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I N T R O D U C T I O N 

The L a k e M e a d m o n i t o r i n g p r o g r a m has d e v e l o p e d a 

s u b s t a n t i a l b o d y of i n f o r m a t i o n on the p h y s i c a l , c h e m i c a l 

a n d b i o l o g i c a l l i m n o l o g y of L a k e M e a d s i n c e 1 9 7 2 . T h i s 

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

e m p h a s i s on s t u d i e s c o m p l e t e d in 1 9 7 5 - 7 6 . It is o u r 

c o n t i n u i n g h o p e t h a t t h e d a t a d e v e l o p e d by us w i l l be u s e f u l 

to an e v e r b r o a d e r g r o u p o f u s e r s of t h e w a t e r r e s o u r c e 

r e p r e s e n t e d by L a k e M e a d . Me h a v e been p r i v i l e g e d to see 

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

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

e v e r y r e a s o n to e x p e c t t h a t as the d a t a b a s e b u i l d s , its 

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

P a s t w a t e r r e s o u r c e d e c i s i o n s in w h i c h o u r s t u d i e s h a v e 

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

1. T h e d e c i s i o n by the N e v a d a S t a t e L e g i s l a t u r e to 

c r e a t e the C l a r k C o u n t y W a s t e w a t e r M a n a g e m e n t 

A g e n c y , an a g e n c y l a t e r a s s i m i l a t e d i n t o the 

C l a r k C o u n t y S a n i t a t i o n D i s t r i c t . 

2 . T h e d e c i s i o n by the N e v a d a S t a t e L e g i s l a t u r e to 

r e c o m m e n d t h a t the W a s t e w a t e r M a n a g e m e n t A g e n c y 

e x a m i n e the p o s s i b i l i t i e s o f d e v e l o p i n g m a x i m u m 

b e n e f i c i a l i n - v a l l e y use of w a t e r h e r e t o f o r e 

d e f i n e d as w a s t e w a t e r . 



3. The d e c i s i o n to m o d i f y e x i s t i n g w a t e r q u a l i t y 

s t a n d a r d s for Las V e g a s W a s h to an e x t e n t t h a t 

p e r m i t t e d e v a l u a t i o n of the c o n s t r u c t i o n of an 

a d v a n c e d w a s t e w a t e r t r e a t m e n t p l a n t as a 

v i a b l e a l t e r n a t i v e m e a n s of h a n d l i n g w a s t e 

w a t e r s f r o m Las V e g a s . 

4 . The d e f i n i t i o n of a p o i n t in Las V e g a s bay at 

w h i c h w a t e r s f r o m Las V e g a s M a s h w o u l d u s u a l l y 

be m i x e d w i t h w a t e r s in Las V e g a s B a y . T h i s 

p o i n t is c u r r e n t l y d e f i n e d as the p o i n t at 

w h i c h s a m p l e s can be t a k e n to d e t e r m i n e 

c o m p l i a n c e w i t h w a t e r q u a l i t y c r i t e r i a 

d e v e l o p e d for the L o w e r C o l o r a d o R i v e r . 

Data and i n t e r p r e t a t i o n s d e v e l o p e d f r o m the d a t a h a v e 

a l s o b e e n used in a n u m b e r of o t h e r w a y s ; p e r h a p s m o s t 

n o t a b l e of t h e s e w a s the d o c u m e n t a t i o n n e c e s s a r y to s h o w 

t h a t c o n d i t i o n s in L a k e M e a d , c o n t r a r y to the p r e v a i l i n g 

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

d e a t h s of s e v e r a l d o g s a l o n g its s h o r e s . It w a s 

s u b s e q u e n t l y s h o w n t h a t the d o g s d i e d of p o i s o n i n g at t h e 

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

p e r h a p s of g r e a t e r i m p o r t a n c e in the l o n g run h a v e b e e n the 

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

f a m i l i a r i t y w i t h the l i m n o l o g i c a l c o n d i t i o n s in L a k e M e a d to 

s p e c i f i c m a n a g e m e n t n e e d s . To d a t e we h a v e u n d e r t a k e n t h i s 



k i n d of s p e c i f i c s t u d y , b a s e d on o u r m o r e g e n e r a l d a t a b a s e , 

for t h e N a t i o n a l P a r k S e r v i c e , and the N e v a d a D e p a r t m e n t of 

Fish and G a m e and the E n v i r o n m e n t a l P r o t e c t i o n A g e n c y . In 

a d d i t i o n , i n f o r m a t i o n has b e e n s u p p l i e d to the A l f r e d 

M e r r i t t S m i t h w a t e r t r e a t m e n t p l a n t . T h e l i m n o l o g i c a l 

s t u d i e s , l a r g e l y s u p p o r t e d by C l a r k C o u n t y , h a v e t h u s 

a t t r a c t e d a b r o a d e n e d b a s e of s u p p o r t as a d d i t i o n a l n e e d s 

for r e l a t e d i n f o r m a t i o n h a v e b e e n i d e n t i f i e d . 

T h e p r i m a r y p u r p o s e s of the m o n i t o r i n g p r o g r a m h a v e 

b e e n to d e v e l o p and m a i n t a i n a d a t a b a s e e s s e n t i a l to the 

c o n t i n u i n g e v a l u a t i o n of t h e s u c c e s s of the e f f o r t s to c l e a r 

up Las V e g a s W a s h and to p r o v i d e a c o n t i n u i n g e v a l u a t i o n of 

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

d a t a b a s e and n e e d o n l y to m a i n t a i n it c u r r e n t for o u r 

c o n t i n u i n g e v a l u a t i o n to be e f f e c t i v e . T h i s d a t a b a s e , 

h o w e v e r , is a l s o u s e f u l and s h o u l d i n c r e a s i n g l y be u s e d for 

o t h e r m a n a g e m e n t p u r p o s e s as w e l l . We a r e in a p o s i t i o n to 

a s s i s t in the r a t i o n a l d e f i n i t i o n and d e s c r i p t i o n of 

p r o b l e m s r e l a t e d to w a t e r r e s o u r c e m a n a g e m e n t in L a k e M e a d . 

S U M M A R Y 

L a k e M e a d is a d e e p , s u b t r o p i c a l , m o n o m i c t i c l a k e w i t h 

s u r f a c e w a t e r t e m p e r a t u r e s r a n g i n g f r o m 1 0 . 5° C to 2 7° C. 

T h e r m a l s t r a t i f i c a t i o n d e v e l o p s in May and J u n e , and a 

c l a s s i c a l t h e r m o c l i n e b e c o m e s e s t a b l i s h e d b e t w e e n 10 and 15 
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m e t e r s in J u l y . A t u r n o v e r b e g i n s in O c t o b e r and the l a k e 

is c o m p l e t e l y d e s t r a t i f i e d in J a n u a r y and F e b r u a r y . T u r n o v e r 

is w e a k due to s u r f a c e t e m p e r a t u r e o n l y a p p r o a c h i n g h y p o l i m n e t i c 

t e m p e r a t u r e s . 

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

s t r a t i f i c a t i o n and is f o u n d in all r e a c h e s of L a k e M e a d . T h e 

m o s t s e v e r e o x y g e n d e p l e t i o n o c c u r s in Las V e g a s Bay as a r e s u l t 

of h i g h e r e u t r o p h i c c o n d i t i o n s . O x y g e n d e p l e t i o n is a l w a y s 

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

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

f i c a t i o n . 

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

r e s u l t of b i o l o g i c a l r e s p i r a t i o n . T h i s is s u p p o r t e d by the 

v e r t i c a l d i s t r i b u t i o n of pH w h i c h a l s o has m i n i m u m v a l u e s in 

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

d i o x i d e b e i n g p r o d u c e d in t h i s z o n e . P h y t o p l a n k t o n and 

z o o p l a n k t o n r e s p i r a t i o n are t h e p r i m a r y c a u s a t i v e a g e n t s of 

the m e t a l i m n e t i c o x y g e n d e p l e t i o n , a c c o u n t i n g for 57 to 94% 

of the o x y g e n l o s t . T h e p r i m a r y f a c t o r p e r m i t t i n g t h e n e g a t i v e 

h e t r o g r a d e o x y g e n p r o f i l e is the d e p t h of t h e l a k e . O n l y 

the u p p e r p o r t i o n of tie h y p o ! i m n i o n is a f f e c t e d by m e t a l i m n e t i c 

o x y g e n d e p l e t i o n . O x y g e n c o n c e n t r a t i o n s in t h e d e e p e r w a t e r s 

r e m a i n h i g h and r e s u l t in the n e g a t i v e h e t r o g r a d e o x y g e n p r o f i l e . 

<< 



P h o s p h o r u s c o n c e n t r a t i o n s t h r o u g h o u t Las V e g a s B a y , b e c a u s e 

of n u t r i e n t e n r i c h m e n t f r o m Las V e g a s W a s h , w e r e h i g h e r t h a n 

t h o s e f o u n d in the B o u l d e r B a s i n . P h o s p h o r u s l o a d i n g f r o m 

Las V e g a s W a s h has i n c r e a s e d s i n c e 1 9 7 2 f r o m a m e a n d a i l y r a t e 

of 524 K g / d a y ( 1 1 5 5 l b / d a y ) to 792 k g / d a y ( 1 7 4 6 l b / d a y ) in 

1 9 7 5 . T h e p h o s p h o r u s l o a d i n g f r o m Las V e g a s W a s h is e x t r e m e l y 

h i g h w h e n c o m p a r e d w i t h t h e C o l o r a d o R i v e r , w h i c h , w i t h 2 0 0 

t i m e s t h e v o l u m e , d i s c h a r g e s o n l y 9 5 0 ( 2 0 9 4 l b / d a y ) i n t o 

L a k e M e a d . P h o s p h o r u s l o a d i n g f o r B o u l d e r B a s i n is in the 

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

l o a d i n g f r o m Las V e g a s h6sh to 3 6 0 k g / d a y (794 l b / d a y ) w o u l d 

r e s u l t in a " p e r m i s s i b l e " l o a d i n g r a t e in B o u l d e r B a s i n . 

N i t r o g e n a p p e a r s to be l i m i t i n g , at l e a s t to the n u m e r i c a l l y 

d o m i n a n t d i c y c l i c d i a t o m C y c l o t e l 1 a , d u r i n g m i d - s u m m e r . T h i s 

is i n d i c a t e d by the d o m i n a n c e of tie b l u e - g r e e n a l g a A n a b a e n a , 

a p o s s i b l e n i t r o g e n f i x e r , b e t w e e n the e a r l y s u m m e r and a u t u m n a l 

p u l s e of C y c l o t e l 1 a . N i t r a t e - N is a l m o s t c o m p l e t e l y d e p l e t e d 

f r o m the e p i l i m n i o n at t h i s t i m e . C y c l o t e l 1 a d o e s r e m a i n 

d o m i n a n t in t h e e s t u a r y of Las V e g a s B a y w h e r e n i t r o g e n is 

a v a i l a b l e via Las V e g a s W a s h . Fall o v e r t u r n c i r c u l a t e s n i t r o g e n 

f r o m the h y p o l i m n i o n into t h e e p i l i m n i o n and m a y be the m o s t 

i m p o r t a n t f a c t o r b e h i n d t h e a u t u m n a l p u l s e of C y c l o t e l 1 a . N i t r o g e n 

to p h o s p h o r u s ( N / P ) r a t i o s a l s o s h o w an e x c e s s of p h o s p h o r u s 

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

ni t r o g e n 1imi t a t i o n . 



A l t h o u g h p h o s p h o r u s l o a d i n g has i n c r e a s e d , p h y t o p l a n k t o n 

n u m b e r s and b i o m a s s h a v e d e c r e a s e d s i n c e 1 9 7 2 . T h i s m a y be 

r e l a t e d to l a k e e l e v a t i o n s . In 1 9 7 2 , the w a t e r level w a s a b o u t 

6 m e t e r s l o w e r t h a n it w a s in 1974 and 1 9 7 5 . T h e h i g h e r w a t e r 

l e v e l s i n c r e a s e d the v o l u m e of the i n n e r Las V e g a s Bay a l o n e , by 

a p p r o x i m a t e l y 50 x T h e i n c r e a s e d v o l u m e w o u l d r e s u l t in 

a g r e a t e r d i l u t i o n of t h e Las V e g a s W a s h i n f l u e n t , t h e r e b y ' 

d e c r e a s i n g the a v a i l a b i l i t y of the n u t r i e n t s to the p h y t o p l a n k t o n . 

If n i t r o g e n is l i m i t i n g to m o s t of the p h y t o p l a n k t o n , 

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

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

p o p u l a t i o n s o c c u r s . T h e n u i s a n c e b l u e - g r e e n a l g a e A n a b a e n a 

s h o u l d be d i r e c t l y a f f e c t e d by a r e d u c t i o n in p h o s p h o r u s . If 

A n a b a e n a is a n i t r o g e n f i x e r , p h o s p h o r u s w o u l d a p p e a r to be the 

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

p h o s p h o r u s s h o u l d r e s u l t in l o w e r n u m b e r s of A n a b a e n a . 

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

s u m m e r ( J u n e and J u l y ) and a u t u m n a l ( O c t o b e r - D e c e m b e r ) p u l s e s 

of d i a t o m s . T h e b l u e - g r e e n a l g a e A n a b a e n a is u s u a l l y d o m i n a n t in 

S e p t e m b e r b e t w e e n the d i a t o m p u l s e s . N u m b e r s a r e a l w a y s h i g h e r 

in the i n n e r bay b e c a u s e of n u t r i e n t e n r i c h m e n t f r o m Las V e g a s 

W a s h . T h e d i a t o m C y c l o t e l l a is r e s p o n s i b l e for b o t h the e a r l y 

s u m m e r and a u t u m n a l p u l s e s . T h e e a r l y s u m m e r p u l s e a p p e a r s to 

o r i g i n a t e in the i n n e r bay and e x p a n d s o u t w a r d in a w a v e - l i k e 

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

T h e a u t u m n a l p u l s e a l w a y s o c c u r s t h r o u g h o u t Las V e g a s B a y and 
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B o u l d e r B a s i n in O c t o b e r and is a s s o c i a t e d w i t h m i x i n g . T h e 

e a r l y s u m m e r p u l s e of C y c 1 o t e 1 1 a has d e c l i n e d s i n c e 1 9 7 2 and has 

b e e n a c c o m p a n i e d by an i n c r e a s e in the A n a b a e n a p o p u l a t i o n . In 

1 9 7 5 , t h e r e w a s no a p p a r e n t e a r l y s u m m e r p u l s e in the o u t e r bay 

and B o u l d e r B a s i n a p p a r e n t l y b e c a u s e o f the c o m p l e t e d o m i n a n c e 

of A n a b a e n a . T h i s m a y h a v e r e s u l t e d f r o m the 4 J u l y f l a s h f l o o d 

w h i c h d a m a g e d the Las V e g a s C i t y S a n i t a t i o n P l a n t and d i s c h a r g e d 

a l a r g e q u a n t i t y of n u t r i e n t r i c h s e d i m e n t s f r o m the Las V e g a s 

W a s h m a r s h s y s t e m i n t o Las V e g a s B a y . H o w e v e r , the d o m i n a n c e of 

A n a b a e n a m a y be r e l a t e d to o t h e r p h y s i c a l or b i o l o g i c a l f a c t o r s . 

T h e e a r l y s u m m e r and a u t u m n a l p u l s e s of C y c l o t e l 1 a h a v e 

r e l a t i v e l y l i t t l e i n f l u e n c e on b i o m a s s d e t e r m i n a t i o n s . C y c l o -

tel1 a n e v e r c o m p r i s e d m o r e t h a n 15% of the t o t a l b i o m a s s of t h e 

p h y t o p l a n k t o n b a s e d on cell v o l u m e s . A n a b a e n a w a s m o r e i m p o r -

t a n t , a c c o u n t i n g f o r 15 - 5 0 % . F r a g i 1 a r i a , G 1 e n o d i n i u m , 

C e r a t i u m , and O o c y s ti s w e r e t h e d o m i n a n t o r g a n i s m s on the 

b a s i s of cell v o l u m e s . C y c l o t e l 1 a and o t h e r d i a t o m s o c c u r r i n g 

d u r i n g the a u t u m n a l p u l s e m a y be i m p o r t a n t in the t a s t e and 

o d o r p r o b l e m s e x p e r i e n c e d by the A l f r e d M e r r i t t S m i t h w a t e r 

t r e a t m e n t p l a n t in the f a l l . 

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

e s p e c i a l l y in t h e i n n e r b a y . L a k e M e a d has b e e n c l a s s i f i e d 

as a p o l l u t e d , e u t r o p h i c l a k e b a s e d on p r i m a r y p r o d u c t i v i t y 

i n d i c e s . T h e s e i n d i c e s a r e b a s e d on t e m p e r a t e l a k e s and do 

n o t t a k e i n t o a c c o u n t t h e e x t e n d e d g r o w i n g 9sason in a sub-

t r o p i c a l l a k e s u c h as L a k e M e a d . P r i m a r y p r o d u c t i v i t y in 

B o u l d e r B a s i n is c o m p a r a b l e to o t h e r t r o p i c a l or s u b - t r o p i c a l 
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l a k e s and c o n d i t i o n s in B o u l d e r B a s i n a r e p r o b a b l y n o t as 

s e r i o u s as has b e e n r e p o r t e d . T h e e x t r e m e l y h i g h p r i m a r y 

p r o d u c t i v i t y in Las V e g a s Bay is of c o n c e r n as it is i n d i -

c a t i v e of t h e e n r i c h e d c o n d i t i o n s w h i c h h a v e d e v e l o p e d 

b e c a u s e of Las V e g a s W a s h . B a s e d on m a x i m u m p h y t o p l a n k t o n 

v o l u m e s , Las V e g a s Bay is h i g h l y e u t r o p h i c and B o u l d e r B a s i n 

is m e s o t r o p h i c . 

T h e l i m n e t i c z o o p l a n k t o n c o m m u n i t y of B o u l d e r B a s i n 

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

c o m m u n i t i e s r e p o r t e d in t h e l i t e r a t u r e . R o t i f e r s , c l a d o c e r a n s -

and c o p e p o d s a r e the m a i n c o m p o n e n t s of the z o o p l a n k t o n c o m -

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

of a b u n d a n c e , O c t o b e r / N o v e m b e r , J a n u a r y / F e b r u a r y , and J u n e / J u l y . 

T h e v e r t i c a l d i s t r i b u t i o n of t h e s u m m e r z o o p l a n k t o n 

c o m m u n i t y is q u i t e d i f f e r e n t f r o m t h a t s e e n in w i n t e r p o p u l a t i o n s . 

T h e s u m m e r p o p u l a t i o n s e x h i b i t e d a p r e f e r e n c e for the u p p e r 

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

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

a f f i n i t y f o r the m e t a l i m n i o n ( 1 0 - 2 5 m e t e r s ) . T h e p r e s e n c e 

of a l a r g e m e t a l i m n e t i c a r e a a p p e a r s to s e t up an e n e r g y - s u b s i d y 

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

m a y a l l o w t h e s e o r g a n i s m s to r e m a i n in t h i s r e g i o n , e x p e n d i n g 

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

and d e t r i t u s f r o m the e p i l i m n i o n . 



C o l i f o r m p o p u l a t i o n s in Las V e g a s Bay w e r e g e n e r a l l y l o w , 

h o w e v e r , a f t e r the 4 J u l y f l a s h f l o o d h i g h e r c o n c e n t r a t i o n s w e r e 

f o u n d . M o s t of the e n t e r i c b a c t e r i a at t h a t t i m e w e r e f o u n d 

to be E rwi nea h e r b i co 1 a and K l e b s i e l l a p n e u m o n i ae . jE. h e r b i col a 

is g e n e r a l l y a s s o c i a t e d w i t h p l a n t g a l l s and j<. p n e u m o n i ae is 

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

m a t e r i a l . B e c a u s e s u c h a l a r g e v o l u m e of w a t e r c a m e d o w n t h e 

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

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

the s o u r c e of t h e s e b a c t e r i a m a y h a v e b e e n f r o m t h e m a r s h s y s t e m 

and n o t f r o m t h e s a n i t a t i o n p l a n t s . S a l m o n e l 1 a w a s a l s o 

d e t e c t e d in Las V e g a s Bay a f t e r t h e f l a s h f l o o d . 

A l a b o r a t o r y s t u d y w a s c o n d u c t e d to d e t e r m i n e the s u r v i v a l 

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

do s u r v i v e f o r s i g n i f i c a n t p e r i o d s of t i m e in t h e s e d i m e n t s 

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

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

load is d e p o s i t e d in the n u t r i e n t rich s e d i m e n t s at t h e m o u t h 

of the w a s h , r e - s u s p e n d e d b o t t o m s e d i m e n t s m a y be a s i g n i f i c a n t 

s o u r c e of c o l i f o r m s in Las V e g a s B a y . 

S t u d i e s of c u r r e n t d i s t r i b u t i o n of w a t e r f r o m Las V e g a s 

W a s h i n t o Las V e g a s Bay s h o w e d t h a t a d e n s i t y c u r r e n t e x i s t s 

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

l a k e . B o t h b a c t e r i a l t r a c e r s and f l o u r e s c e n t dye t r a c e r in 

w a t e r f r o m Las V e g a s W a s h w e r e d e t e c t a b l e in t h i s d e n s i t y c u r r e n t . 
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A r r i v a l t i m e of the d y e p e a k w a s c o i n c i d e n t w i t h t h e b a c t e r i a l 

t r a c e r a r r i v a l . T h e t r a n s i t t i m e f r o m d y e i n j e c t i o n at N o r t h 

S h o r e R o a d to S a m p l e P o i n t 1 , 1 2 0 0 m e t e r s d o w n s t r e a m . w a s 45 

m i n u t e s . T r a n s i t t i m e f r o m S a m p l i n g P o i n t A to S a m p l i n g P o i n t G , 

4 0 0 m e t e r s d o w n s t r e a m , w a s 110 m i n u t e s . F r o m G to S a m p l i n g P o i n t 2 , 

a d i s t a n c e of 1 0 0 0 m e t e r s , w a s 245 m i n u t e s . 

O x i d a s e n e g a t i v e b a c t e r i a in s i g n i f i c a n t n u m b e r s o v e r t h o s e 

a l r e a d y p r e s e n t in t h e l a k e h a v e b e e n d e t e c t e d as far i n t o t h e 

l a k e as S a m p l i n g P o i n t 3 u n d e r s p e c i a l c o n d i t i o n s ( i . e . , d u r i n g 

a p e r i o d w h e n the s a n i t a t i o n p l a n t w a s i n o p e r a t i v e ) b u t at 

S a m p l i n g P o i n t 2 on m o s t o c c a s i o n s . In g e n e r a l , the d i s t r i b u -

t i o n of o x i d a s e n e g a t i v e b a c t e r i a c o r r e l a t e s w e l l w i t h the 

a r r i v a l of i n j e c t e d d y e p e a k s at s a m p l i n g p o i n t s in Las V e g a s 

B a y . 

D i f f i c u l t y in l o c a t i n g r e l a t i v e l y low q u a n t i t i e s of d y e 

f a v o r s the u s e of i n d i g e n o u s b a c t e r i a as c u r r e n t t r a c e r s . 

T h i s is so b e c a u s e the i n d i g e n o u s b a c t e r i a in Las V e g a s W a s h 

a r e i n j e c t e d o v e r a r a t h e r l o n g p e r i o d of t i m e in r e l a t i v e l y 

h i g h c o n c e n t r a t i o n s . T h e " c o m p o n e n t r a t i o " c o n c e p t of b a c t e r i a l 

t r a c i n g has g r e a t p r o m i s e as a m e a n s o f t r a c i n g w a t e r d i s t r i -

b u t i o n p a t t e r n s of s t r e a m s i n t o l a k e s . T h e u t i l i t y of t h i s new 

c o n c e p t l i e s in t h a t ft is n o t d e p e n d e n t on the s p o r a d i c 

o c c u r r e n c e of a u n i q u e b a c t e r i u m t h a t is i n d i g e n o u s to the 

i n f l u e n t s t r e a m and n o t the l a k e . T h i s new c o n c e p t , r a t h e r . 



is d e p e n d e n t on the f a c t t h a t t h e r e l a t i v e r a t i o s of b a c t e r i a l 

g e n e r a in an i n f l o w i n g s t r e a m a r e m a i n t a i n e d as the c u r r e n t 

f r o m t h a t s t r e a m p e n e t r a t e s p r o g r e s s i v e l y into the l a k e . 

T h e m a i n t e n a n c e of the c o m p o n e n t r a t i o m a k e s b a c t e r i a o c c u r r i n g 

in the d i s t i n c t i v e c u r r e n t i n d e p e n d e n t of the " n o i s e " c r e a t e d 

by p o p u l a t i o n s of l i k e b a c t e r i a in the l a k e . S i m p l y , t h i s 

m e a n s t h a t c u r r e n t t r a c i n g m a y be i n i t i a t e d a n y t i m e t h e need 

a r i s e s . 

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

in m i s l e a d i n g i n t e r p r e t a t i o n s b e c a u s e the t o x i c i t y of i n h i b i t o r s 

p r e s e n t in the m e d i a r e s u l t s in h e a v y m o r t a l i t y d u r i n g i n c u b a -

t i o n of s a m p l e s . T h i s has p r o v e n to be t h e key b a r r i e r to the 

u s e of o x i d a s e n e g a t i v e b a c t e r i a as t r a c e r s of w a t e r d i s t r i -

b u t i o n p a t t e r n s . 

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

f o r i d e n t i f i c a t i o n p r o v i d e s a s o u r c e of d e s c r i p t o r s , o n c e the 

b a c t e r i a h a v e b e e n i s o l a t e d . T h e e n t i r e a r r a y of d e s c r i p t o r s 

is too c u m b e r s o m e f o r r o u t i n e u s e , as is the s e q u e n t i a l t r e a t -

m e n t of i n d i v i d u a l s i n g l e i s o l a t e s . A s i n g l e s o l u t i o n to the 

i n h i b i t o r y i n i t i a l i s o l a t i o n and the i s o l a t e i d e n t i f i c a t i o n 

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

p l a t i n g on n o n - i n h i b i t o r y a g a r f o l l o w e d by s e r i a l r e p l i c a 

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

s i m u l t a n e o u s e v a l u a t i o n of s i m i l a r c h a r a c t e r i s t r i c s and 

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

t h a n o n e at a t i m e . 



( 

L o c a t i o n of S a m p l i n g S t a t i o n s 

In 1 9 7 2 , 14 s t a t i o n s w e r e l o c a t e d t h r o u g h o u t Las 

V e g a s B a y . T h e m i d - c h a n n e l s t a t i o n s w e r e r e t a i n e d in 

1 9 7 4 , and 3 a d d i t i o n a l s t a t i o n s ( S t a t i o n s 6 - 8 ) w e r e 

l o c a t e d in t h e B o u l d e r B a s i n ( F i g . 1 ) . In 1 9 7 5 ? r e g u l a r 

s a m p l i n g at s t a t i o n s 7 and 8 w a s d i s c o n t i n u e d . A d d i t i o n a l 

s a m p l e s w e r e t a k e n at o t h e r l o c a t i o n s in the B o u l d e r 

B a s i n and in the u p p e r b a s i n s at v a r i o u s t i m e s . 

S a m p l e s w e r e t a k e n w e e k l y at e a c h of t h e 14 r e g u l a r 

s t a t i o n s in 1 9 7 2 . In 1974 and 1 9 7 5 , s a m p l e s w e r e t a k e n 

m o n t h l y d u r i n q w i n t e r a n d s p r i n g or b i - w e e k l y d u r i n a the 

s u m m e r and fall ( J u n e to O c t o b e r ) . 



F i g u r e 1 . L o c a t i o n of s a m p l i n g s t a t i o n s in the B o u l d e r B a s i n 



P h y s i c a l and C h e m i c a l C h a r a c t e r i s t i c s of L a k e M e a d 

by 

J o h n B a k e r 



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

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

o x y g e n , c o n d u c t i v i t y , p H , and n u t r i e n t s w e r e t a k e n in 

1 9 7 2 , 1 9 7 4 , a n d 1 9 7 5 as p a r t of the L a k e M e a d M o n i t o r i n g 

P r o g r a m . S a m p l i n g w a s m a i n l y c o n f i n e d to the B o u l d e r 

B a s i n . S o m e a d d i t i o n a l d a t a w e r e o b t a i n e d f r o m o t h e r 

a r e a s of the l a k e . 

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

L a k e M e a d w a s f o r m e d by i m p o u n d i n g the C o l o r a d o 

R i v e r by H o o v e r Dam in 1 9 3 5 . T h e l a k e is l o c a t e d in 

t h e M o h a v e D e s e r t w h e r e m a x i m u m t e m p e r a t u r e s o v e r 4 0° 

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

3 0 k m / h r a r e f r e q u e n t . A t the p r e s e n t t i m e , the l a k e has 

a m a x i m u m d e p t h of o v e r 130 m e t e r s . T h e c a p a c i t y of t h e 

l a k e , at an e l e v a t i o n of 374 m e t e r s a b o v e sea l e v e l , is 

36 x 1 0 ^ m3 w i t h a s u r f a c e a r e a of 6 6 0 k m ^ (Lara and 

S a n d e r s , 1 9 7 0 ) . T h e a v e r a g e s e d i m e n t a c c u m u l a t i o n b e t w e e n 

1 9 3 5 and 1964 w a s 1 . 1 3 x 1 0 ^ m ^ / y r . T h i s has been 

s u b s t a n t i a l l y r e d u c e d by the c l o s u r e of G l e n C a n y o n Dam 

a b o v e L a k e M e a d ( H o f f m a n and J o n e s , 1 9 7 3 ) . L a k e M e a d 

c o n s i s t s of f o u r m a j o r b a s i n s s e p a r a t e d by d e e p n a r r o w 

c a n y o n s . T h e m a j o r r e a c h e s in d o w n s t r e a m o r d e r a r e 

P i e r c e B a s i n , I c e b e r g C a n y o n , G r e g g B a s i n , V i r g i n B a s i n , 

B o u l d e r C a n y o n , and B o u l d e r B a s i n . T h e M o a p a and V i r g i n 

R i v e r s , d i s c h a r g i n g i n t o t h e O v e r t o n A r m of V i r g i n B a s i n , 



and Las V e g a s W a s h , d i s c h a r g i n g i n t o Las V e g a s B a y , a 

l a r g e arm of B o u l d e r B a s i n , a r e the o n l y o t h e r t r i b u t a r i e s 

to L a k e M e a d . I n v e s t i g a t i o n of the e f f e c t s of the 

M o a p a and V i r g i n R i v e r s has n o t b e e n u n d e r t a k e n . Las 

V e g a s W a s h is a n u t r i e n t r i c h s t r e a m d i s c h a r g i n g i n d u s t r i a l 

and s e w a g e e f f l u e n t into Las V e g a s B a y . 

M a t e r i a l s and M e t h o d s 

T e m p e r a t u r e , d i s s o l v e d o x y g e n , c o n d u c t i v i t y ; a n d DH 

w e r e m e a s u r e d w i t h a M o d e l IIA W a t e r Q u a l i t y A n a l y z e r 

( H y d r o l a b C o r p o r a t i o n ) in f i v e m e t e r i n t e r v a l s to a 

m a x i m u m d e p t h of 90 m e t e r s . M e a s u r e m e n t s w e r e t a k e n in 

o n e m e t e r i n t e r v a l s t h r o u g h the m e t a l i m n i o n d u r i n g s u m m e r 

s t r a t i f i c a t i o n in 1 9 7 4 and 1 9 7 5 . 

W a t e r s a m p l e s f o r n u t r i e n t a n a l y s i s w e r e t a k e n at 

e a c h s t a t i o n a t v a r i o u s d e p t h s w i t h a t h r e e l i t e r V a n D o r n 

w a t e r s a m p l e r t h r o u g h o u t 1 9 7 4 and 1 9 7 5 . T h e s a m p l e s w e r e 

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

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

n i t r i t e - n i t r a t e n i t r o g e n , and K j e l d a h l n i t r o g e n . N u t r i e n t 

a n a l y s e s w e r e p e r f o r m e d by t h e L a n d and W a t e r M o n i t o r i n g 

B r a n c h of EPA, Las V e g a s , N e v a d a . 

R e s u l t s 

T e m p e r a t u r e - W a t e r T e m p e r a t u r e s r a n g e d f r o m 10.5°C 

in J a n u a r y and F e b r u a r y to 27°C in J u l y and A u g u s t ( T a b l e 1) 
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T a b l e 1 . M e a n s u r f a c e w a t e r t e m p e r a t u r e s a t S t a t i o n 4 . 

1 97 2 1 974 1 97 5. 

J a n . 1 0 . 5 

F e b . 1 0 . 5 -

M a r . 1 5 . 3 1 5 . 0 

Apr . 1 6 . 0 1 5.5 1 3 . 5 

M a y 1 9 . 3 21 . 5 1 9 . 5 

J u n e 2 3 . 6 2 4 . 2 2 2 . 0 

J u l y 2 5 . 3 2 6 . 5 27 .0 

A u g . 2 5 . 8 25.7 2 6 . 0 

S e p t . 23.7 2 4 . 5 2 6 . 0 

O c t . 2 0 . 8 21 .3 2 0 . 5 

Nov . 1 7 . 5 1 6 . 8 1 6 . 2 

Dec . 1 3 . 0 1 4 . 5 

( 



T h e r m a l s t r a t i f i c a t i o n d e v e l o p e d in May and J u n e w i t h the 

g r e a t e s t t h e r m a l g r a d i e n t ( c a . 3°C c h a n g e / 5 m e t e r s ) 

b e t w e e n 5 and 10 m e t e r s . In J u l y , a c l a s s i c a l t h e r m o c l i n e 

( H u t c h i n s o n 1 9 5 7 ) b e c a m e e s t a b l i s h e d b e t w e e n 10 and 15 

m e t e r s w h e n s u r f a c e w a t e r t e m p e r a t u r e s r e a c h e d 26°C. T h e 

t h e r m o c l i n e r e m a i n e d at 10 m e t e r s t h r o u g h S e p t e m b e r in 

1 9 7 4 and 1 9 7 5 , a l t h o u g h s u r f a c e w a t e r t e m p e r a t u r e s w e r e 

s l i g h t l y c o o l e r . M i x i n g u s u a l l y b e g i n s in O c t o b e r b u t 

t h i s o c c u r r e d e a r l y in 1 9 7 2 w i t h m i x i n g to a d e p t h of 15 

m e t e r s in S e p t e m b e r . T h e l a k e w a s c o m p l e t e l y d e s t r a t i f i e d 

in J a n u a r y and F e b r u a r y w h e n s u r f a c e w a t e r t e m p e r a t u r e s 

r e a c h e d 10.5°C. H y p o l i m n e t i c w a t e r t e m p e r a t u r e s (90 

m e t e r s ) u s u a l l y r e m a i n e d c o n s t a n t at 1 0 . 5 O C a n d , t h e r e f o r e , 

t u r n o v e r w a s v e r y w e a k . 

O x y g e n - W i t h the d e v e l o p m e n t of t h e r m a l s t r a t i f i c a t i o n 

t h e r e w a s a loss of m e t a l i m n e t i c o x y g e n ( T a b l e 2) 

r e s u l t i n g in a n e g a t i v e h e t r o g r a d e o x y g e n p r o f i l e ( H u t c h i n s o n , 

1 9 5 7 ) . T h e l o s s of m e t a l I m n e t i c o x y g e n w a s c o n t i n u o u s 

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

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

S e p t e m b e r j u s t p r i o r to m i x i n g ( F i g . 2 ) . In 1 9 7 4 and 1 9 7 5 , 

the l a k e r e m a i n e d s t r a t i f i e d at 10 m e t e r s t h r o u g h S e p t e m b e r 

r e s u l t i n g in a p r o n o u n c e d n a r r o w z o n e of low o x y g e n . T h i s 

n a r r o w z o n e d i d n o t d e v e l o p in 1 9 7 2 d u e to l o w e r w a t e r 

t e m p e r a t u r e s and m i x i n g w h i c h b e g a n in l a t e A u g u s t and 

S e p t e m b e r . 



T a b l e 2 . T e m p e r a t u r e (°C) and d i s s o l v e d o x y g e n ( m g / 1 ) at S t a t i o n 4 
A p r i l t h r o u g h O c t o b e r 1 9 7 5 . 

28 A p r i l 17 J u n e 28 A u g . 2 O c t . 

D e p t h T e m p °c o? T e m p ° C o? T e m p °C 0^ T e m p 0 ^ 

0 1 3 . 5 9.6 2 2 . 5 1 0 . 5 2 6 . 0 9.2 2 5 . 5 1 0 . 4 

5 1 3 . 0 9.6 22 . 5 1 0 . 5 2 6 . 0 9.2 2 4 . 5 9.1 

10 1 3 . 0 9.3 2 0 . 5 9.2 2 5 . 0 7 . 0 2 4 . 0 8.4 

1 5 1 2 . 5 8 . 9 1 7 . 5 7.8 2 2 . 5 4 . 5 2 4 . 0 8 . 0 

20 1 2 . 0 8 . 5 1 5 . 5 7.4 2 0 . 0 3.7 2 0 . 0 2.7 

25 1 1 . 5 8 . 4 1 4 . 0 7.4 1 8 . 0 3 . 6 1 8 . 5 3.1 

30 1 1 . 0 8.1 1 3 . 5 7 . 6 1 7 . 0 4.1 1 7 . 5 3.1 

35 1 1 . 0 8.1 1 2 . 5 7 . 6 1 5 . 5 4.2 1 6 . 5 3.1 

40 1 1 . 0 8 . 0 1 2 . 0 7.8 1 4 . 0 4.4 1 4 . 5 4 . 2 

45 1 0 . 5 7 . 9 1 2 . 0 7 . 6 1 4 . 0 5.0 1 3 . 5 5.1 

50 1 0 . 5 7 . 9 1 2 . 0 7 . 5 1 3 . 0 5.2 1 3 . 0 5.8 

60 1 0 . 5 7 . 8 1 1 . 0 7 . 5 1 2 . 0 5.6 1 2 . 0 5.8 

7 0 1 0 . 5 7.8 1 0 . 5 7.4 1 1 . 5 6.3 1 1 . 5 5.7 

8 0 1 0 . 5 7.7 1 0 . 5 7 . 6 1 1 . 0 6.5 1 1 . 0 5.9 

90 1 0 . 5 7.7 1 0 . 5 7 . 6 1 1 . 0 6 . 6 1 1 . 0 6.1 



< 

D t S S O L V E D O X Y G E N M G / L 

F i g u r e 2 . V e r t i c a l d i s t r i b u t i o n of d i s s o l v e d o x y g e n a t 
S t a t i o n 5. 
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T h e n e g a t i v e h e t r o g r a d e o x y g e n p r o f i l e w a s f o u n d 

in all r e a c h e s of the l a k e ( T a b l e 3 ) , e x c e p t in the 

G r e g g and P i e r c e B a s i n s . Las V e g a s B a y and B o u l d e r 

B a s i n had the m o s t p r o n o u n c e d m e t a l i m n e t i c o x y g e n 

d e p l e t i o n . M e t a l i m n e t i c o x y g e n l e v e l s b e l o w 2.0 m g / 1 

in the B o u l d e r B a s i n and b e l o w 1.0 m g / 1 in Las V e g a s B a y 

w e r e f o u n d in A u g u s t and S e p t e m b e r . T h e z o n e of d e p l e t i o n 

w a s b r o a d e r in Las V e g a s B a y t h a n in B o u l d e r B a s i n . In 

1 9 7 2 ^ t h e O v e r t o n arm of V i r g i n B a s i n s h o w e d a b r o a d z o n e 

of d e p l e t i o n s i m i l a r to Las V e g a s Bay b u t did n o t r e a c h 

c o m p a r a b l e low l e v e l s . 

pH - T h e h y d r o g e n ion c o n c e n t r a t i o n r a n g e d f r o m 7.3 

to 8 . 8 . T h e h i g h e s t r e a d i n g s w e r e at the s u r f a c e d u r i n g 

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

p h y t o p l a n k t o n p r o d u c t i o n . V e r t i c a l l y , the l o w e s t v a l u e s 

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

w i t h low o x y g e n l e v e l s ( F i g . 3 ) . T h i s i n d i c a t e s t h a t 

r e s p i r a t o r y a c t i v i t y is i m p o r t a n t in b o t h i n c r e a s i n g 

the pH level and r e d u c i n g the o x y g e n l e v e l s in the 

m e t a l i m n i o n . 

C o n d u c t i v i t y - C o n d u c t i v i t y w a s g e n e r a l l y c o n s t a n t 

a t 1 1 0 0 m i c r o h o m s / c m and did n o t c h a n g e v e r t i c a l l y e x c e p t 

in Las V e g a s B a y s t a t i o n s 2 and 3 ( T a b l e 4 ) . H i g h e r 

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

r e s u l t of a d e n s i t y c u r r e n t or cell f r o m Las V e g a s "Wash-



T a b l e 3 . V e r t i c a l d i s t r i b u t i o n of d i s s o l v e d 

S t a t i o n 4 B l a c k C a n y o n V i r g i n B a s i n 
D e p t h 23 Aug 72 23 Aug 72 31 Aug 72 

0 8 . 9 8.1 8 . 5 

5 8 . 9 8.1 8 . 9 
10 7.7 7 . 9 8.1 
1 5 3 . 0 6.9 6.8 

20 2.7 1 .5 5.8 

25 1 .7 1 .3 5.7 
30 1 .7 1 .7 5.6 
35 2.5 2.8 5.8 
4 0 3 . 6 3 . 6 6.1 
45 4 . 0 4 . 0 6.4 
50 4 . 3 5.2 6.8 
55 5.1 5.8 7 .1 
60 5.4 5.9 7 . 0 

65 5.4 6 . 2 7 . 2 
70 5.7 6.3 7.1 
75 5.9 6.4 7.1 
8 0 6 . 0 6 . 6 7.1 
8 5 6.1 6 . 6 6.8 

90 6.1 6 . 6 6.7 



o x y g e n at v a r i o u s p o i n t s in L a k e M e a d . 

O v e r t o n Arm T e m p l e B a s i n G r e g g B a s i n 
14 O c t 72 14 O c t 72 14 O c t 72 

8 . 5 9.0 10.4 
8.3 8.7 1 0 . 2 
8 . 3 8 . 4 9.8 
8.1 8 . 3 8.7 

3 . 9 6.1 8 . 6 
3.4 6.6 8.3 
3 . 2 6.9 8.1 
2.8 4.3 8 . 0 
3 . 0 4 . 4 

3.3 5.1 
3 . 2 5.5 
3 . 6 5.9 
3.8 6.2 

4.3 6.5 
6.7 
6.7 
6.8 
6.6 
6.6 

r\3 
IX) 
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F i g u r e 3 . V e r t i c a l d i s t r i b u t i o n of t e m p e r a t u r e , d i s s ^ i v n u 

o x y g e n and pH a t S t a t i o n 4 , 2 O c t o b e r 1 9 7 5 . 



