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C H A P T E R I 

I N T R O D U C T I O N 1 

M o s t l i m n o l o g i c a l l i t e r a t u r e ove r the l a s t c e n t u r y h a s b e e n c o n -

c e r n e d wi th p r i m a r y p r o d u c t i v i t y - - c a u s e and e f f e c t . T h i s p r e v i o u s 

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

f r e s h w a t e r s , and g e n e r a l i z e s the r e s u l t a n t c o n c e p t s f o r o v e r a l l u s e . 

H o w e v e r , in a l e n t i c body of w a t e r s u f f i c i e n t in s i z e to p r o m o t e a 

r e a s o n a b l e s tand ing c r o p of f i s h , t h e r e e x i s t s n u m e r o u s b i o c o e n o s e s 

wh ich have no t b e e n f r u i t f u l l y and f a i r l y c o n s i d e r e d in an a p p r a i s a l of 

l e n t i c b i o p o t e n t i a l , and which m a y e v e n t u a l l y h a v e s o l v e n c y in the p rob -

l e m of f i s h popu la t ion d y n a m i c s . Al l p o s s i b l e p r o d u c t i v e b i o c o e n o s e s 

should be i n v e s t i g a t e d to d e m o n s t r a t e t h e i r e f f e c t on the e n t i r e l e n t i c 

c o m m u n i t y . 

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

n u t r i e n t s a r e r e l e a s e d in to a l ake so t ha t l i f e p r o c e s s e s m a y continue* 

The u t i l i z a t i o n of t h e s e n u t r i e n t s i s the b a s i s of J u d a y ' s (19) p y r a m i d 

of n u m b e r s wh ich is r e v i s e d and d e p i c t e d in F i g u r e 1. 

F i g u r e 1 r e p r e s e n t s the i dea tha t the p r i m a r y p r o d u c e r s a r e the 

i m p o r t a n t and n e c e s s a r y l ink in the cha in of food p r o d u c t i o n f o r the 

i T h i s s tudy w a s p e r f o r m e d u n d e r the p a r t i a l s u p p o r t of the 
Na t iona l I n s t i t u t e s of Hea l th T r a i n e e s h i p , 6 4 - 1 6 3 . 
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n u m b e r s showing the p r i m a r y p r o d u c t i o n a r e a of the p y r a m i d to be 
90 p e r c e n t f o r m e d by the p h y c o - p e r i p h y t o n . 



c o n s u m e r s . A n d r e w s and H a s l e r (1) have s t r e s s e d the i m p o r t a n c e of 

the p r i m a r y p r o d u c e r s in supply ing the f i ve pounds of food n e c e s s a r y to 

p r o d u c e one pound of f i s h . W h e r e does t h i s p r i m a r y p r o d u c t i o n c o m e 

f r o m ? What i s the m o s t i m p o r t a n t n i che of the l a k e tha t p r o d u c e s i t ? 

What b i o c o e n o s i s c o n t r i b u t e s m o s t to t h i s p r o d u c t i o n ? 

The above q u e s t i o n s a r e j u s t a f ew of the m a n y q u e s t i o n s involved 

in th i s s y n e c o l o g y s tudy . Of m a j o r i n t e r e s t in t h i s p a p e r i s the q u a n t i -

t a t i v e r e s e a r c h of the l i t t o r a l zone , the n u t r i e n t s , and the v a r i o u s 

p h y c o - s y n u s i a e of the p h y c o - p e r i p h y t o n b i o c o e n o s i s . T h i s w o r k is 

b a s e d on the h y p o t h e s i s t ha t the m a j o r i t y of l a k e s t h r o u g h o u t the w o r l d 

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

the g r e a t e s t v a r i e t y of ben th i c i n s e c t s a r e found . A l s o , a l g a l p r o d u c t i o n 

p e r uni t a r e a i s g r e a t e r in the l i t t o r a l e c o s y s t e m , t han e l s e w h e r e . The 

high s tand ing c r o p and p r o d u c t i o n of p h y c o - p e r i p h y t e s (the b a s i s of 

aqua t i c food chain) and a d e m o n s t r a t i o n of t h e i r t r o p i c - d y n a m i c e f f e c t 

on the l a k e s ' s y n t h e s i s a r e shown. 

It is i m p o s s i b l e in any n a t u r a l s i t u a t i o n to s ing le out f a c t o r s or 

s tudy unit p a r t s of the e c o s y s t e m . Dice (10) d e s c r i b e d an e c o s y s t e m 

in r e l a t i o n to p r o d u c t i v i t y a s , n
0 . . g o v e r n e d by the t o t a l e f f e c t i v e 

s o l a r e n e r g y fa l l ing annua l ly on the a r e a , by the e f f i c i e n c y wi th which 

the p lan t s a r e ab le to t r a n s f o r m th i s e n e r g y in to o r g a n i c c o m p o n e n t s , 

and by t h o s e p h y s i c a l f a c t o r s of the e n v i r o n m e n t which a f f e c t the r a t e 

of p h o t o s y n t h e s i s . " The i m p o r t a n c e of the l i t t o r a l b i o c o e n o s i s t e r m e d 



p h y c o - p e r i p h y t o n in the p u l s e of an a q u a t i c m i c r o c o s m , canno t be o v e r -

e m p h a s i z e d . 

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

b i o l o g i s t . In t h i s s tudy the t e r m p r o d u c t i v i t y wi l l be u s e d in two w a y s . 

F i r s t , i t wi l l be u s e d to r e f e r to p r i m a r y p r o d u c t i o n of a l g a e deve loped 

in a s p a c e - t i m e c o n t i n u u m ; and wi l l be r e c o r d e d a s w e i g h t s and n u m b e r s 

p e r t i m e p e r i o d . The second u s a g e of the w o r d p r o d u c t i v i t y wi l l e n -

c o m p a s s i t s e c o n o m i c a l a s p e c t and wi l l be s t a t e d a s k i l o g r a m s of f i s h 

p r o d u c e d p e r a r e a m e a s u r e . 

The p e r i p h y t o n in t h i s s tudy wi l l be p r e f i x e d by the w o r k phyco , 

and wi l l r e f e r only to t h o s e a s s e m b l a g e s of a l gae found on l ive and dead 

aqua t i c p lan t m a t e r i a l . It i s b e l i e v e d tha t t h i s u s a g e wi l l p r e v e n t the 

c o n f u s i o n o f t en a s s o c i a t e d wi th the s y n o n o m o u s t e r m s p e r i p h y t o n and 

a u f w u c h s which inc lude a s s e m b l a g e s of a n i m a l s along wi th the p lan t 

c o m m u n i t i e s . 

P u r p o s e 

Al though p r i m a r y p r o d u c t i v i t y h a s b e e n s tud ied by m a n y i n v e s t i -

g a t o r s ove r the p a s t 100 y e a r s , only r e c e n t l y h a s p e r i p h y t o n d y n a m i c s 

b e e n c o n s i d e r e d (5, 8, 14, 16, 22, 23, 25, 27, 33, 35, 40, 41, 42). 

W a t e r w o r k s e n g i n e e r s have b e c o m e i n t e r e s t e d in p e r i p h y t o n f r o m the 

s t andpo in t of w a t e r qua l i t y , e s p e c i a l l y t a s t e and odor p r o b l e m s * S a n i -

t a t ion e n g i n e e r s (14, 2,0, 21) a r e c o n c e r n e d with p e r i p h y t o n and i t s 

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



F i s h c u l t u r a l i s t s (26 , 27) a r e s t u d y i n g p e r i p h y t o n b e c a u s e m a n y f o o d 

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

s u b s t r a t u m . P h y c o l o g i s t s (15 , 40 , 41 , 42) m a y s e e in t h e s e o r g a n i s m s 

a k e y t o a l g a l s u c c e s s i o n , and an a n s w e r t o t h e o r i g i n of p h y t o p l a n k t o n . 

T h i s p r e l i m i n a r y s t u d y i s d e s i g n e d to (a) d e m o n s t r a t e t h e 

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

r e g i o n , (b) t h e p o s s i b l e i m p o r t a n c e of p h y c o - p e r i p h y t o n in t h e d i e t s of 

f i s h , (c) t h e e f f e c t s of m e t e o r o l o g i c a l c o n d i t i o n s on d i s t r i b u t i o n of 

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

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

T o u n d e r t a k e a s t u d y of t h i s n a t u r e , i t w a s n e c e s s a r y t o e l i m i n a t e 

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

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

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

w h e r e e v e r m a n h a s e s t a b l i s h e d h i m s e l f on a b o d y of w a t e r . T h i s 

s t u d y w a s c o n d u c t e d on n i n e C a n a d i a n l a k e s w h i c h f o l l o w b o t h t h e g e o -

l o g i c and b i o l o g i c c r i t e r i a f o r o l i g o t r o p h y , and a r e p r i s t i n e . In t h i s 

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

b i o c o e n o s i s . 

H i s t o r y 

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

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



and p e r i p h y t o n d y n a m i c s . The m a j o r i t y of the s t u d i e s on p h y c o -

p e r i p h y t o n have b e e n f l o r i s t i c in n a t u r e , c o n c e r n e d wi th d e s c r i p t i v e 

t e r m i n o l o g y , and s o m e wi th eco logy whi le a f e w have a t t e m p t e d r e c e n t l y 

to d e m o n s t r a t e q u a n t i t a t i v e da t a (5, 16, 22, 23, 25, 35). 

F a s s e t t (13) h a s s t a t e d , "Aqua t i c p l a n t s m a y s u p p o r t a l g a e or s m a l l 

a n i m a l s wh ich a r e d i r e c t l y or i n d i r e c t l y food f o r g a m e f i s h . " In 1939, 

Ro l l ( 33) p u b l i s h e d an a t t e m p t to c l a r i f y p e r i p h y t o n t e r m i n o l o g y and 

e s t a b l i s h e d c o n s i s t e n c y in t h i s a r e a of r e s e a r c h . He d e c i d e d to u s e the 

t e r m p e r i p h y t o n , and d e s c r i b e d it a s t h o s e a s s e m b l a g e s of o r g a n i s m s 

g rowing on l ive and dead p lan t m a t t e r , and s t o n e s . He exc luded b e n t h i c 

f o r m s . A l s o , inc luded in h i s w o r k w a s a c o m p l e t e c i t a t i o n of a l l p r e -

vious w o r k c o n c e r n e d wi th phy to soc io logy and t e r m i n o l o g y in G e r m a n y . 

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

Young in 1942 (42). The t e r m p e r i p h y t o n h a s b e e n found in the l i t e r a t u r e 

of N e w c o m b e ( 22, 23), Welch (39), and G r e z e n d a and B r e h m e r ( 16). In 

R u t t n e r ' s book (34), a r e i n t r o d u c t i o n of the t e r m a u f w u c h s , u s e d by 

w o r k e r s p r e c e d i n g Ro l l (33), w a s no t ed , and i t i s a c c e p t e d in the l a t e s t 

l i m n o l o g y t ex t by Re id (30), a s we l l a s in the w o r k of W h i t f o r d (40, 41) . 

O the r t e r m s have b e e n u s e d to a l i m i t e d e x t e n t . In the w o r k of F r i t c h 

(15) the t e r m s ep i l i th i c (on s t o n e s ) and ep iphy t i c (on p l a n t s ) a r e u s e d . 

L a t e r w o r k by P r o w s e (27) adop t s the t e r m ep iphy te c B u t c h e r ! s (4) 

c l a s s i c w o r k on r i v e r s i n c l u d e s a p a r t i c u l a r r e f e r e n c e to s e s s i l e a l g a e , 

and F j e r d i n g s t a d (14) u s e s the t e r m b e n t h i c a l g a e to r e f e r to p e r i p h y t o n 



type communi t i e s in a r i v e r . F ina l ly , Cas tenholz (5) r e p o r t s h is work 

using the t e r m a t tached a lgae . 

