 .5 0
7/ 2 8.40 8.35 8.20 7 .9 0 7.55
7/ 8 8 .4 0 8 .3 5 8.30 8.40 8 .1 0 8 .5 0
7/16 8.50 8 .3 0 8.50 8 .65 8:30 8.25
7 /23 8.30 8 .4 0 9.20 8.40 8 .5 0 8 .75
7/29 8 .0 5 8 .1 5 8 .0 0 7 .9 0 8.30 8.50
8 / 4 8 .4 0 8 .4 0 8.65 8.35 8.40 8 .6 0
8/10 8 .5 5 8 .5 0 8 .4 0 8.45 8 .4 0 8 .5 0
8 /18 8 .7 0  ■ 8 .5 0 8 .5 0 8.55 8.33 8 .4 0
8/24
9 /  I. 8.70 8 .6 0 8.60 8.80 8.50 8.20
9/ 8 8.50 8 .4 5 8 .3 5 8 .4 0 8 .5 0 8.30
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