. 

Table 4 . C o n d u c t i v i t y in m i c r o h o m s / c m at s t a t i o n s 1-3 
April 1975 through F e b r u a r y 1 9 7 6 . 

Date 28 April 17 June 28 A u g . 20 N o v . 22 D e c . F e b . 

Depth Station 
1 2 3 

Station 
1 2 3 

Station 
1 2 3 

S t a t i o n 
1 2 3 

Sta tion 
1 2 3 

S t a t i o n 
1 2 3 

0 4200 1100 11 00 4300 1150 1100 4500 1200 1100 4050 1100 1100 3800 1100 11 00 4200 1050 1050 

5 1100 1100 11 50 1100 1 200 11 00 1100 1100 11 00 1100 1050 1 050 

10 2303 1100 2500 11 00 1 600 1100 1800 1100 1 600 11 00 2400 1050 

1 5 1100 1300 1 600 1100 11 00 1 050 

20 1100 1 300 1300 1 100 11 00 . 1 050 

25 1100 1 300 11 50 11 00 1100 1 050 

30 11 00 1 200 1 200 1 100 1100 1 050 

35 11 50 1100 1 200 1100 1100 1050 

40 1200 1100 1 200 11 50 1100 1 050 

45 1 600 1100 1 200 1400 1 400 1600 

r\3 
-Ps 



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

t h e l a k e w a s d e s t r a t i f i e d ( N o v e m b e r - A p r i l ) . In M a y , 

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

i n c r e a s e d in Las V e g a s W a s h , c h a n g i n g the d e n s i t y 

r e l a t i o n s h i p s of the two w a t e r m a s s e s . A t t h a t t i m e , t h e 

w a t e r f r o m Las V e g a s W a s h w a s n o t as d e n s e as the c o o l e r 

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

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

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

(May - S e p t e m b e r ) . T h e r e w a s no e v i d e n c e , as i n d i c a t e d by 

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

r e a c h i n g the m o u t h of Las V e g a s Bay ( S t a t i o n 4 ) . T h e r e 

a p p e a r e d to be s u b s t a n t i a l m i x i n g and d i l u t i o n of t h e 

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

N u t r i e n t s - N u t r i e n t c o n c e n t r a t i o n s for 1 9 7 5 a r e 

p r e s e n t e d in A p p e n d i x I. P h o s p h o r o u s and n i t r o g e n w e r e 

h i g h e r and m o r e v a r i a b l e in Las V e g a s Bay t h a n in B o u l d e r 

B a s i n . T h i s w a s d u e to n u t r i e n t l o a d i n g f r o m Las V e g a s 

W a s h and w a s e s p e c i a l l y e v i d e n t at S t a t i o n s 2 and 3 w i t h i n 

t h e d e n s i t y c u r r e n t . A c o m p l e t e d i s c u s s i o n of n u t r i e n t 

c o n c e n t r a t i o n s w i l l be i n c l u d e d in the n e x t s e c t i o n of 

t h i s r e p o r t . 

Dji _scussjon 

L a k e M e a d can be c l a s s i f i e d as a d e e p , s u b t r o p i c a l , 

m o n o m i c t i c l a k e a c c o r d i n g to H u t c h i n s o n ( 1 9 5 7 ) . T h e l a k e 



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

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

s t r a t i f i c a t i o n of a l a k e is p r i m a r i l y d e p e n d e n t on i n c i d e n t 

s o l a r r a d i a t i o n but is a f f e c t e d by w i n d and the d e g r e e of 

e x p o s u r e of t h e l a k e . T h e r e f o r e , t h e r m a l s t r a t i f i c a t i o n in 

L a k e M e a d is n o t p r o n o u n c e d d u e to t h e l a r g e s u r f a c e a r e a 

of the l a k e and h i g h s u m m e r w i n d s w h i c h t e n d to d e s t r a t i f y 

the l a k e to s o m e d e g r e e . 

i 

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

in L a k e M e a d w a s f i r s t r e p o r t e d by H o f f m a n et a l . ( 1 9 6 7 ) . 

A n e g a t i v e h e t r o g r a d e o x y g e n p r o f i l e w a s e v i d e n t in 1 9 4 4 

( u n p u b l i s h e d d a t a ^ B u r e a u of R e c l a m a t i o n ) and low 

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

the f o r m a t i o n of t h e l a k e . T h e c a u s e of m e t a l i m n e t i c 

o x y g e n d e p l e t i o n in L a k e M e a d a p p e a r s to be d u e to 

b i o l o g i c a l r e s p i r a t i o n . T h i s is s u p p o r t e d by t h e v e r t i c a l 

d i s t r i b u t i o n of pH w h i c h is a f u n c t i o n of c a r b o n d i o x i d e 

c o n c e n t r a t i o n s . In s o l u t i o n , c a r b o n d i o x i d e reacts^-with 

w a t e r to f o r m c a r b o n i c a c i d , b i c a r b o n a t e , and c a r b o n a t e 

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

s y s t e m is b u f f e r e d by the b i c a r b o n a t e and c a r b o n a t e i o n s . 

T h e l o w e s t pH v a l u e s w e r e a l w a y s f o u n d in t h e m e t a l i m n i o n 

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

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



A f u r t h e r d i s c u s s i o n on the c a u s e s of t h e m e t a l i m n e t i c 

o x y g e n d e p l e t i o n w i l l be m a d e in a s e p a r a t e s e c t i o n of 

t h i s r e p o r t . 
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E f f e c t s of Las V e g a s W a s h , a N u t r i e n t R i c h 

S t r e a m , on P h y t o p l a n k t o n P o p u l a t i o n s in 

B o u l d e r B a s i n , L a k e M e a d , N e v a d a . 

by 

J o h n B a k e r 



I N T R O D U C T I O N 

P h y t o p l a n k t o n s u c c e s s i o n , b i o m a s s and p r i m a r y 

p r o d u c t i v i t y w e r e d e t e r m i n e d to e v a l u a t e the e f f e c t s of 

n u t r i e n t e n r i c h m e n t . Las V e g a s W a s h is a n u t r i e n t r i c h 

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

Las V e g a s m e t r o p o l i t a n a r e a into a n a r r o w e s t u a r y a t t h e 

head of Las V e g a s B a y . Las V e g a s W a s h is t h e o n l y e x t e r n a l 

e n r i c h e d n u t r i e n t s o u r c e of a n y m a g n i t u d e d i s c h a r g i n g into 

B o u l d e r B a s i n . T h e r e f o r e , w e w e r e a b l e to e x a m i n e the e f f e c t s 

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

r e l a t i v e l y l a r g e b o d y of w a t e r . 

M A T E R I A L S AND M E T H O D S 

P h y t o p l a n k t o n - A o n e l i t e r V a n D o r n w a t e r s a m p l e r w a s 

u s e d to c o l l e c t s a m p l e s . E a c h s a m p l e w a s a c o m b i n a t i o n of t h r e e 

s e p a r a t e 1 l i t e r s u b s a m p l e s c o l l e c t e d f r o m t h e s a m e s i t e . 

S a m p l e s w e r e u s u a l l y t a k e n m o n t h l y or b i w e e k l y a t e a c h of the 

s t a t i o n s . In 1 9 7 2 , s a m p l e s w e r e t a k e n w e e k l y . P h y t o p l a n k t o n 

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

m e m b r a n e f i l t e r t e c h n i q u e ( M c N a b b , 1 9 6 0 ) . I d e n t i f i c a t i o n s 

w e r e m a d e on l i v e m a t e r i a l f r o m 200 ml c o n c e n t r a t e d s a m p l e s 

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

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



30 

Cell V o l u m e s - P h y t o p l a n k t o n v o l u m e s w e r e e s t i m a t e d 

by d e t e r m i n i n g t h e a v e r a g e cell v o l u m e s for 20 of the m o s t 

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

by t h e cell c o u n t s to a r r i v e at a t o t a l p h y t o p l a n k t o n v o l u m e . 

C h l o r o p h y l l - P i g m e n t a n a l y s e s w e r e m a d e on 5 0 0 - 1 0 0 0 ml 

s a m p l e s f i l t e r e d t h r o u q h W a t m a n G F/C f i l t e r s . T h e f i l t e r s 

w e r e p r e - t r e a t e d w i t h M g C O ^ . T h e c h l o r o p h y l l w a s e x t r a c t e d by 

g r i n d i n g t h e f i l t e r s in 5 ml of a c e t o n e . P i g m e n t c o n c e n t r a t i o n s 

w e r e d e t e r m i n e d f r o m f o r m u l a s g i v e n by P a r s o n s and S t r i c k l a n d 

( 1 9 6 3 ) u s i n g d a t a o b t a i n e d w i t h a C o l e m a n J u n i o r s p e c t r o p h o t o m e t e r . 

P r i m a r y P r o d u c t i o n - E s t i m a t i o n s of p r i m a r y p r o d u c t i v i t y 

w e r e b a s e d on c a r b o n - 1 4 t e c h n i q u e s ( S t e e m a n N i e l s e n , 1 9 5 1 ) 

u s i n g m o d i f i c a t i o n s of S a u n d e r s el* a l . ( 1 9 6 2 ) . L i g h t and 

d a r k b o t t l e s ( p y r e x 125 m l ) w e r e f i l l e d w i t h w a t e r c o l l e c t e d 

at t h e s u r f a c e , 1 , 3 , 5 , and 10 m e t e r s . E a c h b o t t l e w a s s p i k e d 

w i t h 0 . 5 uCi of N a H ^ C O ^ , s u s p e n d e d f r o m a b u o y at t h e d e p t h 

of c o l l e c t i o n , and i n c u b a t e d f o r a p e r i o d of 4 - 6 h o u r s . A f t e r 

i n c u b a t i o n , the s a m p l e s w e r e r e t u r n e d to t h e l a b o r a t o r y in a 

l i q h t - p r o o f b o x . T h e s a m p l e s w e r e f i l t e r e d t h r o u g h 0 . 4 5 u 

Mi)ii})oro f i i t e r s a n d t h e r e s i d u e on t h e f i l t e r s w a s w a s h e d 

w i t h 1 0 - 1 5 ml of a .005N H C 1 , 5 p e r c e n t f o r m a l i n s o l u t i o n . 

M e t r i c e l f i l t e r s w e r e u s e d in J u l y - O c t o b e r 1 9 7 5 b u t w e r e 

f o u n d to r e d u c e c o u n t i n g e f f i c i e n c y by a f a c t o r of 5 t i m e s a n d , 

s u b s e q u e n t l y , w e r e n o t u s e d . T h e f i l t e r s w e r e p l a c e d in g l a s s 
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or p o l y e t h y l e n e s c i n t i l l a t i o n v i a l s and d r i e d in a 

d e s s i c c a t o r f o r 24 h o u r s . A x y l e n e b a s e d l i q u i d s c i n t i l l a t i o n 

s o l u t i o n w a s a d d e d to the v i a l s and t h e a c t i v i t y of the s a m p l e s 

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

to m i l l i g r a m s of c a r b o n per u n i t a r e a per d a y u s i n g the 

m e t h o d s and t a b l e s of S a u n d e r s et a l . ( 1 9 6 2 ) . 

R E S U L T S 

P h y t o p l a n k t o n N u m b e r s - P h y t o p l a n k t o n c o u n t s for the 

m o s t n u m e r o u s o r g a n i s m s f o r A p r i l 1 9 7 5 t h r o u g h M a r c h 1 9 7 6 a r e 

p r e s e n t e d in A p p e n d i x I I . P h y t o p l a n k t o n n u m b e r s w e r e a l w a y s 

h i g h e r in the i n n e r bay ( S t a t i o n 2) d u e to n u t r i e n t e n r i c h m e n t 

f r o m Las V e g a s W a s h . D o m i n a n t o r g a n i s m s d u r i n g the 3 y e a r s of 

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

n u m b e r s h a v e d e c r e a s e d s i n c e 1 9 7 2 and t h e s u c c e s s i o n a l p a t t e r n s 

h a v e c h a n g e d . 

W i n t e r and e a r l y s p r i n g ( J a n u a r y - A p r i l ) p h y t o p l a n k t o n 

p o p u l a t i o n s w e r e g e n e r a l l y b e l o w 3 0 0 o r g a n i s m s / m l e x c e p t at 

S t a t i o n 2 w h e r e c o u n t s o v e r 1 0 0 0 o r g a n i s m s / m l w e r e f o u n d . T h e 

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

( C y c l o t e l l a and S t e p h a n o d i s c u s ) in J a n u a r y and c h l o r o p h y t a 

( C h l a m y d o m o n a s , C a r t e r i a , E u d o r i n a , O o c y s t i s and P l a n k t o s p h a e r i a ) 

in F e b r u a r y t h r o u g h A p r i l . T h e d i n o f l a g e l l a t e G l e n o d i n i u m 

a l s o b e c a m e n u m e r o u s at t h i s t i m e and w a s d o m i n a n t at all 

s t a t i o n s in M a r c h 1 9 7 4 . 

P h y t o p l a n k t o n p o p u l a t i o n s d u r i n g M a y t h r o u g h D e c e m b e r 
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w e r e d o m i n a t e d by e a r l y s u m m e r and a u t u m n a l p u l s e s of 

d i a t o m s . F r a g i 1 a r i a w a s a l w a y s d o m i n a n t in M a y or J u n e and 

w a s s u c c e e d e d by a C y c l o t e l l a p u l s e in J u l y . In 1 9 7 2 , 

s a m p l e s w e r e t a k e n w e e k l y and it w a s e v i d e n t t h a t t h e e a r l y 

s u m m e r F r a g i1 a ri a and C y c 1 o t e l 1 a p u l s e s o r i g i n a t e d in the 

i n n e r bay and e x p a n d e d o u t w a r d in a w a v e - l i k e m a n n e r on 

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

of o r g a n i s m s d e c l i n e d o u t w a r d f r o m t h e i n n e r b a y . N a v i c u 1 a , 

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

i n c r e a s e d d i s t a n c e f r o m the i n n e r bay and w a s u s u a l l y t h e 

o r g a n i s m in J u l y or A u g u s t at s t a t i o n s 4 - 6 in B o u l d e r 

B a s i n . T h e b l u e - g r e e n a l g a e , A n a b a e n a , i n c r e a s e d in n u m b e r s 

t h r o u g h o u t J u l y and A u g u s t ( e x c e p t at S t a t i o n 2 w h e r e 

C y c l o t e l 1 a r e m a i n e d d o m i n a n t ) and w a s the d o m i n a n t o r g a n i s m 

in S e p t e m b e r a f t e r t h e e a r l y s u m m e r d i a t o m p u l s e s had d e c l i n e d . 

An a u t u m n a l p u l s e of C y c l o t e l 1 a a l w a y s o c c u r r e d t h r o u g h o u t Las 

V e g a s B a y and B o u l d e r B a s i n in O c t o b e r a s s o c i a t e d w i t h m i x i n g . 

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

of A n a b a e n a s t e a d i l y d e c l i n i n g . 

T h e e a r l y s u m m e r p u l s e of C y c l o t e l 1 a has d e c l i n e d s i n c e 

1 9 7 2 and has b e e n a c c o m p a n i e d by an i n c r e a s e in the A n a b a e n a 

p o p u l a t i o n . T h e r e has a l s o b e e n an i n c r e a s e in the a u t u m n a l 

p u l s e of C y c 1 o t e 1 1 a . In 1 972 , t h e e a r l y s u m m e r p u l s e of 

C y c l o t e l l a r e a c h e d a m a x i m u m of o v e r 5 3 , 0 0 0 c e l l s / m l at 



S t a t i o n 2; t h e r e w a s a l s o a w e l l - d e f i n e d p u l s e t h r o u g h o u t 

Las V e g a s B a y . In 1 9 7 4 and 1 9 7 5 , the e a r l y s u m m e r p u l s e w a s 

m u c h s m a l l e r ( 1 5 , 0 0 0 c e l l / m l ) and n u m b e r s t h r o u g h o u t Las 

V e g a s Bay w e r e l o w e r . T o t a l p h y t o p l a n k t o n n u m b e r s h a v e 

d e c r e a s e d s i n c e 1 9 7 2 , d u e m a i n l y to t h e r e d u c t i o n in the e a r l y 

s u m m e r p u l s e of C y c l o t e l 1 a . N u m b e r s of C y c l o t e l 1 a h a v e 

i n c r e a s e d d u r i n g the a u t u m n a l p u l s e f r o m 1 5 0 0 in 1 9 7 2 to 5 0 0 0 

c e l l s / m l at S t a t i o n 4 in 1 9 7 5 . T h e h i g h e s t n u m b e r s of C y c 1 o t e l 1 a 

w e r e f o u n d in O c t o b e r a n d N o v e m b e r in 1 9 7 4 and 1 9 7 5 , w h e r e a s , 

t h e h i g h e s t n u m b e r s o c c u r r e d in J u l y 1 9 7 2 . A n a b a e n a has b e c o m e 

i n c r e a s i n g l y m o r e n u m e r o u s s i n c e 1 9 7 2 in the o u t e r bay and 

B o u l d e r B a s i n . In 1 9 7 5 , A n a b a e n a w a s d o m i n a n t f r o m J u l y t h r o u g h 

S e p t e m b e r at S t a t i o n s 4 - 6 . A n a b a e n a w a s d o m i n a n t o n l y in 

S e p t e m b e r in 1 9 7 2 and 1 9 7 4 f o l l o w i n g t h e e a r l y s u m m e r d i a t o m 

p u l s e s . 

P h y t o p l a n k t o n B i o m a s s - F i g u r e 4 s h o w s the s e a s o n a l 

v a r i a t i o n s in m e a n c h l o r o p h y l l a and e s t i m a t e d cell v o l u m e s 

at S t a t i o n s 2 and 6. S t a t i o n 6 w a s n o t s a m p l e d in 1 9 7 2 . At 

S t a t i o n 2 the h i g h e s t s i n g l e v a l u e s for c h l o r o p h y l l a_ ( 5 5 . 4 9 

m g / m 3 ) and cell v o l u m e (30.1 m l / m 3 ) w e r e f o u n d in A p r i l and 

M a y 1 972 , r e s p e c t i v e l y . B o t h c h l o r o p h y l l and cell v o l u m e s 

i n d i c a t e a r e d u c t i o n in the p h y t o p l a n k t o n s t a n d i n g c r o p s i n c e 

1 9 7 2 , a l t h o u g h cell v o l u m e s in 1 9 7 5 w e r e h i g h e r than t h o s e 

f o u n d in 1 9 7 4 . 
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F i g u r e 4 . M e a n C h l o r o p h y l l ^ and cell v o l u m e s at S t a t i o n s 2 and 6, 

S t a t i o n 2 ( ), S t a t i o n 6 ( ). 



P h y t o p l a n k t o n v o l u m e s w e r e d e t e r m i n e d for o n l y the 

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

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

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

c o m p a r a t i v e i n d e x . T h e cell v o l u m e s do r e f l e c t the h i g h e r 

e u t r o p h i c c o n d i t i o n s at S t a t i o n 2 d u e to n u t r i e n t e n r i c h m e n t . 

T h e h i g h e r cell v o l u m e s f o u n d in 1 9 7 2 and 1 9 7 5 w e r e m a i n l y 

d u e to G 1 e n o d i n i um and F r a g i 1 a r i a . Cell v o l u m e s in 1974 

w e r e low d u e to t h e c o m p l e t e a b s e n c e of Frag i1 a r i a and l o w e r 

n u m b e r s of G 1 e n o d i n i u m . T h e e a r l y s u m m e r and a u t u m n a l p u l s e s 

°f C y c 1 o t e l 1 a had r e l a t i v e l y l i t t l e i n f l u e n c e on b i o m a s s 

d e t e r m i n a t i o n s ; C y c 1 o t e l 1 a is small and it n e v e r c o m p r i s e d 

m o r e t h a n 15% of t h e total e s t i m a t e d b i o m a s s of the p h y t o p l a n k t o n . 

A n a b a e n a w a s m o r e i m p o r t a n t , a c c o u n t i n g for 1 5 - 5 0 % of t h e 

t o t a l e s t i m a t e d b i o m a s s . f i a g i J ^ H a , Glenodjnjujii, C e r a t i u m ^ 

and 0 o c y s t i s w e r e t h e d o m i n a n t o r g a n i s m s on t h e b a s i s of 

cell v o l u m e s . 

T h e r e w e r e two d i s t i n c t c h l o r o p h y l l â  p e a k s . T h e f i r s t 

o c c u r r i n g in M a r c h and A p r i l w h e n p h y t o p l a n k t o n c o u n t s w e r e 

low and d o m i n a t e d by c h l o r o p h y t a . T h e s e c o n d o c c u r r e d in 

O c t o b e r and N o v e m b e r d u r i n g the a u t u m n a l C y c 1 o t e l 1 a p u l s e 

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

no e v i d e n t r e l a t i o n s h i p b e t w e e n C h l o r o p h y l l â  and p h y t o p l a n k t o n 

n u m b e r s . 

C h l o r o p h y l l c o n t e n t per u n i t cell v o l u m e is d e p e n d e n t 

on a n u m b e r of f a c t o r s , s u c h as s p e c i e s t y p e , p h y s i o l o g i c a l 

s t a t e of the p h y t o p l a n k t o n , and e n v i r o n m e n t a l c o n d i t i o n s 

( V o l l e n w e i d e r , 1 9 7 0 ) . H i g h cell v o l u m e s c o r r e s p o n d e d w i t h h i g h 

c h l o r o p h y l l â  o n l y in the l a t e s u m m e r and f a l l , a s i t u a t i o n 

a l s o d e s c r i b e d for L a k e E r i e ( M u n a w a r a n d B u m s , 1 9 7 6 ) . T h e 

h i g h e s t c h l o r o p h y l l â  c o n c e n t r a t i o n s per u n i t cell v o l u m e o c c u r r e d 

in the s p r i n g ( T a b l e 5 ) . T h e low c h l o r o p h y l l â  c o n c e n t r a t i o n s 

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

w a t e r t e m p e r a t u r e s , and low n u t r i e n t c o n c e n t r a t i o n s at the 

s u r f a c e . 

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

S t a t i o n 2 ( T a b l e 6) as w e r e the o t h e r p h y t o p l a n k t o n p a r a m e t e r s . 

G e n e r a l l y , t h e r e w a s a r e d u c t i o n in p r o d u c t i v i t y o u t w a r d in 

Las V e g a s B a y w i t h the l o w e s t p r o d u c t i v i t y a t S t a t i o n 6 in 

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

? 
in A u g u s t and S e p t e m b e r , r a n g i n g f r o m 1 6 , 0 0 0 to 31 , 0 0 0 m g C / m / d a y 

a t S t a t i o n 2 and f r o m 3 , 0 0 0 to 8 , 0 0 0 m g C / m ^ / d a y at S t a t i o n 6 . 

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

w i t h a s u b s t a n t i a l r e d u c t i o n in O c t o b e r . D u r i n g the w i n t e r 



T a b l e 5. M e a n C h l o r o p h y l l c o n c e n t r a t i o n s per u n i t cell 
v o l u m e (ug c h l o r o p h y l l / u l cell v o l u m e ) . 

1 972 1 974 1 97 5 1 976 

Jan 9.41 

F e b 7 . 90 3 . 58 

M a r 11 .09 1 6 . 0 8 7 . 3 3 

Apr 2 4 . 8 8 17 .38 2 0 . 9 9 

M a y 0 . 7 9 4 . 7 0 5.1 9 

J u n e 0 . 91 8 . 8 6 3 . 8 0 

J u l y 1 .38 8.41 1 . 69 

Aug 1 .42 1 0 . 51 2 . 54 

S e p t 1 .89 8 . 8 9 3 . 1 5 

O c t 2 . 0 5 9 . 4 5 3 . 51 

Nov 3 . 3 9 1 0 . 3 6 4 . 3 5 

Dec 7 . 20 7 .87 



T a b l e 6. M o n t h l y p r i m a r y p r o d u c t i v i t y ( m g C / m ^ / d a y ) in Las Vegas Bay and B o u l d e r Basin 
April 1974 through April 1 9 7 6 . 

1974 1975 1976 

Station S t a t i o n S t a t i o n 

2 3 4 6-8 2 3 4 6 2 3 4 6 

Jan 1,652 1,158 1,207 783 

Feb 2,320 1,907 1,384 718 874 1,619 

Mar 1,780 1,769 1,298 702 978 999 

Apr 10,229 2,279 1,142 2,097 1,335 1,037 1,386 6,666 5,677 2,331 1,721 

May 6,414 6,443 3,234 1,908 

J u n e 7,742 3,394 4 , 1 0 0 3,135 9,442 4 , 1 8 0 1,843 1,500 

July 1 0 , 1 1 6 6,404 3,119 2,399 4,530 4 , 2 5 0 2,670 

Aug 16,793 12,862 7,310 5,988 16,663 14,843 7,642 7,386 

S e p t 24,757 17,560 7,080 3,056 3 1 , 3 0 5 17,865 16,405 7,857 

Oct 5,339 4,827 5,844 2,678 7 , 6 0 0 8 , 8 0 0 4,242 4,048 

Nov 3,933 3,919 5,224 1,759 

Dec 2 J 60 1 ,551 2,066 -

co 
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( D e c e m b e r - F e b r u a r y ) p r o d u c t i v i t y r e m a i n e d r e l a t i v e l y h i g h , 

r a n g i n g f r o m 7 8 0 to 2 3 0 0 m b C / m ^ / d a y . P r o d u c t i v i t y w a s 

e x t r e m e l y high at all s t a t i o n s w i t h m e a n s r a n g i n g f r o m 

8 . 3 g C / m ^ / d a y at S t a t i o n 2 to 2 . 6 g C / m ^ / d a y at S t a t i o n 6 

( T a b l e 7 ) . 

N u t r i e n t s - P h o s p h o r o u s , n i t r o g e n , and a l k a l i n i t y 

c o n c e n t r a t i o n s in Las V e g a s W a s h , Las V e g a s B a y , and B o u l d e r 

B a s i n d u r i n g A p r i l 1 9 7 5 t h r o u g h F e b r u a r y 1 9 7 6 a r e p r e s e n t e d 

in A p p e n d i x I. T a b l e 8 s u m m a r i z e s total p h o s p h o r u s and 

n i t r i t e p l u s n i t r a t e n i t r o g e n ( n i t r a t e - N ) c o n c e n t r a t i o n s for 

1 9 7 2 , 1 9 7 4 , and 1 9 7 5 . In 1 9 7 2 , n i t r a t e - N w a s d e t e r m i n e d o n l y 

in S e p t e m b e r and O c t o b e r . Las V e g a s W a s h d i s c h a r g e s a p p r o x i m a t e l y 

8 0 0 kg p h o s p h o r u s / d a y and 1 1 0 0 kg n i t r o g e n / d a y i n t o Las V e g a s 

B a y . T h e r e has b e e n an i n c r e a s e in n i t r a t e - N s i n c e 1 9 7 4 . 

T o t a l p h o s p h o r u s l e v e l s w e r e e x t r e m e l y v a r i a b l e in Las 

V e g a s Bay and t h e r e w a s n o t an e v i d e n t s e a s o n a l p a t t e r n . In 

B o u l d e r B a s i n ( S t a t i o n 6 ) , w h i c h w a s n o t d i r e c t l y i n f l u e n c e d 

by Las V e g a s W a s h , t o t a l p h o s p h o r u s r a n g e d f r o m a p p r o x i m a t e l y 

22 p g / 1 in D e c e m b e r and J a n u a r y to 10 p g / 1 in A u g u s t and 

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

d i s t r i b u t e d or w a s s l i g h t l y l o w e r in the m e t a l i m n i o n . At 

S t a t i o n s 2 and 3 h i g h e r l e v e l s w e r e f o u n d in the m e t a l i m n i o n 

d u e to t h e d e n s i t y c u r r e n t f r o m Las V e g a s W a s h . T h e r e w a s 

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

s u m m e r s t r a t i f i c a t i o n . 
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T a b l e 7 . M e a n d a i l y and total p r i m a r y p r o d u c t i v i t y in 
Las V e g a s Bay and B o u l d e r B a s i n , A p r i l 1 9 7 4 

t h r o u g h M a r c h 1 9 7 5 . 

S t a t i o n 

M e a n d a i l y p r o d u c t i o n 

g C / m 2 / d a y 

M e a n y e a r l y p r o d u c t i o n 

g C / m ^ / d a y 

2 8 . 3 0 3 0 3 0 

3 5 . 3 4 1 949 

4 3 .83 1 3 9 8 

6 - 8 2 . 6 5 9 6 5 



T a b l e 8 . Mean p h o r p h o r u s and nitrogen c o n c e n t r a t i o n s in Las Vegas M a s h , Las Vegas Bay and B o u l d e r B a s i n , 
1972 through 1 9 7 5 . . 

1972 1974 1975 
M a y - O c t o b e r M a r c h - D e c e m b e r A p r i l - D e c e m b e r 

Station m e t e r s T o t a l - P T o t a l - P NO? NOn* T o t a l - P NO^ NO?* 

1 0 4 . 2 3 6 ( . 9 9 ) 4. 1 5 6 ( . 681) 8 . 5 4 ( 2 . 8 6 ) 4 . 500( .240) 8 . 76(4 .00) 

2 () ! 0 4 9 ( . 0 3 8 ) 0. 3 0 2 ( . 4 9 9 ) 0. 15( .14) 0. 05( .02) 0. 800( .022) 0. 19( .14) 0 09( .02) 

3 0 . 0 1 2 ( . 0 0 6 ) 0. 0 3 3 ( . 008) 0. 10( .09) 0. 04( .02) 0. 033( .009) 0. 12( .08) 0 07( .06) 

30 0. 091 (. 0 8 1 ) 0. 41 (.14) 0. 45( .06) 0. 107( .039) 0. 42( .14) 0 51( .07) 

4 0 0 . 1 0 ( . 0 0 5 ) 0. 027 (. 006) 0. 1 1 ( . 0 8 ) 0. 03( .01) 0. 017( .002) 0. 13( .10) 0 04( .01) 

30 0. 0 1 8 ( . 008) 0. 3 2 ( . 0 9 ) 0. 38( .07) 0. 033 ( .018) 0. 37( .10) 0 39( .04) 

5 0 0. 023 (. 007) 0. 1 1 ( 0 . 0 9 ) 0. 03( .01) 0. 016( .005) 0. 13( .10) 0 04 ( .02) 

30 0. 0 1 8 ( . 0 0 8 ) 0. 3 4 ( . 0 9 ) 0. 37( .07) 0. 01 2( .004) 0. 34( .06) 0 37( .02) 

6 0 0. 0 1 8 ( . 003) 0. 1 2 ( . 0 9 ) 0. 03( .02) 0. 016( .004) 0. 13( .10) 0 04( .01) 

30 0. 0 1 4 ( . 003) 0. 3 5 ( . 0 8 ) 0. 37( .06) 0. 013( .005) 0. 34( .07) 0 37( .03) 

Total P = Total p h o s p h o r u s 

NOg = N i t r i t e plus N i t r a t e nitrogen 

Number in p a r e n t h e s i s = 1 standard d e v i a t i o n 

* Mean values during summer s t r a t i f i c a t i o n June - S e p t e m b e r 
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S u r f a c e n i t r a t e - N at S t a t i o n 6 r a n g e d f r o m 

a p p r o x i m a t e l y 3 0 0 ^ g / 1 in J a n u a r y and F e b r u a r y to 20 jug/1 

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

of e p i l i m n e t i c n i t r a t e - N d u r i n g s u m m e r s t r a t i f i c a t i o n ( T a b l e 

8 ) . S u r f a c e n i t r a t e - N i n c r e a s e d in O c t o b e r d u e to m i x i n g 

w h i c h r e s u l t e d in d i s t r i b u t i o n of h y p o l i m n e t i c n i t r a t e - N 

t h r o u g h o u t t h e w a t e r c o l u m n . 

C o r r e l a t i o n A n a l y s i s - C o r r e l a t i o n c o e f f i c i e n t s fo r 

p h y t o p l a n k t o n p a r a m e t e r s and n u t r i e n t s ( t o t a l p h o s p h o r u s and 

n i t r a t e - N ) a r e p r e s e n t e d in T a b l e 9 . C y c l o t e l l a w a s 

s i g n i f i c a n t l y c o r r e l a t e d w i t h total p h o s p h o r u s and n i t r a t e - N , 

and 57% of the v a r i a n c e in t h e C y c o t e l 1 a p o p u l a t i o n can be 

e x p l a i n e d by t o t a l p h o s p h o r u s and n i t r a t e - N . A n a b a e n a w a s 

n e g a t i v e l y c o r r e l a t e d w i t h n i t r a t e - N d u e to its o c c u r r e n c e 

o n l y in t h e s u m m e r w h e n n i t r a t e - N w a s d e p l e t e d f r o m the 

e p i l i m n i o n . C h l o r o p h y l l â  and cell v o l u m e s w e r e c o r r e l a t e d 

o n l y w i t h total p h o s p h o r u s . P r i m a r y p r o d u c t i v i t y did n o t 

c o r r e l a t e w i t h e i t h e r total p h o s p h o r u s or n i t r a t e - N . P r i m a r y 

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

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

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

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

and s t a n d i n g c r o p ( F i n d e n e g g , 1 9 6 5 ; G o l d m e n et a l , , 1 9 6 8 ; 

M a r g a l e f , 1 9 6 5 ; V e r d u i n , 1 9 5 9 ; V o l l e n w e i d e r and N a u w e r c k , 

1961 ) . 



T a b l e 9 . C o r r e l a t i o n c o e f f i c i e n t s for C y c l o t e l l a , A n a b a e n a , 
C h l o r o p h y l l a^ cell v o l u m e , and p r i m a r y p r o d u c t i v i t y . 

S i m p l e c o r r e l a t i o n c o e f f i c i e n t 

V a r i a b l e s 

D e p e n d e n t I n d e p e n d e n t n r 

Log-]Q C y c l o t e l l a # T o t a l p h o s p h o r u s 32 .64* 

L o g i Q C y c l o t e l l a # N i t r a t e - n 32 .57* 

L o g ^ g A n a b a e n a # T o t a l p h o s p h o r u s 32 - . 0 2 

Log-]Q A n a b a e n a # N i t r a t e - n 32 - . 6 1 * 

C h l o r o p h y l l ^ T o t a l p h o s p h o r u s 48 .55* 

C h l o r o p h y l l ^ N i t r a t e - n 48 .18 

Cell V o l u m e T o t a l p h o s p h o r u s 48 .30* 

Cell v o l u m e N i t r a t e - n 48 .02 

Cell v o l u m e C h l o r o p h y l l a_ 48 .66* 

P r i m a r y P r o d u c t i v i t y T o t a l p h o s p h o r u s 34 .09 

P r i m a r y P r o d u c t i v i t y N i t r a t e - n 34 - . 2 0 

P r i m a r y P r o d u c t i v i t y C h l o r o p h y l l â  34 .56* 

P r i m a r y P r o d u c t i v i t y Cell v o l u m e 34 .37* 

M u l t i p l e C o r r e l a t i o n c o e f f i c i e n t 

V a r i a b l e s 

D e p e n d e n t I n d e p e n d e n t n R 

L o g i Q C y c l o t e l l a # T o t a l p h o s p h o r u s , 
n i t r a t e - n 32 .76* 

* s i g n t f l e a n t a t the .05 level 



D I S C U S S I O N 

E a r l y s u m m e r and a u t u m n a l p u l s e s of d i a t o m s a r e 

f r e q u e n t o c c u r r e n c e s in l a k e s ( H u t c h i n s o n , 1 9 6 7 ) and 

C y c l o t e l 1 a is a c o m m o n o r g a n i s m d e m o n s t r a t i n g t h i s p a t t e r n . 

O l s e n ( 1 9 7 5 ) f o u n d an e a r l y s u m m e r and a u t u m n a l p u l s e of 

C y c l o t e l 1 a in C a n y o n L a k e , A r i z o n a , w h i c h is s i m i l a r to 

L a k e M e a d in c l i m a t i c and c h e m i c a l c o n d i t i o n s , a l t h o u g h it 

is m u c h s m a l l e r . In B o u l d e r B a s i n , t h e e a r l y s u m m e r 

C y c l o t e l l a p u l s e is r e s t r i c t e d to Las V e g a s B a y w h e r e t h e r e 

is an e x t e r n a l n u t r i e n t s o u r c e , Las V e g a s W a s h . T h e a u t u m n a l 

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

and m i x i n g . 

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

d u r i n g l a t e s u m m e r w o u l d s u g g e s t t h a t n i t r o g e n is l i m i t i n g 

at t h a t t i m e , a l t h o u g h King ( 1 9 7 0 ) and S h a p i r o ( 1 9 7 3 ) h a v e 

s h o w n t h a t t h i s f a c t a l o n e is n o t c o n c l u s i v e e v i d e n c e of 

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

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

t h a t n i t r o g e n m a y be t h e m o s t i m p o r t a n t l i m i t i n g n u t r i e n t . 

D u r i n g s u m m e r s t r a t i f i c a t i o n , n i t r a t e - N is d e p l e t e d f r o m t h e 

e p i l i m n i o n and s i g n i f i c a n t l y h i g h e r l e v e l s o c c u r in the 

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

a v a i l a b i l i t y in the e u p h o t i c z o n e . T h i s m a y be the m o s t 

i m p o r t a n t f a c t o r b e h i n d t h e a u t u m n a l p u l s e of C y c l o t e l 1 a . 

D i s s o l v e d s i l i c a r e m a i n e d h i g h ( > 8 m g / 1 ) t h r o u g h o u t the 



s u m m e r ( U . S . G . S . , 1 9 7 5 ) and i s , t h e r e f o r e , n o t a 

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

s h o w s a s l i g h t d e c r e a s e b e l o w 10 m e t e r s and m i x i n g d o e s 

n o t r e s u l t in h i g h e r p h o s p h o r u s l e v e l s . If t h e a u t u m n a l 

p u l s e is d u e to h i g h e r l e v e l s of n u t r i e n t s , n i t r o g e n w o u l d 

a p p e a r to be the c o n t r o l l i n g f a c t o r . N i t r o g e n to p h o s p h o r u s 

( N / P ) r a t i o s a l s o s h o w an e x c e s s of p h o s p h o r u s ( T a b l e 1 0 ) . 

T h e N/P r a t i o s a r e s i g n i f i c a n t b e c a u s e the r a t i o in l i v i n g 

s y s t e m s is a b o u t 8 , t h e r e f o r e , w h e n t h e N/P r a t i o e x c e e d s 8 

m o r e n i t r o g e n is p r e s e n t t h a n can be u t i l i z e d a n d , c o n v e r s e l y , 

w h e n t h e r a t i o f a l l s b e l o w 8 t h e r e is an e x c e s s i v e a m o u n t of 

p h o s p h o r u s ( V e r d u i n , 1 9 6 7 ) . T h e N/P r a t i o s i n d i c a t e t h a t 

n i t r o g e n is in s h o r t s u p p l y for m o s t of t h e y e a r in Las V e g a s 

Bay and d u r i n g t h e s u m m e r in B o u l d e r B a s i n . 

T h e i n c r e a s i n g d o m i n a n c e of b l u e - g r e e n a l g a e is u s u a l l y 

a s s o c i a t e d w i t h i n c r e a s e d e u t r o p h i c a t i o n ( E d m o n s o n et a l . , 

1 9 5 6 ; F r u h et a l . , 1 9 6 6 ; L u n d , 1 9 6 9 ; P r o v a s o l i , 1 9 6 9 ) . T h e 

d o m i n a n c e of b l u e - g r e e n a l g a e m a y be r e l a t e d to o t h e r f a c t o r s , 

s u c h as t h e i r f r e e d o m f r o m g r a z i n g and t h e i r a b i l i t y to 

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

( H u t c h i n s o n , 1 9 6 7 ; L u n d , 1 9 6 9 ; G o l t e r m a n , 1 9 7 5 ) . In Las 

V e g a s Bay and B o u l d e r B a s i n , A n a b a e n a has b e c o m e i n c r e a s i n g l y 

m o r e d o m i n a n t s i n c e 1 9 7 2 and w a s c o m p l e t e l y d o m i n a n t 

t h r o u g h o u t the s u m m e r ( J u l y - S e p t e m b e r ) at S t a t i o n s 3 - 6 in 



T a b l e 1 0 . N i t r o g e n ( N i t r a t e - N and A m m o n i a - N ) . t o p h o s p h o r u s 
(total p h o s p h o r u s ) r a t i o s for L a s V e g a s B a y , 
S t a t i o n s 2-4 and B o u l d e r B a s i n , S t a t i o n 6 , 1 9 7 5 . 

2 

S t a t i o n s 

3 4 6 

A p r i 1 1 . 6 4 . 5 1 5 . 9 1 4 . 7 

M a y 1 . 5 9 . 0 1 3 . 3 1 3 . 8 

J u n e 2.1 2.3 6.1 1 2 . 0 

J u l y 2 . 6 2 . 0 3 . 5 3.8 

A u g 1 .8 1 .8 3.3 5.0 

S e p t 2.4 1 .9 3.3 3.7 

O c t 2.2 2.4 4 . 5 5.5 

Nov 9.1 6.7 1 1 . 0 1 1 . 5 

Dec 1 0 . 0 1 2 . 0 1 5 . 8 1 3 . 6 

( 

( 
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1 9 7 5 . T h e c o m p l e t e d o m i n a n c e of A n a b a e n a in 1 9 7 5 m a y be 

r e l a t e d to a f l a s h f l o o d in J u l y w h i c h d i s c h a r g e d a l a r g e 

q u a n t i t y of n u t r i e n t r i c h s e d i m e n t s f r o m t h e Las V e g a s W a s h 

m a r s h s y s t e m i n t o Las V e g a s B a y . T h e i n c r e a s i n g d o m i n a n c e 

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

in B o u l d e r B a s i n . 