As f o r o ther s tudies of the unique b iocoenos i s , T a r k a (37) and 

Lowe (18) have jus t l i s t ed a lgae found in the per iphyton c o m m u n i t i e s . 

Roll (33) r e p o r t s Hentsche l l in 1917 made the f i r s t s tud ies of 

per iphyton using g l a s s s l i des , and this method has been used la te ly by 

Newcombe ( 22, 23), P a t r i c k (25), Cooke (8), Cas tenholz (5), G r e z e n d a 

and B r e h m e r (16), Whit ford (40, 41) and Sladecek and Sladecov (35) 

with a new modi f i ca t ion by Anita , et a l . (2) using a l a r g e volume p las t i c 

s p h e r e . 

Cholokny (6) p ionee red the ecology of ep iphy tes . Young (42) r e p o r t s 

Nauman in 1936 was the f i r s t to inves t iga te per iphyton fo r w a t e r w o r k s 

e n g i n e e r s . F j e r i n g s t a n d ' s (14) work concerned the ecologica l s tudies of 

r i v e r pollution and benthic a lgae . 

B r e h m e r and Rut tner (3) made the f i r s t r e a l inves t iga t ion of the 

l i t t o r a l zone ecology and d e m o n s t r a t e d nu t r i en t deple t ion in a zone around 

the s u b s t r a t u m . Young (42) r e l a t e s that Hentsche l l and Vi sche r have been 

act ive in s tudies of ship bot tom fouling by per iphyton . Newcombe ( 22, 

23), Cas tenholz (5), Young (42), and Whitford (40, 41) have done the 

m o s t ex tens ive work to date on the sub jec t of per iphyton . Rut tner (34) 

and Whitford (41) have d e m o n s t r a t e d f u r t h e r that c u r r e n t is n e c e s s a r y in 

nu t r i en t r e p l e n i s h m e n t . F r i t c h (15) d e m o n s t r a t e s with r e f e r e n c e to G e r m a n 

w o r k e r s , the e f fec t of n a t u r a l s u b s t r a t u m on populat ion and growth . 
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F r i t c h (15), Young (42), Welch (39), P r o w s e (26, 27), E d m u n d s o n 

(12), and R e i d (31) have r e c o g n i z e d the i m p o r t a n c e of a knowledge of the 

l i t t o r a l zone and i t s p e r i p h y t o n in a d m i t t i n g to a d e f i c i e n c y of i n f o r m a -

t ion in t h i s a r e a . 

G e o m o r p h o l o g y 

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

t ion of p h y c o - p e r i p h y t o n to be p e r f o r m e d on a p r i s t i n e o l i g o t r o p h i c l a k e . 

L a k e s a n s w e r i n g th i s d e s c r i p t i o n , and tha t a r e e a s i l y a c c e s s i b l e , a r e 

n o n e x i s t e n t in the Uni ted S t a t e s g e n e r a l l y . 

T h r o u g h the c o u r t e s y and s u p p o r t of the O n t a r i o D e p a r t m e n t of 

Lands and F o r e s t s , a p p r o x i m a t e l y 3 , 0 0 0 l a k e s in the H a l i b u r t o n D i s t r i c t , 

Algonquin P r o v i n c i a l P a r k of N o r t h E a s t e r n O n t a r i o , w e r e m a d e a v a i l a b l e 

f o r s tudy . R e s e a r c h w a s conduc ted on the fo l lowing l a k e s ; B r e w e r (44 

h e c t a r e s ) , B r i d l e ( 2 1 . 3 h e c t a r e s ) , C l a r k e ( 1 3 . 6 h e c t a r e s ) , C o s t e l l o 

( 2 4 . 0 h e c t a r e s ) , G a l a i r e y (586 h e c t a r e s ) , G o r d o n ( 1 9 . 2 h e c t a r e s ) , 

K e a r n e y ( 2 0 . 2 h e c t a r e s ) , L i t t l e M c C a u l e y ( 1 4 . 5 h e c t a r e s ) , and the c o n -

t r o l l a k e , Opeongo ( 5 , 6 0 0 h e c t a r e s ) . T h e y w e r e a c c e s s i b l e by logging 

r o a d s and s h o r t canoe p o r t a g e s . 

T h e s e l a k e s a r e s c a t t e r e d o v e r 150 s q u a r e k i l o m e t e r s of b o r e a l 

wood land , 388 to 438 m e t e r s above s e a l e v e l . T h e y l i e a t the h e a d -

w a t e r s of one t r i b u t a r y of the Ot tawa R i v e r , t he M a d a w a s k a . The so i l 

s u r r o u n d i n g the l a k e s i s p r e d o m i n a n t l y pea t wi th s o m e h u m u s . A c -

co rd ing to C l a r k (7) t h i s type of c o u n t r y i s g e o l o g i c a l l y c h a r a c t e r i z e d 



QJJ) o p e o n g o 
S LAND Q 

NORTH' ARM/z, 

L A K E OPEONGO 
S O U T H A R M 

a r e a - 5 6 0 0 hec ta res 
sampl ing a r e a s - Q 
c o n t o u r i n t e r v a l s - me te rs 

LAKE OPEONGO 
6 3,2 

ki lome te rs 

Fig . 2 - - M o r p h o m e t r i c data for Lake Opeongo 
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BREWER LAKE 
N a r e a - 44.1 hectares 

sampling areas- (D 

depth- meters 
0 .2 .4 
J » i 
sca le 

(kilometers) 

LITTLE McCAULY LAK£< 
area- 14.5 hectares 
sampling areas- ® 
depth- meters 

0 .2 .4 
1 1 1 

sca le 
(kilometers) 

F i g . 3 - - M o r p h o m e t r i c data f o r l a k e s B r e w e r and Li t t l e M c C a u l y 
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to 0* 

COSTELLO LAKE 
N a r e a - 2 4 .0 hectares 

sampling areas- <D 
depth- meters 

o .2 .4 
x J 

scale 
(kilometers) 

HOCK 

BRIDLE LAKE 
N a r e a - 2 1.3 hectares 
I sampling areas- 0 
I dep th -meters 

J marsh- t 

portagt 
. 5 kilom«t#r 

L 
.2 

J 
sea le 

(kilometers ) 

F i g . 4 ~ - M o r p h o m e t r i c data f o r l a k e s C o s t e l l o and B r i d l e 
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C L A R K E LAKE 
area- 13.6 hectares 
sampling areas- (D 
depth- meters 

0 .2 .4 
1 r | 

scale 
(kilometers) 

15 

KEARNEY LAKEU—O/ 
M a r e a - 2 0 . 2 hectares II 

sampling areas- 0 
depth-meters 

0 .2 .4 
1 2 f 

scale 
(kilometers) 

F i g . 6 - - M o r p h o m e t r i c data for lakes Clarke and Kearney 
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GORDON LAKE 
a r e a - 19.2 hectares 

N sampling a r e a s - © 
p o r t a g e - — 

€ 
o 

X 
CM 

Ul 
e < 
H 
CC 
O 
a. 

.2 
j . 

.4 
J 

scale 
(k i lometers ) 

to Madawaska 
River 

F i g . 7 - - M o r p h o m e t r i c data for Gordon Lake 



15 

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

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

t i c a l l y r e f e r r e d t o a s t h e G r e n v i l l e a r e a of t h e C a n a d i a n S h i e l d . 

D i c e (11) l i s t s t h i s a r e a in t h e C a n a d i a n B i o t i c P r o v i n c e f o r i t i s 

t y p i f i e d b y a M a p l e - P i n e p h y t o c o e n o s i s , l ow r e l i e f , p o o r l y d r a i n e d 

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

d e f i n e d b y t h e c r i t e r i a of e x c e s s r a i n f a l l d e s c r i b e d in T h o r n t h w a i t e s 1 

w o r k (36) . P r e c i p i t a t i o n a v e r a g e s t w e n t y - f o u r i n c h e s of r a i n f a l l a y e a r 

w i t h e i g h t e e n i n c h e s of e v a p o t r a n s p i r a t i o n . 

T h e a r e a in w h i c h t he l a k e s a r e l o c a t e d i s w h e r e no h u m a n r e f u s e 

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

o l i g o t r o p h i c h a v i n g a " U " s h a p e d b a s i n and a l i m i t e d l i t t o r a l z o n e . 

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

a r e a s a n d g r a d e i n t o g y t t j a (17) in d e e p e r w a t e r . 

B i o m o r p h o l o g y 

T h e l a k e s in t h i s a r e a a r e c h a r a c t e r i z e d b y t h e a d e q u a t e p r o d u c t i o n 

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

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

i s s u p p o r t e d b y u s i n g t h e N y g a a r d I n d e x a s d e s c r i b e d b y R a w s o n in 1956 

(29) . In t h i s d e m o n s t r a t i o n , a p r o f u s e n u m b e r of s p e c i e s in t h e d e n o m i -

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

of h i g h p r o d u c t i v i t y ( e u t r o p h i c ) , t he n u m b e r of s p e c i e s i s low in t h e 
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o l i g o t r o p h i c l a k e . In T a b l e I , the l a k e s a r e l i s t e d in a l p h a b e t i c a l o r d e r , 

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

F i g u r e s 2 t h r o u g h 7 d e m o n s t r a t e the h y d r o g r a p h i c f e a t u r e s of the n ine 

s tudy l a k e s . C o m p a r i n g t h e s e f i g u r e s to T a b l e I the p o t e n t i a l p r o d u c -

t iv i ty shown by the s h o r e l i n e d e v e l o p m e n t can be v i s u a l i z e d , and the 

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

c o n c e r n e d . 
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C H A P T E R I I 

M A T E R I A L AND METHODS 

C h e m i c a l , p h y s i c a l , g e o g r a p h i c a l , g e o l o g i c a l , m e t e r o l o g i c a l , 

f l o r i s t i c and f a u n i s t i c da t a w e r e c o l l e c t e d . Of the n ine t e s t l a k e s i n -

v e s t i g a t e d , Opeongo ( F i g u r e 3) w a s the m a j o r l a k e i n v e s t i g a t e d . 

C h e m i c a l and p h y s i c a l s a m p l e s w e r e c o l l e c t e d da i l y f r o m two of the 

f o u r s t a t i o n s ( F i g u r e 3). P h y t o p l a n k t o n and p h y c o - p e r i p h y t o n w e r e 

c o l l e c t e d b i - d a i l y f r o m e a c h s t a t i o n f o r the f i r s t s e g m e n t of the s tudy 

and da i ly f o r the r e m a i n i n g s e g m e n t . Once a w e e k w a t e r w a s a n a l y z e d 

f r o m the d e e p e s t p o r t i o n of the l ake in the South A r m . 

In m a k i n g p lank ton c o l l e c t i o n s , a p l ank ton ne t m a d e of N u m b e r 25 

s i lk bol t ing c lo th and f i t t e d wi th a co l l ec t i ng bo t t l e d e s i g n e d a f t e r 

F o e r s t e r (7) w a s towed f o r a p p r o x i m a t e l y . 2 k i l o m e t e r s t h r o u g h the top 

m e t e r of w a t e r a t both the pe l ag i c and l i t t o r a l s t a t i o n s . C a r e w a s t a k e n 

in the weed b e d s not to d i s t u r b the p l an t s m e c h a n i c a l l y . 

A p lank ton ne t c o - e f f i c i e n t was c o m p u t e d (21) and the d a t a a d j u s t e d 

a c c o r d i n g l y . K e m m e r e r w a t e r bo t t l e s a m p l e s w e r e f i l t e r e d in an a t -

t e m p t to d e t e r m i n e s i g n i f i c a n c e of nannop lank ton . Counts w e r e m a d e 

and added to the net c o - e f f i c i e n t c o m p u t a t i o n . 