P h o s p h o r u s l o a d i n g f r o m Las V e g a s W a s h has i n c r e a s e d 

s i n c e 1 9 7 2 f r o m a m e a n d a i l y r a t e of 525 k g / d a y to 7 9 2 

k g / d a y in 1 9 7 5 . T h e p h o s p h o r u s l o a d i n g f r o m Las V e g a s W a s h 

is e x t r e m e l y h i g h w h e n c o n s i d e r i n g the C o l o r a d o R i v e r , w h i c h 

has 200 t i m e s the v o l u m e and d i s c h a r g e s o n l y 950 k g / d a y into 

L a k e M e a d . T o t a l p h o s p h o r u s l o a d i n g for B o u l d e r B a s i n 

( 1 . 9 4 4 g / m ^ / y r ) is in t h e " d a n g e r o u s " level p r o p o s e d by 

V o l l e n w e i d e r (in p r e s s ) . A r e d u c t i o n in the p h o s p h o r u s 

l o a d i n g f r o m Las V e g a s W a s h to 3 6 0 k g / d a y w o u l d r e s u l t in 

a " p e r m i s s i b l e " l o a d i n g r a t e in B o u l d e r B a s i n . N i t r o g e n 

l o a d i n g f r o m Las V e g a s W a s h in 1 9 7 4 and 1 9 7 5 w a s a p p r o x i m a t e l y 

1 1 0 0 k g / d a y . N i t r o g e n c o n c e n t r a t i o n s w e r e not d e t e r m i n e d 

f o r Las V e g a s W a s h in 1 9 7 2 . 

A l t h o u g h p h o s p h o r u s l o a d i n g has i n c r e a s e d , p h y t o p l a n k t o n 

n u m b e r s and b i o m a s s h a v e d e c r e a s e d s i n c e 1 9 7 2 . T h i s m a y be 

d i r e c t l y r e l a t e d to l a k e e l e v a t i o n s . In 1 972^ the w a t e r level 

w a s a b o u t 6 m e t e r s l o w e r t h a n it w a s in 1 9 7 4 and 1 9 7 5 . T h e 

h i g h e r w a t e r l e v e l s i n c r e a s e d the v o l u m e of the i n n e r Las V e g a s 

B a y a l o n e by a p p r o x i m a t e l y 50 x l O ^ m ^ . T h e i n c r e a s e d v o l u m e 



w o u l d r e s u l t in a g r e a t e r d i l u t i o n of the Las V e g a s W a s h 

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

n u t r i e n t s to t h e p h y t o p l a n k t o n . 

T h e t r o p h i c c l a s s i f i c a t i o n of L a k e M e a d has r e c e i v e d 

c o n s i d e r a b l e a t t e n t i o n in the p a s t few y e a r s . P h y t o p l a n k t o n 

s p e c i e s i n d i c e s h a v e b e e n d i s c u s s e d in the 1 9 7 5 r e p o r t and 

by S t a k e r et a l . ( 1 9 7 4 ) . T h e s e i n d i c e s h a v e g i v e n r e s u l t s 

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

o l i g o t r o p h i c c o n d i t i o n s . E v e r e t t ( 1 9 7 2 ) , b a s e d on R o d h e ' s 

( 1 9 6 9 ) p r i m a r y p r o d u c t i v i t y c a t e g o r i e s , c l a s s i f i e d B o u l d e r 

B a s i n as a p o l l u t e d , e u t r o p h i c b o d y of w a t e r . R o d h e ' s 

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

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

a n d , t h e r e f o r e , is p r o b a b l y n o t a p p r o p r i a t e to c o n d i t i o n s in 

L a k e M e a d . O u r p r i m a r y p r o d u c t i v i t y e s t i m a t e s a r e s i m i l a r to 

E v e r e t t ' s a n d , in a d d i t i o n , s h o w v e r y h i g h p r o d u c t i o n in Las 

V e g a s B a y . P r i m a r y p r o d u c t i v i t y in B o u l d e r B a s i n is c o m p a r a b l e 

to o t h e r t r o p i c a l or s u b t r o p i c a l l a k e s ( T a i l i n g , 1 9 6 5 ; B e r m a n 

a n d P o l l i n g h e r , 1 9 7 4 ; M e l a c k and K i l h a m , 1 9 7 4 ) and c o n d i t i o n s 

in B o u l d e r B a s i n a r e , t h e r e f o r e , p r o b a b l y n o t as s e r i o u s as 

E v e r e t t s t a t e d . V o l l e n w e i d e r ( 1 9 7 0 ) p r o p o s e d the f o l l o w i n g 

c l a s s i f i c a t i o n b a s e d on m a x i m u m p h y t o p l a n k t o n cell v o l u m e s : 

U l t r a - o l i g o t r o p h i c , 1 m l / m ^ 
M e s o t r o p h i c 
H i g h l y e u t r o p h i c 



U s i n q t h i s c l a s s i f i c a t i o n , Las V e g a s Bay is h i g h l y 

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

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



Z o o p l a n k t o n C o m m u n i t y 

of B o u l d e r B a s i n 

by 

T h o m a s B u r k e 



I N T R O D U C T I O N 

P r e l i m i n a r y i n v e s t i g a t i o n s in 1974 s h o w e d p e a k 

z o o p l a n k t o n c o n c e n t r a t i o n s w i t h i n the m e t a l i m n i o n of 

B o u l d e r B a s i n , L a k e M e a d . A s i m i l a r c i r c u m s t a n c e h a d 

p r e v i o u s l y been n o t e d by S h a p i r o ( I 9 6 0 ) , w h o c o n c l u d e d 

t h a t z o o p l a n k t o n w e r e a m a j o r f a c t o r in the m e t a l i m n e t i c 

o x y g e n d e p l e t i o n of L a k e W a s h i n g t o n . T h i s r e p o r t is the 

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

of L a k e M e a d . Its p u r p o s e w a s to d e t e r m i n e if any u n i q u e 

d i f f e r e n c e s e x i s t e d b e t w e e n the z o o p l a n k t o n c o m m u n i t y of, 

L a k e M e a d a n d o t h e r l i m n e t i c c o m m u n i t i e s . 

S e a s o n a l s u c c e s s i o n , s p e c i e s c o m p o s i t i o n , v e r t i c a l 

d i s t r i b u t i o n , and s p e c i f i c d e p t h a f f i n i t i e s of the 

z o o p l a n k t o n c o m m u n i t y w e r e e x a m i n e d . The d a t a w e r e 

c o m p a r e d to t h o s e of o t h e r i n v e s t i g a t o r s w h e r e v e r p o s s i b l e . 

M E T H O D S A N D M A T E R I A L S 

Z o o p l a n k t o n s a m p l e s w e r e c o l l e c t e d a t a p p r o x i m a t e l y 

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

i n t e r v a l s for the r e m a i n d e r of t h e y e a r . S t a t i o n 5 w a s 

s e l e c t e d as the p e r m a n e n t s a m p l i n g l o c a t i o n for t h e s e 

c o l l e c t i o n s . T h i s s t a t i o n is l o c a t e d in c l o s e p r o x i m i t y 

to the i n t a k e s o f t h e A l f r e d M e r r i t S m i t h W a t e r T r e a t m e n t 

P l a n t . The w a t e r d e p t h i n c r e a s e s s h a r p l y f r o m the s h o r e 
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to a d e p t h of 65 m e t e r s . T h i s a l l o w e d for v e r y l i t t l e 

c o n t a m i n a t i o n of the s a m p l e w i t h l i t t o r a l o r g a n i s m s . E a s y 

a c c e s s to and f r o m L a k e M e a d M a r i n a w a s a l s o f a v o r a b l e to 

the s e l e c t i o n of t h i s s t a t i o n , as m a n y s a m p l e s w e r e t a k e n 

o v e r a 2 4 - h o u r p e r i o d . 

S a m p l e s w e r e t a k e n at f i v e m e t e r i n t e r v a l s f r o m s u r f a c e 

to 45 m e t e r s w i t h a p o r t a b l e w a t e r p u m p . T o n o l l i ( 1 9 7 1 ) 

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

n e e d to be t a k e n in a s h o r t p e r i o d of t i m e . T h e p u m p t y p e 

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

p l a n k t o n s a m p l e s u s e d f o r i d e n t i f i c a t i o n p u r p o s e s ( A r o n , 1 9 5 8 ) . 

It w a s a l s o s h o w n to h a v e z o o p l a n k t o n f i s h i n g a b i l i t i e s e q u a l 

to a c o n v e n t i o n a l p l a n k t o n tow net ( I c a n b e r r y and R i c h a r d s o n , 

1 9 7 3 ) . 

S u m m e r s a m p l e s w e r e c o l l e c t e d w i t h a S e a r s M o d e l # 5 6 3 . 2 6 9 2 

D-C p o w e r e d p u m p w i t h an a v e r a g e f l o w - t h r o u g h v e l o c i t y of 

8 l i t e r s / m i n u t e . T h e w i n t e r s a m p l e s w e r e t a k e n w i t h a 1.5 

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

of 1 2 . 5 l i t e r / m i n u t e . B o t h p u m p s w e r e a t t a c h e d to a h e a v y -

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

w e i g h t e d w i t h a p l e x i g l a s s p l a t e d e s i g n e d to k e e p t h e 

h o s e v e r t i c a l and to a l l o w an e v e n d r a w f r o m a n a r r o w , 

h o r i z o n t a l b a n d . F r o m e a c h d e p t h , f o r t y l i t e r s of l a k e 

w a t e r w e r e f i l t e r e d t h r o u g h a # 2 0 m e s h , n y l o n , p l a n k t o n n e t 

( 7 6 u . d i a m e t e r p o r e ) . S a m p l e s w e r e i m m e d i a t e l y p r e s e r v e d 

in a 5% f o r m a l i n s o l u t i o n as r e c o m m e n d e d by L a c k e y ( 1 9 3 8 ) . 



C o u n t i n g and i d e n t i f i c a t i o n of t h e p l a n k t o n w a s d o n e 

on a W e t z l a r M o d e l # 6 0 0 1 1 2 c o m p o u n d s t e r e o m i s c r o s c o p e . 

T a x o n o m i c i d e n t i f i c a t i o n s w e r e b a s e d on C o k e r , ( 1 9 4 3 ) ; 

D a v i s , ( 1 9 5 5 ) ; E d m o n s o n , ( 1 9 5 9 ) ; G u r n e y , ( 1 9 3 1 , 1 9 3 3 ) ; 

M a r s h , ( 1 929).; and P e n n a k , ( 1 953 ). All o r g a n i s m s w e r e 

i d e n t i f i e d to g e n u s , and to s p e c i e s w h e n p o s s i b l e . O n e 

m i l l i l i t e r s u b s a m p l e s w e r e p l a c e d in an o p e n S e d g e w i c k 

R a f t e r c o u n t i n g c e l l . All o r g a n i s m s in f i v e s u c h a l i q u o t s 

w e r e t a l l i e d . T h i s r e p r e s e n t e d 5 to 10% of the s u m m e r 

s a m p l e s and 10 to 2 0 % of t h e w i n t e r s a m p l e s . W i t h the 

e x c e p t i o n of e g g s , o r g a n i s m s l e s s t h a n 50 m i c r o n s in 

d i a m e t e r w e r e not c o u n t e d ( i . e . c i l i a t e s and z o o - f l a g e l l a t e s ) . 

R E S U L T S A N D D I S C U S S I O N 

T h e l i m n e t i c z o o p l a n k t o n c o m m u n i t y of B o u l d e r B a s i n 

w a s d o m i n a t e d by R o t a t o r i a , C l a d o c e r a , and C o p e p o d a . O t h e r 

o r g a n i s m s such as c i l i a t e s , z o o - f l a g e l l a t e s , i n s e c t l a r v a e , 

and w a t e r - m i t e s w e r e o f t e n f o u n d in the s a m p l e s , but t h e i r 

n u m b e r s w e r e u s u a l l y v e r y l o w . O n e s p e c i e s of Pi f f 1 u g i a , a 

p r o t o z o a n , w a s v e r y a b u n d a n t in the 8 M a y s a m p l e s . T h e 

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

c o u n t s c a n n o t be m a d e . E x c e p t for a small n u m b e r of Pi f f 1 u g i a 

in t h e m i d - J u l y s a m p l e , t h e s e o r g a n i s m s h a v e n o t r e a p p e a r e d . 



R o t i f e r s - T h e r o t i f e r s a r e r e p r e s e n t e d by t w e l v e 

g e n e r a , f i v e of w h i c h w e r e c l a s s i f i e d as m a j o r c o m p o n e n t s 

of the c o m m u n i t y , and a r e l i s t e d in T a b l e 1 1 . W h i l e o n e 

or m o r e of t h e f o l l o w i n g s e v e n g e n e r a w e r e o f t e n p r e s e n t in 

the s a m p l e s , no s i n g l e g e n e r a e v e r r e p r e s e n t e d m o r e t h a n 5% 

of the r o t i f e r p o p u l a t i o n : 

T r i c h o c e r c a , N o t h o l c a , P l a t y i a s , PJ eos_omji , L e c a n e , 

M o n o s t y l a , and B r a c h i o n u s . 

C l a d o c e r a - T h r e e g e n e r a of c l a d o c e r a n s w e r e i d e n t i f i e d 

f r o m our s a m p l e s . T h e f i r s t t w o , D a p h n i a and B o s m i n a , w e r e 

c o n s i d e r e d to be t r u l y l i m n e t i c o r g a n i s m s , b u t the t h i r d 

g e n u s , A l o n a , is m o r e t y p i c a l l y a l i t t o r a l o r g a n i s m . ( P e n n a k , 

1 9 5 3 ) . All D a p h n i a w e r e g r o u p e d t o g e t h e r , b u t t e n t a t i v e 

i d e n t i f i c a t i o n i n d i c a t e s t h r e e s p e c i e s m a y be p r e s e n t . For 

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

C o p e p o d a - T h e l i m n e t i c c o p e p o d s a r e r e p r e s e n t e d by 

f o u r s p e c i e s , two in t h e o r d e r C y c l o p o i d a ( C y c l o p s b i c u s p i d a t u s 

t h o m a s i and M e s o c y c l o p s e d a x ) and two in t h e o r d e r C a l a n o i d a 

( D i a p t o m u s c l a v i p e s and D i a p t o m u s s i c i l o i d e s ) . 



TABLE 11. Major Rotifers in the M a t e r Column at Station 5 x 1 0 3 ) . 

May 28 Jun 16 Jul 1 Jul 17 Aug 19 Sept 17 Oct 15 Nov 19 Dec 23 Jan 29 Feb 19 Mar 24 Apr 27 

A s p l a n c h n a 50 320 98 12 0 0 0 2 20 150 35 0 5 

Syncheata 0 2 106 80 3 45 -70 630 365 5000 180 3 0 

Polyarthra 260 75 92 96 19 41 65 43 16 340 8 5 150 

Co 11otheca 0 25 240 27 15 25 0 15 18 20 13 40 16 

K e r a t e l l a * 821 159 53 94 9 5 11 11 64 13 3 10 50 

All Others 10 10 25 18 0 8 3 25 0 5 0 0 0 

TOTAL 1120 591 614 327 46 124 149 726 483 5528 239 58 221 

* Keratel 1 a-- Total of J<. q u a d r a t a and K. cochl eari s . 
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S e a s o n a l S u c c e s s i o n ( 
A r e v i e w of the l i t e r a t u r e i n d i c a t e s t h a t z o o p l a n k t o n 

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

T h e s e h i g h and low p e r i o d s m a y be c a u s e d by p h y s i c a l , 

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

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

c y c l e s f r o m l a k e to l a k e and m a y e v e n s h o w d i f f e r e n c e s f r o m 

y e a r to y e a r in t h e s a m e l a k e . T h e s e s e a s o n a l v a r i a t i o n s 

s e e m to c h a n g e the c o m m u n i t y m a k e - u p at the s p e c i e s level 

o n l y . P e n n a k ( 1 9 5 7 ) f o u n d t h a t at a n y g i v e n t i m e a t y p i c a l 

z o o p l a n k t o n c o m m u n i t y is d o m i n a t e d by o n e c o p e p o d , o n e 

c l a d o c e r a n , and two to f o u r n u m m e r i c a l l y d o m i n a n t r o t i f e r s . 

T h e z o o p l a n k t o n of L a k e M e a d s h o w v a r y i n g p a t t e r n s of 

s e a s o n a l s u c c e s s i o n . T a b l e 12 s h o w s t h e n u m b e r of o r g a n i s m s 

of e a c h m a j o r g r o u p o c c u r r i n g in the s a m p l e s f r o m M a y 

1 9 7 5 t h r o u g h A p r i l 1 9 7 6 . T h e p o p u l a t i o n of e a c h g r o u p 

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

J u n e / J u l y , O c t o b e r / N o v e m b e r , and J a n u a r y / F e b r u a r y . A l t h o u g h 

t h r e e p e a k p e r i o d s o c c u r in the l a k e , a n a l y s i s of t h e c o m m u n i t y 

by e a c h s p e c i e s s h o w s t h a t t h e m a j o r i t y of the o r g a n i s m s are 

e i t h e r d i c y c l i c or m o n o c y c l i c . 

As m e n t i o n e d e a r l i e r , the r o t i f e r p o p u l a t i o n of B o u l d e r 

B a s i n w a s b e s t r e p r e s e n t e d by f i v e g e n e r a , e a c h of w h i c h 

w a s t h e d o m i n a n t r o t i f e r on o n e or m o r e of the d a t e s s a m p l e d 

( T a b l e 1 1 ) . Not o n l y w e r e d i f f e r e n t s p e c i e s d o m i n a n t d u r i n g 



T a b l e 1 2 . N u m b e r of o r g a n i s m s ( # / m ^ X l o 3 ) in e a c h m a j o r g r o u p in the u p p e r 25 m e t e r s 
of the w a t e r c o l u m n . 

M a y 

8 

J u n 

1 6 
Jul 

17 

Aug 
1 9 

S e p t 

1 7 

O c t 

1 5 

Nov 

19 

Dec 

23 

J a n 

29 

F e b 

1 9 

M a r 

24 

Apr 

27 

Total C o p e p o d s 

( C I - C Z A d u l t ) 

259 861 7 6 6 817 351 9 0 5 944 177 172 3 5 9 3 4 5 576 

C o p e p o d N a o p l i i 952 1 2 2 0 2 1 5 0 1 4 3 0 211 2 0 0 1 0 4 0 1 95 3 1 8 1 3 0 7 8 3 0 1 2 5 0 

Total C l a d o c e r a 25 1 92 4 6 1 06 1 60 63 491 3 7 6 1 62 4 6 4 2 2 6 140 

T o t a l R o t i f e r a 1 1 2 0 591 327 46 1 24 149 7 2 6 483 5 5 2 8 239 58 221 

T o t a l 2 3 5 6 2 8 6 4 3 2 8 9 2 3 9 9 8 4 6 1317 3 2 0 7 1231 6 1 8 0 2 3 6 4 1 4 5 9 2 1 8 7 * 

U1 
--J 



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

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

t h i s p e r i o d . 

A s p l a n c h n a w a s d i c y c l i c , b e i n g a b u n d a n t in J u n e and 

J a n u a r y . T h e n u m b e r of o r g a n i s m s in t h e w a t e r c o l u m n w a s 

3 2 0 , 0 0 0 and 1 5 0 , 0 0 0 per s q u a r e m e t e r of s u r f a c e a r e a , 

r e s p e c t i v e l y . T h e c o u n t s for J a n u a r y m a y be c o n s e r v a t i v e 

d u e to the p r e s e n c e of S y n c h e a t a , w h i c h w a s v e r y a b u n d a n t . 

S y n c h e a t a w a s p r e s e n t in all s t a g e s of d e v e l o p m e n t f r o m 

n e w l y h a t c h e d i n d i v i d u a l s to l a r g e s a c - l i k e a d u l t s . T h i s 

l a t t e r f o r m is v e r y s i m i l a r to a small s a c c a t e f o r m of 

A s p l a n c h n a . T h e m a j o r i t y of A s p l a n c h n a w e r e of a v e r y l a r g e 

c a m p a n u l a t e f o r m ( t w i c e the s i z e of a d u l t S y n c h e a t a ) , b u t 

a q u a l i t a t i v e r e - e x a m i n a t i o n of J a n u a r y s a m p l e s s h o w e d a 

small n u m b e r of s a c c a t e A s p l a n c h n a to be p r e s e n t . It is 

i n t e r e s t i n g to n o t e t h a t t h e J u n e p o p u l a t i o n a l s o c o n t a i n e d 

a l a r g e c a m p a n u l a t e f o r m of A s p l a n c h n a . G i l b e r t ( 1 9 7 3 ) 

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

s i z e in the p r e s e n c e of a n y l a r g e p r e y s p e c i e s . H i g h 

n u m b e r s of S y n c h e a t a in J a n u a r y and of K e r a t e l l a and 

P o l y a r t h r a in M a y and J u n e r e p r e s e n t an a d e q u a t e f o o d for 

the A s p l a n c h n a and m a y h a v e g i v e n r i s e to t h i s l a r g e f o r m . 

S y n c h e a t a w a s a b u n d a n t in J a n u a r y and r e a c h e d a d e n s i t y 

of 3 2 0 o r g a n i s m s / l i t e r at t h e ten m e t e r d e p t h for t h i s 

d a t e . W h i l e t h i s s e e m s to be a v e r y h i g h f i g u r e , P e n n a k ( 1 9 5 3 ) 



r e p o r t s f i n d i n g s i n g l e r o t i f e r s p e c i e s at d e n s i t i e s it) 

e x c e s s of 500/1 i t e r . S y n c h e a t a w a s a l s o a b u n d a n t in 

J u l y and N o v e m b e r , s u g g e s t i n g t h a t the s p e c i e s m a y be 

t r i c y c l i c . H o w e v e r , t h e N o v e m b e r p e a k r e s u l t s f r o m 

h a t c h i n g of r e s t i n g s t a g e e g g s . T h i s g e n e r a t i o n t h e n 

g o e s on to r e p r o d u c e a m i c t i c a l l y , r e a c h i n g its p e a k in 

J a n u a r y . T h e r e f o r e t h e a p p a r e n t t r i c y c l i c o c c u r r e n c e of 

S y n c h e a t a is a c t u a l l y d i c y c l i c . T h e p h e n o m e n o n of d i a p a u s e 

or r e s t i n g s t a g e s w i l l be d i s c u s s e d in d e t a i l in a l a t e r 

s e c t i o n of t h i s p a p e r . 

T w o s p e c i e s of K e r a t e l 1 a w e r e i d e n t i f i e d f r o m o u r 

s a m p l e s . K e r a t e l 1 a c o c h l e a r i s w a s the d o m i n a n t s p e c i e s , 

b e i n g p r e s e n t in all of t h e s a m p l e s and r e s p o n s i b l e for t h e 

p e a k s in M a y and D e c e m b e r . K e r a t e l 1 a q u a d r a t a w a s p r e s e n t 

in l o w e r n u m b e r s , and w a s f o u n d o n l y d u r i n g p e r i o d s of p e a k 

z o o p l a n k t o n a b u n d a n c e ( J u n e / J u l y , O c t o b e r , and J a n u a r y ) . 

Col 1 o t h e c a s e e m s to be d i c y c l i c , h a v i n g p e a k s in 

M a r c h and J u l y . P o l y a r t h r a a l s o a p p e a r s to be d i c y c l i c , 

a l t h o u g h its p e a k s o c c u r in J a n u a r y and M a y . It is d i f f i c u l t 

to d e t e r m i n e if t h e f l u c t u a t i o n s in t h e P o l y a r t h r a p o p u l a t i o n 

b e t w e e n J u n e and D e c e m b e r a r e t r u l y c y c l i c r e s p o n s e s . A t h i r d 

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

l o w e r t h a n t h o s e f o u n d in J a n u a r y and M a y . 



Of the f i v e g e n e r a of r o t i f e r s d i s c u s s e d , n o n e s e e m 

to h a v e both of t h e i r d o m i n a n t p e r i o d s in t h e s a m e two 

m o n t h s . T h e r e w a s s o m e o v e r l a p in m i d - w i n t e r b u t t h e 

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

t h r e e - m o n t h p e r i o d ( T a b l e 1 3 ) . 

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

t h e i r p e a k p o p u l a t i o n s b e i n g o u t - o f - p h a s e ( T a b l e 1 4 ) . D a p h n i a 

had its m a x i m u m a b u n d a n c e in J u n e and J u l y , w h i l e B o s m i na w a s 

m o s t a b u n d a n t in N o v e m b e r , D e c e m b e r , and F e b r u a r y . It is 

c o m m o n p r a c t i c e w h e n c o u n t i n g o r g a n i s m s for q u a n t i t a t i v e 

a n a l y s i s to n e g l e c t f r a g m e n t s or i n c o m p l e t e s p e c i m e n s . 

E p h i p p i a l s t a g e s of D a p h n i a w e r e e x t r e m e l y a b u n d a n t in the 

s u r f a c e f i l m s t a r t i n g in F e b r u a r y and c o n t i n u i n g into M a y . 

T h i s s t a g e c o n t a i n s r e s t i n g e g g s a t t a c h e d to the v a l v e or 

c a r a p a c e of the a d u l t . T h e v a l v e s e p a r a t e s f r o m the h e a d 

of the o r g a n i s m at the n e x t m o l t . T h e e p h i p p i a t h e n f l o a t 

to the s u r f a c e and c o n c e n t r a t e in w i n d r o w s as a r e s u l t of 

s u r f a c e w i n d s and L a n g m u i r c i r c u l a t i o n . T h i s m a k e s it 

d i f f i c u l t to g e t a q u a n t i t a t i v e e s t i m a t e of t h e i r n u m b e r s . 

It w a s n o t e d t h a t z o o p l a n k t o n s a m p l e s f r o m M a r c h and A p r i l 

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

e a c h head r e p r e s e n t e d an a d u l t D a p h n i a t h a t had g i v e n r i s e 

to an e p h i p p i u m , o n e c o u l d add t h e s e c o u n t s to the p o p u l a t i o n 



T a b l e 1 3 . P e r i o d s of p e a k a b u n d a n c e of the m a j o r r o t i f e r s 
a t S t a t i o n 5 , B o u l d e r B a s i n 

P e a k M o n t h s 

J u n e 

J u l y 

M a y 

M a y 

J u l y 

J a n u a r y 

J a n u a r y 

J a n u a r y 

D e c e m b e r 

M a r c h 

O r g a n i s m 

A s p l a n c h n a 

S y n c h e a t a 

P o l y a r t h r a 

K e r a t e l l a 

C o l l o t h e c a 



T a b l e 1 4 . C l a d o c e r a n s in the u p p e r 25 m e t e r s 
( # / m 2 x i 0 3 ) . 

S a m p l e D a t e 

O r g a n i s m May Jun Jul Jul Jul Aug Aug 
8 16 1 17 31 19 27 

D a p h n i a 16 190 2 6 0 7 71 32 9 

B o s m i n a 17 2 1 39 105 74 151 

T o t a l 25 192 261 46 176 106 160 



/T*< 

of w a t e r c o l u m n , S t a t i o n 5 

S e p t O c t Nov Dec Jan Feb M a r A p r 
1 7 1 5 1 9 23 29 1 9 24 27 

6 48 121 

4 5 8 178 19 

464 226 140 

0 

1 60 

1 60 

0 2 0 1 4 

63 4 8 9 3 7 6 148 

63 491 376 162 

cr. 



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

( 
p o p u l a t i o n d e n s i t y of D a p h n i a . T h e r e w e r e 6 7 , 0 0 0 h e a d s / m e t e r ? 

in t h e w a t e r c o l u m n in M a r c h . T h e t o t a l Da]3h_nJ_a in t h e w a t e r 

c o l u m n w a s e s t i m a t e d as 4 8 , 0 0 0 i n d i v i d u a l s / m e t e r ^ . S u m m i n g 

( 

t h e s e two f i g u r e s , the t o t a l D a p h n i a p o p u l a t i o n f o r M a r c h 

a p p e a r s c l o s e r to 1 1 5 , 0 0 0 i n d i v i d u a l s / m e t e r 2 . F o r A p r i l , 

t h e h e a d s t o t a l e d 1 1 2 , 5 0 0 / m e t e r 2 a n d t h e D a p h n i a t o t a l e d ( — 
1 2 1 , 0 0 0 / m e t e r 2 . T h i s w o u l d g i v e an a d j u s t e d p o p u l a t i o n 

o 

e s t i m a t e of 2 3 3 , 5 0 0 i n d i v i d u a l s / m e t e r . T h e s e a d j u s t e d 

p o p u l a t i o n e s t i m a t e s f o r D a p h n i a a p p e a r to be m o r e a c c u r a t e 

t h a n t h o s e l i s t e d f o r M a r c h a n d A p r i l ( T a b l e 1 4 ) . 

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

T h e s u m m e r p e r i o d w a s m a r k e d by t h r e e m o n t h s of r e l a t i v e l y 

h i g h n u m b e r s ( T a b l e 1 5 ) . T h i s w a s d u e to an e x c h a n g e of 

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

t w o d o m i n a n t p e r i o d s o c c u r r e d in O c t o b e r / N o v e m b e r and 

M a r c h / A p r i l . All t h r e e p e r i o d s had a d i f f e r e n t s p e c i e s 

c o m p o s i t i o n . 

T h e p r e d a c e o u s c y c l o p o i d , C y c l o p s b i c u s p i d a t u s t h o m a s i , 

( M c Q u e e n , 1 9 6 9 ) w a s m o n o c y c l i c , r e m a i n i n g d o m i n a n t f r o m 

F e b r u a r y i n t o J u l y . D u r i n g t h e m o n t h of J u l y it w a s r e p l a c e d 

by a n o t h e r p r e d a t o r y s p e c i e s , M e s o c y c l o p s e d a x ( C o n f e r , 1 9 7 1 ) . 

M . e d a x r e m a i n e d t h e d o m i n a n t c y c l o p o i d f r o m J u l y t h r o u g h 

D e c e m b e r . 
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T a b l e 15. C o p e p o d s in the upper 25 m e t e r s of the w a t e r column at Station 5 , 
B o u l d e r Basin ( # / m ^ X 1 0 3 ) . , 

Jun Jul Jul Jul Aug Aug S e p t Oct Nov Dec Jan Feb Mar Apr 
SPECIES 1 6 1 1 7 31 1 9 27 1 7 1 5 1 9 23 29 1 9 24 27* 

Cyclops b i c u s p i d a t u s thomasi 106 170 280 1 58 88 25 11 45 1 2 21 13 106 130 110 

M e s o c y c l o p s edax 3 11 42 412 306 220 143 326 170 81 9 43 1 5 9 

Cyclopoid c o p e p o d i d s 658 225 386 472 341 41 5 108 418 640 64 104 160 220 480 

D i a p t o m u s c l a v i p e s 4 14 2 3 18 1 5 2 1 3 8 0 
22* 50* 27* 

D i a p t o m u s s i c i l o i d e s 9 3 2 9 56 90 1 9 19 43 21 

Diaptomid c o p e p o d i d s 81 40 45 22 65 76 77 42 29 8 37 28 29 75 

Copepod naupii i 1220 993 21 50 1 360 1430 843 211 200 1040 195 318 1307 8 3 0 1 250 

* Both species counted together 

CT) 



T h e two s p e c i e s of Pi a p t o m u s , P. c1 avi pes and P. sj c i j o i d e s , 

n e v e r o b t a i n e d the n u m e r i c a l d o m i n a n c e of the c y c l o p o i d s . P. 

s i c i1o i des r e a c h e d its h i g h e s t p o p u l a t i o n in N o v e m b e r , w h e n 

it r e p r e s e n t e d o v e r 3 0 % of the a d u l t c o p e p o d c o m m u n i t y . T h i s 

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

bi c u s p i d a t u s t h o m a s i or P. c 1 a v i p e s . 

D- s i c i 1 o i d e s w a s m o n o c y c l i c , f i r s t a p p e a r i n g in J u l y 

and r e a c h i n g its p e a k p o p u l a t i o n in N o v e m b e r . T h e s a m p l e s for 

16 J u n e , and 31 J u l y w i l l be r e - e x a m i n e d to d e t e r m i n e w h a t 

per c e n t of t h e Pi a p t o m u s p o p u l a t i o n w a s a c t u a l l y j). s i c i 1 o i d e s . 

T h i s will a l s o a l l o w f o r a b e t t e r i n t e r p r e t a t i o n of t h e EL 

c1 av i pes p o p u l a t i o n , w h i c h at t h i s t i m e a p p e a r s to h a v e no 

real p e r i o d of a b u n d a n c e . 

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

j u v e n i l e i n s t a r s ( c o p e p o d i d s ) , and a s i n g l e a d u l t s t a g e . T h e 

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

t o g e t h e r in o u r c o u n t s . T h e a d u l t s l i s t e d in T a b l e 15 

r e p r e s e n t the c o m b i n a t i o n of b o t h t h e f i f t h c o p e p o d i d s and 

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

t h e total of t h e f i r s t f o u r j u v e n i l e i n s t a r s . 

V e r t i c a l M i g r a t i o n 

P i u r n a l v e r t i c a l m i g r a t i o n of z o o p l a n k t o n is a w e l l - k n o w n 

and w e l l - d o c u m e n t e d p h e n o m e n o n . H u t c h i n s o n ( 1 9 6 7 ) d e s c r i b e s 

t h r e e t y p e s of v e r t i c a l m i g r a t i o n : (1) n o c t u r n a l m i g r a t i o n , 



w i t h a s i n g l e m a x i m u m in t h e u p p e r s t r a t u m at n i g h t , (2) 

t w i l i g h t m i g r a t i o n , w i t h a m a x i m u m at d a w n and d u s k , and 

(3) r e v e r s e m i g r a t i o n , w i t h o n e m a x i m u m at t h e s u r f a c e 

at m i d - d a y . P o s s i b l e e x p l a n a t i o n s for the c a u s e s of the 

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

and p r e d a t o r a v o i d a n c e . P e n n a k ( 1 9 4 4 ) c o n c l u d e d l i g h t 

to be t h e s i n g l e m o s t i m p o r t a n t f a c t o r . 

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

to s p e c i e s and f r o m l a k e to l a k e . C a m p b e l l ( 1 9 4 1 ) f o u n d t h a t 

p h y s i c a l and c h e m i c a l f a c t o r s in D o u g l a s L a k e w e r e a b l e to 

r e s t r i c t t h e r a n g e of m i g r a t i o n . He n o t i c e d t h a t as t h e z o n e 

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

t h e r o t i f e r p o p u l a t i o n w a s c o n s t r i c t e d i n t o the u p p e r 15 

m e t e r s of the w a t e r c o l u m n . 

T h e r o t i f e r p o p u l a t i o n of B o u l d e r B a s i n u n d e r g o e s 

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

u n s t r a t i f i e d p e r i o d s . S t a k e r ( 1 9 7 4 ) f o u n d t h e a v e r a g e 

r a n g e of K e r a t e l l a c o c h l e a r i s and P o l y a r t h r a in B o u l d e r 

B a s i n d u r i n g J a n u a r y to be 4 . 8 and 2.6 m e t e r s , r e s p e c t i v e l y . 

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

d i s c u s s e d by P e n n a k ( 1 9 5 3 ) . He s t a t e s t h a t a m p l i t u d e s of 

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

to ten m e t e r s b e i n g v e r y u n u s u a l . G e o r g e and F e r n a n d o 

( 1 9 7 0 ) d i s a g r e e w i t h P e n n a k ' s a v e r a g e . T h e i r r e p o r t 
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c o v e r e d a o n e - y e a r p e r i o d a n d s h o w e d t h e v e r t i c a l a m p l i t u d e s 

to v a r y b e t w e e n s u m m e r and w i n t e r . T h e d a t a t h e y p r e s e n t 

s h o w s P o j y a r t h r a v u l g a r i s to m i g r a t e 1 . 8 - 4 . 8 m e t e r s in 

F e b r u a r y , 3 . 0 - 4 . 1 m e t e r s in A p r i l , 7 . 0 - 1 0 . 0 m e t e r s in J u n e , 

3 . 0 - 8 . 6 m e t e r s in J u l y , and 4 . 8 - 8 . 4 m e t e r s in A u g u s t . 

T h e L a k e M e a d p o p u l a t i o n of P o l y a r t h r a s h o w s s i m i l a r 

p a t t e r n s to t h o s e l i s t e d a b o v e . F i g u r e 5 s h o w s t h e v e r t i c a l 

p r o f i l e s of P o l y a r t h r a for t h r e e c o n s e c u t i v e s a m p l e s . T h e 

v e r t i c a l a m p l i t u d e s in M a y and J u n e w e r e a b o u t 5 - 1 0 m e t e r s 

and s i m i l a r to t h e r e s u l t s r e p o r t e d by G e o r g e and F e r n a n d o 

(1970). In J u l y , w h e n t h e r m a l s t r a t i f i c a t i o n w a s w e l l 

e s t a b l i s h e d and an o x y g e n m i n i m u m w a s p r e s e n t in the m e t a l i m n i o n , 

P o l y a r t h r a w a s r e s t r i c t e d to the u p p e r 20 m e t e r s , p o s s i b l y 

b e c a u s e of the low o x y g e n c o n c e n t r a t i o n s . 

T h e r m a l s t r a t i f i c a t i o n a p p e a r s to h a v e an e f f e c t on 

t h e v e r t i c a l d i s t r i b u t i o n of o t h e r r o t i f e r s in B o u l d e r B a s i n 

( F i g . 6 ) . B o t h w i n t e r and s u m m e r A s p l a n c h n a p o p u l a t i o n s had 

h i g h c o n c e n t r a t i o n s in t h e u p p e r ten m e t e r s of t h e w a t e r 

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

to t h i s r e g i o n , b u t the w i n t e r p o p u l a t i o n e x t e n d e d d o w n to 

a d e p t h of 35 m e t e r s . C o l l o t h e c a a l s o s h o w e d a d i f f e r e n t 

p r o f i l e fo r w i n t e r and s u m m e r . W h i l e s u m m e r p o p u l a t i o n s of 

C o l l o t h e c a s h o w e d h i g h e s t c o n c e n t r a t i o n s in t h e top ten 

m e t e r s , it w a s r a r e to f i n d a n y of t h i s g e n e r a a b o v e ten m e t e r s 
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F i g u r e 6 . V e r t i c a l d i s t r i b u t i o n of w i n t e r a n d s u m m e r 

p o p u l a t i o n s o f t h r e e r o t i f e r s a t S t a t i o n 5 , 

B o u l d e r B a s i n , s u n s e t s a m p l e s ( d e p t h s in m e t e r s ) . 



d u r i n g the w i n t e r . T h i s r o t i f e r is e n c a s e d in a 

m u c i l a g i n o u s s h e a t h and is c o n s i d e r e d to be a p o o r 

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

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

a d h e r e d to t h i s s h e a t h , m o r e so t h a n t h a t f o u n d on the 

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

s i m i l a r to t h a t of A s p l a n c h n a . O r g a n i s m s w e r e c o n c e n t r a t e d 

in the top 10 m e t e r s , e x t e n d i n g d o w n to 20 m e t e r s in t h e 

s u m m e r . W i n t e r p o p u l a t i o n s r a n g e d f r o m 5 to 45 m e t e r s , w i t h 

the c o n c e n t r a t i o n s b e i n g h i g h e s t at 15 m e t e r s . 

V e r t i c a l p r o f i l e s for the c l a d o c e r a n s a r e s h o w n in 

F i g u r e 7 . A c c u r a t e v a l u e s f o r the v e r t i c a l a m p l i t u d e a r e 

d i f f i c u l t to o b t a i n w i t h s a m p l e s t a k e n at f i v e - m e t e r i n t e r v a l s 

S t a k e r ( 1 9 7 4 ) r e p o r t e d t h a t B o s m i n a m i g r a t e d 4.7 m e t e r s . 

W h i l e F i g u r e 7 s h o w s s o m e p o s s i b l e m i g r a t i o n , t h e b u l k of the 

p o p u l a t i o n r e m a i n s b e t w e e n 10 and 20 m e t e r s . T h e s u n r i s e 

s a m p l e i n d i c a t e s t h a t t h e b u l k of the p o p u l a t i o n m a y h a v e b e e n 

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

in s u m m e r and w i n t e r p r o f i l e s ( F i g . 8 ) s i m i l a r to the r o t i f e r s 

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

is g e n e r a l l y b e l i e v e d to be m u c h g r e a t e r t h a n t h a t of t h e 

r o t i f e r s and a b o u t e q u a l to t h a t of t h e c l a d o c e r a n s . S t a k e r 

( 1 9 7 4 ) c o n c l u d e d t h a t t h e c o p e p o d s of B o u l d e r B a s i n did not 
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F i g u r e 8 . V e r t i c a l d i s t r i b u t i o n w i n t e r and s u m m e r 

C l a d o c e r o n p o p u l a t i o n s , s u n s e t s a m p l e s , 

S t a t i o n 5 , B o u l d e r B a s i n ( d e p t h in m e t e r s ) . 
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m i g r a t e d u r i n g t h e w i n t e r . His d a t a did n o t r e p o r t a n y 

b r e a k d o w n of i n s t a r s of t h e s e c o p e p o d s . M a r s h a l l and O rr 

( 1 9 5 5 ) r e p o r t t h a t the j u v e n i l e i n s t a r s of the m a r i n e 

c o p e p o d , Ca1 a nu s fi n m a r c h i cu s , s h o w e d d i f f e r e n t v e r t i c a l r a n g e s 

and p a t t e r n s f r o m t h o s e of the a d u l t s f o r b o t h w i n t e r a n d 

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

of c o p e p o d s f r o m L a k e M e a d . A c o m p a r i s o n of c o p e p o d 

n a u p l i i , c y c l o p o i d c o p e p o d i d s 1 - I V , and C . b^ t h o m a s i V & IV 

f r o m e a r l y J u l y s h o w e d t h e v e r t i c a l m i g r a t i o n to be i n c r e a s i n g 

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

t h e l e a s t a m o u n t of v e r t i c a l c h a n g e ( F i g . 9 ) . 

Data f r o m the 31 J u l y s a m p l e s h o w s a d i f f e r e n t p a t t e r n . 

C^. ]). t h o m a s i had its h i g h e s t d e n s i t y for the s u n s e t s a m p l e 

at 15 m e t e r s . M e s o c y c l o p s e d a x had its g r e a t e s t c o n c e n t r a t i o n s 

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

a p e a k at e a c h of t h e s e d e p t h s , i n d i c a t i n g d i f f e r e n t p a t t e r n s 

f o r t h e s e two s p e c i e s ( T a b l e 1 6 ) . 

Pi a p t o m u s p o p u l a t i o n s w e r e g e n e r a l l y l o w , but a c o m p a r i s o n 

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

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

( F i g . 1 0 ) . C o m i t a and A n d e r s o n ( 1 9 5 9 ) r e p o r t a s i m i l a r 

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

e p i l i m n i o n t h a n in the h y p o l i m n i o n of L a k e W a s h i n g t o n 

d u r i n g t i m e s of t h e r m a l s t r a t i f i c a t i o n . 
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M ' D - DAY SUNSET MtDNiGHT SUNR !SF 

0-r 

! 0 - -

2 0 - -

30--

4 o ! 

C0PEP0D NAUPLtt 

C Y C L O P 0 ! 0 C O P E P O D t 0 5 

C Y C L O P S B t C U S P ) D A T U S T H O M A S ! 

F i g u r e 9 . V e r t i c a l p r o f i l e s of c o p e p o d n a u p l i i , c y c l o p o i d 
c o p e p o d i d s , and C y c l o p s b i c u s p i d a t u s t h o m a s i at 
S t a t i o n 5 , B o u l d e r B a s i n , J u l y 197 5 ( d e p t h in m e t e r s ) . 



T a b l e 1 6 . C y c l o p o i d c o p e p o d e s ( # / l ) at S t a t i o n 5 , B o u l d e r B a s i n , s u n s e t s a m p l e s . 

D e p t h (m) 7 - 1 7 - 3 1 

S a m p i e D a t e 

8 - 2 7 9 - 1 7 1 0 - 1 5 1 1 - 1 9 1 2 - 2 3 1 - 2 9 2 - 1 9 . 3-2< 

C y c l o p s 0 0 0 0 0 0 0 1.8 0 5.6 5 . 1 

b i c u s p i d a t u s 5 0 0 0 0 0.3 0.2 1 . 0 0.9 3 . 1 8 . 0 

t h o m a s i 10 0 1 . 6 0 0 0.5 0 0.5 0.2 2.7 1 . 4 

15 7 . 5 19 . 9 0.4 0 1.8 0 0 0 0.9 1.7 

20 9. 9 1 0 . 2 2.4 0.3 2.4 0.2 0 0.2 1.7 1.8 

25 - 6.5 0.7 0.9 0.5 0 0 0 1.2 2 . 0 

30 2 . 6 2 . 6 1 . 1 0.3 3.0 0 0 0 2 . 1 1 . 5 

35 - - 0 . 8 0 0 0.4 0 . 1 0 1.0 1.4 

40 3.4 - 0 0.7 0 1 . 0 0 . 1 0. 7 0.4 1 . 6 

45 2 . 6 - 0 0 0 . 5 0.5 0.2 0 . 6 0 . 6 2 . 1 

M e s o -

c y c 1 op s 0 0 19 . 2 1.7 0 0 0.2 0 0 . 1 2.6 0.8 

ed ax 5 0 13 . 5 5 . 9 1.8 13 . 2 0 . 2 0 0 . 1 2 . 0 1.3 

10 0 1 5 . 6 8 . 0 4.9 9.2 0.4 0 0 2.2 0 

15 1.4 3 . 4 8 . 5 6.3 13 . 6 0.9 0 0.6 0.6 0.2 

20 0.5 1.2 8.4 3 . 7 5.4 2.8 0 . 1 0 0 0.2 

25 - 5.4 3 . 9 2 . 0 4.9 4.4 0 0 0 . 1 0.5 

30 0 2 . 8 2,5 2 . 6 5.3 9.4 0.4 0 0.4 0 

35 - - 1. 6 3.3 3 . 0 8 . 8 1.4 0 . 1 0.2 0 . 1 

40 0 - 0 . 8 7 . 6 7.9 5.2 3.2 0.4 0.4 0 . 1 

45 0 - 1. 6 2.3 2.7 1. 9 1 1 . 2 0.3 0.4 0 

C y c l o p o i d 
12.7 c o p e p o d i d s 0 0 2 1 . 7 5.6 1. 6 0 1. 8 1.7 1.4 7 . 7 12.7 

5 0 6. 9 4.7 1. 2 1 9 . 2 2 . 0 1. 1 3.3 10 . 9 1 1 . 6 

10 4 . 8 1 1 . 1 1 2 . 4 2.4 1 6 . 0 6. 1 0.4 3.7 1 0 . 8 5 . 1 

15 2 0 . 2 2 0 . 4 2 4 . 7 2.5 2 3 . 2 11.7 0.3 1 . 0 0.8 2 . 6 

20 7.4 12 .3 17 . 4 7. 7 1 2 . 2 1 6 . 6 0.2 2. 1 0 . 6 3 . 4 

25 - - 1 0 . 8 9 . 7 2 . 7 6. 2 20 . 2 0.5 1.9 0. 2 4 . 2 

30 2 . 6 6 . 0 5 . 0 2.7 1 . 9 2 6 . 8 0.4 2.6 0 . 6 2 . 7 

35 - - 2 . 0 0 . 8 2.4 2 8 . 2 0.8 0.7 0 1.8 

40 1.9 - 0 . 4 0 0 13 .0 1.3 0 . 7 0 . 1 1 . 5 

45 1.5 - 0.9 0 0.5 2.9 2. 4 1.7 0.3 2. 5 
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F i g u r e 1 0 . V e r t i c a l d i s t r i b u t i o n o f e a r l y c o p e p o d 

s t a g e w i n t e r and s u m m e r p o p u l a t i o n s , s u n s e t 

s a m p l e s , S t a t i o n 5 , B o u l d e r B a s i n ( d e p t h 

in m e t e r s ) . 



D e p t h A f f i n i t i e s 

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

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

i l l u s t r a t e the p r e f e r e n c e of t h e s e o r g a n i s m s for s p e c i f i c 

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

c o n c e n t r a t i o n s r e s t r i c t e d to t h e u p p e r 20 m e t e r s . T h e 

c l a d o c e r a n s and c o p e p o d s s h o w e d a p r e f e r e n c e for t h e 10 to 

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

and O r r ( 1 9 5 5 ) a t t e m p t e d to e x p l a i n t h i s p r e f e r e n c e as it 

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

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

by w h i c h the a n i m a l can s a m p l e f r e s h l a y e r s of w a t e r , and 

t h e s e o r g a n i s m s m a y be a b l e to s t o p at l a y e r s w h e r e o p t i m a l 

c o n d i t i o n s e x i s t ( e . g . , f o o d and l i g h t ) . 

In g e n e r a l , t h e h e r b i v o r o u s m e m b e r s of t h e z o o p l a n k t o n 

c o m m u n i t y s h o w a d e f i n i t e a f f i n i t y for the m e t a l i m n i o n 

d u r i n g s u m m e r s t r a t i f i c a t i o n ( F i g . 1 1 ) . T h e s e d a t a s h o w t h a t 

the z o o p l a n k t o n do m a i n t a i n a s u b s t a n t i a l p o p u l a t i o n w i t h i n 

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



o- OAPHN!A A-COPEPOD NAUPL!! 

F i g u r e 1 1 . D e p t h of m a x i m u m d e n s i t y for z o o p l a n k t o n g r a z e r s a t S t a t i o n 5, B o u l d e r B a s i n , 

M a y 197 5 to M a r c h 1 9 7 6 ( d e p t h in m e t e r s ) . 



a p a u s e 

B r i e f m e n t i o n of r e s t i n g s t a g e s has been m a d e in t h i s 

r e p o r t . The o c c u r r e n c e of t h i s p h e n o m e n o n is k n o w n for a 

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

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

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

an a q u a t i c o r g a n i s m to e x i s t in a d o r m a n t s t a t e is g e n e r a l l y 

c o n s i d e r e d to be a s u c c e s s f u l a d a p t a t i o n to its e n v i r o n m e n t . 

T h i s w o u l d a l l o w the s p e c i e s to w i t h s t a n d p e r i o d s of s t r e s s 

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

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

m a j o r g r o u p of z o o p l a n k t o n f r o m B o u l d e r B a s i n h a v e b e e n 

f o u n d to e x h i b i t s o m e t y p e of r e s t i n g s t a g e . 

In the r o t i f e r s b o t h S y n c h e a t a a n d P o l y a r t h r a w e r e 

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

S y n c h e a t a f i r s t a p p e a r e d in t h e O c t o b e r 30 s a m p l e s , w i t h 

h i g h e r n u m b e r s b e i n g f o u n d in t h e N o v e m b e r 19 s a m p l e s . 

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

d u r i n g the O c t o b e r / N o v e m b e r p e r i o d . T h e w a t e r c o l u m n 

w a s c o m p l e t e l y m i x e d f r o m s u r f a c e to 16 m e t e r s on 

1 O c t o b e r , to 20 m e t e r s on 15 O c t o b e r , to 29 m e t e r s on 

30 O c t o b e r and to 40 m e t e r s on 19 N o v e m b e r . T h i s m i x i n g 

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

d e v e l o p e d i n t o the a d u l t f o r m s . T h e r e s t i n g egg is d i f f e r e n t 

f r o m the s u m m e r e g g o f ' S y n c h e a t a , h a v i n g a t h i c k e r o u t e r 
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w a l l and n u m e r o u s s p i n e s . P e n n a k ( 1 9 5 3 ) g i v e s d i a g r a m s of 

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

P o l y a r t h r a f i r s t i n d i c a t e d the p r e s e n c e of a r e s t i n g 

s t a g e on 1 J u l y , w h e n an a p t e r o u s f o r m w i t h o u t the p a d d l e - l i k e 

a p p e n d a g e s w a s f o u n d . E d m o n s o n ( 1 9 5 9 ) r e p o r t e d t h i s f o r m 

to be P o l y a r t h r a d e v e l o p e d f r o m a r e s t i n g e g g . It is so 

u n i q u e t h a t t a x o n o m i s t s had o r i g i n a l l y s e p a r a t e d it i n t o 

a s e p a r a t e g e n u s , A n a r t h r a . M a n y r e s t i n g e g g s and t h e 

a b o v e d e s c r i b e d a p t e r o u s f o r m s w e r e f o u n d in the A p r i l 

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

t h i c k e r wall and n u m e r o u s shell s p i n e s . 

R e s t i n g e g g s f r o m o t h e r r o t i f e r s in B o u l d e r B a s i n 

h a v e n o t been f o u n d . 

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

n a m e d so fo r t h e r e s e m b l a n c e to a s a d d l e . A f t e r f o r m a t i o n , 

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

T h e s e e p h i p p i a u s u a l l y c o n t a i n o n e to t h r e e r e s t i n g e g g s . 

S t r o s s ( 1 9 6 6 ) r e p o r t s b o t h p h o t o p e r i o d and w a t e r t e m p e r a t u r e 

to be c o n t r o l l i n g f a c t o r s for the d e v e l o p m e n t and r e l e a s e 

of d i a p a u s e in D a p h n i a . D a p h n i a e p h i p p i a w e r e f o u n d in t h e 

M a y 1 9 7 5 and the F e b r u a r y t h r o u g h A p r i l 1 9 7 6 s a m p l e s . 

B o s m i n a did n o t s h o w a r e s t i n g s t a g e in o u r s a m p l e s , 

b u t d i a p a u s e m a y p l a y an i m p o r t a n t r o l e in its l i f e c y c l e . 

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

of t h e y e a r in B o u l d e r B a s i n . T h e f a c t t h a t D a p h n i a g o e s 

i n t o a d o r m a n t s t a t e m a y a l l o w the B o s m i n a p o p u l a t i o n to 

b e c o m e a b u n d a n t . H a m m e r and S a w c h y n ( 1 9 7 1 ) c o n c l u d e t h a t 
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t h i s t y p e of r e p r o d u c t i v e s e g r e g a t i o n p e r m i t s the use and 

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

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

R e p r o d u c t i v e s e g r e g a t i o n due to d i a p a u s e a l s o o c c u r s 

in the c o p e p o d s . C y c l o p s bi c u s p i d a t u s t h o m a s i and 

M e s o c y c 1 o p s e d a x o c c u r at d i f f e r e n t t i m e s of t h e y e a r , 

s i m i l a r to t h e c l a d o c e r a n s . C^. b̂ . t h o m a si g o e s i n t o a 

c y s t s t a g e in its f o u r t h i n s t a r or c o p e p o d i d . C y s t s of t h i s 

s p e c i e s w e r e f i r s t r e c o r d e d by B i r g e and J u d a y in 1 9 0 8 . 

C o l e ( 1 9 5 3 ) f o u n d t h e s e c y s t s in a n o x i c w a t e r s r i c h in 

h y d r o g e n s u l f i d e and s h o w e d t h e m to be i n s e n s i t i v e to 

v a r i o u s r e s p i r a t o r y p o i s o n s ( N a C N , N a N ^ ! and i d o a c e t i c a c i d ) . 

It is n o t k n o w n if M e s o c y c ! o p s e d a x has an e n c y s t e d 

s t a g e , b u t S m y l y ( 1 9 6 2 ) r e p o r t s c y s t s of the f i f t h i n s t a r 

M e s o c y c l o p s 1 e u c k a r t i . C o k e r ( 1 9 4 3 ) r e p o r t s t h e s e two s p e c i e s 

to be c l o s e l y r e l a t e d , w i t h M . e d a x b e i n g the m o s t c o m m o n 

N o r t h A m e r i c a n r e p r e s e n t a t i v e of the g e n u s and M . 1 e u c k e r t i 

t h e . g e n e r i c r e p r e s e n t a t i v e for E u r o p e a n w a t e r s . 

C o l e ( 1 9 6 1 ) c o n c l u d e d t h a t t h e r e s t i n g s t a g e of 

C y c l o p s bi c u s p i d a t u s t h o m a s i m a y m a k e it p o s s i b l e f o r it 

to c o e x i s t in t h e s a m e l a k e s w i t h M e s o c y c 1 o p s e d a x . 

T h e y c o m m o n l y o c c u r t o g e t h e r in N o r t h A m e r i c a , w i t h M . e d a x 

u s u a l l y a b u n d a n t in the s u m m e r p l a n k t o n w h i l e C^. b . t h o m a s i 

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



R e s t i n g e g g s h a v e been f o u n d for a f e w s p e c i e s of 

D i a p t o m u s , b u t no r e s t i n g c y s t s h a v e been r e p o r t e d ( C o o l e y , 

1 9 7 1 ) . D i a p t o m u s c l a v i p e s and Djjiptomus s j c i j o ^ d e s w e r e 

f i r s t r e p o r t e d f r o m L a k e M e a d by M i l d r e d S . W i l s o n in 1 9 5 5 

( C o l e , 1 9 6 1 ) . T h i s a s s o c i a t i o n is k n o w n f r o m o t h e r l a k e s 

in t h i s r e g i o n . C o l e ( 1 9 6 1 ) r e p o r t s f i n d i n g t h e s e two s p e c i e s 

t o g e t h e r in l a r g e i m p o u n d m e n t s of the S a l t and G i l a R i v e r s of 

A r i z o n a . He a l s o r e p o r t s t h e m f r o m a s m a l l , n e w l y i m p o u n d e d 

s t o c k t a n k in t h a t s t a t e . R e s t i n g e g g s h a v e n o t been f o u n d 

for e i t h e r s p e c i e s of D i a p t o m u s f r o m L a k e M e a d . 



M e t a l i m n e t i c O x y g e n D e p l e t i o n 

In L a k e M e a d 

by 

J o h n B a k e r and T h o m a s B u r k e 
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I N T R O D U C T I O N 

M e t a l i m n e t i c w a t e r s of L a k e M e a d s h o w a r e d u c t i o n 

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

o x y g e n p r o f i l e . T h i s c o n d i t i o n in L a k e M e a d w a s f i r s t 

r e p o r t e d by H o f f m a n et a l . ( 1 9 6 7 ) . A n e g a t i v e h e t e r o g r a d e 

o x y g e n p r o f i l e w a s e v i d e n t in 1 9 4 4 ( u n p u b l i s h e d d a t a , 

B u r e a u of R e c l a m a t i o n ) and low m e t a l I m n e t i c o x y g e n l e v e l s 

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

O u r d a t a , c o l l e c t e d as p a r t of the L a k e M e a d M o n i t o r i n g 

P r o g r a m , has s h o w n t h a t 1) m e t a l i m n e t i c o x y g e n d e p l e t i o n has 

b e e n a r e g u l a r o c c u r r e n c e s i n c e 1 9 7 2 , 2) o x y g e n d e p l e t i o n is 

a l w a y s a s s o c i a t e d w i t h t h e t h e r m o c l i n e , 3) d e p l e t i o n b e g i n s 

in M a y and c o n t i n u e s t h r o u g h S e p t e m b e r , and 4 ) h y p o l i m n e t i c o x y g e n 

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

s t r a t i f i c a t i o n . 

M i d - w a t e r o x y g e n m i n i m u m s h a v e b e e n r e l a t e d to t h r e e p o s s i b l e 

c a u s e s ( S h a p i r o , 1 9 6 0 ) : 1) h o r i z o n t a l m o v e m e n t of low 

o x y g e n a t e d w a t e r d u e to s e d i m e n t u p t a k e f r o m a m i d - w a t e r 

s h e l f , 2) d e n s i t y c u r r e n t f l o w s low in o x y g e n , and 3) 

o x y g e n c o n s u m p t i o n in situ d u e to b i o l o g i c a l r e s p i r a t i o n . 

T h e f i r s t of t h e s e p r o b a b l y d o e s n o t o c c u r in L a k e M e a d . T h e r e 

is n o t an o b v i o u s s h e l f p r e s e n t and the o x y g e n m i n i m u m a l w a y s 

d e v e l o p s at the s a m e d e p t h i n d e p e n d e n t of t h e l a k e e l e v a t i o n . 

D e n s i t y c u r r e n t s h a v e b e e n r e p o r t e d for L a k e M e a d ( S m i t h e t a l . 



1 9 6 0 ) . T h e s e c u r r e n t s w e r e u s u a l l y f o u n d in the h y p o l i m n i o n 

and n o t in the m e t a l i m n i o n w h e r e t h e o x y g e n m i n i m u m o c c u r s . 

H y p o l i m n e t i c d e n s i t y c u r r e n t s in L a k e M e a d , if high in d i s s o l v e d 

o x y g e n , m a y i n c r e a s e the o x y g e n l e v e l s in the h y p o l i m n i o n , 

but do n o t d i r e c t l y c a u s e the m i d - w a t e r o x y g e n m i n i m u m as E l l i s 

( 1 9 4 0 ) c o n c l u d e d for E l e p h a n t B u t t e R e s e r v o i r , New M e x i c o . 

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

b e e n a t t r i b u t e d to s e s t o n l a y e r i n g , b a c t e r i a , and z o o p l a n k t o n . 

T h e v e r t i c a l d i s t r i b u t i o n of b a c t e r i a w e r e e x a m i n e d in 1 9 7 4 . 

B a c t e r i a l c o u n t s w e r e low and c o u l d n o t a c c o u n t for t h e o x y g e n 

d e p l e t i o n in the m e t a l i m n i o n . A p r e l i m i n a r y i n v e s t i g a t i o n 

of t h e z o o p l a n k t o n in 1 9 7 4 r e v e a l e d h i g h c o n c e n t r a t i o n s in t h e 

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

a p o s s i b l e c a u s e . T h e v e r t i c a l d i s t r i b u t i o n of both z o o p l a n k t o n 

and p h y t o p l a n k t o n w a s e x a m i n e d to d e t e r m i n e if t h e i r r e s p i r a t i o n 

c o u l d a c c o u n t for t h e m e t a l i m n e t i c o x y g e n d e p l e t i o n . 

M E T H O D S 

T h e m e t h o d s f o r t h e c o l l e c t i o n and c o u n t i n g of z o o p l a n k t o n 

and p h y t o p l a n k t o n h a v e b e e n g i v e n in p r e v i o u s s e c t i o n s of 

t h i s r e p o r t . 

It w a s n e c e s s a r y to d e t e r m i n e both t h e a m o u n t of o x y g e n 

v i s i b l y l o s t and the a m o u n t of o x y g e n b e i n g t r a n s p o r t e d into 

t h e m e t a l i m n i o n t h r o u g h e d d y c u r r e n t s to o b t a i n the total 
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a m o u n t of o x y g e n l o s t f r o m t h i s a r e a . T h e a m o u n t of o x y g e n 

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

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

e q u a t i o n ( R u t t n e r , 1 9 5 3 ) : 

Q a t = D e ( C i - C p ) 

L 

W h e r e , 0 ^ ^ = the q u a n t i t y of o x y g e n (Q) t r a n s p o r t e d 

a c r o s s a g i v e n a r e a (a) of a h o r i z o n t a l 

p l a n t ( 1 2 . 5 m e t e r s ) in s o m e p e r i o d of t i m e ( t ) . 

Dg = the e d d y d i f f u s i v i t y or m i x i n g r a t e . 

C] - C2 = the d i f f e r e n c e in o x y g e n c o n c e n t r a t i o n s 

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

L = the d i s t a n c e b e t w e e n C-] and C 2 . 

(A p r a c t i c a l a p p l i c a t i o n of t h i s m e t h o d is g i v e n in V e r d u i n , 1 9 6 0 ) . 

E d d y d i f f u s i v i t y in c m ^ / s e c w a s d e t e r m i n e d f r o m the a b o v e 

t r a n s p o r t e q u a t i o n u s i n g t e m p e r a t u r e d a t a , w h e r e Q g ^ w a s t h e a m o u n t 

of h e a t t r a n s p o r t e d a c r o s s t h i s p l a n e . T h e o b s e r v e d or ' v i s i b l e ' 

o x y g e n l o s t w a s c o m p u t e d as f o l l o w s : 

V i s i b l e O2 l o s t = M e a n l o s s of o x y g e n for s o m e p e r i o d 

N u m b e r of d a y s in t h e p e r i o d 

T h e q u a n t i t y of o x y g e n ' v i s i b l y ' l o s t p l u s t h e q u a n t i t y of 

o x y g e n t r a n s p o r t e d i n t o the m e t a l i m n i o n e q u a l e d the t o t a l 

a m o u n t of o x y g e n to be a c c o u n t e d f o r . 

C a l c u l a t i o n s for the o x y g e n c o n s u m p t i o n of p h y t o p l a n k t o n 

and z o o p l a n k t o n w e r e c o m p u t e d for the m e t a l i m n e t i c p o p u l a t i o n s 
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T a b l e 1 7 . C a l c u l a t e d r e s p i r a t i o n r a t e s for l i m n e t i c 
z o o p l a n k t o n in L a k e M e a d at 20°C. 

O R G A N I S M 

C o p e p o d Nau pii i 

C o p e p o d C o p e p o d i tes 
( i n s t a r s I - IV) 

C y c l o p s b i c u s p i d a t u s t h o m a s i 
(C-V & A d . ) 

M e s o c y c l o p s e d a x 
(C-V & A d . ) 

Pi a p t o m u s s ic i 1 o i d e s 

(C-V & A d T l 

P i a p t o m u s c l a v i pes 
(C-V & A d 7 ) 

P a p h n i a s p p . 

B o s m i na 1ong i r o s t r i s 

ug 0 2 / d a y 

0 . 2 5 

0.80 

1 .25 

1 .35 

1 . 50 

4 . 50 

4 . 1 0 

0.86 



( 1 0 - 3 0 m e t e r s ) b a s e d on r e p o r t e d r e s p i r a t i o n r a t e s f o r 

t h e s e o r g a n i s m s . D a i l y r e s p i r a t i o n for t h e m a j o r 

c o m p o n e n t s of t h e z o o p l a n k t o n c o m m u n i t y ( T a b l e 1 7 ) w e r e 

d e t e r m i n e d f r o m C o m i t a ( 1 9 6 8 ) , B a u d o u i n and R a v e r a ( 1 9 7 2 ) , 

S h a p i r o ( 1 9 6 0 ) , B i s h o p ( 1 9 6 8 ) , V o l l e n w e i d e r and R a v e r a 

( 1 9 5 8 ) , R i c h m a n ( 1 9 5 8 ) , S c h e r b a k o f f ( 1 9 3 5 ) , M a r s h a l l and 

O r r ( 1 9 5 5 ) , S c h i n d l e r and N o v e n ( 1 9 7 1 ) , and K i b b y ( 1 9 7 1 ) . 

P h y t o p l a n k t o n r e s p i r a t i o n w a s d e t e r m i n e d for e s t i m a t e d 

cell v o l u m e s . A r e s p i r a t i o n r a t e of 74 u g / u l of a l g a e / d a y , 

c a l c u l a t e d f r o m d a t a g i v e n in V e r d u i n ( 1 9 6 0 ) , was u s e d for 

p h y t o p l a n k t o n r e s p i r a t i o n . 

R E S U L T S and D I S C U S S I O N 

T h e v e r t i c a l d i s t r i b u t i o n of z o o p l a n k t o n has b e e n 

d i s c u s s e d in the p r e v i o u s s e c t i o n of t h i s r e p o r t . H i g h 

c o n c e n t r a t i o n s of c o p e p o d s and c l a d o c e r a n s w e r e a l w a y s 

f o u n d in t h e z o n e of o x y g e n d e p l e t i o n as s h o w n in F i g u r e 12 

and t o t a l n u m b e r s a l w a y s d e c l i n e d b e l o w 30 m e t e r s . In g e n e r a l ; 

p e a k z o o p l a n k t o n c o n c e n t r a t i o n s r e m a i n e d w i t h i n t h e 

m e t a l i m n i o n o v e r a 2 4 - h o u r p e r i o d . T h i s o c c u r r e d for all 

s p e c i e s and t h e i r j u v e n i l e s t a g e s , e x c e p t f o r M e s o c y c l o p s e d a x , 

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

and A u g u s t . R e s p i r a t i o n r a t e s w e r e d e t e r m i n e d f r o m the e v e n i n g 

s a m p l e s ( s u n s e t ) w h i c h r e p r e s e n t e d r e s i d e n t p o p u l a t i o n s in the 

m e t a l i m n i o n . 



N U M B E R P E R L ! T E R 

F i g u r e 1 2 . - V e r t i c a l d i s t r i b u t i o n of z o o p l a n k t o n and d i s s o l v e d o x y g e n at 

S t a t i o n 5 , J u l y 1 97 5. Z o o p l a n k t o n ( ), D i s s o l v e d o x y g e n ( ) 

co 



P h y t o p l a n k t o n n u m b e r s w e r e h i g h e s t in the u p p e r ten 

m e t e r s and d e c l i n e d w i t h d e p t h . T h e r e w a s n e v e r an e v i d e n t 

s e s t o n l a y e r as i n d i c a t e d by p h y t o p l a n k t o n c o u n t s . M e a n 

p h y t o p l a n k t o n v o l u m e s b e t w e e n 10 and 30 m e t e r s on 16 J u n e , 

18 J u l y , 20 A u g u s t , and 28 A u g u s t w e r e 0 . 8 1 , 0 . 8 9 , 1 . 3 3 , and 

1 . 0 3 m l / m 3 , r e s p e c t i v e l y . 

O x y g e n t r a n s p o r t ( O a t ) o x y g e n ' v i s i b l y ' l o s t in the 

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

f r o m t h e d a t a p r e s e n t e d in T a b l e 1 8 . E s t i m a t e d z o o p l a n k t o n 

a n d p h y t o p l a n k t o n r e s p i r a t i o n a c c o u n t e d for 57 to 94% of t h e 

total a m o u n t of o x y g e n l o s t d u r i n g t h i s p e r i o d ( T a b l e 1 9 ) . 

O v e r a l l , z o o p l a n k t o n a c c o u n t e d for a p p r o x i m a t e l y 3 1 % and 

p h y t o p l a n k t o n a c c o u n t e d f o r a p p r o x i m a t e l y 4 3 % of t h e o x y g e n 

l o s t . 

S h a p i r o ( 1 9 6 0 ) r e p o r t e d t h a t c o p e p o d s a l o n e a c c o u n t e d for 

23 to 1 1 0 % of the o x y g e n l o s t in the m e t a l i m n i o n of L a k e 

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

the m e t a l i m n e t i c o x y g e n m i n i m u m in t h a t l a k e . We a r e in 

g e n e r a l a g r e e m e n t w i t h S h a p i r o ' s f i n d i n g s , e x c e p t for his 

e s t i m a t e d p e r c e n t a g e of o x y g e n c o n s u m p t i o n by t h e c o p e p o d s . 

S h a p i r o c o n s i d e r e d m i x i n g to be m i n i m a l and did n o t d e t e r m i n e 

o x y g e n t r a n s p o r t i n t o the m e t a l i m n i o n . In L a k e M e a d , m i x i n g 

r e s u l t s in a s u b s t a n t i a l a m o u n t of o x y g e n b e i n g t r a n s p o r t e d 



T a b l e 1 8 . T e m p e r a t u r e (°C) and d i s s o l v e d o x y g e n ( m g / 1 ) at S t a t i o n 5 
17 J u n e t h r o u g h 17 S e p t e m b e r 1 9 7 5 . 

O e p t h ( m ) 
17 J u n e 

T e m p O2 

2 J u l y 
T e m p O2 

18 J u l y 

T e m p O2 
1 Aug 
T e m p 02 

28 Aug 
T e m p 

°2 

17 S e p t 

T e m p O2 

0 2 2 . 5 10 .1 22 . 5 9.9 2 4 . 5 7.4 2 6 . 0 8.1 2 5 . 5 8 . 3 2 6 . 0 8 . 9 

5 21 .5 10 .4 22 . 5 9 . 9 2 4 . 5 7.4 2 6 . 0 7.4 2 5 . 5 8 . 0 2 6 . 0 8 . 6 

1 0 2 0 . 0 9 .4 21 . 5 9.4 2 3 . 5 7 . 2 2 5 . 0 6.8 2 5 . 0 6 . 0 2 5 . 0 4 . 5 

1 5 1 7 . 0 7 .7 20 . 0 8.1 2 0 . 5 5.9 21 . 5 5.3 2 3 . 0 4 . 0 24 . 5 3 . 6 

20 1 5 . 0 7 .4 1 6 . 5 7 . 2 1 7 . 5 5.1 1 8 . 5 4.8 2 0 . 5 4.1 21 .5 2.2 

25 1 4 . 0 7 .4 1 5 .0 6 . 9 1 5 . 5 5.0 1 6 . 5 4 . 5 1 8 . 0 3 . 8 1 9 . 5 3 . 5 

30 1 3 . 0 7 .9 13 . 5 7 . 0 1 4 . 5 5.3 1 5 . 5 4.7 1 6 . 0 4 . 2 1 7 . 5 3 . 5 

35 1 2 . 5 8 .0 1 3 .0 7 . 2 1 3 . 5 5.5 1 4 . 0 5.3 1 5 . 0 4 . 6 1 5 . 5 4 . 9 

40 1 2 . 0 8 .0 1 2 . 5 7 . 5 1 3 . 0 6.0 1 3 . 0 5.7 1 4 . 5 5.5 1 4 . 5 5.5 

45 1 1 . 5 8 .0 1 2 .0 7.7 1 2 . 0 6.3 1 2 . 5 5.9 1 3 . 5 5.9 1 3 . 5 5.9 

50 1 1 . 5 7 .9 11 . 5 7.7 1 2 . 0 6.3 1 2 . 0 6.2 1 3 . 0 6.5 1 3 . 0 6.5 

55 1 1 . 5 7 . 9 11 . 5 7.7 1 1 . 5 5.8 1 1 . 5 6.4 1 2 . 5 6.6 1 2 . 5 6.6 

60 1 1 . 0 7 . 9 11 .0 7.7 1 1 . 5 1 1 . 5 6.3 1 2 . 5 6.2 1 2 . 5 6.5 

<43 



T a b l e 1 9 . Total a m o u n t of o x y g e n l o s t ( o x y g e n t r a n s p o r t e d in p l u s o x y g e n ' v i s i b l y ' 
l o s t ) and r e s p i r a t i o n r a t e s f o r z o o p l a n k t o n and p h y t o p l a n k t o n w i t h i n the 
m e t a l I m n i o n . All u n i t s a r e in m i c r o g r a m s of o x y g e n per l i t e r of w a t e r 
( u g / L ) . N u m b e r s in p a r e n t h e s i s equal the p e r c e n t a g e of o x y g e n p o s s i b l y 
c o n s u m e d d u e to z o o p l a n k t o n and p h y t o p l a n k t o n r e s p i r a t i o n . 

17 J u n e to 2 J u l y to 18 J u l y to 1 A u g . to 28 A u g . to 17 S e p t . 

O x y g e n T r a n s p o r t e d 118 70 64 110 129 

( 9 a t ) 

O x y g e n ' V i s i b l y ' 23 1 2 6 39 32 55 
L o s t 

T o t a l O x y g e n 141 196 103 142 184 
L o s t 

E s t i m a t e d Z o o p l a n k t o n 60 51 47 52 30 
R e s p i r a t i o n ( 4 2 % ) ( 2 6 % ) ( 4 6 % ) ( 3 6 % ) ( 1 6 % ) 

E s t i m a t e d P h y t o - 59 66 83 75 
p l a n k t o n R e s p i r a t i o n ( 4 1 % ) ( 3 3 % ) ( 5 8 % ) ( 4 1 % ) 

<-o 
hj 



i n t o the m e t a l i m n i o n . For s o m e p e r i o d s , z o o p l a n k t o n 

r e s p i r a t i o n a c c o u n t e d for o v e r 2 0 0 % of the o x y g e n ' v i s i b l y ' 

l o s t . A d d i n g the a m o u n t of o x y g e n t r a n s p o r t e d i n t o t h e 

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

v a l u e of 3 1 % . 

Z o o p l a n k t o n r e s p i r a t i o n r a t e s w e r e c o n s e r v a t i v e 

e s t i m a t e s and t h e s e r a t e s m a y be h i g h e r t h a n t h o s e r e p o r t e d . 

T h i s m a y h a v e l i t t l e e f f e c t on the r e s u l t s as V e r d u i n ( p e r s o n a l 

c o m m u n i c a t i o n ) f e e l s o u r m i x i n g r a t e s a r e a l s o c o n s e r v a t i v e 

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

r a t e s or e d d y d i f f u s i v i t y c o m p u t e d on a d a i l y b a s i s a r e u s u a l l y 

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

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

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

a m o u n t of total o x y g e n l o s t . R e s p i r a t i o n r a t e s for t h e 

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

g e n e r a l l y w e r e f o u n d a b o v e ten m e t e r s , but i n d i v i d u a l s did 

o c c u r w i t h i n the m e t a l i m n i o n in low c o n c e n t r a t i o n s ( T a b l e 

2 0 ) . E c h o g r a m s s h o w e d l a r g e c o n c e n t r a t i o n s of s h a d w i t h i n 

t h e m e t a l i m n i o n d u r i n g the e a r l y m o r n i n g ( F i g . 1 3 ) . T h e 

shad w e r e d i s p e r s e d t h r o u g h o u t t h e e p i l i m n i o n in the 

a f t e r n o o n and w e r e c o n c e n t r a t e d in a n a r r o w band at t h e 

s u r f a c e n o c t u r n a l l y . W h i l e t h e s e o r g a n i s m s w e r e p r e s e n t 
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T a b l e 2 0 . R o t i f e r s ( # / 1 ) at S t a t i o n 5 , B o u l d e r B a s i n 
J u l y 1 , 1 9 7 5 . 

1 5 3 0 h o u r s : D e p t h ( m e t e r s ) 

R o t i f e r s 0 5 1 0 1 5 20 3 0 40 

A s p l a n c h n a 0 . 5 3 . 5 1 1 . 0 0 . 5 

P o l y a r t h r a 2 . 0 8 . 0 3 . 0 0.5 0.5 

C o l l o t h e c a 21 . 0 21 . 0 4 . 0 1 . 0 0 . 5 0.5 0.5 

K e r a t e l l a c o c h l e a r i s 0 . 5 3 . 5 2 . 0 0 . 5 0.5 0.5 

K e r a t e l l a q u a d r a t a - - - 1 . 0 0 . 5 0.5 

S y n c h e a t a 11 . 0 1 0 . 0 5. 0 1 . 0 0.5 

2 0 3 0 h o u r s : & e p t h ( m e t e r s ) 

R o t i f e r s 0 5 10 15 20 3 0 40 

A s p l a n c h n a 1 . 0 3 . 5 1 4 . 0 1 . 0 

P o l y a r t h r a 2 . 0 1 0 . 0 3 . 0 4 . 0 0 . 5 

C o l l o t h e c a 1 5 . 0 1 9 . 0 8 . 0 5. 0 1 . 5 

K e r a t e l l a c o c h l e a r i s 0 . 5 3 . 0 4 . 0 - - - - 0.5 0.5 

K e r a t e l l a q u a d r a t a 2 . 0 0 . 5 0 . 5 -- 0 . 5 

S y n c h e a t a 2 . 5 1 8 . 0 0 . 5 - - 0 . 5 



2 2.d 

0709 hrs 

F i g u r e 1 3 . E c o g r a m of shad d i s t r i b u t i o n and t e m p e r a t u r e p r o f i l e at S t a t i o n 5,-

O c t o b e r 1 9 7 5 . 

o 



w i t h i n the m e t a l i m n i o n e i t h e r in low n u m b e r s or for s h o r t 

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

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

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

o x y g e n d e p l e t i o n and t h a t p h y t o p l a n k t o n and z o o p l a n k t o n 

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

P h y t o p l a n k t o n and z o o p l a n k t o n c o m m u n i t i e s in L a k e M e a d 

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

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

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

u p t a k e of the m u d - w a t e r i n t e r f a c e . O x y g e n d e p l e t i o n in 

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

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

s t r a t i f i c a t i o n . At S t a t i o n 3 , w h i c h has a m a x i m u m d e p t h 

of 45 m e t e r s , and at o t h e r s h a l l o w a r e a s , a c l i n o g r a d e 

o x y g e n c u r v e d o e s d e v e l o p . If L a k e M e a d w a s m o r e s h a l l o w , 

a t y p i c a l c l i n o g r a d e o x y g e n p r o f i l e w o u l d p r o b a b l y o c c u r . 
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C o l i f o r m B a c t e r i a in Las V e g a s W a s h 

and Las V e g a s Bay 

by 

Sam E g d o r f 



I N T R O D U C T I O N 

T h e c o l i f o r m g r o u p of b a c t e r i a h a v e been g e n e r a l l y 

a c c e p t e d as i n d i c a t o r s of s a n i t a r y q u a l i t y , and as 

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

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

S t a n d a r d s for c o l i f o r m s in p o t a b l e and r e c r e a t i o n a l w a t e r 

h a v e been e s t a b l i s h e d by v a r i o u s a g e n c i e s . C o u n t s of t h e s e 

b a c t e r i a m a y be i n t e r p r e t e d to i n d i c a t e c o m p l i a n c e or 

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

E n f o r c e m e n t of c o l i f o r m w a t e r q u a l i t y s t a n d a r d s d e p e n d s 

on thre v a l i d i t y of t h e m e t h o d s e m p l o y e d for col i f o r m 

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

i d e n t i f i c a t i o n ( C o w a n , 1 9 7 4 ) and m e d i a c o m p a r i s o n s to i n s u r e 

r e l i a b l e e s t i m a t e s of c o l i f o r m c o n c e n t r a t i o n . 

M E T H O D S 

C o l i f o r m e n u m e r a t i o n - W a t e r s a m p l e s w e r e c o l l e c t e d at 

S t a t i o n s 1 - 3 in a 3 l i t e r Van D o r n b o t t l e p r e v i o u s l y s a n i t i z e d 

w i t h a c e t o n e - a l c o h o l . S a m p l e s w e r e t r a n s f e r r e d to a 

s c r e w c a p , g l a s s b o t t l e , p l a c e d on i c e , and d e l i v e r e d to the 

l a b o r a t o r y for e n u m e r a t i o n of f e c a l and t o t a l c o l i f o r m s by 

the m e m b r a n e f i l t e r p r o c e d u r e ( A m e r i c a n P u b l i c H e a l t h 

A s s o c i a t i o n , et a l . , 1 9 7 1 ) . 



C o l i f o r m s u r v i v a l in s e d i m e n t s - F o u r g a l l o n s of w a t e r 

w a s c o l l e c t e d , at a p o i n t j u s t a b o v e the c o n v e r g e n c e of 

Las V e g a s W a s h w i t h Las V e g a s B a y , in p r e v i o u s l y s a n i t i z e d 

g l a s s c o l l e c t i o n b o t t l e s , p l a c e d on i c e , and d e l i v e r e d to 

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

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

s e d i m e n t s w e r e a l l o w e d to s e t t l e and i n c u b a t e d at 25°C. 

A f i f t h a l l o q u a t w a s s h a k e n and e v a l u a t e d for total c o l i f o r m s 

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

two I n h o f f f u n n e l s w e r e e v a l u a t e d for c o l i f o r m c o n c e n t r a t i o n s 

in s u p e r n a t a n t and s e d i m e n t by t h e m e m b r a n e f i l t e r 

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

I m h o f f f u n n e l w a s e n u m e r a t e d for total c o l i f o r m s in b o t h 

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

R E S U L T S and D I S C U S S I O N 

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

in A p r i l . An i n c r e a s e in t h e i r i n c i d e n c e w a s n o t i c e d 

in M a y and c o n t i n u e d t h r o u g h J u n e ( T a b l e 2 1 ) . 

D u r i n g J u l y , a f l a s h f l o o d d a m a g e d the C i t y of Las V e g a s 

S a n i t a t i o n P l a n t . T h e f l o o d r e s u l t e d in g r e a t l y i n c r e a s e d 

c o l i f o r m c o n c e n t r a t i o n s in Las V e g a s W a s h ( L V W ) and Las 

V e g a s Bay ( L V B ) . H o w e v e r , d u r i n g t h i s p e r i o d h i g h e r 

c o n c e n t r a t i o n s of e n t e r i c b a c t e r i a w e r e f o u n d to be E r w i n e a 



Table 21. Fecal and total coliform bacteria ( # / 1 0 0 m l ) In Las Vegas Mash and Las Vegas B a y . 

28 April 16 May 28 ! May ' 18 June 28 June 22 July 

Station Depth Fecal Total Fecal Total Fecal Total Fecal Total Fecal Total Fecal Total 

1 0 60 80 800 230* 300 2100 100 27 0 90 1600 1500 2190 

2 0 0 0 30 2* 0 0 20 7* 1 3 0 4 

10 40 30* 0 100 10 30 11 270 1 0 230 8 280 

3 0 0 0 0 1 0 1 0 0 5 2* 

10 0 1 0 2 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 1 12 
30 0 0 0 1 0 1 0 2 0 0 
40 0 0 0 0 0 0 0 1 1 3 

31 July 19 Aug 28 Aug 17 Sept 16 Oct 24 Nov 

1 0 1700 1900 700 2000 10 2430 0 0 50 900 180 1000 
2 0 0 0 7 2* 30 134 0 0 0 12 0 7 

10 70 140 7 25 10 103 0 300 0 30 2. 41 
3 0 0 0 0 0 0 1 50 0 0 0 0 0 3 

10 0 0 0 8 0 1300 0 0 0 0 0 23 
20 0 4 0 4 0 1400 0 0 0 3 12 30 
30 0 1 00 0 50 0 20 0 0 0 5 
40 20 650 0 300 0 8 0 4 0 76 

22 Dec 30 Jan 19 Feb 30 Mar 

1 0 10 120 0 0 0 140 0 70 
2 0 0 10 10 700 0 0 

10 0 9 1 800 0 0 
3 0 0 2 0 1 20 0 0 

10 0 0 0 240 0 . 0 
20 0 0 0 80 0 0 
30 0 3 1 200 0 0 
40 0 2 1 180 0 0 

o 
o 
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h e r b i col a and K l e b s i e l l a p n e u m o n i a e . jE. herbi col a is 

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

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

m a t e r i a l ( C o w a n , 1 9 7 4 ) . B e c a u s e s u c h a l a r g e v o l u m e of 

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

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

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

been f r o m the m a r s h s y s t e m a n d n o t f r o m t h e s a n i t a t i o n p l a n t . 