P h y c o - p e r i p h y t o n w a s c o l l e c t e d by the u s e of sk in diving t e c h n i q u e s , 

Sma l l 135 m i l l i l i t e r s c r e w top j a r s with c h i l l e d , f i l t e r e d w a t e r w e r e 
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taken u n d e r w a t e r . The wa te r was f i l t e r e d to r e m o v e any a lgae , al ive or 

dead, and was chi l led p r i o r to leaving the l a b o r a t o r y for sampl ing so that 

the t e m p e r a t u r e would approx ima te that of the wa te r and thus influx of 

lake wate r would be r educed to a negligible amount . 

Once u n d e r w a t e r , the cap of a j a r was r e m o v e d and the open end 

of the bot t le was then placed slowly and gent ly over a plant l ea f . Af t e r 

suf f ic ien t lengths of the plant leaf w e r e placed ins ide the j a r (this was 

done without touching any p a r t of the leaf ) , the leaf was s e v e r e d with a 

pa i r of s c i s s o r s . S e v e r a l l eaves of young plants w e r e s tudied. Va l l i sne r i a 

a m e r i c a n u m , Myr iophyl lum f a r w e l l i i , Sagg i t a r i a sp . ( r o s e t t e s ) , 

Po tomogeton na tans , Nymphaea odora ta , and Nitel la sp . Submerged logs 

w e r e a l so sampled qual i ta t ive ly by breaking off p i eces of wood under 

w a t e r . All phytoplankton and phyco-per iphyton s a m p l e s were f i l t e r e d 

ut i l iz ing m e m b r a n e f i l t e r s of 0 . 4 5 m i c r o n po ros i ty . The phyco-per iphyton 

w e r e l i be r a t ed by violent shaking and r epea t ed washings with a s t rong 

s t r e a m of w a t e r . A to ta l of 250 s ample s w e r e taken f r o m all l a k e s . 

Random s a m p l e s of al l washed higher aqua t ics w e r e checked for pe r cen t 

m i s s e d in washing. It was found that V. a m e r i c a n u m , and Sagg i t a r i a sp. 

we re e s s e n t i a l l y washed c lean . Myr iophyl lum due to i ts l a r g e a r e a and 

over lapping l eaves re ta ined 30 pe rcen t of the sample and data w e r e a d -

jus ted accord ing ly . 

F o r m i c r o s c o p i c ana ly s i s , a phase m i c r o s c o p e having up to 2000 

magni f i ca t ions was used . Sl ides of one q u a r t e r of each m e m b r a n e f i l t e r 
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w e r e m a d e a c c o r d i n g to McNabb (14). Counts of the a l g a e and K e r a t e l l a 

c o c h e a l a r i s (4), the zooplank ton i n d i c a t o r c h o s e n f o r t h i s s tudy , w e r e 

m a d e us ing oil i m m e r s i o n , and the s t a t i s t i c a l m e t h o d ou t l ined by McNabb 

(14). R a n d o m s e l e c t i o n of a d j a c e n t and c r o s s - f i l t e r q u a d r a n t s w e r e a l s o 

m a d e to d e t e r m i n e r a n d o m d i s t r i b u t i o n . It w a s found tha t no s i g n i f i c a n t 

d i f f e r e n c e in q u a d r a n t s e x i s t e d , and when a c o m p a r i s o n of the s t a t i s t i c a l 

coun t s to the a c t u a l coun t s w e r e m a d e the p r o d u c t a p p r o a c h e d un i ty and 

f e l l wi th in the r a n g e McNabb (14) l i s t s f o r c o r r e c t s i g n i f i c a n c e . 

A s q u a r e m e t e r f r a m e w a s c o n s t r u c t e d of wood and we igh ted wi th 

r o c k s . It w a s u s e d to count n u m b e r s of ind iv idua l p l an t s p e c i e s and 

P e l e c y p o d a p e r s q u a r e m e t e r in bo th w e e d b e d s . M e a n s of t h e s e coun t s 

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

C h e m i c a l t e s t s f o r oxygen , c a r b o n d iox ide , o r t h o - p h o s p h a t e s , 

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

and b i o c a r b o n a t e s w e r e r u n a c c o r d i n g to the m e t h o d s ou t l ined in S t a n d a r d 

M e t h o d s , t en th ed i t i on (1). P h o s p h a t e s , n i t r a t e s and s u l f a t e s w e r e 

d e t e r m i n e d on a p o r t a b l e c o l o r i m e t e r , and the o the r t e s t s w e r e r u n 

t i t r a m e t r i c a l l y . 

A m o d i f i e d K e m m e r e r w a t e r bo t t l e w a s u s e d f o r w a t e r s a m p l e 

c o l l e c t i o n s along wi th a dev i ce d e s i g n e d f o r m o r e c a r e f u l s a m p l i n g of 

w a t e r . T h i s w a t e r s a m p l e r , known a s the F o e r s t e r S u b - s u r f a c e W a t e r 

S a m p l e r (8), w a s u s e d in the weed beds to s a m p l e w a t e r d i r e c t l y in c l o s e 

p r o x i m i t y to the v e g e t a t i o n . 
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The pH w a s d e t e r m i n e d u s ing a p o r t a b l e e l e c t r i c pH m e t e r , t e m -

p e r a t u r e by a t h e r m i s t e r t h e r m o m e t e r , w a t e r c o l o r wi th a cobol t d i s c 

c o m p a r a t o r , wind s p e e d by a p o r t a b l e a n e m o m e t e r and u n d e r w a t e r 

p h o t o g r a p h s w e r e m a d e wi th a M a k o s h a r k s u b m e r s i b l e c a m e r a and a 

R o l l i f l e x c a m e r a in a w a t e r t e l e s c o p e . C u r r e n t s p e e d w a s c a l c u l a t e d 

t h e o r e t i c a l l y f r o m the wind s p e e d r e a d on the a n e m o m e t e r he ld . 5 m e t e r s 

off the w a t e r s u r f a c e ( F i g u r e 21). 

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

p e r f o r m e d by the O n t a r i o D e p a r t m e n t of L a n d s and F o r e s t , and t h a t 

a n a l y z e d by the O n t a r i o W a t e r R e s o u r c e s C o m m i s s i o n . C h e c k s f o r 

po l lu t ion w e r e m a d e a t i n t e r v a l s o v e r the s u m m e r u s ing the M o h r 

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

l ined by S t a n d a r d M e t h o d s (1). 

F i s h w e r e c o l l e c t e d us ing s i x l e n g t h s of a l t e r n a t e d one -ha l f and 

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

and s m a l l m e s h m i n n o w t r a p s . N e t s w e r e l e f t in the weed bed a r e a s 

f o r t w e n t y - f o u r h o u r s . T r a p s w e r e l e f t in c o n t i n u o u s l y and c h e c k e d 

d a i l y . Seining w a s a l s o u s e d in s a m p l i n g . F i s h s c a l e s w e r e aged and 

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

A c o n t r o l c o n s t r u c t e d of a l u m i n u m w i r e s c r e e n w a s p l aced o v e r 

V a l l i s n e r i a a m e r i c a n u m p l a n t s a t S ta t ion 3. S a m p l e s w e r e t a k e n p e r i -

od i ca l l y to check the p o s s i b i l i t y of g r a z e r a t e s and c u r r e n t e f f e c t s . 

Deep (Sta t ion 3) and sha l low (Stat ion 1) weed b e d s w e r e c h o s e n f o r 
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c o m p a r a t i v e p u r p o s e s (F igu re 2). They w e r e chosen c lose to the 

l a b o r a t o r y so that al l chemica l work could be comple ted the s a m e day. 

Eight o ther l akes w e r e sampled for c o m p a r i s o n to Lake Opeongo. 

Samples w e r e col lec ted s imul t aneous ly with col lec t ions at Opeongo. 

Phyo-pe r iphy ton was col lec ted using g l a s s l a n t e r n s l ides 10 by 

12. 5 c e n t i m e t e r s to be checked aga ins t n a t u r a l a t tached m a t e r i a l . Air 

d ry weights of o rgan ic m a t t e r on the f i l t e r s w e r e ca lcu la ted to give an 

idea of the o rgan ic product iv i ty in m i l l i g r a m s per h e c t a r e . 

All a lga l t axonomy (Table 2) was checked aga ins t s e v e r a l s o u r c e s : 

P r e s c o t t (16), T i f fany and Br i t ton (18), Smith (17), D e s i c h a c h a r y (2), 

Ti lden (19), I r e n e - M a r i e (12), H u b e r - P e s t a l o z z i (10), E l m e r (5), Lowe 

(13), and D r u e t and Daily (3). F i s h fauna ( T a b l e 5) w e r e checked 

aga ins t Hubbs and Lag le r (9) and T r a u t m a n (20). Higher aquat ic p lants 

w e r e keyed accord ing to F a s s e t t (6) and Meuncher (15). 
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C H A P T E R III 

R E S U L T S 

Qua l i t a t i ve 

T a b l e II l i s t s the g e n e r a and s p e c i e s e n c o u n t e r e d in t h i s s tudy . 

T h e s e d a t a a r e so p l a c e d a s to d e m o n s t r a t e the v a r i o u s s y n u s i a e of the 

phy top lank ton and p h y c o - p e r i p h y t o n b i o c o e n o s e s . 

V a l l i s n e r i a a m e r i c a n a , S a g i t t a r i a sp . ( r o s e t t e s ) , and M y r i o p h y l l u m 

f a r w e l l i i show c l o s e a s s o c i a t i o n in p h y c o - p e r i p h y t o n g e n e r a . V. a m e r i -

cana h a s m o r e g e n e r a r e p r e s e n t e d , bu t i t w i l l be shown l a t e r t h e r e i s 

l e s s quan t i t y . T a b l e II a l s o i l l u s t r a t e s t h a t P o t a m o g e n t o n n a t a n s and 

N y m p h a e a o d o r a t a l a c k the i nhab i t a t i on a s noted in a l l the o t h e r h i g h e r 

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

t ion having t u b u l a r s t e m s wi th p a r t i a l l y e m e r g e n t , f l oa t i ng l e a v e s . 

W h e t h e r t h e s e two p l an t s have a m o r p h o l o g y nonconduc ive to i n h a b i t a t i o n , 

o r s e c r e t e s u b s t a n c e s inhib i t ing g r o w t h of the p h y c o - p e r i p h t e s is not 

known. Le t i t be s u f f i c i e n t f o r th i s s tudy to note t ha t t h e s e two e m e r g e n t 

p l an t s a r e not h igh ly p r o d u c t i v e in n u m b e r s of g e n e r a inhab i t ing t h e i r 

s u r f a c e . 

The log s a m p l e s and Ni t e l l a sp . d e m o n s t r a t e an a b u n d a n c e of 

B a s c i l l a r i o p h y c e a e . L a k e Opeongo i s m u c h m o r e p r o d u c t i v e t han the 

o the r e ight l a k e s s tud ied a l though q u a l i t a t i v e l y the p h y c o - p e r i p h y t o n 

29 
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and phy top lank ton a r e s i m i l a r . T h i s s a m e idea ho lds t r u e f o r the E a s t 

and N o r t h A r m s of Lake Opeongo w h e r e V. a m e r i c a n a w a s s a m p l e d and 

found to show no s i g n i f i c a n t d i f f e r e n c e in p h y c o - p e r i p h y t o n p o p u l a t i o n s . 

Depth of the w a t e r in the weed b e d s in L a k e Opeongo (Sta t ions 1 

and 3) s e e m e d to a f f e c t the q u a l i t a t i v e n u m b e r s of g e n e r a to no s i g n i f i c a n t 

d e g r e e when the s a m e leaf s u r f a c e s , e . g 0 , a t the s a m e dep th , a r e c o m -

p a r e d . D i f f e r e n c e s w e r e noted in r e l a t i o n to dep th . Looking at F i g u r e 19, 

i t i s s e e n tha t the m i d d l e of a V. a m e r i c a n a p lan t is m u c h h i g h e r in 

g e n e r a found t han the top or the b o t t o m of the p l a n t . The top of the p lan t 

i s i nhab i t ed m o s t l y by the a l g a e which a r e adap t ed to c u r r e n t b u f f e t i n g , 

e . g . , G o m p h o n e m a g e m i n a t u m . At the b a s e of the p l an t , P y r r o p h y t e s 

a r e found e n t a n g l e d and a r e inc luded a s p h y c o - p e r i p h y t o n . H ighe r y i e l d s 

of g e n e r a and n u m b e r s of popu la t ion w e r e then noted on the m i d d l e 

p o r t i o n of the p l an t . The m i d d l e p o r t i o n of the p lan t w a s tha t wh ich w a s 

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

s e e n to f e e d in th i s a r e a of the p lan t m o s t f r e q u e n t l y . 

S a g i t t a r i a sp . and M# f a r w e l l i i show no s i g n i f i c a n t d i f f e r e n c e s in 

h a b i t a t i o n s i n c e t hey e x i s t in a s m a l l vo lume of w a t e r , and do not ex tend 

ove r such a c o n s i d e r a b l e l eng th as do V. a m e r i c a n a l e a v e s . 

F i g u r e 8 is a s c h e m a t i c d r awing dep ic t ing the p h y c o - p e r i p h y t o n 

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

c o l l e c t i o n s t a k e n ove r a week of s a m p l i n g du r ing peak p r o d u c t i o n . Note 

the a t t a c h m e n t s and e n t a n g l e m e n t s of g e n e r a . 
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TABLE III 

HIGHER AQUATIC PLANT SPECIES FOUND 

AT STATIONS 1 AND 3 

Family Station 1 
1 meter 

Station 3 
2 meters 

Allismaceae Saggitaria, sp. (rosettes) 

Haloragidaceae Myriophyllum jarwellii Myriophyllum jarwellii 

Hydrocharitaceae Vallisneria americana Vallisneria americana 

Lentibulariaceae Utricularia geminiscapsa Utricularia geminiscapsa 

Nymphaeaceae Nuphar advenum Nuphar advenum 

Potamogetonaceae Potamogeton nutans 

Potamogeton spp. 
(filamentous forms) 

Potamogeton spp. 
(filamentous forms) 

Potamogeton robbinsii 

Characeae 
(Algae) 

Nitella sp. 
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The r e l a t i v e d i f f e r e n c e in g e n e r a and q u a n t i t y f o r t h e t h r e e m a i n 

t e s t p l a n t s is shown in F i g u r e 17. The da t a a r e d e p i c t e d d i m e n s i o n a l l y 

to r e p r e s e n t the r e l a t i v e shape of e a c h s p e c i e s ' l e a f . The p h y c o -

p e r i p h y t o n s y n u s i a on V. a m e r i c a n a , S a g i t t a r i a sp . , and M. f a r w e l l i i 

i s T a b e l l a r i a - B u l b o c h e a t e - M i c r o c y s t i s ; the log i s T a b e l l a r i a - U l o t h r i x -

M i c r o c y s t i s , and N i t e l l a sp . is T a b e l l a r i a - G o n p h o n e m a - M i c r o c y s t i s . 

Whi le the above m e n t i o n e d p l a n t s w e r e s tud i ed m o s t , m a n y o t h e r 

p l a n t s m a d e up the p a r t i c u l a r weed b e d s . T a b l e III l i s t s t he s p e c i e s of 

p l a n t s t h a t m a d e up the weed b e d s s t u d i e d . S p e c i e s s e e m to have a 

de f in i t e dep th o r i e n t a t i o n , and they w e r e d i s t r i b u t e d in d e f i n i t e p a t c h e s . 

The t h r e e g e n e r a s tud ied m o s t e x t e n s i v e l y in t h i s s t udy , V. a m e r i c a n a , 

S a g i t t a r i a sp . and M. f a r w e l l i i , w e r e the m o s t e v e n l y d i s t r i b u t e d 

t h r o u g h o u t the e n t i r e weed b e d s , and w e r e found a t bo th s t a t i o n s . 

Quan t i t a t i ve 

Quan t i t a t i ve w o r k on t h e phy top lank ton and the p h y c o - p e r i p h y t o n 

a r e dep i c t ed in two w a y s , d e n s i t y and a i r d r y w e i g h t s . 

In F i g u r e s 9 and 10, phy top lank ton and p h y c o - p e r i p h y t o n a r e 

p lo t t ed , r e a d i n g f r o m the b o t t o m in d e n s i t y of c e l l s p e r l i t e r of w a t e r . 

Cubing the d e n s i t y d i a m e t e r wi l l g ive a c t u a l n u m b e r s p e r l i t e r . B e t w e e n 

the phy top lank ton and p h y c o - p e r i p h y t o n c u r v e s a r e p lo t t ed the c h e m i c a l -

p h y s i c a l d a t a . F o r c o m p a r i s o n of the p r o d u c t i o n in a un i t a r e a , t he 

p h y c o - p e r i p h y t o n c u r v e s m a y be r e a d f r o m the top down f o r the d e n s i t y 

i s l i s t e d in s q u a r e c e n t i m e t e r s . 
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F igure 9 depic ts Station 1. The phytoplankton trend i s a normal 

undulating curve showing l i t t le def inite tendency to peak. This i s 

c h a r a c t e r i s t i c of plankton trends prior to the late s u m m e r m a x i m u m . 

The phyco-periphyton trends demonstrate a d e c r e a s e in July c o r r e -

sponding to the c h e m i c a l condit ions . The late August m a x i m u m in 

phyco-periphyton holds with the avai lable nutr ients . Af ter the phosphate 

nitrate r i s e , the phyco-per iphyton beg ins a peak. It appears f r o m the 

data depicted here that the higher quantity of o r g a n i s m s even in the lul l 

period be tween peaks u t i l i z e s the avai lable nutrients to a far higher 

degree than do the weed bed phytoplankton, thus demonstrat ing that if 

only the phytoplankton was sampled no true indication of the organic 

production would be obtained. The production and ut i l izat ion of carbon 

dioxide, d i s s o l v e d oxygen and b i - c a r b o n a t e s a l s o demonstra te unity. 

The lag in population dens i ty on August 23 appears to be a r e s u l t 

of m e t e o r o l o g i c a l condit ions induced f r o m a f o u r - d a y s teady current , 

and a 1 0 / 1 0 total cloud cover as shown in F igure 21. The s l ight c o r r e -

sponding r i s e in phytoplankton on the s a m e date i s a l s o indicat ive . 

The data at Station 1 are erra t i c at t i m e s as is expected s ince the 

water depth i s only one m e t e r . This would of c o u r s e subjugate this m o r e 

shal low a r e a to m o r e s t r e s s e s by c u r r e n t s , evaporat ion, l ight and 

t emperature f luctuat ions . However , the genera l trend i s demonstra ted . 

"Students" T t e s t ca lculat ions were run on the productivi ty peak at 

Station 1 and Station 3. The s ign i f i cance of this obvious peak l i e s at the 
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. 0 0 1 p e r c e n t l e v e l when c o m p a r i s o n of o r g a n i c w e i g h t s and n u m b e r s 

a r e m a d e . 

S ta t ion 3 ( F i g u r e 10) shows s i m i l a r da t a a s w a s d e m o n s t r a t e d a t 

S ta t ion 1. In t h i s p a r t i c u l a r s e t of d a t a , the c u r v e s a r e m u c h s m o o t h e r 

due to the depth of the w a t e r and i t s l i m i t i n g i n f l u e n c e on f l u c t u a t i o n s . 

F u r t h e r , t h i s weed bed lying at two m e t e r s in dep th w a s in a m o r e 

s h e l t e r e d p o s i t i o n a t t he s o u t h e r n end of the l a k e , and the e f f e c t of the 

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

un i ty t r e n d a s exp l a ined f o r S ta t ion 1. The s a m e d e n s i t y c u r v e i s e x -

p r e s s e d at th i s s t a t i on and c o m p a r e s s i m i l a r l y to the phy top l ank ton . 

Aga in , m e t e o r o l o g i c a l cond i t ions m a y be i n f l u e n t i a l h e r e and wi l l be 

exp la ined l a t e r u n d e r a s e c t i o n devo ted to m e t e o r o l o g i c a l c o n d i t i o n s . 

Note tha t the c u r v e s , p lo t t ed f o r d e n s i t y of p h y c o - p e r i p h y t o n and 

phy top lank ton v a r y c o n s i d e r a b l y if popu la t ion d e n s i t y n u m b e r s a r e 

c o m p a r e d . 

When the n u m b e r s of phy top lank ton and p h y c o - p e r i p h y t o n a r e 

c h e c k e d s i m u l t a n e o u s l y , it i s obvious tha t t h e r e i s a s i g n i f i c a n t d i f -

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

C o m p a r i s o n of s t and ing c r o p a t peak p r o d u c t i v i t y a s w e l l a s a t 

the lu l l p e r i o d s ( F i g u r e 18), shows a 100:1 r a t i o of p r o d u c t i o n by the 

p h y c o - p e r i p h y t o n ove r the phy top lank ton . At the a p e x of e a c h b a r on 

the g r a p h i s the t h e o r e t i c a l y ie ld of f i s h f l e s h f o r th i s p a r t i c u l a r 

b i o c o e n o s i s . The g r a p h d e m o n s t r a t e s the l i m i t e d y i e l d s of the p h y t o -

p lank ton a t the p e r i o d g r a p h e d in c o m p a r i s o n to the p h y c o - p e r i p h y t o n . 
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It is a l so noted that the y ie lds in compar ing the weed beds show that 

the m o r e shal low weed bed p roduces a h igher o rgan ic load , and c o m -

par ing this g r aph to F i g u r e 16, t he r e a r e l a r g e r n u m b e r s p roduced a t 

Stat ion 1 than at the deeper Stat ion 3. C o m p a r i s o n of the d i f f e r e n c e s 

of dens i t i e s and d ry weights p roduced at Stat ions 1 and 3 f o r the o v e r -

al l peak product ion is s igni f icant below the 1 p e r c e n t l eve l . This 

ind ica te s that the depth of the wa te r is a l imi t ing f a c t o r on produc t ion , 

and that the m o r e shal low weed bed is much h igher in p roduc t iv i ty . In 

F i g u r e 22 a compos i t e of the weights of the phytoplankton organ ic p r o -

duction shows a g e n e r a l downward t r end f r o m the p rev ious month . In 

this g r aph , the m e a n of al l s ta t ions c o m p a r e d to the m o s t shal low 

s ta t ion shows the g e n e r a l t r e n d s in the phytoplankton. Slight i n c r e a s e s 

in n u m b e r s which a r e not too evident in the weights a r e noted . C o m -

par ing the weights and n u m b e r s in F i g u r e 16 shows a s l ight upward t r e n d 

of o rgan ic weight at the end of August . This s m a l l r i s e was accompanied 

by a r i s e in de t r i t u s f o r m a t i o n on the M. f a r w e l l i i l e a v e s . 

K e r a t e l l a c o c h l e a r i s (3) (F igure 11) was chosen a s an ind ica tor of 

zooplankton fo r g r a z e r a t e s . Gene ra l l y , th is spec ie s a p p e a r e d while 

zooplankton i n c r e a s e d over the peak of phyco-per iphy ton produc t iv i ty . 

The r e a s o n h e r e fo r the K. c o c h l e a r i s t r end is due to i ts known p r e f -

e r e n c e for feeding on per iphyton (2). It was a l so evident tha t a peak 

was occu r r ing s ince the f i l t e r ing r a t e s of the zooplankton did not keep 

pace with the subsequent a lga l product ion , and no o v e r - a l l f la t tening of 
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the peak is noted as would be expected if the zooplankton would and 

could have kept pace . 