H o w e v e r , t h i s o b s e r v a t i o n is c o n j e c t u r e b e c a u s e s a m p l i n g w a s 

n o t c o n t i n u o u s d u r i n g the b r e a k d o w n of the s a n i t a t i o n p l a n t . 

P r i o r to t h e J u l y f l a s h f l o o d , l a k e d r a w d o w n c a u s e d 

e r o s i o n and r e d i s t r i b u t i o n of s e d i m e n t s . It w a s f e l t t h a t 

s e d i m e n t r e - d i s t r i b u t i o n m a y r e - s u s p e n d s e d i m e n t - b o u n d 

o r g a n i s m s of c o l i f o r m s e n t e r i n g Las V e g a s B a y via Las V e g a s W a s h . 

H o w e v e r , the p e r s i s t e n t e f f e c t s f r o m the f l o o d 

c u r t a i l e d c o n t i n u e d e x a m i n a t i o n . 

In S e p t e m b e r , c o l i f o r m c o u n t s w e r e low w i t h the e x c e p t i o n 

of S t a t i o n 2 at 10 m e t e r s . R e l a t i v e l y h i g h c o u n t s w e r e 

o b t a i n e d in O c t o b e r and N o v e m b e r . C o u n t s w e r e low in D e c e m b e r 

but an i n c r e a s e w a s n o t e d in J a n u a r y 1 9 7 6 . H o w e v e r , F e b r u a r y 

and M a r c h 1 9 7 6 c o l i f o r m c o u n t s w e r e low and c o m p a r a b l e w i t h 

A p r i l 1 9 7 5 . 



N o r m a l l y , the fecal to total c o l i f o r m r a t i o is less 

than o n e , h o w e v e r , F C / T C r a t i o s of g r e a t e r t h a n o n e w e r e 

f o u n d at v a r i o u s t i m e s and l o c a t i o n s d u r i n g the y e a r ( T a b l e 2 1 ) . 

C a u s e s f o r the n o t e d a n o m i l i e s h a v e n o t been d e t e r m i n e d . 

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

f a c t o r . P o s s i b l e i n h i b i t o r y and t o x i c e f f e c t s of p l a t i n g 

m e d i a ( m - E n d o m - F C ) h a v e n o t b e e n e l i m i n a t e d c o n c l u s i v e l y 

a n d ; t h e r e f o r e , are s t i l l i m p l i c a t e d . 

Data f r o m t h e c u r r e n t s t u d y and f r o m the 1 9 7 4 - 7 5 

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

r a t e for K.. p n e u m o n i ae t h a n E^. s c h e r i c h i a col i on t h e s e 

m e d i a . A c o m p a r i s o n b e t w e e n m - E n d o and m - E n d o - L E S ( T a b l e 2 2 ) 

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

on E n d o - L E S . O b v i o u s l y , f u r t h e r i n v e s t i g a t i o n is r e q u i r e d to 

d e t e r m i n e w h i c h of t h e r e c o m m e n d e d c o l i f o r m m e d i a is l e a s t 

d e t r i m e n t a l to c o l i f o r m s u r v i v a l . 

S a m p l e s c o l l e c t e d in LVW f r o m S u n r i s e P o w e r S t a t i o n to 

t h e c o n v e r g e n c e of LVW w i t h LVB r e s u l t e d in r e l a t i v e l y l o w 

f e c a l and t o t a l c o l i f o r m c o u n t s ( T a b l e 2 3 ) . H o w e v e r , s a m p l e s 

w e r e c o l l e c t e d b e t w e e n 7 : 0 0 and 1 0 : 0 0 a . m . and m a y n o t h a v e 

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

p l a n t s . F u r t h e r s a m p l i n g of LVhf s h o u l d be c o n d u c t e d d u r i n g 

p e a k f l o w p e r i o d s and e x t e n d e d o v e r a p e r i o d of s e v e r a l 

m o n t h s to d e t e r m i n e t h e m a j o r s o u r c e s of c o l i f o r m i n t r o d u c t i o n 
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T a b l e 2 2 . M e d i a , c o m p a r i s o n m - E n d o , m - E n d o - L E S and m - F C 
( # / 1 0 0 m l ) . 

D e p t h S t a t i o n 1 S t a t i o n 2 

M e t e r s m - E n d o m - E n d o - L E S m - F C m - E n d o m - E n d o - L E S m - F C 

0 2.1 9X1 03 7 . 6 X 1 03 1 . 5 X 1 03 3 . 6 72 0 

10 2 . 0 8 X 1 0 ? 3 . 6 2 X 1 0 2 8 . 2 
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T a b l e 2 3 . T o t a l and f e c a l c o l i f o r m s in Las V e g a s W a s h ( # / 1 0 0 m l ) . 

L o c a t i o n T o t a l c o l i f o r m s Fecal c o l i f o r m s 

S u n r i s e P o w e r S t a t i o n 2 0 

Las V e g a s S e w a g e P l a n t 48 18 

C l a r k C o u n t y S e w a g e P l a n t 3 7 . 5 20 

P a b c o Road 84 24 

A b o v e G r a v e l P i t 0 0 

G r a v e l P i t 0 0 

Las V e g a s B a y E s t u a r y 45 18 



to L V W . S a m p l e p o i n t s s h o u l d a l s o i n c l u d e t h e c o n t r i b u t i o n 

of m a r s h a r e a s as w e l l as o t h e r s t r e a m s f l o w i n g i n t o L V W . 

T h e i n c i d e n c e of S a l m o n e l 1 a and S h i g e l l a in LVW and the 

i n n e r bay of LVB w a s d e t e r m i n e d d u r i n g the J u l y f l a s h f l o o d . 

A l t h o u g h S a l m o n e l l a and S h i g e l l a c a n n o t be d e t e r m i n e d 

q u a n t i t a t i v e l y , t h e i r p r e s e n c e or a b s e n c e c a n be d e t e r m i n e d . 

S a l m o n e l 1 a w a s d e t e c t e d a t S t a t i o n s 1 and 2 . 

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

( T a b l e 2 4 ) . A l t h o u g h r e s u l t s f r o m t h e l a b o r a t o r y s t u d y 

p e r f o r m e d can n o t be a p p l i e d d i r e c t l y to a l a k e s i t u a t i o n , 

c e r t a i n e m p i r i c a l c o n c l u s i o n s m a y be r e a c h e d . 1 ) C o l i f o r m s 

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

c o l i f o r m p o p u l a t i o n will i n c r e a s e in s i z e in n u t r i e n t r i c h 

s e d i m e n t s . 3) Re-suspended b o t t o m s e d i m e n t s m a y be a c a u s e for 

i n c r e a s e d c o l i f o r m d e n s i t i e s in L V B . 



T a b l e 2 4 . S u r v i v a l of s e d i m e n t b o u n d c o l i f o r m s f r o m 
L a s V e g a s W a s h ( # / 1 0 0 m l ) . 

D a y s S u p e r n a t a n t S e d i m e n t 

0 5 2 0 

2 1 40 8 0 0 

1 5 9 . 2 6 . 7 2 X 1 0 3 
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I N T R O D U C T I O N 

T h e u t i l i t y of o x i d a s e p o s i t i v e b a c t e r i a for t r a c i n g 

w a t e r d i s t r i b u t i o n p a t t e r n s has b e e n e s t a b l i s h e d (Tew et a l . , 

1 9 7 6 ) . A l t h o u g h t h e s e b a c t e r i a a r e a l a r g e c o m p o n e n t of t h e 

b a c t e r i a l p o p u l a t i o n , t h e r e is a n o t h e r c o m p o n e n t of the 

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

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

m e d i c a l s i g n i f i c a n c e ( S a l m o n e l l a , S h i g e l l a , K l e b s i e l l a , 

Y e r s i n i a ) . 

A l s o , m e d i a u s e d for t h e i s o l a t i o n of o x i d a s e n e g a t i v e 

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

e s t i m a t e s , w h i l e in f a c t t h e s e b a c t e r i a m a y be p r e s e n t in 

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

For t h e s e r e a s o n s it w a s d e c i d e d to l o o k a t the o x i d a s e 

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

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

p e r h a p s be o b t a i n e d s i m u l t a n e o u s l y . 

P r e v i o u s s t u d e n t s of w a t e r d i s t r i b u t i o n p a t t e r n s did 

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

( H o g a n s o n and E l l i o t , 1 9 7 2 ; L o s a n e et a l . , 1 9 6 7 ; M c F e t e r s 

et a l . , 1 9 7 4 ; S t o r e y e t a l . , 1 9 7 4 ) . H o w e v e r a s t u d y 

c o n d u c t e d in 1 8 9 9 ( J o r d a n , 1 9 0 0 ) (to d e t e r m i n e the e x t e n t 



of n a t u r a l p u r i f i c a t i o n of f e c a l b a c t e r i a by l a k e s and 

s t r e a m s ) did u t i l i z e c h l o r i n e and f l u o r e s c e i n d y e as a 

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

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

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

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

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

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

p r e c u r s o r for b a c t e r i a l s a m p l e c o l l e c t i o n s . An i n s t a n t a n e o u s 

or " s l u g " i n j e c t i o n i n t o a m o v i n g b o d y of w a t e r s h o u l d 

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

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

of i n j e c t i o n ( S t . J o h n , 1 9 7 3 ; S t o r e y et a l . , 1 9 7 4 ) . T h e d y e 

p e a k w o u l d i n d i c a t e w a t e r v e l o c i t y , d i l u t i o n r a t e and p r o v i d e 

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

as it p r o g r e s s e s a w a y f r o m an i n i t i a l s a m p l i n g p o i n t . 

I n h i b i t o r y e f f e c t s of d i f f e r e n t i a l m e d i a on o x i d a s e 

n e g a t i v e b a c t e r i a h a v e b e e n d i s c u s s e d e x t e n s i v e l y in the 

l i t e r a t u r e ( B a s c o m b et a l . , 1 9 7 3 ; D u f o u r and C a b e l l , 1 9 7 5 ; 

H a r t m a n et a l . , 1 9 7 5 ; H o g a n s o n and E l l i o t , 1 9 7 2 ; M c C o y and 

S e i d l e r , 1 9 7 3 ; R a y and S p e c k , 1 9 7 3 ) . T h e r e s u l t s of t h e s e 

i n v e s t i g a t i o n s i n d i c a t e t h a t u t i l i z a t i o n of n o n - i n h i b i t o r y 

m e d i a m a y be i n s t r u m e n t a l in i s o l a t i o n of f a r g r e a t e r n u m b e r s 



of o x i d a s e n e g a t i v e b a c t e r i a t h a n c o u l d be a c h i e v e d w i t h 

d i f f e r e n t i a l m e d i a . O b v i o u s l y t h e u s e of n o n i n h i b i t o r y and 

n o n - d i f f e r e n t i a l m e d i a w o u l d m a k e c h a r a c t e r i z a t i o n of the 

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

( L e d e r b e r g and L e d e r b e r g , 1 9 5 2 ) and b i o c h e m i c a l c h a r a c t e r i z a t i o n 

on i n i t i a l i s o l a t i o n p l a t e s ( D u f o u r et a l . , 197 5) m i g h t 

f a c i l i t a t e c h a r a c t e r i z a t i o n g r e a t l y . D i f f i c u l t i e s in e n t e r i c 

i d e n t i f i c a t i o n c r e a t e d by the u s e of n o n - i n h i b i t o r y m e d i a 

w o u l d be f a r o u t w e i g h e d by t h e i n c r e a s e d h a r v e s t of t h e s e b a c t e r i a . 

T h e d i s t a n c e to w h i c h b a c t e r i a l t r a c i n g c a n be a c c o m p l i s h e d 

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

( I T P ) a m p l i t u d e and d u r a t i o n . P a s t d a t a has i n d i c a t e d t h a t ITP 

m a y l a s t f r o m a f e w m i n u t e s to s e v e r a l d a y s . A l s o the 

c o n c e n t r a t i o n of e n t e r i c b a c t e r i a m a y v a r y f r o m o / l O O ml LVM 

s a m p l e to as h i g h as 1 0 ^ / 1 0 0 m l . P r e v i o u s s t u d i e s (Tew et a l . , 197 6) 

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

of g r e a t e r t h a n 1 0 ^ / 1 0 0 ml o v e r a f i n i t e p e r i o d of t i m e a r e 

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

in L a s V e g a s B a y , for o n e r e a s o n to o v e r c o m e the n o i s e c r e a t e d 

by a g i v e n c o u n t of i n d i g e n o u s l a k e b a c t e r i a , for a n o t h e r , to 

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

r e f e r e n c e to e n t e r i c b a c t e r i a . O t h e r p r e c e p t s w e r e t h a t t r a c e r 

b a c t e r i a s h o u l d n o t be i n d i g e n o u s to t h e l a k e and s h o u l d a p p e a r 

in LVW p e r i o d i c a l l y . R e g a r d i n g the l a t t e r t h e r e is a l s o the 

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



p e r t u r b r a t i o s of o r g a n i s m s f o u n d to s o m e e x t e n t ( C o o k et a l . , 

1 9 7 4 ; G r i m e s , 1 9 7 5 ; H e n d r i c k s and M o r r i s o n , 1 9 6 7 ; H e n d r i c k s , 

1 9 7 1 , 1 9 7 2 ) . 

P r e v i o u s s t u d i e s c o n d u c t e d in L a k e M e a d i n d i c a t e t h a t 

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

in the l a k e at all t i m e s . A s s u m i n g t h i s is t r u e , the e n t e r i n g 

e n t e r i c p o p u l a t i o n f r o m L a s V e g a s W a s h w o u l d h a v e to be in 

c o n c e n t r a t i o n s h i g h e n o u g h to o v e r c o m e the n o i s e c r e a t e d by 

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

L a s V e g a s B a y . 

E n u m e r a t i o n of the i n d i v i d u a l g e n e r a and s p e c i e s in t h e 

p o p u l a t i o n m a y s e r v e as a s e c o n d c o n f i r m a t o r y m e a n s to i n s u r e 

t h a t t h e s a m e i n c i d e n t p o p u l a t i o n is b e i n g s a m p l e d at all t i m e s . 

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

t r a c e r s n e e d n o t be i n t e r m i t t e n t to be u s e d , if two or m o r e of 

them v a r y in r e l a t i v e n u m b e r s c o n s i s t e n t l y o v e r a g i v e n p e r i o d 

of t i m e ( " C o m p o n e n t R a t i o C o n c e p t " ) . For e x a m p l e , if o r g a n i s m 

A is u s u a l l y t w i c e as n u m e r o u s as B , t h e n s u d d e n l y , for two 

w e e k s or so b e c o m e s h a l f as n u m e r o u s as B t h e n the c h a n g e in 

r a t i o c o n s t i t u t e s a t r a c e a b l e s i t u a t i o n . 

M A T E R I A L S A N D M E T H O D S 

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

V e g a s W a s h to a p o i n t a p p r o x i m a t e l y 1 4 0 0 m e t e r s b e l o w the 



c o n v e r g e n c e of the w a s h w i t h L a s V e g a s B a y . T h e s a m p l i n g 

l o c a t i o n s a r e i l l u s t r a t e d in F i g u r e 1 4 . 

Dye i n j e c t i o n and d e t e c t i o n . O n e g a l l o n ( 3 . 7 8 5 1) of 

R h o d a m i n e WT w h i c h w a s d e t e r m i n e d to be t h e s a m e d e n s i t y as 
( 

the w a t e r in t h e w a s h ( 1 . 0 2 5 g / m l ) w a s p l a c e d in a g l a s s 

c o n t a i n e r , s u s p e n d e d in m i d s t r e a m of L a s V e g a s M a s h at S a m p l i n g 

P o i n t 1 and a l l o w e d to e q u i l i b r i a t e for 3 0 m i n u t e s . T h e 
/ . 

c o n t a i n e r w a s t h e n b r o k e n and an i n s t a n t a n e o u s d y e i n j e c t i o n 

w a s a c h i e v e d . 

B e c a u s e of t h e s h a l l o w w a t e r a t S a m p l i n g P o i n t A ( l e s s t h a n 

30 c m ) t h e b o a t c o n t a i n i n g t h e f l u o r m e t r i c d e t e c t i o n e q u i p m e n t 

c o u l d n o t be u t i l i z e d f o r c o n t i n u o u s s a m p l i n g of the d y e p e a k . 

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

to t h e b o a t f o r a n a l y s i s . S a m p l e s w e r e c o l l e c t e d u n t i l 15 

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

of t h e d y e w a s a c c o m p l i s h e d w i t h a T u r n e r M o d e l #111 F l u o r o m e t e r , < < 

the o u t p u t of w h i c h w a s r e c o r d e d on a s t r i p c h a r t r e c o r d e r . A t 

S a m p l i n g P o i n t s G and 2 the c o m p l e t e d y e e n v e l o p e w a s m o n i t o r e d 

and r e c o r d e d . T h i s w a s a c c o m p l i s h e d by s u s p e n d i n g a h o s e into 

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

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

w a s c o n n e c t e d to a D . 6 ? s e l f - p r i m i n g p u m p , the o u t p u t of w h i c h 

w a s c o n n e c t e d by 3 / 8 i n c h t y g o n t u b i n g to the f l o w t h r u cell 

of t h e f l u o r o m e t e r . 

( 



F i q u r e 1 4 . S a m p l e P o i n t l o c a t i o n s 



in Las V e g a s W a s h and Las V e g a s B a y . 
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B a c t e r i a l s a m p l e c o l l e c t i o n . B a c t e r i a l s a m p l e s 

w e r e c o l l e c t e d a t the d y e i n j e c t i o n p o i n t 15 m i n u t e s 

a f t e r d y e i n j e c t i o n and 15 m i n u t e s a f t e r d y e p e a k a r r i v a l 

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

in t h i s m a n n e r to i n s u r e a g a i n s t the p o s s i b l e t o x i c e f f e c t s 

of the d y e on t h e o r g a n i s m s . A l s o t h i s m e t h o d t h e o r e t i c a l l y 

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

p o p u l a t i o n a t e a c h s a m p l i n g p o i n t . 

S a m p l e s c o l l e c t e d at S a m p l i n g P o i n t s 1 and A w e r e 

c o l l e c t e d w i t h a t h r e e l i t e r V a n D o r n b o t t l e p r e v i o u s l y s a n i t i z e d 

w i t h a c e t o n e - a l c o h o l . B e c a u s e of the s h a l l o w n e s s of t h e 

w a t e r at 1 and A and b e c a u s e of t h e r a p i d f l o w o n l y o n e 

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

S a m p l i n g P o i n t s G and 2 w e r e c o l l e c t e d w i t h a p r e v i o u s l y 

s a n i t i z e d t h r e e l i t e r V a n D o r n b o t t l e . S a m p l e s w e r e 

c o l l e c t e d a t t h e s u r f a c e and 3 . 5 m e t e r s a t G , and at t h e 

s u r f a c e and 1 0 . 5 m e t e r s a t 2 ( s a m p l e s c o l l e c t e d a t 3 . 5 m e t e r s 

and 1 0 . 5 m e t e r s had b e e n p r e v i o u s l y d e t e r m i n e d as the v e r t i c a l 

c e n t e r on t h e d e n s i t y c u r r e n t at t h e s e s a m p l i n g p o i n t s ) . 

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

t r a n s f e r r e d to g l a s s s c r e w c a p b o t t l e s , p l a c e d on ice and 

t r a n s p o r t e d to t h e l a b o r a t o r y for a n a l y s i s . N o t e t h a t the 

t i m e f r o m c o l l e c t i o n to i n i t i a l i s o l a t i o n of the b a c t e r i a l 

s a m p l e s did n o t e x c e e d t h r e e h o u r s . 



115 

B a c t e r i a l i s o l a t i o n . I n i t i a l i s o l a t i o n of the s a m p l e s 

w a s by the m e m b r a n e f i l t e r m e t h o d ( A m e r i c a n P u b l i c H e a l t h 

A s s o c i a t i o n et a l . , 1 9 7 1 ) . S a m p l e v o l u m e s f i l t e r e d w e r e 

100 ml t h r u 0 . 0 0 0 1 ml in d i l u t i o n s of t e n . All d i l u t i o n 

v o l u m e s l e s s t h a n 1 ml w e r e o b t a i n e d by d i l u t i n g 10:1 in 

9 ml p e p t o n e w a t e r d i l u t i o n b l a n k s . T h e s a m p l e s w e r e 

f i l t e r e d in two s e t s of f i v e r e p l i c a t e s for e a c h d i l u t i o n . 

O n e s e t of f i l t e r e d s a m p l e s w e r e p l a c e d on p a d s 

s a t u r a t e d w i t h m - E n d o m e d i a a n d t h e n i n c u b a t e d at 35°C for 

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

on p a d s s a t u r a t e d w i t h n u t r i e n t b r o t h (_NB) a n d i n c u b a t e d 

and w e r e i n c u b a t e d a t 27°C for 48 h o u r s (_Dufour and C a b e l , 

1 9 7 5 ) . A f t e r 24 h o u r s t h e m e m b r a n e s i n c u b a t e d o n m - E n d o 

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

c o n t a i n i n g 7 to 70 c o l o n i e s per p l a t e . T y p i c a l m e t a l i c 

s h e e n e d c o l o n i e s w e r e i s o l a t e d o n t o EMB a g a r p l a t e s for 

t e n t a t i v e i d e n t i f i c a t i o n and c u l t u r e p u r i f i c a t i o n . All 

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

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

e n u m e r a t e d f o r total b a c t e r i a l g r o w t h a t t h e end of i n c u b a t i o n , 

r e p l i c a p l a t e d o n t o v i o l e t red b i l e a g a r (_VRB) (.Lederberg 

and L e d e r b e r g , 1 9 5 2 ) and i n c u b a t e d a t 35°C for a n a d d i t i o n a l 

24 h o u r s . A f t e r i n c u b a t i o n the p l a t e s w e r e e n u m e r a t e d for 



t y p i c a l c o l o n i e s . All t y p i c a l c o l o n i e s w e r e i s o l a t e d 

o n t o EMB a g a r f o r c o l o n i a l p u r i f i c a t i o n . B o t h t y p i c a l 

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

m - E n d o m e d i a w a s i n c l u d e d in t h i s e x p e r i m e n t as a 

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

of i s o l a t e s f r o m e a c h of t h e m e d i a w o u l d r e s u l t in 

i n f o r m a t i o n c o n c e r n i n g i t ^ s p e c i f i t y , or i n h i b i t o r y a c t i o n , 

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

I d e n t i f i c a t i o n of i s o l a t e s . All i s o l a t e s w e r e f i r s t 

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

f i l t e r s i n c u b a t e d on s u g a r f r e e NB w e r e s u b j e c t e d to t h e 

o x i d a s e t e s t of D a u b n e r and M a y e r ( D u f o u r a n d C a b e l l , 197 5 ) , 

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

p a d s and p l a c i n g t h e f i l t e r on the p a d . All c o l o n i e s 

d e m o n s t r a t i n g o x i d a s e n e g a t i v e r e a c t i o n s w e r e e n u m e r a t e d 

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

r e c o r d e d . I s o l a t e s f r o m m - E n d o w e r e t r a n s f e r r e d to d u p l i c a t e 

NB s l a n t s and o x i d a s e r e a c t i o n s w e r e p e r f o r m e d in the s l a n t 

o n l y . P u r e c u l t u r e s of I s o l a t e s f r o m V R B w e r e a l s o 

t r a n s f e r r e d to NB s l a n t s and o x i d a s e r e a c t i o n s w e r e 

p e r f o r m e d in t h e s l a n t o n l y . P u r e c u l t u r e s of i s o l a t e s 

f r o m VRB w e r e a l s o t r a n s f e r r e d to NB s l a n t s and the o x i d a s e 

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



r e a c t i o n s and t h e i r a b i l i t y to f e r m e n t d e x t r o s e . All 

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

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

the m u l t i m e d i a i d e n t i f i c a t i o n s c h e m e . 

R E S U L T S 

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

f r o m i n i t i a l i n j e c t i o n to S a m p l i n g P o i n t A w a s 45 m i n u t e s . 

T h e d i s t a n c e f r o m S a m p l i n g P o i n t 1 to S a m p l i n g P o i n t A is 

1 2 0 0 m e t e r s , t h u s w a t e r v e l o c i t y f r o m 1 to A w a s 0 . 4 4 4 m / s e c . 

F r o m S a m p l i n g P o i n t A to G d y e t r a n s i t t i m e w a s o n e 

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

? 

to G is 4 0 0 m e t e r s and the w a t e r v e l o c i t y is 6 . 0 6 x 1 0 m / s e c . 

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

of t h e w a t e r is 1 . 0 2 5 g / c c , and c a l c u l a t e d by t h e f o r m u l a 

F = A v / A t x m , is 5 . 8 x 1 0 " ^ d y n e s . 

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

s u r f a c e to b o t t o m . O b v i o u s l y if the e n e r g y of d e c e l e r a t i o n 

is n o t g i v e n up as h e a t , it m u s t be c o n s e r v e d as t u r b u l e n c e 

r e s u l t i n g in r e d i s t r i b u t i o n of b o t t o m s e d i m e n t s . 

T r a n s i t t i m e of t h e d y e f r o m S a m p l i n g P o i n t G to 2 

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

1 0 0 0 m e t e r s and a w a t e r v e l o c i t y of 6 . 0 6 x l 0 " ^ m / s e c . B e t w e e n 
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G and 2 the d e n s i t y c u r r e n t e n c o u n t e r s a s i g n i f i c a n t l y 

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

r e a c h i n g P o i n t G , y e t in 1 0 0 0 m e t e r s b e t w e e n G and 2 t h e r e 

w a s no d e c r e a s e in w a t e r v e l o c i t y . T h i s w o u l d I n d i c a t e 

t h a t the t u r b u l e n t w a t e r is n o t m i x i n g as it p e n e t r a t e s 

f u r t h e r i n t o t h e l a k e , b u t a c t s as t h o u g h it is b e i n g held 

in a t i g h t c o l u m n , a s i t u a t i o n n o t u n l i k e t h a t in a p i p e . 

(An a t t e m p t w a s m a d e to t r a c e the d y e p e a k f u r t h e r into L a s 

V e g a s B a y b u t it w a s n e v e r d e t e c t e d b e y o n d S a m p l i n g P o i n t 2 ) . 

No a t t e m p t w a s m a d e to d e t e r m i n e the d y e c o n c e n t r a t i o n 

at S a m p l i n g P o i n t A b u t c o n c e n t r a t i o n s a t S a m p l i n g P o i n t s 

G and 2 w e r e 1 . 0 9 5 ppm and 0 . 4 4 ppm r e s p e c t i v e l y . T h e d y e 

d i l u t i o n f a c t o r i n d i c a t e d at S a m p l i n g P o i n t G w a s 9 . 1 3 x 1 0 ^ : 1 

w h i l e a t P o i n t 2 the d i l u t i o n f a c t o r w a s 2 . 2 8 x 1 0 ^ : 1 . T h e 

i n c r e a s e of d i l u t i o n f r o m G to 2 w a s o n l y a f a c t o r of 

a p p r o x i m a t e l y 2 : 1 , w h i c h a p p e a r s to s u b s t a n t i a t e t h e t h e o r y t h a t 

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

f r o m G to 2. T h e l e a d i n g e d g e of the d y e e n v e l o p e w a s m u c h 

s h a r p e r at P o i n t G t h a n a t p o i n t 2 ( F i g u r e 1 5 ) . T h e s h a r p 

p e a k at G and t h e d e c r e a s e d s l o p e of the e n v e l o p e a t 2 

i n d i c a t e s d e c r e a s i n g t u r b u l e n c e f r o m G to 2. N o t e t h a t the 

d y e d u r a t i o n is a p p r o x i m a t e l y f o u r m i n u t e s s h o r t e r a t 2 

t h a n at G . 

B e c a u s e of t h e h i g h b a c k g r o u n d f l u o r e s c e n c e in the 

l a k e , t h e a c t u a l l e a d i n g and t r a i l i n g e d g e s c o u l d n o t be 
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d e t e r m i n e d w i t h a g r e a t d e a l of a c c u r a c y . T h e d y e 

e n v e l o p e m a y in f a c t be s i g n i f i c a n t l y l o n g e r than 

I n d i c a t e d f l u o r m e t r i c a l l y . T h e s h a p e of the d y e p e a k s 

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

P o i n t G t h a n at 2 . 

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

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

i n i t i a l l y c o r r e l a t e d w i t h d y e in t h e s t r e a m . In f a c t , 

b a c t e r i a l s a m p l e s c o l l e c t e d at s a m p l i n g p o i n t s did not 

r e f l e c t t h e s a m e d i l u t i o n p a t t e r n as t h e d y e ( T a b l e 2 5 ) . 

B e t w e e n S a m p l i n g P o i n t s A and G t h e r e w a s a d e c r e a s e in 

b a c t e r i a l c o n c e n t r a t i o n s ( b o t h total b a c t e r i a and e n t e r i c 

b a c t e r i a ) and b e t w e e n P o i n t s G and 2 t h e r e w a s an i n c r e a s e 

in t h e b a c t e r i a l p o p u l a t i o n s . 

S u r f a c e s a m p l e s c o l l e c t e d at S a m p l i n g P o i n t G and 2 

c o n t a i n e d b a c t e r i a l c o n c e n t r a t i o n s of the s a m e o r d e r of 

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

p o p u l a t i o n in t h e l a k e a t all t i m e s . P r i o r to t h i s 

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

S a m p l i n g P o i n t A and G ( T a b l e 2 6 ) d u r i n g a p e r i o d w h e n 

e n t e r i c c o n c e n t r a t i o n s w e r e a p p r o x i m a t e l y 1 . 4 x 1 0 ^ / 1 0 0 ml 

( d e t e r m i n a t i o n s w e r e on t h e b a s i s of m - E n d o i s o l a t i o n m e d i a ) 

and d u r i n g t h i s t i m e the s u r f a c e c o n c e n t r a t i o n s w e r e of the 

s a m e o r d e r of m a g n i t u d e as w h e n i n c o m i n g c o n c e n t r a t i o n s 



T a b l e 2 5 . C o u n t s of t o t a l b a c t e r i a v e r s u s e n t e r i c b a c t e r i a at S a m p l e P o i n t s 
A , G , and 2. 

S a m p l e D e p t h T o t a l B a c t e r i a E n t e r i c B a c t e r i a E n t e r i c B a c t e r i a 
P o i n t ( M e t e r s ) Per 100 ml Per 100 ml Per 100 ml 

( N B ) ( V R B ) ( m - E N D O ) 

X 6 X 6 X 6 

A 0 3. . 7 3 x 1 0 ? 2 . 8 2 x 1 0 6 1 . 0 4 x 1 0 $ 2 . 7 9 x 1 0 $ 5 . 6 x 1 0 2 5. 5x1 0^ 

G 0 9. 5x1 0^ 2 . 1 3 x 1 0 ^ 6 . 6 x 1 0 3 4 . 9 x 1 0 3 0 0 

G 3 . 5 6. , 7 x 1 0 $ 8 . 5 2 x 1 0 4 8 . 6 x 1 0 4 1 . 6 7 x 1 0 4 78 1 6 

2 0 8. .8x104 5. 5x1 0^ 7. 0x1 0^ 3 . 3 x 1 0 3 3.4 1 . 14 

2 1 0 . 5 1 . . 0 6 x 1 0 ? 5. 4 5 x 1 0 $ 5. 8x1 0$ 1 . 7 9 x 1 0 $ 24 1 1 . 4 
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T a b l e 2 6 . C o u n t s of e n t e r i c b a c t e r i a at S a m p l e P o i n t s 
A and G d u r i n g a p e r i o d of h i g h c o n c e n t r a t i o n 
in Las V e g a s W a s h . 

S a m D l e D e p t h E n t e r i c B a c t e r i a 
P o i n t ( M e t e r s ) Per 100 ml 

X 0 

A 0 1 . 1 2 x 1 O ^ 1 . 6 8 x 1 0 3 

G 0 2 2 . 5 3 . 6 

G 3.7 5 . 4 4 x 1 0 3 4 . 3 x 1 0 ? 



of e n t e r i c s w e r e at 5 . 6 x 1 0 ^ / 1 0 0 m l . T h e r e w a s , h o w e v e r , 

a c h a n g e in the r a t i o s of the c o m p o n e n t s p e c i e s in the 

p o p u l a t i o n . 

T o t a l b a c t e r i a l c o n c e n t r a t i o n s w e r e c o n s i s t e n t l y 

h i g h e r t h a n e n t e r i c c o n c e n t r a t i o n s i s o l a t e d on e i t h e r 

VRB or m - E n d o . E n t e r i c c o n c e n t r a t i o n s w e r e c o n s i s t e n t l y 

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

s l i g h t e r r o r in t h e e n u m e r a t i o n of o x i d a s e n e g a t i v e b a c t e r i a 

b a s e d on t h e r e s u l t s of the o x i d a s e r e a c t i o n on c o l o n i e s 

g r o w n on NB m e d i a . A s i g n i f i c a n t n u m b e r of the o x i d a s e 

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

b a c t e r i a . T h e r e f o r e the d i f f e r e n t i a l c o u n t of total 

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

T h e c o m p a r i s o n b e t w e e n m - E n d o and V R B m e d i a (to 

d e t e r m i n e the e x t e n t to w h i c h m - E n d o w a s i n h i b i t o r y to 

e n t e r i c s ) w a s a c o m p l e t e s u c c e s s . Data c o n c e r n i n g total 

n u m b e r s of e n t e r i c s i s o l a t e d on e a c h of the m e d i a c o n f i r m e d 

l i t e r a t u r e c o n c l u s i o n s t h a t VRB w a s l e s s i n h i b i t o r y . H o w e v e r , 

d a t a on t h e s p e c i f i c g e n e r a a f f e c t e d to the g r e a t e s t e x t e n t 

w a s n o t d e t e r m i n e d b e c a u s e of the c h o i c e of EMB as a 

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

m e d i u m f o r t h i s p u r p o s e , EMB t u r n e d o u t to be as i n h i b i t o r y 

as m - E n d o to m o s t of t h e i s o l a t e s f r o m V R B and r e s u l t e d in a 



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

is a n o t h e r e x a m p l e of t h e u n r e l i a b i l i t y of t h o r o u g h l y 

r e f e r e n c e d m e t h o d s . H o w e v e r , s u b s e q u e n t i d e n t i f i c a t i o n 

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

e m i n e n t l y s a t i s f a c t o r y . 

D I S C U S S I O N 

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

p r i m a r i l y on t h e d e t e c t i o n of a u n i q u e p o p u l a t i o n c o m p o n e n t 

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

r e q u i r e m e n t s p r e d i c t e d f r o m the s y s t e m s a n a l y s i s . 

An i n t e n s i v e s e a r c h r e v e a l e d no u n i q u e c o m p o n e n t in 

the b a c t e r i a l p o p u l a t i o n . In v i e w of t h e f a c t t h a t g r e a t e r 

t h a n 500 i s o l a t e s w e r e i d e n t i f i e d , t h i s c o n c l u s i o n is 

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

r a t i o s of c o n s i s t e n t l y p r e s e n t s p e c i e s m i g h t be e q u a l l y u s e f u l . 

T h e r e s u l t s a l s o p r o v i d e d an e x c e l l e n t p i c t u r e of the 

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

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

For e x a m p l e , c o n s i d e r t h e h i g h n u m b e r s of K l e b s i e l l a 

p n e u m o n i a e , a k n o w n p a t h o g e n p r e s e n t in t h e w a s h ( F i g u r e 1 6 ) . 

F r o m a p u b l i c h e a l t h p o i n t of v i e w it is f o r t u n a t e t h a t 

g r e a t e r than 50 p e r c e n t of t h e s e o r g a n i s m s a r e s e d i m e n t e d 

o u t at the c o n v e r g e n c e of LVW w i t h L a s V e g a s B a y . A l s o it 

is e q u a l l y i m p o r t a n t t h a t l a r g e n u m b e r s of d y s e n t a r y 
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( S h i g e l l a s p . ) and e n t e r i c f e v e r ( S a l m o n e l l a s p . ) b a c t e r i a 

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

p r e s e n t in n u m b e r s f a r l e s s t h a n an i n f e c t i o u s d o s e ( 1 0 ^ ) 

per u n i t v o l u m e of w a t e r . A d d i t i o n a l w o r k c o n c e r n i n g t h e 

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

R e t u r n i n g to t h e b a s i c d i s c u s s i o n of w a t e r and 

b a c t e r i a l d i s t r i b u t i o n s , it is f e l t t h a t d i f f e r e n t i a l c o u n t of 

t o t a l n u m b e r s of LVW e n t e r i c s v e r s u s o x i d a s e p o s i t i v e b a c t e r i a , 

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

LVW and r e s i d u a l l a k e e n t e r i c p o p u l a t i o n s p r o v i d e d a v a l i d 

t r a c i n g p r o c e d u r e . 

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

s u b s t a n t i a t i n g e x p e r i m e n t s c o n d u c t e d w i t h R h o d a m i n e W T . B o t h 

t h e b a c t e r i a and the d y e 1) w e n t to the s a m e p l a c e , 2) w e r e 

i n f l u e n c e d by s i m i l a r f a c t o r s , t u r b u l e n c e and s e d i m e n t a t i o n 

( b i o l o g i c a l d e c a y w a s an a d d i t i o n a l f a c t o r a f f e c t i n g b a c t e r i a 

o n l y ) , 3 ) b o t h w e r e r e d u c e d in t h e i r r e s p e c t i v e c o n c e n t r a t i o n s , 

h o w e v e r the b a c t e r i a w e r e a f f e c t e d to a g r e a t e r e x t e n t t h a n 

R h o d a m i n e W T . T h e r e s u l t s h o w e v e r , d e m o n s t r a t e t h a t t h i s 

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

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

g r e a t e r s e n s i t i v i t y . 

I n h i b i t o r y e f f e c t s of m e d i a . It is a b u n d a n t l y o b v i o u s 

t h a t the i n h i b i t o r y n a t u r e of t h e s t a n d a r d m e d i a t o t a l l y 



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

j u s t i f i e s the c o n c e r n of t h i s s t u d y w i t h o p t i m i z e d 

t e c h n i q u e s . 

T h e i n h i b i t o r y e f f e c t s of m - E n d o to b a c t e r i a h a v e 

b e e n w e l l d o c u m e n t e d ( B i s s o n n e t t e et a l . , 1 9 7 5 ; C o o k et a l . , 

1 9 7 4 ; D u f o u r and C a b e l l , 1 9 7 5 ; K l e i n and W u , 1 9 7 4 ; 

K n i t t e l , 1 975 ; S c h e u s n e r et a l . , 1 9 7 1 ; hfarseck et a l . , 

1 9 7 3 ) . VRB on the o t h e r h a n d has d e m o n s t r a t e d a c a p a b i l i t y 

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

e n t e r i c b a c t e r i a t h a n m - E n d o . A c o m p a r i s o n of c o u n t s of 

e n t e r i c s o b t a i n e d f r o m b o t h m - E n d o and VRB is c l e a r l y 

i n d i c a t i v e of the i n h i b i t o r y e f f e c t of m - E n d o . T h e 

i n h i b i t o r y a s p e c t of t h e m e d i a a p p e a r s to be a s s o c i a t e d w i t h 

d y e c o n c e n t r a t i o n s in the f o r m u l a t i o n . 

Dye c o n c e n t r a t i o n s of 1 : 1 0 0 , 0 0 0 w i l l i n h i b i t g r a m - p o s i t i v e 

b a c t e r i a w h i l e a l l o w i n g g r a m - n e g a t i v e o r g a n i s m s to g r o w n . 

O b v i o u s l y t h e 1 . 0 5 g/1 (105 p a r t s per 1 0 0 , 0 0 0 ) of b a s i c 

f u c h s i n w o u l d be h i g h l y s e l e c t i v e and s e v e r e l y l i m i t t h e 

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

l a c t o s e . VRB on t h e o t h e r h a n d c o n t a i n s o n l y 0.2 p a r t s per 

1 0 0 , 0 0 0 of c r y s t a l v i o l e t , a d y e c o n c e n t r a t i o n t h a t w o u l d be 

m u c h l e s s i n h i b i t o r y to s l o w and n o n - l a c t o s e f e r m e n t i n g e n t e r i c 

g e n e r a . 
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W h e n the d i l u t i o n v o l u m e s of VRB and m - E n d o p l a t e s 

f 

s e l e c t e d f o r e n t e r i c e n u m e r a t i o n a r e e x a m i n e d , it is a p p a r e n t 

t h a t d i l u t i o n v o l u m e s w e r e m u c h s m a l l e r on V R B , y e t t h i s 

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

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

f ar g r e a t e r n u m b e r s of s l o w or n o n - l a c t o s e f e r m e n t i n g 

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

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

s t r e s s e d or d a m a g e d e n t e r i c s in the e n v i r o n m e n t t h a n a r e 

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

s t a n d a r d . 

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

of i s o l a t e s f r o m V R B g r e w on EMB t h a n t h o s e t r a n s f e r r e d f r o m 

m - E n d o . In t h e c a s e of EMB the h i g h c o n c e n t r a t i o n (65 p a r t s 

p er 1 0 0 , 0 0 0 ) m e t h y l e n e b l u e d y e is i m p l i c a t e d . T h e f e w 

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

of E n d o c o u l d w i t h s t a n d the s i m i l a r c o n c e n t r a t i o n of d y e in 

E M B . 