In F i g u r e 11 the chemica l data keeps unity with the a lga l product ion 

as in the phyco-pe r iphy ton . 

An a t t empt to cont ro l g r a z e r a t e s ve r i f i ed an a s s u m p t i o n that c u r -

r e n t s e f f ec t an exchange of was te b i - p r o d u c t s f r o m photosyn thes i s and 

r e s p i r a t i o n . F i g u r e 14 shows the cont ro l in p lace over V. a m e r i c a n a 

at Stat ion 3. The a luminum cont ro l s c r e e n was p laced on at the beg in -

ning of sampl ing in July . It was le f t in p lace over a two-week pe r iod and 

s a m p l e s w e r e taken beginning on the f i f th of Augus t . It i s evident in 

looking at the curve in F i g u r e 14 and compar ing i t to F i g u r e s 9 and 10 

that a s igni f icant r educ t ion in to ta l dens i ty product ion is evident . Check-

ing with Table II, it is noted that t h e r e was an accompanying s igni f icant 

d rop in n u m b e r s of g e n e r a . Columns II, III, and IV of F i g u r e 14 show 

the only cons tant ly r e c u r r i n g g e n e r a , and the ve ry s ign i f ican t r educ t ion 

in n u m b e r s when they a r e compared to noncovered plants in F i g u r e 12. 

Columns V and VI of F i g u r e 14 d e m o n s t r a t e the o v e r - a l l r educ t ion in 

f u r t h e r c o m p a r i s o n to noncontro l led synus i ae . 

The conclus ion d rawn f r o m this cont ro l s egmen t of the s tudy is the 

n e c e s s i t y of n u t r i e n t - w a s t e exchange and the u s e l e s s n e s s of t ry ing to 

cont ro l g r az ing . 
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F i g u r e 12 d e m o n s t r a t e s t he p r o d u c t i v i t y of t h e m o r e s i g n i f i c a n t 

g e n e r a t h a t a p p e a r e d c o n s i s t e n t l y in a l l p h y c o - p e r i p h y t o n c o l l e c t i o n s , 

i n c l u d i n g p h y t o p l a n k t o n . 

M o m e n t a r y p e a k s in t he p h y t o p l a n k t o n m a y b e i n d i c a t i v e of c u r -

r e n t e f f e c t s a s w i l l b e e x p l a i n e d l a t e r . 

T h e l a s t s e g m e n t of q u a n t i t a t i v e a n a l y s i s i s b a s e d on t h e u s e of 

a r t i f i c i a l b a r e a r e a s ( g l a s s s l i d e s ) . T h e d a t a e x p r e s s e d in F i g u r e 20 i s 

e x p r e s s e d in t w o t y p e s of r e p r e s e n t a t i o n s . In t h e s p h e r i c a l c u r v e , 

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

c o m p o s i t e of t h e s a m p l e s f r o m b o t h S t a t i o n s 1 and 3. T o c o m p a r e t h i s 

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

a t t h e t o p of e a c h p h y c o - p e r i p h y t o n c u r v e a t S t a t i o n s 1 a n d 3, d e n s i t y 

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

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

m a n y f a c t o r s a r e e v i d e n t . F i r s t , a p e a k i n p h y c o - p e r i p h y t o n on t h e 

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

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

a r e a w i t h t h e a v a i l a b l e n u t r i e n t s . H o w e v e r , t h e a b i l i t y to m a i n t a i n t h e 

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

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

u s e d in t h i s s t u d y . T h e s e c o n d f e a t u r e to b e n o t e d i s t h a t t h e d a t a 

s h o w n in P a r t 2 of F i g u r e 20 s h o w a l a r g e p r o d u c t i o n of c e r t a i n d i a t o m s 

( T a b l e I I ) , and v e r y f e w C h l o r o p h y t e s o r C y a n o p h y t e s . In c o m p a r i s o n 
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to the n a t u r a l s u b s t r a t u m ( F i g u r e s 17-19) , t h e r e is a v e r y s i g n i f i c a n t 

l a c k of m a n y d i a t o m s a s we l l a s C h l o r o p h y t a and Cyanophy ta g e n e r a . 

In a l l , the a r t i f i c i a l b a r e a r e a gave a f a l s e i nd i ca t i on of the t r u e p r o -

duc t iv i ty t r e n d s and did not i nd i ca t e m a n y of the s i g n i f i c a n t g e n e r a . 

T h i s i s e s p e c i a l l y t r u e when c o m p a r e d to log and p lan t s a m p l e s c o l -

l e c t e d (Tab le II). 

F i n a l l y , q u a n t i t a t i v e d a t a w e r e c o m p u t e d f o r a m e a n s i z e d p lan t 

of the t h r e e p l an t s e x t e n s i v e l y s t u d i e d . T h e s e d a t a a r e c o m p u t e d so a s to 

d e m o n s t r a t e the n u m b e r of p l an t s n e c e s s a r y to y ie ld a h e c t a r e of s u r f a c e 

a r e a , and how s m a l l an a r e a of l ake s u r f a c e th i s t a k e s up (Tab le IV). 

M. f a r w e l l i i would t a k e up the l e a s t w a t e r s u r f a c e a r e a to c o n t r i b u t e the 

h i g h e s t p r o d u c t i o n . E f f i c i e n c y , or the a b i l i t y of the p l an t s to p r o d u c e a 

h i g h e r s t and ing c r o p , i s c o m p u t e d m a t h e m a t i c a l l y to a r r i v e a t a t h e o -

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

e f f i c i e n c y . T h e o r e t i c a l e f f i c i e n c y f o r V. a m e r i c a n a and M. f a r w e l l i i 

i s 93 p e r c e n t . Th i s i s the e f f i c i e n c y of the p h y c o - p e r i p h y t o n in p r o -

ducing o r g a n i c m a t t e r o v e r the open w a t e r and weed bed phy top lank ton . 

The a c t u a l e f f i c i e n c y a s shown by the da ta is 99 p e r c e n t . 

C h e m i c a l - P h y s i c a l 

M e a n da t a a r e p lo t ted in F i g u r e 13. E a c h c i r c u m f e r e n c e of an 

ind iv idua l c i r c l e r e p r e s e n t s 100 p e r c e n t . D a t a f o r e a c h p a r t i c u l a r day 

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

f o r e a c h ind iv idua l ion a n a l y z e d , and the g r a p h r e p r e s e n t s the o v e r - a l l 
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a v e r a g e o v e r the e n t i r e s u m m e r f o r t he ion ic c o n s t i t u e n t s m e a s u r e d . 

Wha t i s r e p r e s e n t e d i s no t a m i l l i g r a m p e r l i t e r n o t a t i o n , bu t a p e r c e n t 

of the t o t a l a p a r t i c u l a r ion r e p r e s e n t s a t any g i v e n t i m e and s a m p l e . 

F o r d e f i n i t e m e a s u r e m e n t s in m g , / l . , r e f e r e n c e shou ld b e m a d e 

to F i g u r e s 9, 10, and 11. Wi th t he g r a p h s d e p i c t i n g p e r c e n t of the 

c o n s t i t u e n t s a t any g i v e n m o m e n t , a c o m p a r i s o n of c o n s t i t u e n t s can 

r e a d i l y b e m a d e . T h e f o u r l a k e s l i s t e d f o r the Opeongo R i v e r s y s t e m 

in t h r e e c a s e s ( B r e w e r , C o s t e l l o , K e a r n e y ) f e e d w a t e r in to L a k e Opeongo 

t h r o u g h an i n f l u e n t r i v e r l o c a t e d in the b a y n o r t h of the F i s h e r i e s S t a t i on 

( F i g u r e 2) known a s C o s t e l l o C r e e k . T h e s e l a k e s a r e a t h i g h e r e l e v a -

t i o n s , and h a v e l e s s i n f l ux ing n u t r i e n t s e x c e p t i n g r u n - o f f and a f e w t i n y 

r i v u l e t s . F u r t h e r , t h e i r s h o r e - l i n e d e v e l o p m e n t ( T a b l e 1) i n d i c a t e s 

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

b i o t a . B r i d l e L a k e ( F i g u r e 4) f l o w s in to the e f f l u e n t O p e o n g o R i v e r 

a t a l o w e r e l e v a t i o n , bu t it i s s o m e w h a t i s o l a t e d and i s u n d e r s i m i l a r 

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

f o r t h e l a k e s G o r d o n , K e a r n e y and C l a r k e of the M a d a w a s k a S y s t e m . 

T h e y a r e i n f l u e n t in to the r i v e r and r e c e i v e w a t e r a s the p r e v i o u s l a k e s 

d id . I t i s no t ed t h a t t he n u t r i e n t s a r e h i g h e r in G a l e a i r y and O p e o n g o . 

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

shown in the p r o d u c t i v i t y d a t a in F i g u r e 15. F i g u r e 15 r e p r e s e n t s a 

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

and c o m p a r e d to O p e o n g o . In t h i s p r e s e n t a t i o n , t h e s m a l l e r and m o r e 
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i s o l a t e d l a k e s s h o w a l ow c o m p a r a t i v e p r o d u c t i o n . T h i s i s in a c c o r d a n c e 

w i t h t h e c h e m i c a l d a t a . 

F u r t h e r e v i d e n c e in t h e b a s i c g r o w t h n u t r i e n t s of o r t h o p h o s p h a t e 

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

i s a l s o r e l a t e d to t h e h i g h e r s h o r e - l i n e d e v e l o p m e n t . 

T h e c e n t e r f i g u r e f o r L a k e O p e o n g o s h o w s a n i n t e r e s t i n g c o m p a r i -

s o n t o G a l e a i r y L a k e w h i c h r e c e i v e s m u c h m o r e i n f l u e n t w a t e r , and h a s 

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

In t h e O p e o n g o f i g u r e , t he c e n t e r c i r c l e i s a m e a n of f i v e s t a t i o n s . 

T h e n e x t c i r c l e go ing out f r o m t h e c e n t e r i s t h e o p e n w a t e r , d e e p s t a t i o n 

s a m p l e s t a k e n f r o m t h e 42 m e t e r a r e a in t h e S o u t h A r m of t h e l a k e . 

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

n i t r a t e s , i s s i g n i f i c a n t . C i r c l e s t h r e e and f i v e c o r r e s p o n d to s t a t i o n s 

one and t h r e e in t h e w e e d b e d s . T h e y s h o w a m u c h b e t t e r b a l a n c e of 

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

w h i c h r e p r e s e n t t h e d e e p e r a r e a s of t h e b a y s in w h i c h t h e w e e d b e d s a r e 

l o c a t e d . 

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

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

F e r r i c i r o n and c h l o r i d e s w e r e a n a l y z e d and no t r a c e w a s d e t e r m i n e d 

w i t h t h e m e t h o d s u s e d . C a r b o n a t e s w e r e a l s o a b s e n t a s w o u l d b e e x -

p e c t e d w h e n c o m p a r e d t o t h e pH d a t a ( F i g u r e s 9, 10, and 11) 0 T h e 

w a t e r c o l o r i n d e x w a s 35 a n d g r e e n , s e c c h i d i s k r e a d i n g w a s 4 m e t e r s 

and t u r b i d i t y w a s l e s s t h a n 1. 
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T e m p e r a t u r e s show a t y p i c a l d e c r e a s e o v e r the p e r i o d of the 

s a m p l i n g a s would be e x p e c t e d f o r t h i s t i m e of y e a r ( F i g u r e s 9, 10, 

and 11). 

C o m p a r i n g the c h e m i c a l - p h y s i c a l da t a in F i g u r e s 9, 10, and 11, 

i t i s ev iden t the weed b e d s a r e m o r e conduc ive to o r g a n i c p r o d u c t i o n . 

T h i s is ev iden t s i n c e t h i s r e g i o n of the w a t e r i s s h a l l o w and would be 

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

n u t r i e n t s f a s t e r t han in d e e p e r w a t e r . 

M e t e o r o l o g i c a l D a t a 

F i g u r e 21 r e p r e s e n t s the m e t e o r o l o g i c a l d a t a f o r the m o n t h of 

A u g u s t . O v e r c a s t days c o r r e s p o n d we l l wi th the i n c r e a s e of r e s p i r a t i o n 

b y - p r o d u c t s such a s c a r b o n d iox ide , and the d e c r e a s e of p h o t o s y n t h e s i s 

b y - p r o d u c t s such a s oxygen ( F i g u r e s 9 and 10). 

C o m p a r i n g the s m a l l u p s u r g e of phy top lank ton ( F i g u r e s 9, 10, and 

11) and the c o r r e s p o n d i n g g e n e r a in the p h y c o - p e r i p h y t o n s a m p l e s wi th 

the t h e o r e t i c a l c u r r e n t speed ove r the p e r i o d of A u g u s t 19 to 21 an u p -

s u r g e in the s e l e c t e d phy top lank ton g e n e r a is ev iden t ( F i g u r e 12). T h i s 

c o r r e s p o n d s to a t h e o r e t i c a l c u r r e n t s p e e d of 1200 c m . / s e c . m a x i m u m , 

and w e s t e r l y winds cont inuing ove r a p e r i o d of f i v e d a y s . " S t u d e n t s " T 

a n a l y s e s f o r t h i s u p s u r g e ove r t h e s e d a t e s w e r e r u n on the p l ank ton a s 

a who le . The r e s u l t showed s t a t i s t i c a l s i g n i f i c a n c e in the r e g i o n of the 

5 p e r c e n t l e v e l . T h i s would s e e m to i n d i c a t e a c u r r e n t e f f e c t s i n c e the 

phy top lank ton did not r e s p o n d to the n u t r i e n t s in the weed b e d , and the 
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s m a l l r i s e in d e n s i t y d r o p s off a f t e r t h e w ind c h a n g e s d i r e c t i o n a n d i n -

t e n s i t y . I t s e e m s t h a t in t h e w e e d b e d a t S t a t i o n 1, w e s t e r l y w i n d s h a v e 

t h e g r e a t e s t e f f e c t , and if p e r s i s t e n t o v e r a p e r i o d of t i m e h a v e t h e e f f e c t 

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

o r g a n i s m s t o t h e p l a n k t o n . A d e c r e a s e in t h e c o r r e s p o n d i n g g e n e r a in 

t h e p h y c o - p e r i p h y t o n i s n o t e d . T h e g e n e r a in F i g u r e 12 a r e n o t e d a s 

no t b e i n g a s t e n a c i o u s l y h e l d to t h e s u b s t r a t u m a s o t h e r g e n e r a of t h e 

p h y c o - p e r i p h y t o n . C o m p a r i s o n of t h e p h y c o - p e r i p h y t o n g e n e r a to c o r -

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

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

p l a n k t o n . C o m p a r i s o n s on t h e f i f t h of A u g u s t a l s o s e e m e d to s h o w a 

s i m i l a r c o r r e l a t i o n . T h e p e r i o d f r o m A u g u s t 12 t o 15 l i k e w i s e s h o w s a 

c o r r e l a t i o n w i t h t h e t y p e g e n e r a l i s t e d f o r A u g u s t 21 . 

T h e l u l l in t h e p h y c o - p e r i p h y t o n p e a k a t S t a t i o n 1 ( F i g u r e 9) on 

A u g u s t 23 s e e m s to c o r r e s p o n d to t h e t o t a l o v e r c a s t , a n d t h i s i s s u p -

p o r t e d b y t h e d a t a r e c o r d e d in t h e t y p e g e n e r a r e p o r t e d in F i g u r e 12. 

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

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

a r e c o m p a r a b l e . 

C o n s u m p t i o n of P h y c o - p e r i p h y t o n 

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

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

of a l g a e b y f o u r s p e c i e s of f i s h i n v e s t i g a t e d in t h i s s t u d y . E a c h of t h e 
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algae noted a r e found in the phyco-per iphy ton (Table II) while some of 

the a lgae such as Chlore l l a l ike ce l l s , T a b e l l a r i a and M e l o s i r a a r e found 

a l so in the phytoplankton. 

Unde rwa te r obse rva t ions in the weed beds f o r long pe r iods of 

t i m e have yielded some ins ight into the feeding habi ts of young P e r c a 

f l a v e s c e n s ( f i r s t and second s u m m e r ) , P i m e p h a l e s nota tus ( f i r s t s u m m e r ) , 

P i m e p h a l e s p r o m e l a s ( f i r s t s u m m e r ) , and Notropus h e t e r o l e p i s ( f i r s t 

s u m m e r ) . The l a t t e r t h r e e f i sh w e r e seen to ac tua l ly g lean m a t e r i a l 

f r o m the t h r e e t e s t p l an t s . These f i sh swam up to a plant and p roceeded 

with a chewing mot ion of the mouth to ascend along the plant l ea f . P e r c a 

f l a v e s c e n s d a r t e d r ap id ly th is way and tha t , and a p p e a r e d to be chasing 

someth ing , which they probably w e r e , as indicated by the m i c r o -

c r u s t a c e a n f r a g m e n t s in the i r s t o m a c h s . Ten f i sh f r o m each s p e c i e s 

w e r e se lec ted at r a n d o m to check inges t ion . 

In o ther consumpt ion data K e r a t e l l a c o c h l e a r i s is a noted p e r i -

phyton f e e d e r , and was d i s c u s s e d p rev ious ly . Other r o t i f e r s and 

planktonic c r u s t a c e a n s w e r e a l so noted to have inges ted a lgae . D ia toms 

w e r e quite p reva l en t in the i r diet and t h e r e w e r e b roken d ia tom 

f r u s t u l e s in t he i r d iges t ive t r a c t s . 

Snai ls (Valvata sp . ) w e r e noted on the i n c r e a s e at the end of 

August . T h e r e w e r e six sna i l s per ten c e n t i m e t e r s of V a l l i s n e r i a 

a m e r i c a n a lea f . It is known that they inges t the c a s e s of the Tendipedid 

l a r v a e which a r e made of a lgal ce l l s cemented toge ther (1). The 



51 

TABLE V 

INGESTION DATA FOR FOUR SPECIES OF WEED BED FISH 

Fish Plant Matter Animal Matter 

Perca flavescens Melosira, Chlorella-like cells Crustaceans 

Notropis heterolepis Bulbocheate, Oedogonium 

Tabellaria, Chlorella-like cells 

Tendipedids 

Crustaceans 

Pimephales notatus Mallomonas, Chroococcus, 

Chlorella-like cells, Synedra 

Pimephales notatus Mallomonas, Chroococcus, 

Chlorella-like cells, Synedra 

Pimephales promelas Chlorella-like cells, Bluegreen 

filaments, Tabellaria fenestra, 

Stauronesis, Gomphonema, 

Cosmarium, Nitzchia, Navicula, 

Closterium, coccoid bluegreen, 

Tabellaria flocculosa 

Amphipods 

Crustaceans 

Tendipedids 
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Tendipedids w e r e a l so on the i n c r e a s e at th is t i m e . Tendipedids a r e 

known to inges t a lgae (1, 4, 5), and finding t h e m on t he se plants would 

indica te t he i r p r e f e r e n c e fo r a good food s o u r c e . 

Another o r g a n i s m P a l m e t o h y d r a was p r eva l en t on the p lants 

found during the lul l pe r iod in e a r l y Augus t . Hydra a r e known to p r e f e r 

low a lga l concen t r a t i ons , and this is proof of a d e c r e a s e in phyco-

per iphyton produc t ion . When the phyco-pe r iphy ton i n c r e a s e d the hydra 

d i s a p p e a r e d . 
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D E N S I T Y C M 2 V J R 2 3 4 5 6 7 8 9 10 

O P H Y C O - P E R L P H Y T O N 
iD 
CJ P O P U L A T I O N DENSITY 

3 
- ^ N U M B E R S / L I T E R 

O TEMP. N I T R A T E PHOS. 
<0 mg./l MG./L MG./L 

( C * ) ( N O , ) ( P O J 

HARD- SULPHATE 

NESS MG./L 

MG./L ( S O J 

CARBON DISSOLV. R , r A R R 
DIOXIDE OXYGEN ,7* 

MG./ I 

MG./1 MG./L 

STATION I 

5.85 0 5.85 8.4 

P H Y T O P L A N K T O N 

POPULATION D E N S I T Y 
3 

N U M B E R S / L I T E R 

Fig . 9 - - S y n o p s i s of Product iv i ty Data for Station 1 
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m(Ml mg./l mg./l NESS mg./l DIOXIDE OXYGEN mg./l 

mg./l (S04) (C0 2 ) ( 0 2 ) (HCO^) ( •C) ( N 0 3 ) (P04) 

P H Y T O P L A N K T O N 
POPULATION DENSITY 

mg./l mg./l 

S T A T I O N 3 

Fig. 10--Synopsis of productivity data for Station 3 
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h , 

PHYTOPLA NKTON 

DENSITY 

- s / numbers/l i ter 

STATION 2 

NITRATE 
mg./1 

PHOS. 
mg./l 

(#C) 

0 15 30 15 30 

HARD-SULPHATE 
NESS mg./l 

(S04) mg./l 

1 7 6 2 0 x l 0 3 

CARBON DISSOLV. BICAR B.Keratella 
cochlearis 

(HCO3) NO./LITER 

DIOXIDE OXYGEN 

(C02 ) ( 0 2 ) 

mg./l mg./l mg./l 

s t a t i on 2 
- sta t lon 4 

PHYTOPLANKTON 

DENSITY 

-itr i ium b t r s / l i t e r 

STATION 4 

F i g . 1 1 - - S y n o p s i s of productivi ty data for Stations 2 and 4 
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20 i 2 0 2 0 2 0 2 0 ' 2 0 
Cyclotslla 

2 0 ' 2 0 20 ' 2 0 2 0 ' 2 0 20 ' 2 0 20 ' 2 0 2 0 ' 2 0 20 ' 20 
I Eunotia Navicula Pinnolaria Tabellaria Microcystis 
[Cyclotella Melosira Nitzschia Synedra Gomphonema 

I Phyco- Per iphyton -

5 ' 5 5 ' 5 5 ' 5 
Navicula Microcystis 

Buibocheate M e l o s i r a Tabellaria j 

i Phy t o p l a n k t o n J 

P O P U L A T I O N D E N S I T Y 

Fig . 1 2 - - C o m p a r i s o n of productivity in the m o s t frequently-
recurr ing genera over the month of August . 
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N O / N PO 

Bridle Lake 
(Opeongo River) 

Clarke Lake 
(Madawaska River) 

Costel lo Lake 
(Opeongo River) 

Lit t le McCauly L a k e ^ " ^ ; " ' 
(Opeongo River) / v . 