T h e i n h i b i t o r y e f f e c t s of EMB on i s o l a t e s t a k e n 

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

e n v i r o n m e n t of the i n c u b a t o r m a y h a v e had a t e n d e n c y to 

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

c o n c e n t r a t i o n and t h u s i n c r e a s e its i n h i b i t o r y a c t i o n 

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

r e l a t i v e to t h e s e r e s u l t s a r e c l e a r . T h e l a r g e n u m b e r of 

u n d e t e c t e d e n t e r i c b a c t e r i a ( w i t h s t a n d a r d p r o c e d u r e s ) 

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

( 
h e a l t h h a z a r d c o n t i n u i n g u n d e t e c t e d u n t i l it r e a c h e s 

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

v e r y l e a s t a c r i t i c a l r e v i e w of c u r r e n t l y a c c e p t e d ( 

s t a n d a r d s and p r o c e d u r e s s h o u l d be i n i t i a t e d . 

D i l u t i o n e f f e c t s . E x a m i n a t i o n of t h e d y e e n v e l o p e 

( F i g u r e 1 5 ) i n d i c a t e s an o v e r a l l b r o a d e n i n g and a m p l i t u d e 

a t t e n t u a t i o n as it p r o c e e d s f r o m S a m p l i n g P o i n t G to 

S a m p l i n g P o i n t 2 . It s e e m e d t h a t b a c t e r i a l n u m b e r s and 

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

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

t h e s a m e e f f e c t as d i l u t i o n in d e c r e a s i n g t h e n u m b e r s of 

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

t r a c e r s m a y n o t be c a u s e d by b r o a d e n i n g . 

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

( F i g u r e 17) of the c o m p o n e n t g e n e r a of the l a c t o s e f e r m e n t i n g 

e n t e r i c t r a c e r s s u g g e s t s t h a t t h e r e c o u l d be no t r a c i n g of 

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

c o n c e n t r a t i o n s a r e a f a c t o r of ten t i m e s g r e a t e r t h a n 

b a c k g r o u n d . S a m p l i n g P o i n t 2 a p p e a r s to be a p p r o a c h i n g t h e 
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l i m i t of d e t e c t a b i l i t y for the t r a c e r s u t i l i z e d . A t 

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

of t h e s a m e o r d e r of m a g n i t u d e as b a c k g r o u n d c o n c e n t r a t i o n s . 

In a p p l y i n g t h e c o m p o n e n t r a t i o c o n c e p t , it w a s 

f o u n d t h a t it held to an a m a z i n g d e g r e e to G . T h i s is 

e s p e c i a l l y s i g n i f i c a n t in v i e w of the e n o r m o u s e n e r g y 

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

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

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

L i m i t s of t h e c o m p o n e n t r a t i o c o n c e p t . E n t e r i c t r a c e r 

b a c t e r i a e n t e r i n g t h e l a k e v i a LVW a r e a l s o i n d i g e n o u s to t h e 

l a k e and a r e s i d u a l p o p u l a t i o n m a y be p r e s e n t at all t i m e s w i t h 

s o m e v a r i a t i o n in t h e c o n c e n t r a t i o n s of the c o m p o n e n t g e n e r a . 

T h e r e f o r e , to u t i l i z e e n t e r i c b a c t e r i a as t r a c e r s , l o w e r 

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

f o r t h e e n t e r i n g c o n c e n t r a t i o n of t r a c e r . T h e p r e c e p t t h a t 

i n d i v i d u a l g e n e r a or r a t i o s m u s t be i n t e r m i t t e n t s h o u l d be 

a p p l i e d . For e x a m p l e the d a t a c o l l e c t e d d u r i n g this 

i n v e s t i g a t i o n i n d i c a t e in o n e i n s t a n c e an e n t e r i n g t r a c e r 

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

? 

of 1 and 2 x 1 0 / 1 0 0 m l , and a b a c k g r o u n d p o p u l a t i o n of 3 

and 7 / 1 0 0 ml in l a k e w a t e r . T h u s , t r a c i n g b e y o n d S a m p l i n g 

P o i n t G c o u l d n o t be a c c o m p l i s h e d w i t h a n y c o n f i d e n c e 
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b e c a u s e t r a c e r c o n c e n t r a t i o n s w e r e d i l u t e d or b r o a d e n e d 

to t h e s a m e o r d e r of m a g n i t u d e as the r e s i d u a l p o p u l a t i o n 

of the l a k e . 

A l t h o u g h t h e r e is no c o n t r o l of the e n t e r i n g 

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

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

F i g u r e 15 d e m o n s t r a t e s t h a t t h e d e t e c t i o n c u t o f f for e n t e r i c 

t r a c e r s is r e a c h e d w h e n t h e i n d i v i d u a l c o m p o n e n t s of the 

t r a c e r fall b e l o w 3 x 1 0 ^ / 1 0 0 ml (for an a c c e p t a b l e d e g r e e of 

c o n f i d e n c e ) . F i g u r e 17 a l s o i l l u s t r a t e s t h a t e x t e n s i v e 

b a c t e r i a l t r a c i n g in L a s V e g a s B a y w o u l d r e q u i r e a t r e m e n d o u s 

c o n c e n t r a t i o n of e n t e r i c o r g a n i s m s f o r them to be d e t e c t a b l e 

a b o v e t h e r e s i d u a l p o p u l a t i o n of the l a k e . I f , h o w e v e r 

the e n t e r i c t r a c e r is n o t i n d i g e n o u s to t h e l a k e and p r e s e n t 

i n t e r m i t t e n t l y in L V W , t r a c i n g c o u l d be a c c o m p l i s h e d w i t h 

s i g n i f i c a n t l y l o w e r e n t e r i c t r a c e r c o n c e n t r a t i o n s . 

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

e n t e r i c b a c t e r i a w e r e p r e s e n t in LVW ( T a b l e 2 6 ) the 

b a c k g r o u n d ( l a k e ) c o n c e n t r a t i o n s of e n t e r i c t r a c e r 

( E n t e r o b a c t e r c o l a c a e and Erwi nea h e r b i c o l a ) w e r e of the 

s a m e o r d e r of m a g n i t u d e as t h e y w e r e at the t i m e of the 

d y e s t u d y . C o m p a r i s o n of the c o m p o n e n t g e n e r a in the 

b a c k g r o u n d p o p u l a t i o n (.Figures 16 and 1 7 ) d e m o n s t r a t e s t h e 
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v a r i a b i l i t y of t h e c o n c e n t r a t i o n s of t h e c o m p o n e n t g e n e r a 

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

t h a t total n u m b e r s of r e s i d u a l e n t e r i c b a c t e r i a r e m a i n 

r e l a t i v e l y c o n s t a n t in t h e l a k e w h i l e n u m b e r s of c o m p o n e n t 

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

an o b s e r v a t i o n w i g h i n g a g a i n s t the " C o m p o n e n t R a t i o " 

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

b a s e d on i s o l a t e s t a k e n f r o m m - E n d o m e d i a and the n u m b e r 

of i s o l a t e s per s a m p l e w e r e n o t as n u m e r o u s as w a s 

d e s i r e d . H o w e v e r t h e y d i d i n d i c a t e the f e a s i b i l i t y of 

of u t i l i z i n g c o m p o n e n t e n t e r i c g e n e r a to d e t e r m i n e w a t e r 

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

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

a g r e a t e r d e g r e e of c o n f i d e n c e on t h i s kind of t r a c i n g , 

e s p e c i a l l y w i t h t h e n e w t e c h n i c a l c o n c e p t s p r e s e n t e d in t h i s 

s t u d y . 

T h e p r o b l e m s i n h e r e n t in u s i n g e n t e r i c b a c t e r i a 

t r a c e r s a r e b a s i c a l l y i s o l a t i o n of l a r g e n u m b e r s of e n t e r i c 

b a c t e r i a and r a p i d i d e n t i f i c a t i o n of t h o s e i s o l a t e s . 

B o t h p r o b l e m s m a y be r e s o l v e d by c a r e f u l s e l e c t i o n of 

m e d i a and r e f i n i n g p r e s e n t t e c h n i q u e s . 

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

f e a s i b i l i t y of i n i t i a l l y i s o l a t i n g e n t e r i c b a c t e r i a on NB 

and r e p l i c a p l a t i n g to VRB has been d e m o n s t r a t e d . 

( 



E x a m i n a t i o n of T a b l e 25 i n d i c a t e s t h a t t h e e n t e r i c 

p o p u l a t i o n r e p r e s e n t a p p r o x i m a t e l y t h r e e p e r c e n t of the 

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

of e n t e r i c s in the p o p u l a t i o n m a y be s i g n i f i c a n t l y g r e a t e r . 

N o t e t h a t t h e m e a n of t h e e n t e r i c p o p u l a t i o n is s i g n i f i c a n t l y 

l o w e r t h a n the s t a n d a r d d e v i a t i o n of the total b a c t e r i a 

c o u n t . T h i s i n d i c a t e s t h a t a f o r t i f i e d NB or t r y p t o n e 

g l u c o s e y e a s t e x t r a c t ( T G Y ) m e d i u m m a y r e s u l t in h i g h e r 

c o u n t s of o x i d a s e n e g a t i v e o r g a n i s m s . T h e r e s u l t s a l s o 

i n d i c a t e t h a t VRB is c a p a b l e of s u p p o r t i n g the g r o w t h of 

a m u c h g r e a t e r n u m b e r of e n t e r i c b a c t e r i a t h a n m - E n d o . 

T h i s s u g g e s t s t h a t VRB m a y be a v e r y g o o d m e d i u m f o r b o t h 

i n i t i a l i s o l a t i o n and p u r i f i c a t i o n of e n t e r i c b a c t e r i a 

c o l l e c t e d from n a t u r a l e n v i r o n m e n t s . 

I n i t i a l i s o l a t i o n of e n t e r i c o r g a n i s m s on n o n - s e l e c t i v e 

m e d i a and i n c u b a t i n g a t t e m p e r a t u r e s b e l o w 3 0 ^ C w o u l d h a v e 

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

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

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

l i e s in t h e d i l u t i o n v o l u m e s r e q u i r e d for c o m p e t e n t c o l o n y 

c o u n t i n g . For e x a m p l e , if t h e total b a c t e r i a l c o n c e n t r a t i o n 

E 

is 10 / m l , a d i l u t i o n v o l u m e of s a m p l e of a p p r o x i m a t e l y 

0 . 0 0 1 ml w o u l d be r e q u i r e d to a c h i e v e a c o u n t a b l e n u m b e r 

of c o l o n i e s p e r p l a t e . D i l u t i o n s to t h i s e x t e n t m a y e l i m i n a t e 



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

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

r e s u l t s h o w e v e r i n d i c a t e t h a t the total e n t e r i c p o p u l a t i o n 

w o u l d r e m a i n in t r a c e a b l e c o n c e n t r a t i o n s . 

I d e n t i f i c a t i o n of e n t e r i c b a c t e r i a . T h e E n t e r o b a c t e r i a c e a e 

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

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

s t r a i n s of S e r r a t i a m a r c e s c e n s t h e r e is a c o m p l e t e l a c k 

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

for the c o m p o n e n t g e n e r a of the p o p u l a t i o n m u s t be b a s e d 

on t h e r e s u l t s of s e v e r a l b i o c h e m i c a l t e s t s . 

D i f f e r e n t i a t i o n b e t w e e n E n t e r o b a c t e r a e r o g e n e s and 

K l e b s i e l l a p n e u m o n i a e is b a s e d on the l a c k of m o t i l i t y of 

K_. p n e u m o n i a e and d e c a r b o x y l a t i o n of o r n i t h i n e by JE. a e r o g e n e s . 

T h e r e l i a b i l i t y of t h e s e two c h a r a c t e r i s t i c s is s u s p e c t 

b e c a u s e it has b e e n d e m o n s t r a t e d t h a t s o m e s t r a i n s of 

jl. a e r o g e n e s a r e n o n - m o t i l e and s o m e s t r a i n s a r e o r n i t h i n e 

d e c a r b o x y l a s e n e g a t i v e ( A m e r i c a n P u b l i c H e a l t h A s s o c i a t i o n 

et a l . , 1 9 7 1 ; G r i m e s , 1 9 7 5 ) . 

In t h e m a j o r i t y of i n s t a n c e s s p e c i e s i d e n t i f i c a t i o n 

of a n y m e m b e r of the e n t e r i c g r o u p r e q u i r e s e l e v e n or m o r e 

b i o c h e m i c a l d e s c r i p t o r s ( E d w a r d s and E w i n g , 1 9 7 2 ; J o h n s o n 

et a l . , 1 9 7 5 ; M c C o y a n d S e i d l e r , 1 9 7 3 ; P a i n t e r and I s e n b e r g , 

1 9 7 3 ; T o m f o h r d e e t . a l . , 1 9 7 3 ) , and in the c a s e of S a l m o n e l l a , 



s p e c i a t i o n can be a c h i e v e d by s p e c i f i c a n t i b o d y r e a c t i o n s 

o n l y . 

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

w o u l d be v e r y t i m e c o n s u m i n g and c o s t l y if e a c h i n d i v i d u a l 

i s o l a t e is t r e a t e d s e p a r a t e l y . A p o s s i b l e a l t e r n a t i v e to 

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

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

t h i s w o u l d f a c i l i t a t e the s i m u l t a n e o u s i d e n t i f i c a t i o n 

of a l a r g e n u m b e r of e n t e r i c b a c t e r i a . 

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

t e c h n i c a l p r o b l e m s t h a t m u s t f i r s t be r e s o l v e d if it is to 

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

w i t h the t r a n s f e r of d i s c r e t e c o l o n i e s to a s e r i e s of p l a t e s 

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

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

d i m e n s i o n s as the i s o l a t i o n p l a t e s u s e d ( L e d e r b e r g and 

L e d e r b e r g , 1 9 5 2 ) . T h i s m e t h o d a l t h o u g h s a t i s f a c t o r y 

f o r two to t h r e e t r a n s f e r s has a t e n d e n c y to d i s t o r t 

the i n d i v i d u a l c o l o n i e s and in s o m e i n s t a n c e s is r e s p o n s i b l e 

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

e f f e c t s a p p e a r to be c a u s e d by the b e n d i n g of the v e l v e t 

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

c o l o n i e s on a s e r i e s of p l a t e s a m o r e r i g i d t r a n s f e r 

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

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

of d i s c r e t e c o l o n i e s in a s e r i e s of r e p l i c a p l a t e s is t h e 

d r y n e s s of m e d u i m s u r f a c e s . A m e d i u m s u r f a c e m u s t be d r y 

e n o u g h to i n h i b i t t h e m o t i l i t y of t h e i s o l a t e s , y e t n o t so 

d r y as to i n c r e a s e t h e c o n c e n t r a t i o n of m e d u i m c o n s t i t u e n t s 

to t h e p o i n t w h e r e t h e y b e c o m e i n h i b i t o r y or t o x i c to 

i nd iv idual i s o l a t e s . 

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

c a n be a c h i e v e d w i t h e i g h t m e d i a ( B a s c o m b et a l . , 1 9 7 3 ; 

C o o k et a l . , E d w a r d s and E w i n g , 1 9 7 2 ; M c C o y and S e i d l e r , 

1 9 7 3 ; P a i n t e r and I s e n b e r g 1 9 7 3 ; S t o r e y et a l . , 1 9 7 4 ) . 

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

by i n d i v i d u a l g r o u p s and m e d i a w o u l d be m a d e as n e e d e d . 
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I d e n t i f i c a t i o n of E n t e r i c B a c t e r i a in W a t e r S u p p l i e s 

by 

Sam E g d o r f 

( 

( 



( 139 

I N T R O D U C T I O N 
( 

S t a n d a r d M e t h o d s for t h e E x a m i n a t i o n o_f W a t e r 

and W a s t e w a t e r , 1 3 t h e d . ( A m e r i c a n P u b l i c H e a l t h 

A s s o c i a t i o n et a l . , 1 9 7 1 ) l i s t s o n l y two m e t h o d s for 

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

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

f i l t e r and m o s t p r o b a b l e n u m b e r s , r e l y on l a c t o s e as t h e 

d i f f e r e n t i a l s u g a r . A c c o r d i n g to C o w a n ( 1 9 7 4 ) , l a c t o s e 

f e r m e n t a t i o n is q u i t e v a r i a b l e a m o n g t h e E n t e r o b a c t e r i a c e a e . 

T h u s c o l o n i e s c o u n t e d and i s o l a t e d m a y n o t be c o l i f o r m s , 

b u t o t h e r e n t e r i c b a c t e r i a . For c o n f i r m a t i o n S t a n d a r d 

M e t h o d s u t i l i z e s t h e I M V i C t e s t s , w h i c h a r e a c t u a l l y 

d i r e c t e d t o w a r d t h e c h a r a c t e r i z a t i o n o n l y of E s c h e r i c h i a 

c o 1 i , E n t e r o b a c t e r a e r o g e n e s , and Ci t r o b a c t e r f r e u n d i i , 

o r , 3 of t h e 11 e n t e r i c g e n e r a . 

To t e s t the e x t e n t and s i g n i f i c a n c e of t h e p r o b l e m 

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

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

( L a k e M e a d and Las V e g a s W a s h ) k n o w n to c o n t a i n l a r g e 

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

of S t a n d a r d M e t h o d s f o r c o n f i r m a t i o n , a s l i g h t l y 

m o d i f i e d v e r s i o n of the m u l t i t e s t p r o c e d u r e a d v o c a t e d by 

M a r t i n ( 1 9 7 0 ) w a s a p p l i e d to the s a m e i s o l e s s u b j e c t e d to 

I M V i C t e s t i n g . 
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M A T E R I A L S A N D M E T H O D S 

W a t e r s a m p l e s w e r e c o l l e c t e d in a t h r e e l i t e r 

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

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

to b o t t o m at f i v e s a m p l i n g l o c a t i o n s ( S t a t i o n s 1 - 5 ) . T h e 

s a m p l e s w e r e p l a c e d on ice and t r a n s p o r t e d to the l a b o r a t o r y 

f o r a n a l y s i s . D u p l i c a t e d i l u t i o n s of 1 0 0 , 1 0 , and 1 ml 

w e r e f i l t e r e d on m e m b r a n e f i l t e r s , t r e a t e d w i t h m e d i a , 

i n c u b a t e d , and c o u n t e d a c c o r d i n g to S t a n d a r d M e t h o d s 

p r o c e d u r e s f o r f e c a l and total c o l i f o r m s ( A m e r i c a n P u b l i c 

H e a l t h A s s o c i a t i o n , et a l . , 1 9 7 1 ) . 

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

f i l t e r s , s t r e a k e d on EMB a g a r , and i n c u b a t e d at 35°C until 

w e l l - d e f i n e d c o l o n i e s a p p e a r e d . B o t h t y p i c a l and a t y p i c a l 

c o l i f o r m c o l o n i e s on EMB w e r e t r a n s f e r r e d to m a i n t e n a n c e 

s l a n t s . W h e n s u b s t a n t i a l g r o w t h w a s o b t a i n e d on e a c h of 

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

i n n o c u l a t e d i n t o d e x t r o s e b r o t h , and t e s t e d for o x i d a s e 

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

c h a r a c t e r i s t i c s of t h e E n t e r o b a c t e r i a c e a e as d e f i n e d by 

C o w a n ( 1 9 7 4 ) w e r e i n t r o d u c e d to the I M V i C and m u l t i t e s t 

p r o c e d u r e s . R O C H E I m p r o v e d E n t e r o t u b e s w e r e u s e d f o r 

t h e l a t t e r . 



A f t e r all b i o c h e m i c a l t e s t s w e r e c o m p l e t e , t h e 

o r g a n i s m s w e r e i d e n t i f i e d a c c o r d i n g to s c h e m e s for b o t h 

p r o c e d u r e s . No a d d i t i o n a l t e s t s w e r e p e r f o r m e d on 

o r g a n i s m s n o t i d e n t i f i e d by the I M V i C m e t h o d . R h a m n o s e 

a n d r a f f i n o s e f e r m e n t a t i o n s w e r e r e q u i r e d in s o m e 

i n s t a n c e s to s u p p l e m e n t the 11 b i o c h e m i c a l t e s t s of the 

m u l t i t e s t p r o c e d u r e . 

R E S U L T S 

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

i n a d e q u a c y of t h e I M V i C m e t h o d of i d e n t i f i c a t i o n , w h i c h 

r e s u l t e d in r e l a t i v e l y low n u m b e r s of i d e n t i f i e d o r g a n i s m s 

( T a b l e 2 7 ) . On t h e o t h e r h a n d t h e m u l t i t e s t p r o c e d u r e 

r e s u l t e d in 1 0 0 p e r c e n t i d e n t i f i c a t i o n of all o r g a n i s m s 

i n t r o d u c e d i n t o the s y s t e m . 

For e x a m p l e i s o l a t e 1 , i d e n t i f i e d as E s c h e r i ch i a 

coli V a r i e t y I by the I M V i C p r o c e d u r e , d e m o n s t r a t e d 

c h a r a c t e r i s t i c s t h a t w e r e a c t u a l l y t h o s e of K 1 e b s i el la 

s p p . as i n d i c a t e d by b i o c h e m i c a l r e a c t i o n s , l a c k of 

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

t h e r e a c t i o n s of t h e I M V i C t e s t s t o g e t h e r w i t h t h e 

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

e i t h e r K 1 e b s i e l 1 a p n e u m o n i a e , t y p e 3 , or K l e b s i e l l a 

o z a e n a e . 
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T a b l e 2 7 . I d e n t i t y of i s o l a t e s by I M V i C and M u l t i t e s t 
p r o c e d u r e s . 

I d e n t i t y By I d e n t i t y By 

I s o l a t e # I M V i C M u l t i t e s t 

1 E s c h e r i c h i a coli V a r . 1 K l e b s i e l l a s p p . 

2 E n t e r o b a c t e r a e r o g e n e s V a r . 1 K l e b s i e l l a s p p . 

3 E s c h e r i c h i a c o l i V a r . 1 E s c h e r i c h i a c o l i 

4 E n t e r o b a c t e r a r e o g e n e s V a r . 1 K l e b s i e l l a s p p . 

5 N O T I D E N T I F I E D E s c h e r i c h i a c o l i 

6 N O T I D E N T I F I E D S h i g e l l a s p p . 

7 E n t e r o b a c t e r a e r o g e n e s V a r . 1 E n t e r o b a c t e r c l o a c a e 

8 N O T I D E N T I F I E D E s c h e r i c h i a coli 

9 N O T I D E N T I F I E D E s c h e r i c h i a coli 

10 E n t e r o b a c t e r a e r o g e n e s V a r . 1 K l e b s i e l l a s p p . 

11 N O T I D E N T I F I E D S e r r a t i a m a r c e n s c e n s 

12 E n t e r o b a c t e r a e r o g e n e s V a r . 1 E n t e r o b a c t e r c l o a c a e 

13 N O T I D E N T I F I E D E s c h e r i c h i a coli 

14 NOT I D E N T I F I E D E s c h e r i c h i a coli 

15 N O T I D E N T I F I E D K l e b s i e l l a s p p . 

16 N O T I D E N T I F I E D K l e b s i e l l a s p p . 

17 E s c h e r i c h i a c o l i V a r . 11 E s c h e r i c h i a c o l i 

18 E n t e r o b a c t e r a e r o g e n e s V a r . 11 E n t e r o b a c t e r c l o a c a e 



I s o l a t e s 2 , 4 a n d 10 w e r e i d e n t i f i e d as E n t e r o b a c t e r 

a e r o g e n e s V a r i e t y I by I M V i C b u t t h e m u l t i t e s t p r o c e d u r e 

c o n f i r m e d t h e i r i d e n t i t y as K 1 e b s i e l 1 a s p p . T h e p r e s e n c e 

of o r n i t h i n e d e c a r b o x y l a s e w a s the o n l y b i o c h e m i c a l t e s t 

d i f f e r e n t i a t i n g E^ a e r o g e n e s and K. p n e u m o n i a e ; t h e l a c k 

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

b u t , a c c o r d i n g to J o h n s o n ( 1 9 7 5 ) , t h e s e c h a r a c t e r i s t i c s 

a r e n o t s u f f i c i e n t to d i f f e r e n t i a t e g e n e r a , a n d , b e c a u s e 

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

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

and n o n m o t i l e f o r m s . 

I s o l a t e s 7 , 12 and 18 w e r e i d e n t i f i e d as ]E. a e r o g e n e s 

V a r i e t i e s I, I and I I , r e s p e c t i v e l y , by I M V i C . On t h e 

b a s i s of r h a m n o s e f e r m e n t a t i o n and l a c e of r a f f i n o s e 

f e r m e n t a t i o n the m u l t i t e s t i n d i c a t e d t h a t E^. a e r o g e n e s 

V a r i e t i e s I and II w e r e a c t u a l l y jE. c l o a c a e , a d i f f e r e n t 

s p e c i e s . 

Of the 18 i s o l a t e s u t i l i z e d in t h i s c o m p a r i s o n , o n l y 

50 p e r c e n t w e r e i d e n t i f i e d by t h e S t a n d a r d M e t h o d p r o c e d u r e 

( I M V i C ) , and of t h o s e i d e n t i f i e d by t h i s m e t h o d , o n l y two 

w e r e c o r r e c t by c u r r e n t s t a n d a r d s for n o m e n c l a t u r e . T h e 

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

g r e a t d e g r e e of c o n f i d e n c e w i t h t h e e x c e p t i o n of i s o l a t e 1. 

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



d e t a i l e d b i o c h e m i c a l s e r i e s of t e s t s to e s t a b l i s h 

w h e t h e r it w a s J<. p n e u m o n i a e of K^ o z a e n a e . T a b l e 1 

c o n t a i n s o r g a n i s m i d e n t i f i c a t i o n for b o t h t h e I M V i C , 

and m u l t i m e d i a s y s t e m s . 

D I S C U S S I O N 

T h e m u l t i t e s t p r o c e d u r e e m p l o y e d in t h i s s t u d y 

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

e n t e r i c s . T h i s w a s p o i n t e d o u t by L e e r s ( 1 9 7 3 ) w h o 

s t a t e d t h a t m o r e t h a n 92 p e r c e n t of t h e e n t e r i c b a c t e r i a 

c o u l d be i d e n t i f i e d w i t h i n 24 h o u r s w i t h o u t a d d i t i o n a l 

t e s t s . A c t u a l l y , we f o u n d t h a t all the i s o l a t e s c o u l d 

be i d e n t i f i e d to g e n u s w i t h i n 24 h o u r s , b u t f u r t h e r t e s t s 

w e r e r e q u i r e d to a p p l y e p i t h e t s to s p e c i e s of K l e b s i e l l a , 

E n t e r o b a c t e r , C i t r o b a c t e r , S h i g e l l a , and S a l m o n e l l a . 

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

s p p . can a l s o be i d e n t i f i e d by t h e u s e of t h i s m u l t i t e s t 

m e t h o d of i d e n t i f i c a t i o n . 

In all i n s t a n c e s C o w a n ' s ( 1 9 7 4 ) m e t h o d s s h o u l d be 

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

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

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

e x a m i n e s all p o s s i b i l i t i e s , t h e p r o b a b i l i t y of 

mi s i d e n t i f i c a t i o n is a l w a y s p r e s e n t . 

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

a n s w e r f o r e n t e r i c i d e n t i f i c a t i o n , a p p e a r s to be t h e 



b e s t i n t e r i m p r o c e d u r e we h a v e at t h i s t i m e . S i m i l a r 

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

a s s i s t e d t a x o n o m y , and n u m e r i c a l t a x o n o m y ( F i n l a y s o n and 

G i b b s , 1 9 7 4 ; F r i e d m a n et a l . , 1 9 7 3 ; J o h n s o n et a l . , 1 9 7 5 ; 

M a r t i n , 1 9 7 0 ; O l i v e r and C o w e l l , 1 9 7 4 ; S h e w a n e et a l . , 1 9 6 0 ) 

S t a n d a r d M e t h o d s p r o c e d u r e s , on t h e o t h e r h a n d , s e e m 

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

f e r m e n t a t i o n w i t h g a s f o r m a t i o n w i t h i n 2 4 t 2 h o u r s at 

44.5°C t h e p r i n c i p l e b a s i c p r o b l e m . O n l y c e r t a i n b i o t y p e s 

of E[. col i and C^. f r e u n d i i e x h i b i t t h e c a p a b i l i t y . A l s o 

t h e r e is s o m e d i s a g r e e m e n t c o n c e r n i n g E.. a e r o g e n e s . It 

has b e e n s h o w n t h a t JE. a e r o g e n e s c a p a b l e of f e r m e n t i n g 

l a c t o s e w i t h gas p r o d u c t i o n a t 44.5°C a p p e a r s to be f r o m 

soil or v e g e t a t i o n f r e e f r o m f e c a l c o n t a m i n a t i o n , w h i l e 

t h e o t h e r b i o t y p e , n e g a t i v e f o r t h i s r e a c t i o n , a p p e a r s to 

be of f e c a l o r i g i n ( C o w a n , 1 9 7 4 ) . T h i s is in d i r e c t 

c o n t r a d i c t i o n w i t h S t a n d a r d M e t h o d s . 

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

of i d e n t i f i c a t i o n s h o u l d be c o n s i d e r e d f o r t h e n e x t r e v i s i o n 

of S t a n d a r d M e t h o d s . T h i s w o u l d a l l o w s u b s t i t u t i o n of 

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

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

l a c t o s e in p r e s e n t p r e s u m p t i v e m e d i a w o u l d h a v e to be 

r e p l a c e d by d e x t r o s e , the s u g a r c o m m o n to all E n t e r o -

b a c t e r i a c e a e . 



W a t e r Q u a l i t y S t a n d a r d s 

N o r t h S h o r e R o a d 



E n v i r o n m e n t a l P r o t e c t i o n A g e n c y s t a n d a r d s for 

Las V e g a s W a s h at N o r t h S h o r e Road and p a r a m e t e r d e t e r m i n e d 

in 1 9 7 5 are s u m m a r i z e d in T a b l e 2 8 . T e m p e r a t u r e , p H , 

d i s s o l v e d o x y g e n , m e t h y l e n e b l u e - a c t i v e s u b s t a n c e s , 

and total f r e e c h l o r i n e a r e w i t h i n the s t a n d a r d s . 

M B A S , w h i c h is a m e a s u r e m e n t of the s u r f a c e - a c t i v e 

a g e n t s or s u r f a c t a n t s in s y n t h e t i c d e t e r g e n t s , was b e l o w 1 

m g / 1 , the level at w h i c h f r o t h i n g o c c u r s . A l t h o u g h l e v e l s 

w e r e b e l o w 1 m g / 1 , f r o t h i n g did o c c a s i o n a l l y o c c u r at 

N o r t h S h o r e R o a d , t h e r e f o r e , l e v e l s m a y have been hig'her 

than t e s t r e s u l t s i n d i c a t e d . Both o r g a n i c and i n o r g a n i c 

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

w h e n u s i n g the m e t h y l e n e b l u e t e c h n i q u e a l t h o u g h p o s i t i v e 

e r r o r s are m o r e c o m m o n t h a n n e g a t i v e e r r o r s . A m i n e s can 

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

v a l u e s of s u r f a c t a n t s than w e r e a c t u a l l y p r e s e n t . 

B i o l o g i c a l o x y g e n d e m a n d ( B O D 5 ) , c h e m i c a l o x y g e n 

d e m a n d ( C O D ) , p h o s p h o r o u s , s u s p e n d e d s o l i d s , t u r b i d i t y , 

and c o l i f o r m s w e r e h i g h e r than E . P . A . s t a n d a r d s . 



T a b l e 2 8 . E . P . A . w a t e r q u a l i t y s t a n d a r d s for Las V e g a s W a s h at N o r t h S h o r e R o a d 
and v a l u e s f o u n d in 1 9 7 5 . 

1 975 

P a r a m e t e r U n i t s EPA S t a n d a r d s M e a n R a n g e 

T e m p e r a t u r e oc 

pH u n i t s 

D i s s o l v e d o x y g e n m g / 

B O D g mg/ 

COD mg/ 

S u s p e n d e d s o l i d s mg/ 

M B A S mg/ 

P h o s p h o r o u s as P mg/ 

T u r b i d i t y J T U 

Fecal coli f o r m s 

<32 

6 . 5 - 8 . 5 

1 5 - 0 

1 0 . 0 

4 0 . 0 

2 . 0 

0.8 

0 . 5 

1 . 0 

< 2 / 1 0 0 m l . 

18.2 

8.1 

8.7 

9.9 

85 

4 7 0 

0.1 

4 . 53 

99 

344 

1 0 . 0 - 2 3 . 5 

7 . 0 - 8 . 4 

6 . 5 - 1 1 . 8 

0 - 4 0 . 8 

3 3 . 3 - 1 4 8 . 0 

113 - 1 7 7 0 

0 . 0 2 - 0 . 2 4 

3 . 8 8 - 5 . 0 8 

28 - 3 2 5 

0 - 1 7 0 0 
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s t r e a m w a t e r . W a t e r R e s e a r c h . 1 : 5 6 7 - 5 7 6 . 

H e n d r i c k s , C . W . 1 9 7 0 . F o r m i c h y d r o g e n l y a s e i n d u c t i o n as a 
b a s i s for t h e P i j k m a n f e c a l c o l i f o r m c o n c e p t . A p p l . 
M i c r o b i o l . 1 9 ( 3 ) : 4 4 1 - 4 4 5 . 

H e n d r i c k s , C. W . 1 9 7 1 . I n c r e a s e s r e c o v e r y of S a l m o n e l 1 a f r o m 
s t r e a m b o t t o m s e d i m e n t s v e r s u s s u r f a c e w a t e r . A p p l . M i c r o b i o l . 
2 1 ( 2 ) : 3 7 9 - 3 8 0 . 

H e n d r i c k s , C . W . 1 9 7 2 . E n t e r i c b a c t e r i a l g r o w t h r a t e s in r i v e r 
w a t e r . A p p l . M i c r o b i o l . 2 4 ( 2 ) : 1 6 8 - 1 7 4 . 

H o f f m a n , D. A . , and A . R . J o n e z . 1 9 7 3 . L a k e M e a d , a c a s e 
h i s t o r y . G e o p h y s i c a l M o n o g r a p h S e r i e s . 1 7 : 2 2 0 - 2 2 3 . 

H o f f m a n , D. A . , P . R . T r a m u t t and F . C . H e l l e r . 1 9 6 7 . W a t e r 
q u a l i t y s t u d y of L a k e M e a d . D i v i s i o n of R e s e a r c h , B u r e a u 
of R e c l a m a t i o n . R e p t . N o . C H E - 7 0 . 151 p p . 

H o g a n s o n , D. A . , and S . C. E l l i o t . 1 9 7 2 . B a c t e r i o l o g i c a l 
q u a l i t y of L a k e Red R o c k , t h e Des M o i n e s R i v e r b e t w e e n 
Des M o i n e s , Iowa and L a k e Red R o c k . P r o c . Iowa A c a d . S c i . 
7 8 : 5 0 - 5 6 . 

H u t c h i n s o n , G . E. 1 9 5 7 . A t r e a t m e n t on l i m n o l o g y , V o l . I. 
W i l e y and S o n s , I n c . 1 0 1 5 p p . 

H u t c h i n s o n , G . E. 1 9 6 7 . A t r e a t m e n t on l i m n o l o g y , V o l . I I . 
W i l e y and S o n s , I n c . 1 1 1 5 p p . 

I c a n b e r r y , J . W . , and R . W . R i c h a r d s o n . 1 9 7 3 . Q u a n t i t a t i v e 
s a m p l i n g of l i v e z o o p l a n k t o n w i t h a f i l t e r - p u m p s y s t e m . 
L i m n o l . O c e a n o g r . 1 8 : 3 3 3 - 3 3 5 . 

J o h n s o n , R . , R. R . C o w e l l , R. S a k a z a k i , and K. T a m u r a . 1 9 7 5 . 
N u m e r i c a l t a x o n o m y s t u d y of t h e E n t e r o b a c t e r i a c e a e . J . S y s t . 
B a c t e r i d . 2 5 ( l ) : 1 2 - 3 7 . 
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J o r d a n , E. 0 . 1 9 0 0 . S o m e o b s e r v a t i o n s on t h e b a c t e r i a l 
s e l f p u r i f i c a t i o n of s t r e a m s . J . E x p t l . M e d . 5 : 2 7 1 - 3 1 5 . 

K i b b y , H . V . 1 9 7 1 . E n e r g e t i c s and p o p u l a t i o n d y n a m i c s of 
D i a p t o m u s g r a c i l i s . E c o . M o n o g r . 4 1 : 3 1 1 - 3 2 7 . 

K i n g , D. L. 1 9 7 0 . T h e r o l e of c a r b o n in e u t r o p h i c a t i o n . 
J . W a t e r P o l l . Con.trol F e d . 4 2 : 2 0 3 5 - 2 0 5 1 . 

K l e i n , D. A . , and S . W u . 1 9 7 4 . S t r e s s : A f a c t o r to be 
c o n s i d e r e d in h e t e r o t r o p h i c m i c r o o r g a n i s m e n u m e r a t i o n 
f r o m a q u a t i c e n v i r o n m e n t s . A p p l . M i c r o b i o l . 2 7 ( 2 ) : 4 2 9 - 4 3 1 . 

K n i t t e l , M . D . 1 9 7 5 . O c c u r r e n c e of K l e b s i e l l a p n e u m o n i a e 
in s u r f a c e w a t e r s . A p p l . M i c r o b i o l ! 2 9 ( 5 ) : 5 9 5 - 5 9 7 . 

L a c k e y , J . B . 1 9 3 8 . T h e m a n i p u l a t i o n and c o u n t i n g of r i v e r 
p l a n k t o n and t h e c h a n g e s in s o m e o r g a n i s m s d u e to f o r m a l i n 
p r e s e r v a t i v e . U . S . P u b l i c H e a l t h R e p o r t 5 3 : 2 0 8 0 - 2 0 9 3 . 

L a r a , J . M . , and J . I. S a n d e r s . 1 9 7 0 . T h e 1 9 6 3 - 6 4 L a k e M e a d 
s u r v e y . U . S . D e p t . I n t e r i o r , B u r e a u of R e c l a m a t i o n . 172 p p . 

L e d e r b e r g , J . , and E. M . L e d e r b e r g . 1 9 5 2 . R e p l i c a p l a t i n g and 
i n d i r e c t s e l e c t i o n of b a c t e r i a l m u t a n t s . J . B a c t e r i d . 
6 3 ( 3 ) : 3 9 9 - 4 0 6 . 

L e e r s , W . D. 1 9 7 3 . R o u t i n e i d e n t i f i c a t i o n of E n t e r o b a c t e r i a c e a e 
w i t h new i m p r o v e d e n t e r o t u b e . C a n . J . of P u b . H e a l t h . 
6 4 : 5 8 4 - 5 8 7 . 

L i n , S . , R . L. E v a n s , and D. B . B e u s c h e r . 1 9 7 4 . B a c t e r i o l o g i c a l 
a s s e s s m e n t of S p o o n R i v e r w a t e r q u a l i t y . A p p l . M i c r o b i o l . 
2 8 ( 2 ) : 2 8 8 - 2 9 7 . 

L o s a n e , B . K . , N . M . P a r h a d , and N . U . R a o . 1 9 6 7 . E f f e c t of 
t e m p e r a t u r e and t i m e on t h e c o l i f o r m s in w a t e r s a m p l e s . 
W a t e r R e s e a r c h . 1 : 8 0 9 - 8 1 6 . 

L u n d , J . W . 1 9 6 9 . P h y t o p l a n k t o n . P a g e s 3 0 6 - 3 3 0 in E u t r o p h i c a t i o n 
C a u s e s , c o n s e q u e n c e s , c o r r e c t i o n s . N a t i o n a l A c a d e m y of 
S c i e n c e s , W a s h i n g t o n , D . C. 

M a r g a l e f , R . 1 9 6 5 . E c o l o g i c a l c o r r e l a t i o n and the r e l a t i o n s h i p 
b e t w e e n p r i m a r y p r o d u c t i v i t y and c o m m u n i t y s t r u c t u r e . P a g e s 
3 5 5 - 3 6 4 iji C . R . G o l d m a n , e d . P r i m a r y P r o d u c t i v i t y in A q u a t i c 
E n v i r o n m e n t s . M e n . I n s t . I t a l . I d r o b i o l . 18 S u p p l . , U n i v . 
C a l i f . P r e s s , B e r k e l e y . 
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M a r s h , C. D. 1 9 2 9 . D i s t r i b u t i o n and key of the N o r t h 
A m e r i c a n C o p e p o d s of t h e g e n u s D i a p t o m u s , w i t h the 
d e s c r i p t i o n of a n e w s p e c i e s . P r o c . U . S . N a t i o n a l 
M u s e u m , V o l . 7 5 , A r t i c l e 1 4 : 1 - 2 7 . 

M a r s h a l l , S . M . and A . P . O r r . 1 9 5 5 . T h e B i o l o g y of a 
M a r i n e C o p e p o d . O l i v e r and B o y d , L o n d o n . 188 p . 

M a r t i n , M . J . 1 9 7 0 . E n t e r o b a c t e r i a c e a c e . P a g e s 1 5 1 - 1 7 4 
i n J . E. B l a i r , E. H . L e n n e t t e , and J . P . t r u a n t , e d s . 
M a n u a l of C l i n i c a l M i c r o b i o l o g y . A m e r i c a n S o c i e t y for 
M i c r o b i o l o g y , B e t h e s d a , M D . 

M c C o y , R. H . , and R. J . S e i d l e r . 1 9 7 3 . P o t e n t i a l p a t h o g e n s 
in t h e e n v i r o n m e n t : i s o l a t i o n , e n u m e r a t i o n , and 
i d e n t i f i c a t i o n of s e v e n g e n e r a of i n t e s t i n a l b a c t e r i a 
a s s o c i a t e d w i t h small g r e e n p e t t u r t l e s . A p p l . M i c r o b i o l . 
2 5 ( 4 ) : 5 3 4 - 5 3 8 . 

M c F e t e r s , G . A . , G . K. B i s s o n n e t t e , J . J . J e z e s k i , C . A . T h o m s o n , 
and D . H . S t u a r t . 1 9 7 4 . C o m p a r a t i v e s u r v i v a l of i n d i c a t o r 
and e n t e r i c p a t h o g e n s in w e l l w a t e r . A p p l . M i c r o b i o l . 
2 7 ( 5 ) : 8 2 3 - 8 2 9 . 

M c M i c h a e l , D. E. 1 9 7 3 . A w a t e r q u a l i t y s u r v e y . M i n n e s o t a 
A c a d . S c i . J . 

M c N a b b , C . D. 1 9 6 0 . E n u m e r a t i o n of f r e s h w a t e r p h y t o p l a n k t o n 
on the m e m b r a n e f i l t e r . L i m n o l . O c e a n o g r . 5 : 5 7 - 6 1 . 