N 0^— xPO i 

Brewer Lake 
(Opeongo River) 

OPEONGO LAKE 
(Opeongo River) 

n o 3 / V o 4 

Gordon Lake 
(Madawaska River ) 

3 4 
Tr^Kearney Lake 

(Madawaska River) 

N o / \ P 0 „ 
3 4 

Galeairy Lake 
(Madawaska River) 

F i g . 1 3 - - C o m p a r a t i v e c h e m i c a l data f o r the nine l a k e s s tud ied 
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13 
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3 
O 
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GENERA I 
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• I 
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| \ \ N CYANOPHYTA 

CHRYSOPHYTA 

CONTROL CONTROL 
ON OFF 

P O P U L A T I O N D E N S I T Y 

- v ' n u m b e r s / l i t e r 

F i g . 14 - -Popu la t ion data f r o m the a luminum s c r e e n control 
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I - Volti$n»rio owricono 
2- Potomogttow notont 
3- Nymphoto odoroto 

C L A R K E KEARNEY BREWER O P E O N G O BRIDLE 

C O S T E L L O LT. McCAULY GALAIREY GORDON 

F i g . 1 5 - - M e a n s tand ing c r o p c o m p a r i s o n of the n ine s tudy l a k e s 

NUMBERS 

— S t a t i o n 3 

S ta t ion 

A U G U S T ( d a y s - 1 ) 

F i g . 1 6 - - C o m p a r i s o n of the o r g a n i c we igh t and n u m b e r s of 
popu la t ion du r ing Augus t in Lake Opeongo. 
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Myriophyllum 

E S S C Y A N O P H Y T A 

C Z U C H L O R O P H Y T A 

• I C H R Y S O P H Y T A 
(diatoms) 

Sagg i ta r ia 
sp. (rosst t«s) 

Volllsnsria 
omsricana 

I l 4 ( 
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112 < 

1110 

3 0 

10 

" < 3S 
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o 

— QC 
V V \ O 

V) 
2 
< 

2 3 X I 0 " C 

o 
X X ) 

_ 1.65 X lO1"2 1.70X10' 

S T A 4 S T A 2 S T A 3 
• Kilograms of Fish Flesh (theoretical) 

S T A I 

Fig. 17—Comparison of the standing crop 
of the three principal plants studied. The 
three plants are depicted schematically to 
show relative shape of the leaves. 

T O P M I D D L E BOTTOM 

Fig. 19—Demonstration of the most highly 
productive portion of Vallisneria americana. 

Fig. 18—Comparison of the organic 
weights during peak productivity of the phyco-
periphyton in Lake Opeongo. At the apex 
of each bar is a representation of the theo-
retical yield of fish flesh. 

& S 3 C Y A N O P H Y T A 

D P Y R R O P H Y T A 

[ Z D C H L O R O P H Y T A 

• • CHRYSOPHYTA 
(diatoms) 

I 1 C H L O R O P H Y T / L . 

C H R Y S O P H Y T A 
(diatoms) 

POPULATION DENSITY AUGUST 2OtiL 

Fig. 20—Production data for the artifi-
cial bare areas. The bar shows the relative 
numbers of the Algal Divisions found on the 
slides. 
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F i g . 2 2 - - M e a n phy top lank ton t r e n d s c o m p a r e d to S ta t ion 1 f o r 
the m o n t h of A u g u s t . 
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C H A P T E R IV 

DISCUSSION 

"No f ixed o b j e c t l iv ing or non l iv ing , s u b m e r s e d in n a t u r a l w a t e r 

i s devoid of a u f w u c h s " ( 2 5 ) . 

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

d e l i n e a t e due to o v e r l a p p i n g of s i g n i f i c a n t f a c t o r s and i n t e r a c t i o n of 

b i o t i c p o t e n t i a l s . Only the f i r s t p o r t i o n of e n e r g y u t i l i z a t i o n in the 

e c o s y s t e m is a r e l a t i v e l y e a s i l y de f ined c o m m o d i t y . In t h i s f i r s t s t e p 

i n s o l a t i o n e n e r g y is f i xed a s photo s y n t h e t i c p r o d u c t s and s t o r e d f o r 

u t i l i z a t i o n in r e s p i r a t i o n . 

I t i s t h i s a r e a of p r i m a r y b i o p r o d u c t i o n tha t h a s b e e n of s u c h 

g r e a t i n t e r e s t in L i m n o l o g y : f o r h e r e we have c a u s e and e f f e c t r e l a t i o n -

s h i p s . But w h e r e is the m o s t h igh ly p r o d u c t i v e p o r t i o n of a l e n t i c c o m -

m u n i t y ? I s it a r a n d o m d i s t r i b u t i o n , o r is p r i m a r y p r o d u c t i v i t y eco type 

o r i e n t e d ? 

In the da t a j u s t p r e s e n t e d t h e s e q u e s t i o n s a r e a n s w e r e d . The 

m o s t h igh ly p r o d u c t i v e a r e a , h e c t a r e f o r h e c t a r e , c o m p a r i n g a weed 

bed to the pe l ag i c i s the weed bed . T h e r e i s a de f i n i t e e co type o r i e n -

t a t i o n even in the weed bed , Ebl ing and o t h e r s (5) have no ted eco typed 

h a b i t a t i o n in t h e i r w o r k a l s o . In the weed b e d , V a l l i s n e r i a , S a g g i t a r i a , 

and M y r i o p h y l l u m have an eco type r e f e r r e d to h e r e a s the T a b e l l a r i a -

63 



64 

B u l b o c h e a t e - M i c r o c y s t i s s y n u s i a . W h i l e t h e log h a s a T a b e l l a r i a -

U l o t h r i x - M i c r o c y s t i s s y n u s i a , and N i t e l l a h a s T a b e l l a r i a - G o m p h o n e m a -

M i c r o c y s t i s . 

T h e g e n e r a l p i c t u r e e v o k e d b y t h e g r a p h s in F i g u r e s 9, 10, 11, 

and 12 d e m o n s t r a t e s t h e h i g h c o m p a r a t i v e p r o d u c t i v i t y of the l i t t o r a l 

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

to k e e p p a c e w i t h t h e p e a k s of p r o d u c t i o n . 

M e t e o r o l o g i c a l c o n d i t i o n s s e e m e d to h a v e a d e f i n i t e e f f e c t on 

p r o d u c t i o n ( F i g u r e s 9, 12, and 21) . T h e wind a l s o h a d a d e f i n i t e i n -

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

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

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

p a r e d to t h a t of t h e o p e n w a t e r s h o w e d no i n d i c a t i o n f o r t h e p e a k i n g of 

t he p h y c o - p e r i p h y t o n , and t h u s c u r r e n t e f f e c t s w e r e s h o w n to b e s i g -

n i f i c a n t . T h i s w o u l d a g r e e w i t h t he w o r k b y C o u l t e r (4) a n d S a m l l (27) . 

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

t he c o n c e p t s e x p r e s s e d by P a t r i c k (20) , N e w c o m b e (18 , 19), C a s t e n -

h o l z (2), and G r e a e n d a and B r e h m e r (6) . In t h i s s t u d y t he a c t u a l 

c o l o n i z a t i o n r a t e w a s n o t e d . T h e r a t e w a s i n d i c a t i v e of t h e l a c k of 

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

t u r i n g , s l i d e s cou ld b e s u s p e n d e d to a l l o w a l g a l c o l o n i z a t i o n and e v e n t u a l 

f e e d i n g u t i l i z a t i o n b y the f i s h . F u r t h e r t h e s l i d e s cou ld b e u s e d to 

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

be c o m p a r e d to a n a t u r a l s u b s t r a t u m to n o t e a n y d i f f e r e n c e s in e f f e c t s 

by s y n e r g i s t i c o r a n t a g o n i s t i c r e l a t i o n s in t h e n a t u r a l e n v i r o n m e n t . 

T h e g r a z i n g s t u d i e s s h o w e d q u i t e w e l l t he u t i l i z a t i o n of p h y c o -

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

T i l d e n (3) , J o h a n n s e n (10) , and M a l l o c k (15) . E s p e c i a l l y in C a v a n a u g h 

and T i l d e n ' s w o r k (3) w h e r e a c t u a l o b s e r v a t i o n s w e r e m a d e of T e n d i p e d i d 

l a r v a e i n g e s t i n g p h y c o - p e r i p h y t o n and u t i l i z i n g i t f o r t h e c o n s t r u c t i o n of 

t h e i r c a s e s . S n a i l s w e r e s e e n to a c t u a l l y i n g e s t t h e c a s e s d i r e c t l y off 

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

m a n i f e s t e d i t s e l f in l a t e A u g u s t . T h e T e n d i p e d i d l a r v a e i n c r e a s e d on t he 

p l a n t l e a v e s , and no t long a f t e r t h e s n a i l p o p u l a t i o n i n c r e a s e d . I t i s 

k n o w n t h a t b o t h of t h e s e o r g a n i s m s a r e u t i l i z e d b y f i s h a s f o o d . W h i t e -

f i s h and C i s c o u s e s n a i l s and T e n d i p e d i d s f o r f o o d , and t h e d a t a p r e -

s e n t e d in T a b l e V s h o w T e n d i p e d i d s u s e d b y t h e F l a t h e a d M i n n o w . 

A l g a e w e r e f o u n d in t h e s t o m a c h s of w e e d - b e d i n h a b i t i n g f i s h . T a b l e V 

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

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

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

t h e i r o p t i m u m g r o w t h f o r t he t e m p e r a t u r e s l i s t e d ( F i g u r e s 9, 10, and 

11). T h e s e d a t a a r e v e r i f i e d b y t h e w o r k of W h i t f o r d and S c h u m a c h e r 

(31) in t h e w o r k on s t r e a m p e r i p h y t o n in N o r t h C a r o l i n a . 

A n a b a e n a s p . w a s o b s e r v e d to b e d e t e r i o r a t i n g t o s o m e d e g r e e a s 

t he t e m p e r a t u r e d r o p p e d , and a s i t d r o p p e d o v e r t he s u m m e r t o w a r d s 
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a u t u m n , M i c r o c y s t i s spp . a l s o b e c a m e l e s s abundan t ( F i g u r e 12). 

M e r i d i o n c i r c u l a r e only b e c a m e n o t i c e a b l e in the s a m p l e s a s the t e m -

p e r a t u r e d r o p p e d t o w a r d f i f t e e n d e g r e e s c e n t i g r a d e . I t shou ld be no ted 

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

show a de f in i t e i n f l u e n c e in m o d i f y i n g t e m p e r a t u r e e f f e c t s ( F i g u r e s 9, 

10, and 11). 

The c h e m i c a l da t a d e m o n s t r a t e d a m o r e conduc ive h a b i t a t in the 

weed bed b i o c o e n o s i s f o r p lan t g r o w t h and r e f l e c t e d a b e t t e r u t i l i z a t i o n 

of the a v a i l a b l e n u t r i e n t s by the p h y c o - p e r i p h y t o n t h a n did the p h y t o -

p l ank ton . T h i s would a c c o u n t f o r such i d e a s a s e x p r e s s e d by H a s s l e r 

and J o n e s (9), P e n f o u n d (21), and We lch (29). 

To add we igh t to the p r e l i m i n a r y s t o m a c h a n a l y s e s , T h o m s o n (28) 

r e p o r t e d e igh t h e r b i v o r o u s f i s h f r o m A u s t r a l i a f ed upon f i l a m e n t o u s 

a lgae and d i a t o m s . P r o w s e (23, 24) r e l a t e d tha t s p e c i e s of T a l a i p i a 

f e d e x t e n s i v e l y on p e r i p h y t o n . P r e s c o t t (22) no ted the B l u n t n o s e 

Minnow fed a l m o s t s o l e l y on phy top lank ton . R e i g h a r d (26) v iewed 

s u c k e r s u t i l i z ing p e r i p h y t o n whi le G r i f f i t h and V o o r h e e s (7) found 

M e l o s i r a f r o m the p e r i p h y t o n in s e v e r a l s p e c i e s of s h i n n e r s . K r a a t z (11) 

r e p o r t s a long l i s t of s u c k e r s , s h i n n e r s , and p e r c h a s a l g a l i n g e s t o r s . 

L a g l e r (13, 14) l i s t e d B l a c k M o l l i e s a s p e r i p h y t o n f e e d e r s , and e luded 

to a lga l u s a g e by young f i s h in h i s book on f i s h e r y b io logy . 

While a l g a e a r e i n g e s t e d by f i s h in s o m e l a k e s , t hey m a y not be 

u n i v e r s a l l y i n g e s t e d in e v e r y s i t u a t i o n . F i s h wi l l f e e d on the a v a i l a b l e 
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n u t r i e n t m o s t conduc ive to t h e i r l i f e h i s t o r y . Th i s f a c t a c c o u n t s in p a r t 

f o r the m a n y r a c e s in a p a r t i c u l a r s p e c i e s of f i s h such a s the Lake T r o u t . 