M c Q u e e n , D. J . 1 9 6 9 . R e d u c t i o n of z o o p l a n k t o n s t a n d i n g s t o c k s 
by p r e d a c e o u s C y c l o p s bi c u s p i d a t u s t h o m a s i in M a r i o n L a k e , 
B r i t i s h C o l u m b i a . J . F i s h . R e s . B d . C a n . 2 6 : 1 6 0 5 - 1 6 1 8 . 

M e l a c k , J . M . , and P . K i l h a m . 1 9 7 4 . P h o t o s y n t h e t i c r a t e s of 
p h y t o p l a n k t o n in E a s t A f r i c a n a l k a l i n e , s a l i n e l a k e s . 
L i m n o l . O c e a n o g r . 1 9 : 7 4 3 - 7 5 5 . 

M u n a w a r , M . , and N . M . B u r n s . 1 9 7 6 . R e l a t i o n s h i p s of 
p h y t o p l a n k t o n b i o m a s s w i t h s o l u b l e n u t r i e n t s , p r i m a r y 
p r o d u c t i o n , and c h l o r o p h y l l in L a k e E r i e , 1 9 7 0 . J . F i s h . 
R e s . B o a r d C a n . 3 3 : 6 0 1 - 6 1 1 . 

N a n n a s h , H . W . 1 9 6 9 . E s t i m a t i o n s of b a c t e r i a l g r o w t h r a t e s 
in n a t u r a l w a t e r . J . B a c t e r i d . 99:1 56-1 6 0 . 

N e i h a r d t , F. C . , P. L. B l o c h , and D . F. S m i t h . 1 9 7 4 . C u l t u r e 
M e d i u m f o r E n t e r o b a c t e r i a . J . B a c t e r i d . 1 1 9( 3 ) : 7 3 6 - 7 4 7 . 



O l i v e r , J . D . , and R. R . C o w e l l . 1 9 7 4 . C o m p u t e r d e s i g n e d 
to f o l l o w f l u c t u a t i o n s in m i c r o b i a l p o p u l a t i o n s and its 
a p p l i c a t i o n in a s t u d y of C h e s a p e a k Bay m i c r o f l o r a . A p p l . 
M i c r o b i o l . 2 8 : 1 8 5 - 1 9 2 . 

01 s e n , D. A . 1 9 7 5 . T h e p h y t o p l a n k t o n e c o l o g y of a d e s e r t 
l a k e . D o c t o r a l d i s s e r t a t i o n . A r i z o n a S t a t e U n i v e r s i t y . 
3 2 0 p p . 

P a i n t e r , G . B . , and H . D. I s e n b e r g . 1 9 7 3 . C l i n c a l l a b o r a t o r y 
e x p e r i e n c e w i t h the I m p r o v e d E n t e r o t u b e . A p p l . M i c r o b i o l . 
2 5 ( 6 ) : 8 9 6 - 8 9 9 . 

P a r s o n , T. R . , and J . D . H . S t r i c k l a n d . 1 9 6 3 . D i s c u s s i o n 
of s p e c t r o p h o t o m e t r i c d e t e r m i n a t i o n of m a r i n e p l a n t p i g m e n t s , 
w i t h r e v i s e d e q u a t i o n s for a s c e r t a i n i n g c h l o r o p h y l l s and 
c a v o t e n o i d s . J . N a v . R e s . 2 1 : 1 5 5 - 1 6 3 . 

P e n n a k , R . W . 1 9 4 4 . D i u r n a l m o v e m e n t s of z o o p l a n k t o n o r g a n i s m s 
in s o m e C o l o r a d o M o u n t a i n L a k e s . E c o l o g y 2 5 : 3 8 7 - 4 0 3 . 

P e n n a k , R . W . 1 9 5 3 . F r e s h w a t e r I n v e r t e b r a t e s of the U n i t e d 
S t a t e s . R o n a l d P r e s s , New Y o r k . 7 6 9 p . 

P e n n a k , R. W . 1 9 5 7 . S p e c i e s c o m p o s i t i o n of l i m n e t i c z o o p l a n k t o n 
c o m m u n i t i e s . L i m n o l . O c e a n o g r . 2 : 2 2 2 - 2 3 2 . 

P r o v a s o l i , L. 1 9 6 9 . A l g a l n u t r i t i o n and e u t r o p h i c a t i o n . P a g e s 
5 7 4 - 5 9 3 iji E u t r o p h i c a t i o n : c a u s e s , c o n s e q u e n c e s , c o r r e c t i o n s . 
N a t i o n a l A c a d e m y of S c i e n c e , W a s h i n g t o n , D. C. 

R a y , B . G . , and M . L. S p e c k . 1 9 7 3 . D i s c r e p a n c i e s in the 

e n u m e r a t i o n of E s c h e r i c h i a c o l i . A p p l . M i c r o b i o l . 2 5 ( 4 ) : 4 9 4 - 4 9 8 . 

R i c h m a n , S . 1 9 5 8 . T h e t r a n s f o r m a t i o n of e n e r g y by D a p h n i a 
p u l e x . E c o . M o n o g r . 2 8 : 2 7 3 - 2 9 1 . 

R o d h e , W . 1 9 6 9 . C r y s t a l l i z a t i o n of e u t r o p h i c a t i o n c o n c e p t s 
in N o r t h e r n E u r o p e . P a g e s 5 0 - 6 4 jji E u t r o p h i c a t i o n : c a u s e s , 
c o n s e q u e n c e s , c o r r e c t i o n s . N a t i o n a l A c a d e m y of S c i e n c e , 
W a s h i n g t o n , D. C . 

R u t t n e r , F. 1 9 5 3 . F u n d a m e n t a l s of L i m n o l o g y ( T r a n s , by D . G . 
F r e y and F. E . J . F r y ) . U n i v . of T o r o n t o P r e s s , Xi + 242 p p . 

S a u n d e r s , G . W . , F . B . T r a m a . and R . W . B a c h m a n . 1 9 6 2 . 
E v a l u a t i o n of a m o d i f i e d '^C t e c h n i q u e for s h i p b o a r d 
e s t i m a t i o n of p h o t o s y n t h e s i s in l a r g e l a k e s . G r e a t L a k e s 
R e s . D i v . , U n i v . M i c h . P u b l . 8 . 61 p p . 



S c h e r b a k o f f , A . P . 1 9 3 5 . On t h e o x y g e n c o n s u m p t i o n of c e r t a i n 
p l a n k t o n c r u s t a c e a . A r b . L i m n o l . S t a . K o s s i n o . 1 9 : 6 7 - 8 9 . 

S c h e u s n e r , D. L . , F. F . B u s t a , and M . L . S p e c k . 1 9 7 1 . I n j u r y 
of b a c t e r i a by s a n i t i z e r s . A p p l . M i c r o b i o l . 2 1 ( l ) : 4 1 - 4 5 . 

^ c h i n d l e r , D. W . , and B . N o v e n . 1 9 7 1 . V e r t i c a l d i s t r i b u t i o n 
and s e a s o n a l a b u n d a n c e of z o o p l a n k t o n in t w o s h a l l o w l a k e s 
of the E x p e r i m e n t a l L a k e s A r e a , n o r t h w e s t O n t a r i o . J . 
F i s h . R e s . B d . C a n a d a . 2 8 : 2 4 5 - 2 5 6 . 

S h a p i r o , J . 1 9 6 0 . T h e c a u s e of t h e m e t a l i m n e t i c 
m i n i m u m of d i s s o l v e d o x y g e n . L i m n o l . O c e a n o g r . 5 ( 2 ) : 2 1 6 - 2 2 7 . 

S h a p i r o , J . 1 9 7 3 . B l u e - g r e e n a l g a e : w h y t h e y b e c o m e d o m i n a t e . 
S c i e n c e 1 7 9 : 3 8 2 - 3 8 4 . 

S h e w a n , J . M . , G . H o b b s , a n d W . H o d g k i s s . 1 9 6 0 . A 

d e t e r m i n a t i v e s c h e m e for t h e i d e n t i f i c a t i o n of c e r t a i n g e n e r a 
of g r a m - n e g a t i v e b a c t e r i a , w i t h s p e c i a l r e f e r e n c e to t h e 
P s e u d o m o n a d a c e a e . J . A p p l . B a c t e r i d . 2 3 : 3 7 9 - 3 9 0 . 

S m i t h , H. V . , C . P . J e t t e r , G . B . C u m m i n g s , and o t h e r s . 1 9 6 0 . 
C o m p r e h e n s i v e s u r v e y of s e d i m e n t a t i o n in L a k e M e a d , 1 9 4 8 - 4 9 . 
U. S . G e o l . S u r v e y . P r o f . P a p . 2 9 5 . 254 p p . 

S m y l y , W . J . 1 9 6 2 . L a b o r a t o r y e x p e r i m e n t s w i t h s t a g e V c o p e p o d i d s 
of the f r e s h - w a t e r c o p e p o d C y c l o p s 1 e u c k a r t i ( c l a u s ) f r o m 
W i n d e r m e r e and E s t h w a i t e W a t e r . C r u s t a c e a n a 4 : 2 7 3 - 2 8 0 . 

S t a k e r , R . D . , R . W . H o s h a w , and L . G . E v e r e t t . 1 9 7 4 . 
P h y t o p l a n k t o n d i s t r i b u t i o n and w a t e r q u a l i t y i n d i c e s for 
L a k e M e a d ( C o l o r a d o R i v e r ) . J . P h y c o l . 1 0 : 3 2 3 - 3 3 1 . 

S t a k e r , R . D . 1 9 7 4 . A d i u r n a l z o o p l a n k t o n m i g r a t i o n s t u d y in 
L a k e M e a d . A r i z . A c a d . S c i . 9 : 8 5 - 8 8 . 

S t e e m a n N i e l s e n , E. 1 9 5 1 . M e a s u r e m e n t of t h e p r o d u c t i o n of 
o r g a n i c m a t t e r in t h e sea by m e a n s of c a r b o n - 1 4 . N a t u r e 
1 6 7 : 6 8 4 - 6 8 5 . 

S t . J o h n , P. A . 1 9 7 3 . L u m i n e s e n c e t e c h n i q u e s in w a t e r a n a l y s i s . 
P a g e s 1 7 3 2 - 1 7 4 1 jhi L . L . C i a c c i o e d . W a t e r and W a t e r P o l l u t i o n 
H a n d b o o k . V o l . i v . M a r c e l D e k k e r I n c . , New Y o r k , N Y . 

S t o r e y , A . H . , R. M . M c P h e a r s o n , and J . L. G a i n s . 1 9 7 4 . Use 
of f l o u r e s c e n t d y e t r a c e r s in M o b i l e B a y . J . W a t e r P o l l u t . 
C o n t . F e d . 4 6 ( 4 ) : 6 5 7 - 6 6 5 . 



S t r o s s , R . G . 1 9 6 6 . L i g h t and t e m p e r a t u r e r e q u i r e m e n t s for 
d i a p a u s e d e v e l o p m e n t and r e l e a s e in D a p h n i a . E c o l o g y 
4 7 : 3 7 4 - 3 8 6 . 

T a i l i n g , J . F. 1 9 6 5 . C o m p a r a t i v e p r o b l e m s of p h y t o p l a n k t o n 
p r o d u c t i o n and p h o t o s y n t h e t i c p r o d u c t i v i t y in a t r o p i c a l 
and a t e m p e r a t e l a k e . P a g e s 401 - 4 2 4 jji C . R . G o l d m a n e d . 
P r i m a r y p r o d u c t i v i t y in a q u a t i c e n v i r o n m e n t s . M e m . 1 s t . 
I d r o b i o l . , 18 s u p p l . , U n i v . C a l i f . P r e s s , B e r k e l e y . 

T e w , R. W . , S . S . E g d o r f and J . E . D e a c o n . 1 9 7 6 . D i s t r i b u t i o n 
of s t r e a m p o l l u t i o n of l a k e w a t e r . J o u r . W a t e r P o l l . 
C o n t r o l F e d . , 4 8 : 8 6 7 - 8 7 1 . 

T o m f o h r d e , K. M . , D. L . R h o c e n , P . B . S m i t h , and A . B a l o w s . 
1 9 7 3 . E v a l u a t i o n of the r e d e s i g n e d E n t e r o t u b e , a s y s t e m 
for the i d e n t i f i c a t i o n of E n t e r o b a c t e r i a c e a e . A p p l . 
M i c r o b i o l . 2 6 ( 2 ) : 3 0 1 - 3 0 4 . 

T o n o l l i , V. 1 9 7 1 . M e t h o d s of C o l l e c t i o n . P a g e s 1 - 2 0 rn 
W . T . E d m o n s o n and G . G . W i n b e r g e d s . A m a n u a l on t h e 
m e t h o d s for the a s s e s m e n t of s e c o n d a r y p r o d u c t i v i t y in 
f r e s h - w a t e r s . 1. P . B . H a n d b o o k # 1 7 . 

U. S . G e o l o g i c a l S u r v e y . 1 9 7 5 . W a t e r r e s o u r c e s d a t a for 
N e v a d a . P a t I I . W a t e r q u a l i t y r e c o r d s . 

V e r d u i n , J . 1 9 5 9 . P h o t o s y n t h e s i s by a q u a t i c c o m m u n i t i e s in 
n o r t h w e s t e r n O h i o . E c o l o g y 4 0 : 3 7 7 - 3 8 3 . 

V e r d u i n , J . 1 9 6 0 . P h y t o p l a n k t o n c o m m u n i t i e s of W e s t e r n L a k e 
E r i e and the CO2 a n d 0? c h a n g e s a s s o c i a t e d w i t h t h e m . 
L i m n o l . O c e a n o g r . 5 : 3 7 2 - 2 8 0 . 

V e r d u i n , J . 1 9 6 7 . E u t r o p h i c a t i o n and a g r i c u l t u r e in the 
U n i t e d S t a t e s . P a g e s 1 63-1 72 iji N . C. B r a d y e d . 
A g r i c u l t u r e and the q u a l i t y of o u r e n v i r o n m e n t . A A A S 
S y m p o s i u m 8 5 . 

V o l l e n w e i d e r , R. A . , and 0 . R a v e r a . 1 9 5 8 . P r e l i m i n a r y 
o b s e r v a t i o n s on the o x y g e n u p t a k e by s o m e f r e s h w a t e r 
z o o p l a n k t e r s . V e r h . i n t . V e r . L i m n o l . 1 3 : 3 6 9 - 3 8 0 . 

V o l l e n w e i d e r , R . A . , and A . N a u w e r c k . 1 9 6 1 . S o m e o b s e r v a t i o n s 
on the C - 1 4 m e t h o d f o r m e a s u r i n g p r i m a r y p r o d u c t i v i t y . B e r h . 
i n t . V e r . L i m n o l . 1 4 : 1 3 4 - 1 3 9 . 
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V o l l e n w e i d e r , R. A . 1 9 7 0 . S c i e n t i f i c f u n d a m e n t a l s of 
l a k e s and f l o w i n g w a t e r s , w i t h p a r t i c u l a r r e f e r e n c e to 
n i t r o g e n and p h o s p h o r u s as f a c t o r s in e u t r o p h i c a t i o n . 
O r g . E c o n o m i c C o o p e r a t i o n and D e v e l o p m e n t . P a r i s . R e p o r t 
D A S / C S L / 6 8 2 7 . 192 p p . 

V o l l e n w e i d e r , R . A . (in p r e s s ) . I n p u t - o u t p u t m o d e l s . S c h w e i z . 
2. H y d r o l . 

W a r s e c k , M . , B. R a y , and M . L . S p e c k . 1 9 7 3 . R e p a i r and 
e n u m e r a t i o n of i n j u r e d c o l i f o r m s in f r o z e n f o o d s . A p p l . 
M i c r o b i o l . 2 6 ( 6 ) : 9 1 9 - 9 2 4 . 

( 

( 

( 

( 





A p p e n d i x I: N u t r i e n t c o n c e n t r a t i o n s in m g / 1 at s t a t i o n s 1 - 6 , 1 9 7 5 and 1 9 7 6 . 
T o t a l - P = total p h o s p h o r u s ; D i s s - P = d i s s o l v e d p h o s p h o r u s ; N H q - N = 
a m n o n i a n i t r o g e n ; NO2 + NO3 = n i t r i t e plus n i t r a t e n i t r o g e n ; TKN = 
total k j e l d a h l n i t r o g e n ; T o t a l - A L K = total a l k a l i n i t y . 

S T A T I O N 1 

D a t e D e p t h T o t a l - P D i s s - P N H i - N NOg + NO-i TKN T o t a l 

28 Apr 0 4 . 63 4 . 3 3 0 . 0 3 7 . 2 8 0.8 258 

16 M a y 0 5.07 0 . 24 8 . 4 0 1 .1 -

28 M a y 0 4 . 7 4 4 . 69 0.11 1 2 . 1 0 1 . 0 
252 

17 Jun 0 4 . 6 8 4 . 3 2 0 . 0 9 1 0 . 2 0 1 .2 
204 

27 Jun 0 Co
 

-P
-

3 . 8 8 0 . 0 8 1 0 . 3 0 1 .0 
272 

21 Jul 0 4.1 2 3 . 1 2 1 .68 1 3 . 3 0 2.9 
340 

31 Jul 0 4 . 56 4 . 7 3 0. 23 8 . 8 0 0.8 
3 1 6 

28 Aug 0 3 . 9 9 3 . 6 3 0.14 1 .04 1 .1 
119 

17 S e p t 0 5.08 0.41 0 . 63 6.78 3.0 
280 

2 O c t 0 3 . 8 8 3.87 0. 04 1 .00 1 . 2 
290 

1 6 O c t 0 4 . 8 3 4 . 5 5 0 . 0 2 1 4 . 3 0 1 . 2 
290 

30 O c t 0 4 . 64 4 . 6 0 0 . 64 1 0 . 1 6 0.2 
248 

20 Nov 0 4 . 4 2 4 . 1 6 0 . 4 4 1 1 . 1 0 0.8 
278 

22 Dec 0 4 . 4 6 4.51 1 . 60 1 3 . 8 0 2.0 
1 94 

29 Jan 0 4.7.0 4 . 50 3 . 4 0 1 0 . 4 0 2.9 
300 

19 F e b 0 4 . 4 0 4 . 4 0 2.5 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 2* 

D a t e D e p t h T o t a l - P D i s s - P N H i - N N O 2 + N O 3 TKN T o t a l 

28 Apr 0 0 . 0 8 7 0 . 0 1 7 0 . 0 6 0 . 5 1 30 
1 0 1 . 3 7 1.21 0 . 0 3 0 . 1 4 0.5 1 54 

16 M a y 0 0 . 1 4 0.11 0 . 0 7 0 . 1 6 0.7 1 26 
1 0 2 . 5 0 2 . 1 7 0 . 1 5 4 . 3 4 0 . 9 1 7 0 

28 M a y '0 0 . 0 5 0.01 0 . 0 4 0 . 0 3 0.5 1 27 
1 0 1 . 2 4 0.01 0 . 0 9 2 . 1 4 0.8 147 

17 Jun 0 0 . 0 7 0 . 0 7 0 . 0 4 0 . 0 9 0 . 6 114 
1 0 3 . 0 0 1 . 6 6 0 . 1 2 2 . 9 3 1 .1 1 60 

27 Jun 0 0 . 1 4 0 . 0 9 0 . 0 2 0 . 0 7 0.8 1 22 

1 0 2 . 1 0 1 . 2 2 0 . 0 6 3 . 4 3 1 .1 1 56 

21 Jul 0 0 . 0 5 0 . 0 4 0 . 0 4 0 . 1 8 0 . 9 94 
10 0 . 3 0 0 . 2 7 0 . 0 2 0 . 6 6 0.6 1 20 

31 Jul 0 0.11 0 . 0 6 0 . 0 2 0 . 0 6 0 . 6 1 03 
1 0 1 . 0 8 1 . 2 9 0 . 0 4 2 . 4 0 0.6 137 

19 Aug 0 0 . 1 7 0 . 0 5 0 . 0 4 0 . 0 4 0.7 91 
1 0 0 . 1 9 0 . 0 6 0 . 0 4 0 . 2 9 0. 5 97 

28 Aug 0 0 . 0 6 0 . 0 5 0 . 0 2 0 . 1 6 0.6 136 
1 0 0 . 0 9 0 . 0 6 0 . 0 2 0 . 0 8 0.4 11 5 

17 S e p t 0 0 . 0 6 1 0 . 0 3 7 0 . 0 3 0 . 0 7 0 . 5 97 
1 0 0 . 0 6 8 0 . 0 4 9 0 . 0 3 0 . 0 8 0.4 108 



A p p e n d ix 

S T A T I O N 

D a t e D e p t h T o t a l -P D i s s - P 

2 O c t 0 0.061 0 . 0 3 4 

1 0 0 . 0 5 0 0 . 0 2 1 

1 6 O c t 0 0 . 0 9 6 0 . 0 4 8 

1 0 0 . 0 8 4 0 . 0 4 3 

3 0 O c t 0 0 . 1 0 0 0 . 0 6 9 

1 0 0 . 0 7 9 0 . 0 2 9 

20 Nov 0 0 . 0 5 4 0 . 0 4 6 

1 0 0 . 1 2 4 0 . 07 6 

22 Dec 0 0 . 0 4 5 
1 0 0 . 0 3 3 

29 Jan 0 0 . 0 4 8 0 . 0 4 8 
1 0 0 . 0 4 9 0 . 0 2 1 

19 Feb 0 
1 0 

0 . 0 5 5 
0 . 0 5 2 

0 . 0 2 8 

0 . 023 



1 ( c o n t i n u e d ) 

2 ( c o n t i n u e d ) 

N H q - N N O 2 + N O 3 

0 . 0 2 

0 . 0 2 

0 . 1 7 

0 . 0 5 

0 . 0 2 

0 . 0 2 

0 . 0 7 

0 . 0 8 

0 . 0 2 

0 . 0 2 

0 . 3 2 

0 . 1 0 

0 . 0 4 

0 . 0 4 

0 . 4 5 

0 . 4 5 

0 . 0 6 

0 . 0 3 

0 . 3 9 

0 . 3 0 

0 . 0 5 

0 . 0 4 

0 . 3 4 

0 . 3 5 

TKN Total A L K 

0 . 8 1 0 5 

0 . 4 1 0 9 

0 . 6 1 1 1 

0 . 4 11 0 

0 . 4 2 3 6 

0 . 2 1 1 4 

0 . 4 1 3 3 

0 . 3 1 3 1 

0 . 5 1 3 7 

0 . 4 1 3 6 

0 . 9 1 3 3 

0 . 4 1 3 6 

0 . 5 

0 . 4 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 3 

D a t e D e p t h T o t a l - P r D i s s - P N H ^ - N NO-i + N O ^ TKN T o t a l A L K 

28 Apr 0 0 . 038 0 . 0 1 4 0 . 03 0 . 1 4 0.5 132 28 Apr 
1 0 0.031 0 . 0 0 7 0 . 0 3 0 . 2 0 0.3 133 

20 0 . 041 0 . 0 3 1 0 . 0 4 0 . 3 3 0.2 133 

30 0 . 0 6 8 0 . 059 0 . 0 4 0 . 4 2 0.2 1 34 

4 0 0.1 56 0 . 1 3 9 0 . 0 4 0 . 54 0.2 1 3 6 

1 6 M a y 0 0 . 0 2 6 0 . 021 0 . 0 9 0 . 1 3 0.4 1 3 0 1 6 M a y 

1 0 0.1 00 0.01 0 0.11 0 . 1 2 0.4 1 38 

20 0 . 0 2 8 0.01 5 0 . 08 0 . 24 0.3 1 3 9 

30 0 . 211 0.1 92 0 . 0 8 0 . 52 0.3 142 

40 0 . 1 4 3 0 . 1 3 2 0 . 06 0 . 52 0.3 1 42 

28 M a y 0 0 . 01 9 0 . 0 0 7 0 . 0 4 0.1 4 0.2 132 

1 0 0 . 0 3 9 0 . 0 0 5 0 . 0 4 0.11 0.2 132 

20 0 . 1 3 0 0 . 1 1 8 0 . 1 2 0 . 3 0 0.2 137 

30 0.1 07 0. 0 9 5 0 . 1 0 0 . 3 3 0.2 136 

40 0 . 1 7 9 0.1 65 0 . 0 9 0 . 51 0.2 140 

17 Jun 0 0 . 024 0 . 023 0 . 0 3 8 0 . 0 5 4 0 . 4 2 117 

1 0 0 . 024 0 . 0 1 1 0 . 05 0.1 4 0 . 5 131 

20 0 . 039 0 . 007 0 . 04 0.1 0 0.4 1 27 

30 0 . 1 7 5 0.1 60 0 . 0 6 0 . 51 0.3 1 3 9 

40 0.1 07 0 . 0 9 9 0 . 04 0 . 4 6 0.3 139 

27 Jun 0 0 . 061 0 . 031 < . 02 0. 03 0 . 6 1 20 

10 0 . 0 3 2 0 . 01 3 < . 02 0. 07 0.4 1 28 

20 0 . 091 0 . 0 7 6 0 . 04 0. 38 0.4 137 

30 0 . 0 8 0 0 . 068 < . 0 2 0 . 4 3 0.3 1 46 

40 0 . 078 0 . 0 6 8 < .02 0 . 4 6 0.3 143 

31 Jul 0 0 . 046 0. 01 9 < . 0 2 0.4 1 06 
1 0 0 . 078 0 . 053 < .02 0.4 1 23 
20 0 . 0 7 7 0 . 0 5 5 < . 0 2 0.2 136 
30 0 . 1 4 8 0 . 1 1 6 < . 0 2 0.3 137 
40 0 . 1 1 4 0 . 093 < . 0 2 0.2 1 38 

(31 



A p p e n d i x 

S T A T I O N 

D a t e D e p t h T o t a l - P D i s s - P 

19 Aug 0 0 . 0 2 3 0 . 0 1 6 19 Aug 
10 0 . 0 3 6 0.011 

20 0 . 0 9 2 0 . 0 8 7 

30 0 . 1 1 0 0 . 1 0 5 

40 0 . 0 9 1 0 . 0 8 4 

28 Aug 0 0 . 0 2 9 0 . 0 1 1 

10 0.021 0 . 0 0 6 

20 0 . 2 2 7 0 . 2 1 9 

17 S e p t 0 0 . 0 1 8 0 . 0 0 9 
! 0 0 . 0 2 4 0 . 0 0 6 
20 0 . 1 3 2 0 . 1 2 1 
30 0 . 0 9 0 0 . 0 8 7 
40 0 . 8 6 0 . 0 7 9 

2 O c t 0 0 . 0 3 4 0 . 0 0 9 
10 0 . 0 2 8 0 . 0 0 7 
20 0 . 4 0 9 0 . 3 9 5 
30 0 . 1 0 9 0 . 1 0 1 
40 0 . 1 4 5 0 . 1 3 0 

16 O c t 0 0 . 0 4 7 0 . 0 1 9 
1 0 0 . 0 5 0 0 . 0 2 0 
20 0 . 1 5 6 0 . 1 2 9 
30 0 . 0 7 0 0 . 0 5 6 
40 0 . 0 7 5 0 . 0 6 3 

30 O c t 0 0 . 0 4 4 0 . 0 1 9 
10 0 . 0 4 8 0 . 0 1 8 
20 0 . 0 5 2 0 . 0 2 0 
30 0 . 1 2 4 0 . 0 8 5 
40 0 . 0 5 9 0 . 0 1 8 



I. ( c o n t i n u e d ) 

3 ( c o n t i n u e d ) 

N H 3 - N N 0 ? + N 0 i TKN T o t a l 

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

< . 0 2 0 . 0 6 0 . 3 1 0 4 

< . 0 2 0 . 4 1 0 . 4 1 3 2 

< . 0 2 0 . 5 6 0 . 4 1 3 6 

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

< . 0 2 < . 0 2 0 . 3 1 1 6 

< . 0 2 < . 0 2 0 . 3 1 2 8 

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

< . 0 2 0 . 0 2 0 . 2 1 0 4 

< . 0 2 < . 0 2 0 . 2 1 0 6 

< . 0 2 0 . 4 6 < . 2 1 4 3 

< . 0 2 0 . 4 8 < . 2 1 4 7 

< . 0 2 0 . 4 8 0 . 2 1 4 6 

< . 0 2 0 . 0 3 0 . 4 1 1 2 

< . 0 2 0 . 0 2 0 . 4 1 1 2 

< . 0 2 0 . 9 6 0 . 6 1 4 1 

< . 0 2 0 . 4 5 0 . 4 1 4 6 

< . 0 2 0 . 4 6 0 . 4 1 4 9 

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

< . 0 2 0 . 0 5 0 . 3 1 1 1 

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

0 . 0 6 0 . 4 4 0 . 2 1 3 6 

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

0 . 0 3 0 . 1 0 0 . 2 1 1 6 

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

0 . 0 3 0 . 1 0 0 . 2 1 1 6 

0 . 0 6 0 . 2 5 0 . 4 1 1 5 

0 . 0 3 0 . 1 0 0 . 2 1 1 2 



A p p e n d i x 

S T A T I O N 

D a t e D e p t h T o t a l - P D i s s - P 

20 Nov 0 0 . 033 0 . 0 1 4 

10 0 . 0 3 4 0 . 0 1 1 

20 0 . 0 3 4 0 . 0 1 0 

30 0 . 0 3 1 0 . 0 1 0 
40 0 . 0 6 4 0 . 0 3 5 

22 Dec 0 0 . 0 2 5 0 . 0 1 0 

10 0 . 0 2 3 0. 0 0 9 
20 0 . 0 2 1 0 . 0 0 9 

30 0 . 01 9 0 . 0 0 8 

40 0 . 0 3 1 0 . 0 0 2 

29 Jan 0 0 . 031 0. 013 
10 0 . 0 3 5 0 . 0 1 3 

20 0 . 0 2 8 0. 01 3 

30 0 . 0 2 9 0 . 0 1 3 

4 0 0 . 0 3 3 0 . 01 6 

19 F e b 0 0 . 0 4 6 0 . 0 0 9 

10 0 . 0 4 0 0. 0 0 9 

20 0.041 0 . 0 1 1 

30 0 . 041 0 . 01 3 

40 0 . 0 3 8 0 . 0 1 4 



I. ( c o n t i n u e d ) 

3 ( c o n t i n u e d ) 

N H 3 - N N O 2 + N O 3 TKN T o t a l < 

0 . 0 3 0 . 1 9 0.2 1 3 5 
0 . 0 3 0 . 1 8 <. 2 132 
0 . 0 4 0 . 1 8 <. 2 132 

0 . 0 3 0 . 1 8 <. 2 131 
0 . 0 4 0 . 2 3 <.2 131 

0 . 0 3 0 . 2 7 0.2 1 3 6 

0 . 0 3 0 . 2 6 0.2 1 3 6 
0 . 0 3 0 . 2 5 0.2 1 34 

0 . 0 3 0 . 2 5 0.2 134 

0 . 0 4 0 . 2 8 0.2 1 34 

0 . 0 3 0 . 3 2 0.2 137 
0 . 0 3 0.31 0.2 135 
0 . 0 3 0.31 0.2 134 

0 . 0 3 0.31 0.2 138 
0 . 0 3 0.31 0.2 136 

0.4 

0.3 
0.3 
0.2 
0.2 

cn 
(J1 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 4 

D a t e D e p t h T o t a l - P D i s s - P N H ^ - N N O 2 + N O 1 TKN T o t a l 

28 Apr 0 0 . 01 7 0 . 0 0 9 0. 03 0 . 24 0.3 133 

10 0 . 0 3 5 0 . 0 2 5 0. 03 0 . 2 6 0.3 1 34 

20 0 . 01 7 0. 008 0 . 03 0 . 3 3 <.2 131 

30 0 . 0 4 8 0 . 041 0 . 03 0 . 4 2 <.2 132 

90 0. 021 0 . 022 0. 02 0 . 4 4 <.2 134 

16 M a y 0 0 . 01 7 0 . 0 1 0 0. 06 0.1 7 0.4 138 

1 0 0 . 023 0 . 005 0. 06 0 . 2 2 0.3 1 40 
20 0 . 0 1 5 0 . 0 0 5 0. 06 0 . 3 0 0.2 1 38 

30 0 . 01 6 0. 008 0. 04 0 . 3 6 0.2 140 
90 0 . 0 3 0 0 . 250 0. 04 0 . 4 4 <.2 140 

28 M a y 0 0 . 01 6 0. 008 0 . 0 5 0 . 1 6 <.2 135 
10 0 . 0 1 8 0 . 0 0 4 0. 04 0 . 1 8 <.2 136 
20 0. 01 9 0 . 01 2 0. 08 0. 23 <.2 1 37 
30 0 . 0 4 6 0 . 0 3 9 0. 0 6 6 0 . 3 0 <.2 137 
40 0. 046 0 . 0 4 0 0 . 0 4 0 . 3 8 <.2 139 
90 0 . 0 3 0 0 . 0 2 6 0 . 0 3 0 . 4 2 < . 2 138 

17 Jun 0 0. 01 7 0. 01 0 0 . 04 0.1 0 0.4 1 20 

1 0 0 . 0 1 8 0 . 004 0 . 04 0 . 2 0 0.3 131 

20 0. 01 2 0 . 003 0 . 0 5 0 . 2 5 0.3 1 3 5 

30 0 . 0 2 2 0 . 007 < . 0 2 0 . 3 3 0.3 136 

40 0 . 028 0 . 01 7 < . 0 2 0 . 3 8 0.3 137 
90 0 . 0 1 4 0 . 0 0 3 < . 0 2 0 . 0 8 0.4 1 20 

27 Jun 0 0. 01 5 0. 0 0 9 < . 0 2 0 . 04 0.4 125 
1 0 0 . 0 2 0 0 . 0 0 7 < . 0 2 0 . 0 4 0. 5 117 
20 0. 0 2 9 0. 01 5 0 . 0 5 0 . 2 9 0.3 135 
30 0 . 0 2 3 0 . 0 1 6 < . 0 2 0 . 3 5 0.3 134 
40 0. 027 0. 01 9 < . 0 2 0 . 3 8 0.3 135 
90 0 . 0 3 9 0 . 0 2 3 < . 0 2 0 . 4 2 0.3 137 



A p p e n d i x I 

S T A T I O N 4 

D a t e D e p t h T o t a l - P D i s s - P 

31 Jul 0 0 . 0 1 7 0 . 0 0 9 
10 0 . 0 1 7 0 . 0 0 6 
20 0 . 0 1 4 0 . 0 0 4 
30 0 . 0 2 7 0 . 0 1 3 
40 0 . 0 3 7 0 . 0 2 1 
90 0.041 0 . 0 1 7 

19 Aug 0 0 . 0 1 5 0 . 0 0 4 
1 0 0 . 0 1 4 0 . 0 0 2 
20 0.011 0 . 0 0 2 
30 0 . 0 3 0 0 . 0 2 4 
4 0 0 . 0 1 8 0 . 0 1 2 

90 0 . 0 5 6 0 . 0 2 7 

28 Aug '0 0 . 0 1 6 0.011 
1 0 0 . 0 0 8 0 . 0 0 4 
20 0 . 0 0 8 0 . 0 0 3 

17 S e p t 0 0 . 0 1 6 0 . 0 1 5 
1 0 0 . 0 1 3 0 . 0 0 7 
20 0 . 0 0 7 0 . 0 0 5 
30 0 . 0 1 4 0 . 0 1 0 
40 0 . 0 1 5 0 . 0 1 1 
90 0 . 0 2 8 0 . 0 2 3 

2 O c t 0 0 . 0 1 5 0 . 0 0 9 
1 0 0 . 0 1 9 0 . 0 0 6 
20 0 . 0 1 9 0 . 0 1 0 
30 0 . 0 1 7 0 . 0 1 0 
40 0 . 0 2 4 0 . 0 1 4 
90 0 . 0 3 6 0 . 0 2 8 



CLXXVII. ( c o n t i n u e d ) 

( c o n t i n u e d ) 

N H 3 - N N O ^ + N O ^ TKN T o t a l 

< . 0 2 0 . 0 4 0.3 112 

< . 0 2 0 . 0 3 0.3 1 1 6 
< . 0 2 0 . 3 4 0.3 138 
< . 0 2 0.41 0.2 1 37 
< . 0 2 0 . 4 3 0.2 1 38 
< . 0 2 0 . 4 8 0.3 1 40 

< . 0 2 0 . 0 4 0.4 1 09 
< . 0 2 0 . 0 3 0.4 111 
< . 0 2 0,31 0.3 134 

< . 0 2 0 . 4 6 0.3 1 3 6 

< . 0 2 0.43 0.3 1 34 

< . 0 2 0 . 4 6 0.4 1 36 

< . 0 2 0 . 0 2 0.3 1 43 
< . 0 2 0 . 0 2 0.3 11 6 

< . 0 2 0 . 2 6 < . 2 1 24 

0 . 0 2 0 . 0 2 < . 2 1 01 
0 . 0 2 < . 0 2 0.3 1 05 
0 . 0 2 0 . 3 2 0. 2 137 
0 . 0 2 0 . 3 9 < . 2 134 
0 . 0 2 0 . 4 0 < . 2 134 
0 . 0 2 0 . 4 2 < .2 136 

< . 0 2 0 . 0 4 0.4 117 
< . 0 2 0 . 0 2 0.4 116 
< . 0 2 0 . 2 9 0.4 145 
< . 0 2 0 . 4 0 0.4 1 48 
< . 0 2 0 . 4 3 0 . 6 1 47 
< . 0 2 0 . 4 5 0 . 6 1 50 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 4 ( c o n t i nu e d ) 

D a t e D e p t h T o t a l - P D i s s - P N H 3 - N N O 2 + N O 3 T K N T o t a l 

16 O c t 0 0 . 0 2 2 0 . 0 0 9 < . 02 0 . 0 4 0 . 2 11 5 

1 0 0 . 0 1 8 0 . 0 0 6 < .02 0 . 0 3 < . 2 11 5 

20 0.01 4 0 . 0 0 6 < . 0 2 0 . 3 6 < . 2 138 

30 0 . 0 0 8 0 . 0 0 4 < . 02 0 . 3 9 < . 2 137 

4 0 0 . 0 1 7 0 . 0 1 1 < . 02 0 . 4 2 < . 2 1 3 6 

90 0 . 0 3 7 0 . 2 3 < .02 0 . 4 3 < . 2 1 3 9 

3 0 O c t 0 0 . 0 2 4 0 . 0 0 5 0 . 0 2 0.1 3 < .2 118 

1 0 0 . 021 0 . 0 0 4 < .02 0 . 1 3 < .2 117 

20 0 . 0 2 2 0 . 0 0 3 < .02 0 . 1 3 < .2 117 

3 0 0 . 1 4 6 0.1 26 < . 02 0 . 61 < . 2 1 3 0 

4 0 0 . 0 1 4 0 . 0 1 3 < .02 0 . 4 4 < .2 1 29 

90 0 . 031 0 . 021 < . 02 0 . 4 4 < .2 1 3 2 

20 N o v 0 0 . 0 2 0 0 . 0 0 6 0 . 02 0 . 2 0 < .2 1 29 

1 0 0.01 9 0 . 0 0 4 0 . 02 0 . 2 0 < .2 131 

20 0 . 021 0 . 0 0 5 0 . 02 0 . 20 < .2 127 

30 0 . 0 3 2 0 . 0 1 1 0 . 03 0 . 20 < .2 1 27 

40 0 . 077 0 . 061 0 . 04 0 . 4 5 < .2 1 3 5 

90 0 . 0 3 2 0 . 0 2 3 0 . 02 0 . 4 5 < .2 1 4 2 

22 D e c 0 0 . 01 9 0 . 0 0 9 0 . 03 0 . 27 0 . 2 1 37 

1 0 0.01 7 0 . 0 0 8 0 . 03 0 . 27 0 . 2 1 3 5 

20 0 . 0 2 5 0 . 01 0 0 . 04 0 . 2 6 0.3 1 3 6 

3 0 0 . 01 9 0 . 01 0 0 . 0 5 0 . 2 6 0 . 2 1 3 3 

40 0 . 021 0 . 0 0 9 0 . 04 0 . 2 6 0 . 2 1 3 5 

90 0 . 0 2 5 0 . 0 2 6 0 . 02 0 . 4 4 0.3 143 

29 J a n 0 0 . 0 2 5 0 . 0 1 4 0 . 03 0.31 0 . 2 1 3 6 

1 0 0 . 0 2 3 0 . 01 4 0 . 0 3 0 . 3 2 0 . 2 136 

20 0 . 0 2 0 0 . 014 0 . 0 2 0 . 3 2 0 . 2 134 

3 0 0 . 0 2 0 0 . 01 4 0 . 0 2 0.31 0 . 2 134 

4 0 0 . 0 2 0 0.01 2 0 . 02 0.31 0 . 2 137 

90 0 . 0 4 5 0 . 0 3 4 0 . 04 0 . 3 6 0.3 1 40 

en 
03 



A p p e n d i x I 

S t a t i o n 4 

D a t e D e p t h T o t a l - P D i s s - P 

19 Feb 0 0 . 0 2 8 0 . 0 0 7 
10 0 . 0 3 0 0 . 0 0 6 
20 0.01 9 0.01 5 
30 0 . 0 2 2 0 . 0 1 2 
40 0.021 0 . 0 0 8 
90 0.07 6 0 . 0 1 9 



CLXXX. ( c o n t i n u e d ) 

( c o n t i n u e d ) 

N H ^ - N N O y + N O i TKN T o t a l A L K 

0.2 
0 . 3 

0.2 
0.2 
0.2 
0 . 3 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 5 

D a t e D e p t h T o t a l - P D i s s - P N H . - N N O o + N O ^ TKN T o t a l 

0 0 . 0 2 7 0 . 0 2 5 

J 

0 . 0 4 

^ J 

0 . 2 4 0.4 142 
5 0 . 0 3 6 0 . 0 0 9 0 . 0 3 0 . 1 9 9 0.4 140 

1 0 0 . 0 2 3 0 . 0 0 9 0 . 0 4 0 . 2 2 0.5 139 
1 5 0 . 0 1 8 0 . 0 0 4 0 . 0 3 0 . 2 6 0.4 138 
20 0.021 0 . 0 0 8 0.07 0.31 0.9 137 
30 0 . 0 1 3 0 . 0 0 5 0.03 0 . 3 4 0.4 136 
40 0 . 0 2 4 0 . 0 1 6 0 . 0 2 0 . 3 9 0.4 137 
45 0 . 0 2 6 0 . 0 1 9 0 . 0 2 0 . 4 0 0.3 1 3 9 

0 0 . 0 1 3 < . 0 0 2 < . 0 2 0 . 0 8 0.5 1 23 
5 0 . 0 1 2 < . 0 0 2 < . 0 2 0 . 1 4 0.3 1 28 