M a r t i n (16) r e p o r t e d Lake T r o u t in one l ake in Algonqu in P a r k , O n t a r i o , 

f ed on p l ank ton s i n c e t h e r e w a s an a b s e n c e of the u s u a l p r e y , the W h i t e -

f i s h . T h e s e f i s h w e r e s tun ted to s o m e d e g r e e in c o m p a r i s o n to m o r e 

f a v o u r a b l y r a i s e d f i s h . He a l s o r e l a t e d (17) t h a t when t r a n s p l a n t s w e r e 

m a d e of the s tun ted g e n e r a t i o n s of Lake T r o u t f r o m the poo r l a k e to 

Opeongo (a m u c h b e t t e r l ake and one tha t h a s W h i t e f i s h ) , t hey deve loped 

a s the o t h e r f i s h in the l a k e . 

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

a q u a t i c p l a n t s m a y bind up n u t r i e n t m a t e r i a l s t h r o u g h o u t the g rowing 

s e a s o n , so tha t t h e y a r e not a v a i l a b l e f o r the p r o d u c t i o n of phy top lank ton 

and the o r g a n i s m s tha t f e e d upon p h y t o p l a n k t o n , " s t a t e d B e n n e t t (1). 

B e n n e t t f u r t h e r f e e l s t h i s l o s s of n u t r i e n t s m a y be r e f l e c t e d in the f i s h 

popu la t ion t h r o u g h the e v e n t u a l r e d u c t i o n of the food supp ly . If t h i s is 

t r u e , a lgae and h i g h e r aqua t i c p l a n t s a r e in d i r e c t c o m p e t i t i o n f o r 

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

the m o s t p a r t r o o t e d in the b e n t h i c s u b s t r a t u m . In the b e n t h i c s u b -

s t r a t u m , c o m p o s e d of o r g a n i c so i l s u n d e r g o i n g a e r o b i c and a n a e r o b i c 

d e c o m p o s i t i o n , it would s e e m m o s t l o g i c a l t ha t if the h i g h e r aqua t i c 

p l a n t s have f a r i l y we l l deve loped r o o t s y s t e m s , a d a p t e d a s t h e y a r e f o r 

a b s o r p t i o n and t r a n s p o r t , t ha t the m a i n supp ly of n u t r i e n t s would c o m e 

f r o m the a q u a t i c s o i l s . The h i g h e r aqua t i c p l a n t s , t h e r e f o r e , a r e not 
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t h e p r i m a r y u t i l i z e r s of t h e d i s s o l v e d n u t r i e n t s ( F i g u r e s 9, 10, 11, 

and 13) . T h e s e d a t a d e p i c t t h e h igh i n c i d e n c e of s t a n d i n g c r o p and 

a l g a l p r o d u c t i o n d u r i n g t he s t u d y p e r i o d . 

If a c a r e f u l p r o g r a m of h i g h e r a q u a t i c p l a n t m a n a g e m e n t ( f e r -

t i l i z a t i o n and c r o p p i n g ) w e r e to b e i n s t i t u t e d , i t i s b e l i e v e d t h a t t h i s 

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

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

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

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

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

In f u r t h e r d i s a g r e e m e n t w i t h B e n n e t t (1) w h o b e l i e v e s h i g h e r 

a q u a t i c p l a n t s a r e d e t r i m e n t a l in t h e a q u a t i c h a b i t a t , t h i s s t u d y a long 

w i t h the w o r k of P r o w s e (24) h a s d e f i n i t e l y d e m o n s t r a t e d t h a t if f o r 

no o t h e r r e a s o n t h a n t h e a d d i t i o n a l s u b s t r a t u m , t h e h i g h e r a q u a t i c 

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

m i g h t be u s e f u l in r e p l a c i n g t h e h i g h e r a q u a t i c p l a n t s , b u t t h e n o n -

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

wou ld l i m i t t h e i r u s e . 

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

l i m n o l o g i s t s no t o v e r l o o k the s i g n i f i c a n t f e a t u r e in p r o d u c t i v i t y t h a t 

h i g h e r a q u a t i c p l a n t s ho ld in t h e m e t a b o l i s m of a l e n t i c c o m m u n i t y . A s 

w a s s h o w n in t h i s s t u d y , i t i s not a c t u a l l y t h e h i g h e r a q u a t i c p l a n t , bu t 
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t he p h y c o - p e r i p h y t o n g r o w t h w h i c h s e e m e d to l i m i t t he n u t r i e n t s of a 

w e e d b e d , and on ly b y f o r e s i g h t p l a n n i n g in s t o c k i n g f i s h and i n v e r t e -

b r a t e s who c r o p t h i s g r o w t h and u t i l i z e i t c a n t h i s n u t r i t i v e s o u r c e b e 

pu t t o p r o p e r u s e . 

" A r e we to r e g a r d a s p l a n k t o n on ly t h o s e f o r m s w h i c h a r e f o u n d 

in t h e m i d d l e of d e e p l a k e s ? " a s k s P r o w s e (23) . T h i s s t a t e m e n t i s 

p e r h a p s a h a u n t i n g q u e r i e to a q u a t i c b i o l o g i s t s . In t h e w o r k of P r o w s e 

(23) he a l s o l i s t s p h y t o p l a n k t o n s p e c i e s f o u n d a s p e r i p h y t o n and v i c e 

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

done on F l o r i d a s p r i n g s b y W h i t f o r d (31) . In h i s w o r k , he d e m o n s t r a t e d 

t h e r o l e of s e s s i l e a l g a e in a f f e c t i n g r e l e a s e o r a d h e r e n c e of a l g a e on 

t h e s u b s t a t u m in r u n n i n g w a t e r . 

A c c o r d i n g to Young (32) , L u n b e c k in 1925 s t a t e d t h a t w e e d b e d s 

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

m e t e r t h a n o p e n w a t e r . T h i s r e s e a r c h h a s s h o w n a 100:1 r a t i o of t h e 

s t a n d i n g c r o p s of t h e p h y c o - p e r i p h y t o n t o t he p h y t o p l a n k t o n a t p e a k s of 

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

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

G r i f f i t h s (8) h a s s h o w n t h e i m p o r t a n c e of n u t r i e n t s in t he w e e d 

b e d s , w h i l e K r e c k e r (12) h a s d e m o n s t r a t e d t h e i d e a of l e a f t y p e l i m i t i n g 

t h e a m o u n t of p r o d u c t i o n on t he p l a n t s u r f a c e to t h e a n i m a l p o p u l a t i o n . 

T h i s s u p p o r t s t he d a t a c o l l e c t e d h e r e . N u m e r o u s i n v e s t i g a t o r s h a v e e x -

p r e s s e d t h e i m p o r t a n c e of t he l i t t o r a l b i o c o e n o s i s , bu t on ly t h r e e (2, 4, 

27) h a v e g i v e n q u a n t i t a t i v e d a t a . 
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This has been a pilot s tudy on p r i s t i ne w a t e r s intended to give 

ins ight into the poss ib le e f f ec t s domes t i c and i n d u s t r i a l sewage m a y 

have on a l ake . It i s hoped that th is work wil l be a guide to f u t u r e work 

in this highly i m p o r t a n t f i e ld . 
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C H A P T E R V 

S U M M A R Y AND C O N C L U S I O N S 

1# G e n e r a l l y , t h i s s t u d y h a s s h o w n t h a t t he w e e d b e d b i o c o e n o s i s 

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

2 . C h e m i c a l n u t r i e n t s in t h e w e e d b e d s a r e m u c h m o r e c o n d u c i v e 

f o r o v e r - a l l g r o w t h t h a n in t h e d e e p e r a r e a s . 

3. L a k e O p e o n g o w a s m u c h h i g h e r in b i o - p r o d u c t i o n t h a n a n y of 

t h e o t h e r l a k e s s t u d i e d . 

4 . G r a z i n g of t he p h y c o - p e r i p h y t o n b y p r i m a r y c o n s u m e r s w a s 

s h o w n to e x i s t , b u t t o b e n e g l i g i b l e in c a u s i n g a n y t e m p e r i n g of t he o v e r -

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

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

s i b l e f o r t h e p h y c o - p e r i p h y t o n p e a k a t t he end of A u g u s t . 

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

m e m b e r s of t h e p h y c o - p e r i p h y t o n b i o c o e n o s i s and t h e s e w e r e s h a k e n 

off t he h i g h e r a q u a t i c p l a n t s u b s t r a t u m in to t h e p h y t o p l a n k t o n . 

7„ F i s h s p e c i e s s a m p l e d in t h e w e e d b e d s s h o w i n g e s t i o n of a l g a l 

c o n s t i t u e n t s c o m m o n to t he p h y c o - p e r i p h y t o n . 

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

o p e n w a t e r w h e r e c o m p a r i s o n s w e r e m a d e . 
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9. In a p l an t f o r p l an t c o m p a r i s o n , the M y r i o p h y l l u m s u p p o r t e d 

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

t han any of the o t h e r p l a n t s s a m p l e d . 

10. In a h e c t a r e to h e c t a r e s u r f a c e a r e a c o m p a r i s o n , a s m a l l 

n u m b e r of h i g h e r aqua t i c p l a n t s having a s u r f a c e a r e a of one h e c t a r e 

t a k e up c o n s i d e r a b l y l e s s t h a n one h e c t a r e of w a t e r s u r f a c e , and p r o -

duce 100 t i m e s m o r e s t and ing c r o p of o r g a n i c we igh t t h a n the h e c t a r e 

of open w a t e r in the d e e p e r a r e a s of the l a k e . 

11. P h y c o - p e r i p h y t o n u t i l i z a t i o n by o r g a n i s m s o t h e r t h a n f i s h 

w a s no t ed . 

12. P r o d u c t i o n in a low n u t r i e n t h a b i t a t in the a b s e n c e of s e w a g e 

w a s found to be v e r y s i g n i f i c a n t . It i s hoped f u r t h e r p r o d u c t i o n s t u d i e s 

of t h i s b i o c o e n o s i s in r e g a r d s to s e w a g e po l lu t ion wi l l h a v e d e f i n i t e l y 

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

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

the e n t i r e l e n t i c s y s t e m when c o n s i d e r e d a r e a f o r a r e a . 

13. Sampl ing of the phy top lank ton w i l l not i n d i c a t e the p r o d u c t i v i t y 

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

p lank ton does not d e m o n s t r a t e t h e d i a t o m p u l s e a c c o m p a n i e d by the 

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

14. T h i s t r e m e n d o u s p r o d u c t i o n of the p h y c o - p e r i p h y t o n in the 

weed b e d s t e n d s to t e m p e r any a t t e m p t of the phy top lank ton to p e a k wi th 

the a v a i l a b l e n u t r i e n t s , and m a y d e m o n s t r a t e an a n t a g o n i s m by the 
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weed bed to phy top lank ton p r o d u c t i o n in tha t a r e a . H o w e v e r , i t is 

no ted tha t the phy top lank ton p r o d u c t i o n is of l i t t l e s i g n i f i c a n c e in the 

l i t t o r a l a r e a when c o m p a r e d to the p h y c o - p e r i p h y t o n p r o d u c t i o n . 

15. Th i s b i o - p r o d u c t i o n i s b a s e d on only t h r e e s p e c i e s of p l a n t s , 

and m a n y o t h e r p l a n t s a l s o e x i s t in t h i s b i o c o e n o s i s , a s w e l l a s logs 

and r o c k s which have t h e i r own c h a r a c t e r i s t i c p h y c o - p e r i p h y t o n ; t h e s e 

then would p o s s i b l y b o o s t the p r i m a r y p r o d u c t i o n of the p h y c o -

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