10 0 . 0 1 4 < . 0 0 2 < . 0 2 0 . 1 6 0.3 133 
1 5 0 . 0 1 1 < . 0 0 2 0 . 0 4 0 . 2 4 0.3 1 38 
20 0 . 0 1 0 < . 0 0 2 0 . 0 6 0 . 2 4 0.3 136 
30 0 . 0 1 2 < . 0 0 2 < . 0 2 0.34 0.2 137 
40 0 . 0 2 6 0 . 0 1 5 < . 0 2 0 . 3 8 < . 2 135 

0 0 . 0 1 8 0 . 0 0 4 0 . 0 3 < . 0 2 0.4 1 25 
5 0 . 0 2 0 0 . 0 0 3 0 . 0 2 0 . 0 3 7 0 . 4 5 1 24 

1 0 0 . 0 2 3 0 . 0 0 3 < . 0 2 0 . 0 2 3 0.47 1 21 
1 5 0 . 0 2 4 0 . 0 0 7 < . 0 2 0 . 1 3 0.5 132 
20 0 . 0 1 7 0 . 0 0 3 0 . 0 4 0 . 2 8 0.4 1 41 
30 0 . 0 1 7 0 . 0 0 5 < . 0 2 0.3 5 0.4 139 
4 0 0 . 0 1 8 0 . 0 0 9 < . 0 2 0.37 0.3 140 

A L K 

M a y 9 

17 Jun 

2 Jul 

18 Jul 0 
5 

1 0 
1 5 
20 
30 
40 
45 

0 . 0 0 7 
0.006 
0.006 
0 . 0 0 7 
0.006 
0 . 0 0 4 
0 . 0 0 9 
0 . 0 1 4 

0 . 0 0 4 
0 . 0 0 3 
0.002 
<.002 
0 . 0 0 3 
0 . 0 0 4 
0.008 
0 . 0 1 4 

02 
02 
02 
02 
02 
02 
02 
02 

0 . 0 4 
< . 0 2 
0 . 0 5 
0.17 
0 . 2 3 
0.37 
0 . 3 9 
0.41 

0, 
0, 
0, 
0, 
0, 

1 07 
I 07 
II 4 
1 23 
1 29 
131 
132 
1 33 



A p p e n d i x I 

S T A T I O N 5 

D a t e D e p t h Total -P D i s s - P 

28 Aug 0 0.011 0 . 0 0 4 
5 0 . 0 1 0 0 . 0 0 3 

10 0 . 0 0 9 0 . 0 0 3 
15 0 . 0 0 3 .002 
20 0 . 0 0 7 0 . 0 0 4 

30 0 . 0 0 6 0 . 0 0 6 
40 0 . 0 1 0 0 . 0 1 0 

2 O c t 0 0 . 0 1 4 0 . 0 0 5 
5 0 . 0 1 2 0 . 0 0 4 

10 0 . 0 1 7 0 . 0 0 9 
15 0 . 0 1 6 0 . 0 0 5 
20 0 . 0 1 2 0 . 0 0 5 
30 0.01 0 0 . 0 0 4 
40 0 . 0 1 2 0 . 0 0 5 
45 0 . 0 1 3 0 . 0 0 7 

16 O c t 0 0 . 0 1 5 0 . 0 0 5 
5 0 . 0 1 8 0 . 0 0 4 

10 0 . 0 1 6 0 . 0 0 3 
15 0 . 0 1 5 0 . 0 0 3 
20 0.012 0.002 
30 0.01 2 0 . 0 0 4 
4 0 0 . 0 1 0 0 . 0 0 4 
4 5 0.01 3 0 . 0 0 7 

30 O c t 0 0 . 0 1 7 0 . 0 0 6 
10 0 . 0 1 7 0 . 0 0 5 
20 0 . 0 1 7 0 . 0 0 3 
30 0 . 0 0 9 0 . 0 0 3 
40 0 . 0 1 0 0 . 0 0 4 



( c o n t i nu e d ) 

( c o n t i n u e d ) 

N H ^ - N N 0 2 + N 0 ^ TKN T o t a l A L K 

< . 0 2 0 . 0 2 0 . 2 1 4 6 

< . 0 2 0 . 0 2 0 . 3 1 2 0 

< . J 3 2 0 . 0 2 0 . 2 1 1 8 

. < . 0 2 0 . 2 4 0 . 2 1 2 5 

< . 0 2 0 . 3 9 0 . 2 1 4 8 

< . 0 2 0 . 4 0 0 . 2 1 4 8 

< . 0 2 0 . 4 0 0 . 2 1 4 8 

< . 0 2 

< . 0 2 

< . 0 2 

3 . 0 2 

< . 0 2 

< . 0 2 

< . 0 2 

< . 0 2 

0 . 0 4 

0 . 0 3 

0. 02 
< . 02 
0 . 3 1 

0 . 3 7 

0 . 3 9 

0 . 3 9 

0 . 8 
0 . 8 
0.2 
0.2 

< . 2 
< . 2 
< . 2 
< . 2 

1 1 7 

1 1 7 

1 02 
1 0 5 

1 3 7 

1 3 5 

1 3 7 

1 3 8 

< . 02 
< .02 
< . 02 
< .02 
< . 02 
< .02 
< . 02 
< .02 

0 . 0 4 

0 . 0 3 

0 . 0 3 

0 . 0 3 

0. 28 
0 . 4 0 

0 . 4 1 

0 . 4 0 

0. 
0. 
< 
o' 
0, 
< 
< 
< 

1 1 3 

1 1 4 

11 6 
1 1 4 

1 1 3 

1 3 6 

1 3 5 

1 3 6 

< .02 
< . 02 
< .02 
< .02 
< . 02 

0 . 1 4 

0 . 1 4 

0 . 1 4 

0 . 4 0 

0 . 4 1 

< . 2 
< . 2 
< . 2 
< . 2 
< . 2 

1 1 6 
1 1 9 

1 1 9 

1 3 7 

1 3 6 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 5 ( c o n t i n u e d ) 

D a t e D e p t h T o t a l - P D i s s - P N H ^ - N N O 2 + N O 3 TKN T o t a l , 

0 0 . 0 2 2 0 . 0 0 9 0 . 0 3 0 . 2 2 <.2 132 

E5 0 . 0 2 0 0 . 0 0 7 0 . 0 2 0.21 < . 2 137 

1 0 0 . 0 2 0 0 . 0 0 6 0 . 0 2 0 . 2 0 <.2 1 33 

1 5 0 . 0 2 2 0 . 0 0 6 0 . 0 2 0.21 < . 2 133 
20 0.021 0 . 0 0 6 0 . 0 4 0.21 <.2 1 31 

30 0 . 0 2 1 0 . 0 0 7 0 . 0 3 0.21 < . 2 138 

40 0 . 0 3 5 0 . 0 2 1 0 . 0 4 0 . 3 9 < . 2 135 

45 0 . 0 1 4 0 . 0 0 9 0 . 0 2 0 . 4 4 < . 2 137 

0 0 . 0 1 8 0 . 0 1 1 0 . 0 3 0 . 2 8 0.2 135 

1 0 0 . 0 1 9 0 . 0 0 9 0 . 0 3 0.27 0.2 134 

20 0 . 0 1 8 0 . 0 0 9 0 . 0 2 0 . 2 8 0.2 1 29 

30 0 . 0 1 8 0 . 0 0 8 0 . 0 2 0 . 2 8 0.2 132 

40 0 . 0 1 9 0 . 0 1 3 0 . 0 3 0 . 2 8 0.2 138 

0 0 . 0 3 0 0 . 0 1 0 0 . 0 2 0 . 2 8 2 1 38 

5 0 . 0 2 9 0 . 0 0 9 0 . 0 2 0 . 2 8 2 140 

1 0 0 . 0 3 2 0 . 0 0 8 0 . 0 2 0 . 2 9 2 1 38 
1 5 0 . 0 2 3 0 . 0 0 9 0 . 0 2 0 . 2 9 2 137 
20 0 . 0 2 2 0 . 0 1 6 0 . 0 2 0 . 3 0 4 1 40 

30 0 . 0 3 2 0.011 0 . 0 2 0.31 2 141 

40 0 . 0 3 0 0 . 0 1 7 0 . 0 3 0 . 3 3 3 1 39 
45 0 . 0 3 1 0 . 0 2 3 0 . 0 4 0 . 3 4 2 139 

0 0 . 0 2 8 0 . 0 1 2 2 
5 0 . 0 2 6 0 . 0 0 8 2 

1 0 0 . 0 2 5 0 . 0 0 5 3 
1 5 0 . 0 2 8 0 . 0 0 5 2 
20 0 . 0 2 0 0 . 0 0 5 3 
30 0 . 0 1 8 0 . 0 0 8 2 
40 0 . 0 1 7 0 . 0 0 9 2 
45 0 . 0 1 8 0 . 0 1 0 2 

Al k 

20 Nov 

23 Dec 

29 Jan 

19 F e b 

f\3 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 6 

D a t e D e p t h T o t a l - P D i s s - P N H ^ - N N O o + N O o TKN T o t a l 

0 0. 01 9 0. 005 0 . 03 0 . 2 5 < .2 132 
1 0 0 . 0 2 2 0 . 0 0 5 0. 04 0. 28 < . 2 1 3 2 
20 0.01 6 0. 01 0 0. 04 0 . 3 3 < . 2 1 3 0 
30 0.01 9 0 . 0 1 4 0. 03 0. 38 < . 2 140 
90 0 . 0 2 6 0 . 023 0. 02 0 . 4 4 < . 2 1 74 

130 0 . 0 2 7 0 . 021 < . 0 2 0 . 4 4 < . 2 1 43 

0 0 . 01 6 0. 006 0 . 0 5 0 . 1 7 0^4 1 37 
10 0 . 0 2 2 0 . 0 0 7 0 . 07 0.1 9 0.4 142 
20 0 . 022 0. 007 0 . 07 0.1 9 0.3 142 
30 0 . 01 6 0 . 0 0 9 0 . 04 0 . 3 6 < . 2 1 4 0 
90 0 . 0 2 6 0 . 0 2 2 0 . 0 3 0 . 4 4 < . 2 1 43 

130 0 . 0 2 9 0 . 0 2 3 0 . 04 0 . 4 5 < . 2 142 

0 0. 01 2 0 . 02 0 . 1 7 < . 2 136 
1 0 0 . 0 1 4 0 . 006 0 . 0 6 0 . 1 7 <.2 135 
20 0. 01 0 0 . 0 0 4 0 . 0 7 0 . 2 5 < . 2 135 
30 0 . 0 1 0 0. 0 0 6 0 . 0 6 0 . 3 0 < . 2 137 
40 0 . 0 2 0 0 . 0 1 6 0 . 0 3 0 . 3 6 <.2 136 
90 0 . 0 2 5 0. 021 0 . 0 3 0.41 < . 2 137 

130 0 . 027 0 . 0 2 2 0 . 0 2 0 . 4 2 < . 2 1 38 

0 0 . 0 1 1 0. 003 < . 02 0 . 07 0.3 1 22 
1 0 0 . 01 2 0 . 002 < . 0 2 0 . 061 0.37 1 22 
20 0 . 026 0 . 01 5 < . 0 3 0.31 0.4 1 4 0 
30 0.01 1 0 . 004 < .02 0 . 3 2 0.3 1 38 
40 0 . 1 3 0. 0 0 5 < . 0 2 0.37 0.3 141 
90 0 . 0 2 1 0 . 0 1 5 0 . 03 0.41 0.3 1 44 

1 3 0 0 . 028 0. 0 2 0 < .02 0 . 4 3 0.3 141 

0 0.01 6 0 . 0 0 6 < . 0 2 0 : 0 4 0.4 1 18 
1 0 0 . 01 6 0. 0 0 5 < . 0 2 0 . 0 3 0.4 119 
20 0.01 2 0 . 004 < . 0 2 0 . 3 4 0 . 5 137 
30 0 . 0 1 1 0. 004 < . 0 2 0 . 3 8 0.3 139 
4 0 0.01 3 0 . 004 < . 0 2 0 . 4 0 0.3 140 
90 0 . 024 0. 0 0 9 < . 0 2 0 . 4 3 0.3 135 

130 0 . 0 3 3 0.01 5 < . 0 2 0 . 4 4 0.3 136 

28 A p e 

1 6 M a y 

28 M a y 

27 J u n 

31 Jul 



A p p e n d i x I ( c o n t i n u e d ) 

D a t e D e p t h T o t a l - P 

0 0 . 0 1 8 

1 0 0 . 0 1 2 

20 0 . 0 0 9 
30 0 . 0 0 9 
40 0 . 0 0 8 
90 0 . 0 1 9 

130 0 . 0 2 5 

0 0 . 0 0 6 
1 0 0 . 0 0 6 
20 0 . 0 0 3 

0 0 . 0 1 0 
1 0 0 . 0 0 7 
20 0 . 0 0 3 
30 0 . 0 0 3 
40 0 . 0 0 6 
90 0 . 0 0 9 

130 0 . 0 2 2 

0 0 . 0 1 2 
1 0 0 . 0 1 2 
20 0 . 0 1 0 
30 0 . 0 1 3 
40 0 . 0 0 9 
90 0 . 0 1 3 

0 0 . 0 1 7 
1 0 0 . 0 1 6 
20 0 . 0 1 2 
30 0 . 0 1 2 
40 0 . 0 0 9 
90 0 . 0 1 1 

130 0 . 0 2 0 

D i s s - P 

S T A T I O N 6 ( c o n t i n u e d ) 

NH -N N O . + N O ^ 
Zf 3" 

TKN T o t a l A L K 

19 Aug 

28 Aug 

17 S e p t 

2 O c t 

16 O c t 

0 . 0 0 5 
0 . 0 0 2 
0 . 0 0 2 
0 . 0 0 2 
0 . 0 0 2 
0 . 0 1 5 
0 . 0 2 0 

0 . 0 0 3 
0 . 0 0 3 
< . 0 0 2 

0.006 
0 . 0 0 3 
. . 0 0 2 
. . 0 0 2 
. . 0 0 2 
0.006 
0 . 0 1 9 

0 . 0 0 3 
0.002 
0.010 
0 . 0 0 7 
0 . 0 0 4 
0 . 0 0 7 

0 . 0 0 4 
0 . 0 0 5 
0 . 0 0 3 
0 . 0 0 7 
0.006 
0 . 0 1 3 
0 . 0 2 3 

< . 0 2 
< . 0 2 
< . 0 2 
< . 0 2 
< . 0 2 
< . 0 2 
< . 0 2 

< . 0 2 
< . 0 2 
< . 0 2 

< . 0 2 
0 . 0 2 
0 . 0 2 
< . 0 2 
< . 0 2 
0 . 0 2 
< . 0 2 

02 
02 
02 
02 
02 
02 

< . 0 2 
< . 0 2 
0 . 0 4 
0 . 0 4 
0 . 0 3 
0 . 0 4 
0 . 0 5 

0 . 0 4 
0.02 
0 . 3 0 
0 . 3 9 
0 . 4 0 
0 . 4 2 
0 . 4 3 

0.02 
0.02 
0.3 2 

0.02 
< - 0 2 

0 . 3 6 
0 . 3 8 
0 . 3 8 
0 . 4 0 
0.41 

< . 0 2 

0.18 
0 . 3 8 
0 . 3 8 
0 . 3 9 

0 . 0 4 
0 . 0 4 
0 . 1 7 
0 . 3 9 
0.41 
0 . 4 2 
0 . 4 3 

.4 113 

. 2 114 

. 2 135 

. 2 136 

. 2 1 3 6 

. 2 1 38 

.3 138 

. 2 148 

.2 1 23 

.2 1 24 

. 2 105 

. 2 1 04 

.2 1 4 0 

. 2 136 

.2 134 

. 2 1 34 

.2 1 33 

.3 111 

. 2 1 11 

. 2 135 

. 2 142 

.2 139 

. 2 142 

.2 11 2 

. 2 11 5 

. 2 125 

.2 136 

. 2 135 

. 2 136 

. 2 137 



A p p e n d i x I ( c o n t i n u e d ) 

S T A T I O N 6 ( c o n t i n u e d ) 

D a t e D e p t h T o t a l - P D i s s - P N H ^ - N N 0 „ + N 0 i TKN T o t a l 

30 O c t 0 0 . 01 9 0 . 004 

j 

< . 0 2 

^ 

0 . 1 2 < . 2 1 20 

1 0 0. 021 0 . 0 0 4 < . 0 2 0.11 < . 2 1 22 

20 0 . 01 9 0 . 003 < .02 0.11 < . 2 1 20 

30 0.01 2 0 . 004 < . 0 2 0.41 < . 2 136 
40 0.011 0 . 0 0 5 < . 0 2 0 . 3 8 < . 2 133 

90 0. 0 2 0 0 . 0 1 3 < . 0 2 0 . 4 0 < . 2 1 34 

1 3 0 : 0.01 5 0 . 0 0 5 < . 02 0 . 3 5 < . 2 131 

20 Nov 0 0 . 0 2 1 0 . 007 0 . 03 0.21 < . 2 1 24 

1 0 0 . 0 2 4 0 . 0 0 6 0 . 0 3 0 . 2 0 < . 2 1 26 

20 0. 023 0 . 0 0 6 0 . 03 0 . 20 < . 2 1 25 

30 0 . 023 0. 007 0 . 0 3 0 . 20 < . 2 1 23 

40 0 . 0 2 9 0 . 0 1 7 0 . 03 0 . 3 3 < . 2 1 29 
90 0 . 0 1 4 0 . 09 0 . 0 3 0 . 4 2 < . 2 136 

130 0 . 037 0 . 0 2 6 0 . 0 2 0 . 4 4 < . 2 141 

22 Dec 0 0 . 0 2 2 0 . 008 0 . 02 0. 28 0.2 132 

1 0 0 . 021 0 . 008 0 . 0 2 0 . 27 0.2 131 

20 0 . 0 1 8 0 . 008 0 . 02 0 . 27 0.4 133 

30 0. 018 0. 0 0 8 0 . 0 2 0. 28 0.3 1 33 

4 0 0 . 0 2 0 0 . 0 0 9 0 . 0 3 0. 27 0.3 1 33 

90 0 . 0 1 3 0. 008 0 . 02 0. 43 0.2 142 

1 30 0 . 0 3 1 0 . 0 2 0 0 . 0 2 0 . 4 6 0.2 141 

29 Jan 0 0. 024 0 . 0 1 4 0 . 02 0 . 3 2 0.3 137 

1 0 0 . 0 2 1 0 . 01 0 0 . 02 0 . 3 2 0.3 1 38 

20 0. 021 0 . 01 0 0. 02 0 . 3 3 0.2 135 

30 0 . 0 2 1 0. 01 0 0. 02 0 . 3 2 0.2 1 34 

40 0 . 022 0 . 0 1 0 0 . 0 2 0 . 3 2 0.2 137 

90 0 . 021 0. 01 7 0. 02 0 . 4 2 0.2 1 43 
1 3 0 0. 034 0 . 0 2 1 0. 02 0 . 4 4 0.2 146 

1 9 F e b 0 0 . 0 2 6 0 . 008 0.2 

1 0 0. 0 1 8 0 . 0 0 6 0.2 
20 0 . 0 1 8 0 . 0 0 6 0.2 
30 0 . 018 0 . 0 0 5 0.4 



A p p e n d i x I I . D o m i n a n t p h y t o p l a n k t o n in Las V e q a s 

D a t e S t a t i o n 2 #/ml S t a t i o n 3 #/ml 

28 A p r . C h l a m y d o m o n a s 149 O o c y s t ! s 38 

C a r t e r la 1 07 G l e n o d i n i u m 13 

G l e n o d l n l u m 74 C a r t e r i a 1 2 

O o c y s t i s 41 F r a g i l a r i a 7 

T o t a l 4 1 8 T o t a l 105 

1 6 May C y c l o t e l l a 228 C y c l o t e l l a 36 

P l a t y m o n a s 69 P l a t y m o n a s 30 

C h a l m y d o m o n a s 41 O o c y s t i s 21 

S p h a e r o c y s t i s 23 S p h a e r o c y s t i s 1 0 

T o t a l 4 4 9 T o t a l 139 

28 M a y F r a g l l a r l a 1 92 C h i o r e l l a 53 

Chi o r e ! l a 135 F r a g i l a r i a 42 

P l a t y m o n a s 84 O o c y s t i s 27 

C h l a m y d o m o n a s 77 C e r t i u m 1 2 

T o t a l 6 0 0 T o t a l 177 

1 7 J u n e F r a g i l a r i a 11 2 F r a g i l a r i a 82 

F r a n c e i a 105 O o c y s t i s 1 9 

C a r t e r i a 82 C a r t e r i a 1 6 

G l e n o d l n l u m 63 C y c l o t e l l a 1 0 
T o t a l 4 7 9 T o t a l 1 66 

27 J u n e C y c l o t e l l a 3 5 5 C y c l o t e l l a 74 

G l e n o d l n i u m 2 2 9 C a r t e r i a 72 

C a r t e r i a 141 P l a t y m o n a s 39 
P l a t y m o n a s 75 G l e n o d i n i u m 33 
T o t a l 907 T o t a l 317 



Bay and B o u l d e r B a s i n 1 9 7 5 - 7 6 . 

S t a t i o n 4 #/ml S t a t i o n 6 #/ml 

O o c y s t i s 31 O o c y s t i s 28 

C a r t e r i a 1 0 Ca r t e r i a 1 3 
S p h a e r o c y s t i s 8 S h a e r o c y s t i s 12 

F r a g i 1 a r i a 7 Di a t o m a 5 

T o t a l 82 T o t a l 87 

O o c y s t i s 31 O o c y s t i s 29 

S p h a e r o c y s t i s 21 S p h a e r o c y s t i s 21 

F r a g i 1 a r i a 1 5 F r a g i 1 a r i a 1 2 

C h i a m y d o m o n a s 5 C e r a t i um 5 

T o t a l 85 T o t a l 89 

O o c y s t i s 36 O o c y s t i s 51 

Frag i1 ar i a 27 Frag i1 a r i a 1 7 

C e r a t i um 1 5 S p h a e r o c y s t i s 1 2 

Cy n ed ra 5 C e r a t i um 5 

T o t a l 90 T o t a l 97 

F r a g i 1 a r i a 43 

S p h a e r o c y s ti s 31 
C e r a t i um 8 

O o c y s t i s 5 

T o t a l 1 08 

C y c l o t e l 1 a 27 F r a g i 1 a r i a 28 

Frag i1 ar i a 25 S p h a e r o c y s t i s 25 
C a r t e r i a 1 5 C y c l o t e l 1 a 1 5 
S p h a e r o c y s t i s 1 0 O o c y s t i s 1 5 

T o t a l 94 T o t a l 98 

at 



A p p e n d i x 

D a t e S t a t i o n 2 #/ml S t a t i o n 3 

21 J u l y C y c l o t e l l a 1 5 ,795 C y c l o t e l l a 
A n a b a e n a 1 ,009 A n a b a e n a 
G l e n o d i n i u m 2 3 0 G l e n o d i n i u m 

C a r t e r i a 2 2 5 C a r t e r i a 

T o t a l 1 7 ,504 T o t a l 

31 J u l y C y c l o t e l l a 4 ,411 A n a b a e n a 

A n a b a e n a 2 ,027 C y c l o t e l l a 

G l e n o d i n i u m 1 57 G l e n o d i n i u m 

C a r t e r i a 11 5 C a r t e r i a 

T o t a l 6 ,891 T o t a l 

1 9 Aug C y c l o t e l l a 7 ,613 C y c l o t e l l a 

G l e n o d i n i u m 1 ,158 A n a b a e n a 

A n a b a e n a 1 ,105 N a v i c u l a 

F r a n c e i a 371 C a r t e r i a 

T o t a l 11 ,467 T o t a l 

28 A u g C y c l o t e l l a 5 ,021 C y c l o t e l l a 

A n a b a e n a 606 A n a b a e n a 

G l e n o d i n i u m 3 2 8 N a v i c u l a 

N a v i c u l a 207 G l e n o d i n i u m 

T o t a l 6 ,366 T o t a l 

1 7 S e p t C y c l o t e l l a 2 ,585 A n a b a e n a 

A n a b a e n a 1 ,236 C y c l o t e l l a 

G l e n o d i n i u m 4 0 0 N a v i c u l a 

N a v i c u l a 118 G l e n o d i n i u m 

T o t a l 4 ,710 T o t a l 



I I . ( c o n t i n u e d ) 

#/ml S t a t i o n 4 #/ml S t a t i o n 6 #/ml 

1 ,361 
51 0 
57 
54 

2,1 60 
1 ,999 A n a b a e n a 118 A n a b a e n a 1 93 

1 ,087 Nav i cu1 a 74 C y c l o t e l 1 a 118 

31 C y c 1 o t e l 1 a 39 N a v i c u l a 11 6 

30 G 1 e n o d i n i um 25 O s c i 1 1 a t o r i a 36 

3 ,260 T o t a l 3 6 6 T o t a l 510 

7 4 8 A n a b a e n a 396 A n a b a e n a 1 ,622 

7 3 9 Nav i cu1 a 297 N a v i c u 1 a 315 

223 C y c l o t e l l a 2 3 6 C y c l o t e l 1 a 105 

94 G l e n o d i n i u m 84 O s c i 1 1 a t o r i a 39 

2 ,045 T o t a l 1 ,169 T o t a l 2 ,463 

2 ,278 A n a b a e n a 2 ,318 A n a b a e n a 1 ,283 

1 ,179 C y c l o t e l 1 a 2 3 0 Nav i cu1 a 361 

177 Navi cula 2 1 0 C y c l o t e l l a 98 

11 3 O s c i 1 1 a t o r i a 46 C a r t e r i a 34 

4 ,589 T o t a l 2 ,91 6 T o t a l 1 ,860 

2 ,253 A n a b a e n a 2 ,062 A n a b a e n a 2 ,232 

2 4 6 N a v i c u 1 a 4 0 2 N a v i c u 1 a 362 

1 62 Osc i11 a tor i a 51 C y c l o t e l 1 a 92 

85 C y c 1 o t e l l a 46 Ca r t e r i a 38 

3 ,137 T o t a l 2 ,900 T o t a l 2 ,809 



A p p e n d i x II 

D a t e S t a t i o n 2 #/ml S t a t i o n 3 

2 O c t . C y c l o t e l l a 3 , 9 6 9 A n a b a e n a 

A n a b a e n a 1 , 4 0 7 C y c l o t e l l a 
G l e n o d i n i u m 62 N a v i c u l a 
T e t r a c y c l u s 53 C a r t e r i a 

T o t a l 5 , 7 8 3 T o t a l 

1 6 O c t . C y c l o t e l l a 1 0 , 3 2 6 C y c l o t e l l a 

T e t r a c y c l u s 767 A n a b a e n a 
A n a b a e n a 564 T e t r a c y c l u s 

G l e n o d i n i u m 4 9 9 F r a q i l a r i a 

T o t a l 1 2 , 6 0 8 T o t a l 

30 O c t . C y c l o t e l l a 1 7 , 1 9 7 C y c l o t e l l a 
C h a m y d o m o n a s 666 A n a b a e n a 

C a r t e r i a 3 3 5 T e t r a c y c l u s 

P l a t y m o n a s 3 0 5 F r a q i l a r i a 

T o t a l 1 9 , 3 1 3 T o t a l 

20 N o v . C y c l o t e l l a 3 , 8 5 4 C y c l o t e l l a 
C h l a m y d o m o n a s 597 A n a b a e n a 

C a r t e r i a 295 C a r t e r i a 

A n a b a e n a 171 C h l a m y d o m o n a s 

T o t a l 5 , 2 1 5 T o t a l 

22 D e c . C y c l o t e l l a 2 , 6 9 6 C y c l o t e l l a 

C a r t e r i a 1 97 C a r t e r i a 

C h l a m y d o m o n a s 105 O s c i l l a t o r i a 
O s c i l l a t o r i a 20 F r a q i l a r i a 

T o t a l 3 , 0 6 4 T o t a l 



( c o n t i n u e d ) 

#/ml S t a t i o n 4 #/ml S t a t i o n 6 

A n a b a e n a 
Nav i cu1 a 
C y c l o t e l 1 a 
Ca r t e r i a 
T o t a l 

#/ml 

1 ,561 
11 5 
56 
48 

1 ,871 

A n a b a e n a 814 A n a b a e n a 1 , 4 5 5 

C y c l o t e l 1 a 7 6 6 C y c l o t e l 1 a 514 

N a v i c u 1 a 85 Nav i c u l a 81 

C a r t e r i a 61 T e t r a c y c l u s 
2 , 

1 9 

T o t a l 1 ,927 T o t a l 2 , 1 57 

C y c l o t e l 1 a 3 ,449 C y c l o t e l 1 a 2 , 902 

A n a b a e n a 510 A n a b a e n a 44 9 

C a r t e r i a 49 C a r t e r i a 43 

N a v i c u 1 a 41 T e t r a c y c 1 u s 34 

T o t a l 4 ,1 98 T o t a l 3 , 611 

C y c 1 o tel1 a 3 ,670 C y c l o t e l 1 a 2 , 837 

A n a b a e n a 2 0 9 A n a b a e n a 1 02 

F r a n c e i a 56 Frag i1ari a 4 2 

C a r t e r i a 49 T e t r a c y c 1 u s 42 

T o t a l 4 ,115 T o t a l 3 , 1 05 

C y c l o t e l 1 a 2 ,305 C y c l o t e l 1 a o 590 

C a r t e r i a 43 O s c i 1 1 a t o r i a 28 

O s c i 1 1 a t o r i a 1 3 C a r t e r i a 23 

Nav i cu1 a 7 Nav i cu1 a 1 3 

T o t a l 2 ,358 T o t a l 2 , 667 

CO 



A p p e n d i x II 

D a t e S t a t i o n 2 #/ml S t a t i o n 3 

29 Jan C h l a m y d o m o n a s 72 C y c l o t e l l a 

C a r t e r i a 59 C a r t e r i a 
G l e n o d i n i u m 59 C h l a m y d o m o n a s 

C y c l o t e l l a 53 S t e p h a n o d i s c u s 

T o t a l 3 8 8 T o t a l 

19 Feb S t e p h a n o d i s c u s 53 C y c l o t e l l a 

C y c l o t e l l a 26 S t e p h a n o d i s c u s 

O o c y s t i s 20 O o c y s t i s 

N a v i c u l a 1 6 C h l a m y d o m o n a s 

T o t a l 1 94 T o t a l 

29 M a r . C y c l o t e l l a 1 ,079 E u d o r i n a 

E u d o r i n a 233 C y c l o t e l l a 

F r a q i l a r i a 66 F r a q i l a r i a 

N a v i c u l a 39 S t e p h a n o d i s c u s 

T o t a l 1 ,600 T o t a l 



( c o n t i n u e d ) 

#/ml S t a t i o n 4 #/ml S t a t i o n 6 #/ml 

11 6 C y c l o t e l l a 92 C y c l o t e l l a 1 28 

46 C a r t e r i a 33 C h l a m y d o m o n a s 49 

36 S t e p h a n o d i s c u s 26 C a r t e r i a 40 

26 C h l a m y d o m o n a s 1 6 S t e p h a n o d i s c u s 1 0 

278 T o t a l 1 90 T o t a l 244 

102 C y c l o t e l l a 293 S t e p h a n o d i s c u s 1 57 

39 S t e p h a n o d i s c u s 214 C y c l o t e l l a 92 

33 C h a l m y d o m o n a s 36 C a r t e r i a 62 

20 C a r t e r i a 33 C h l a m y d o m o n a s 30 

221 T o t a l 607 T o t a l 3 7 7 

84 
67 
46 
20 

279 



( 180 

A p p e n d i x I I . ( c o n t i n u e d ) 

S t a t i o n 5 S t a t i o n 5 S t a t i o n 5 

D e p t h (m) 20 A u g #/ml 28 A u g #/ml 2 O c t #/ml 

0 A n a b a e n a 537 A n a b a e n a 4 6 9 
C y c l o t e l 1 a 364 N a v i c u 1 a 11 2 
N a v i c u 1 a 294 C y c l o t e l 1 a 79 
Osc i 1 1 a t o r i a 34 P h a c o t u s 21 

( T o t a l 1 ,317 T o t a l 723 

5 C y c 1 o t e l l a 654 A n a b a e n a 1 ,41 5 A n a b a e n a 1 77 
A n a b a e n a 146 Nav i cu1 a 334 Nav i cu1 a 1 59 
Nav i cu1 a 173 C y c l o t e l 1 a 1 56 C y c l o t e l 1 a 92 
O s c i 1 1 a t o r i a 49 F r a g i1ari a 33 O s c i 1 1 a t o r i a < 23 

( T o t a l 1 ,281 T o t a l 1 ,984 T o t a l 508 

1 0 A n a b a e n a 540 A n a b a e n a 4 3 6 A n a b a e n a 2 7 0 
C y c 1 o t e l l a 3 9 0 Navi c u l a 213 C y c l o t e l 1 a 207 
N a v i c u 1 a 224 C y c l o t e l 1 a 1 92 Nav i cu1 a 11 5 
F r a g i 1 a r i a 38 Ca r t e r i a 46 C a r t e r i a 36 
T o t a l 1 ,394 T o t a l 1 ,584 T o t a l 666 

1 5 C y c l o t e l 1 a 3 7 9 A n a b a e n a 312 A n a b a e n a 1 98 
A n a b a e n a 1 61 N a v i c u 1 a 1 68 C y c l o t e l 1 a 1 05 
Nav i cu1 a 139 C y c l o t e l 1 a 1 05 Nav i cu1 a 39 
F r a g i 1 a r i a 31 C a r t e r i a 30 C a r t e r i a 1 0 

( T o t a l 1 ,054 T o t a l 692 T o t a l 623 

20 Nav i c u1 a 1 03 C y c l o t e l 1 a 103 Nav i cu1 a 75 
A n a b a e n a 1 6 N a v i c u l a 66 C y c l o t e l 1 a 40 
C a r t e r i a 1 5 A n a b a e n a 47 C a r t e r i a 1 3 
C y c l o t e l 1 a 13 F r a g i 1 a r i a 18 P h a c o t u s 1 3 

( T o t a l 3 3 3 T o t a l 2 9 0 T o t a l 1 56 

30 N a v i c u l a 45 Nav i cu1 a 48 Nav i cu1 a 29 
C a r t e r i a 1 5 C y c l o t e l 1 a 33 C y c l o t e l 1 a 1 7 
F r a g i 1 a r i a 1 0 A n a b a e n a 1 7 P h a c o t u s 8 
O s c i 1 1 a t o r i a 7 F r a g i 1 a r i a 1 6 G 1 e n o d i ni um 3 

( T o t a l 98 T o t a l 1 56 T o t a l 66 

40 Nav i cu1 a 48 N a v i c u l a 35 N a v i c u l a 51 
C y c l o t e l 1 a 39 C y c l o t e l 1 a 26 F r a g i 1 1 a r i a 1 0 
F r a g i 1 a r i a 26 A n a b a e n a 1 3 A n a b a e n a 7 
A s t e r i o n e l 1 a 7 P h a c o t u s 1 0 Ca r t e r i a 7 

( T o t a l 1 51 T o t a l 1 25 T o t a l 1 06 

( 



( 181 

A p p e n d i x I I . ( c o n t i n u e d ) 

S t a t i o n 5 S t a t i o n 5 S t a t i o n 5 

D e p t h (m) 9 May #/ml 17 J u n e #/ml 18 J u l y #/ml 

0 F r a g i l a r i s 59 F r a q i l a r i a 20 C y c l o t e l l a 1 26 
O o c y s t i s 56 S p h a e r o c y s t i s 7 A n a b a e n a 1 02 
A s t e r i o n e l l a 1 5 O o c y s t i s 5 P h a c o t u s 1 2 
G o m p h o n e m a 8 C a r t e r i a 3 C a r t e r i a 8 
T o t a l 162 T o t a l 53 T o t a l 2 9 6 

5 F r a g i l a r i a 53 S p h a e r o c y s t i s 36 A n a b a e n a 1 69 
O o c y s t i s 34 F r a g i l a r i a 20 C y c l o t e l l a 143 
A s t e r i o n e l l s 16 O o c y s t i s 1 2 O o c y s t i s 18 
S p h a e r o c y s t i s 13 C e r a t i u m 2 F r a n c e i a 1 3 
T o t a l 1 57 T o t a l 71 T o t a l 404 

10 O o c y s t i s 56 S p h a e r o c y s t i s 41 C y c l o t e l l a 46 
F r a q i l a r i s 41 O o c y s t i s 8 F r a n c e i a 26 
S p h a e r o c y s t i s 1 5 C e r a t i u m 8 A n a b a e n a 25 
C y c l o t e l l a 1 0 F r a g i l a r i a 5 C a r t e r i a 20 
T o t a l 171 T o t a l 80 T o t a l 2 2 8 

1 5 F r a g i l a r i a 43 S p h a e r o c y s t i s 1 6 C y c l o t e l l a 43 
O o c y s t i s 26 F r a q i l a r i a 9 A n a b a e n a 31 
S p h a e r o c y s t i s 1 2 O o c y s t i s 5 O o c y s t i s 28 
A s t e r i o n e l l a 8 Chi o r e ! l a 3 F r a q i l a r i a 1 0 
T o t a l 11 5 T o t a l 43 T o t a l 1 56 

20 F r a q i l a r i s 30 F r a q i l a r i a 1 2 F r a q i l a r i a 54 
O o c y s t i s 30 S p h a e r o c y s t i s 1 0 O o c y s t i s 31 
S p h a e r o c y s t i s 1 2 C y c l o t e l l a 8 P a n d o r i n a 8 
A s t e r i o n e l l a 5 O o c y s t i s 3 P h a c o t u s 7 
T o t a l 90 T o t a l 40 T o t a l 1 44 

30 O o c y s t i s 26 F r a g i l a r i a 1 0 F r a g i l a r i a 23 
F r a q i l a r i a 10 O o c y s t i s 8 O o c y s t i s 1 8 
C y c l o t e l l a 7 G l e n o d i n i u m 3 C y m b e l l a 1 0 
S p h a e r o c y s t i s 3 H y a l o t h e c a 3 C y c l o t e l l a 8 
T o t a l 64 T o t a l 31 T o t a l 77 

40 O o c y s t i s 1 6 O o c y s t i s 1 0 F r a g i l a r i a 20 
C y c l o t e l l a 10 F r a g i l a r i a 7 C y c l o t e l l a 1 2 
S t e p h a n o d i s c u s 8 N a v i c u l a 3 O o c y s t i s 11 
F r a q i l a r i a 5 C y c l o t e l l a 2 N a v i c u l a 2 
T o t a l 51 T o t a l 25 T o t a l 61 



(J 182 

A p p e n d i x I I . ( c o n t i n u e d ) 

S t a t i o n 5 S t a t i o n 5 S t a t i o n 5 
D e p t h (m) 30 O c t #/ml 20 Nov #/ml 23 Dec #/ml 

0 C y c l o t e l 1 a 1 , 9 1 9 C y c l o t e l l a 2 ,892 C y c 1 o te11 a 2 , 5 3 4 
A n a b a e n a 454 A n a b a e n a 131 C a r t e r i a 30 
N a v i c u 1 a 50 F r a n c e i a 69 A n a b a e n a 1 3 
C a r t e r i a 36 Ca r t e r i a 56 N a v i c u 1 a 1 3 

% T o t a l 2 , 6 0 4 T o t a l 3 ,260 T o t a l 2 ,598 

5 C y c l o t e l l a 1 ,646 C y c l o t e l 1 a 2 ,906 C y c l o t e l 1 a 2 , 4 5 8 
A n a b a e n a 141 A n a b a e n a 72 C a r t e r i a 26 
N a v i c u 1 a 43 F r a n i1ari a 33 A n a b a e n a 1 0 
F r a q i 1 a r i a 39 C a r t e r i a 23 F r a q i 1 a r i a 3 

( T o t a l 1 ,935 T o t a l 3 ,091 T o t a l 2 , 5 1 4 

10 C y c l o t e l 1 a 2 , 1 4 8 C y c l o t e l l a 3 ,11" C y c l o t e l 1 a 2 , 0 6 0 
A n a b a e n a 7 8 8 A n a b a e n a 1 38 Ca r t e r i a 67 
N a v i c u l a 63 F r a n c e i a 66 C h l a m y d o m o n a s 8 
F r a q i 1 a r i a 53 M e l o s i ra 33 Fraq i 1 a r i a 3 

( T o t a l 3 , 1 6 4 T o t a l 3 ,459 T o t a l 2,1 50 

1 5 C y c l o t e l 1 a 1 ,983 C y c 1 o t e l l a 3 ,001 C y c l o t e l l a 2 , 1 6 4 
A n a b a e n a 299 A n a b a e n a 69 C a r t e r i a 36 
F r a q i 1 a r i a 36 F r a q i1 ar i a 33 A n a b a e n a 33 
N a v i c u 1 a 33 C a r t e r i a 33 Nav i cu1 a 1 8 

( T o t a l 2 , 4 4 0 T o t a l 3 ,203 T o t a l 2 ,294 

20 C y c 1 o t e l l a 1 ,729 C y c l o t e l l a 3 ,61 9 C y c 1 o t e l 1 a 3 ,090 
A n a b a e n a 851 A n a b a e n a 76 A n a b a e n a 36 
N a v i c u l a 52 C a r t e r i a 43 C a r t e r i a 33 
C a r t e r i a 36 F r a q i 1 a r i a 33 N a v i c u 1 a 1 6 

( T o t a l 2 , 7 5 5 T o t a l 3 ,849 T o t a l 3 , 1 9 1 

30 C y c l o t e l 1 a 139 C y c l o t e l 1 a 3 ,236 C y c l o t e l 1 a 2 , 2 0 9 
Nav i cu1 a 59 A n a b a e n a 1 34 C a r t e r i a 30 
C a r t e r i a 10 C a r t e r i a 59 A n a b a e n a 21 

( 
P h a c o t u s 10 Fra q i1 a r i a 33 N a v i c u 1 a 8 

( T o t a l 269 T o t a l 3 ,539 T o t a l 2 ,292 

40 C y c 1 o t e l 1 a 69 C y c l o t e l l a 1 ,520 C y c l o t e l 1 a 2 ,664 
N a v i c u 1 a 43 A n a b a e n a 29 A n a b a e n a 25 
C a r t e r i a 1 3 N a v i c u 1 a 29 N a v i c u 1 a 20 

( 
A c h n a n t h e 7 M e l o s i ra 25 T o t a l 20 

( T o t a l 141 T o t a l i i ,637 2 , 7 6 8 


