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A b s t r a c t .  A s tudy was conducted t o  e s t a b l i s h  t h e  physico-chemical and biolog-  
i ca l  c h a r a c t e r i s t i c s  of two water  masses (S t .  Lawrence and Ottawa) j u s t  be fo re  they  
meet near Montreal. The two water  masses show marked d i f f e r e n c e s  i n  physico-chemical 
properties and i n  t h e  composition of  a l g a l  communities they suppor t .  A s  compared wi th  
that of S t .  Lawrence River ,  t h e  water  o f  Ottawa River shows lower va lues  o f  a l k a l i n i t y ,  
conductivity, t o t a l  hardness  and c h l o r i d e s .  The value  o f  pH i s  a l s o  s l i g h t l y  lower.  
But the quan t i ty  of  S i l i c a  and Ammonia p r e s e n t  i n  t h e  Ottawa River i s  much h ighe r .  
There i s  a marked d i f f e r e n c e  i n  t h e  composition of Algal communities suppor ted by t h e  
two water masses. Over 100 s p e c i e s  o f  Diatoms were found t o  co lon ize  t h e  a r t i f i c i a l  
substrates ( g l a s s  s l i d e s ) ,  o f  which only  about  40 s p e c i e s  were found t o  be common i n  
both waters. Some 38 s p e c i e s  were found on ly  i n  S t .  Lawrence River and ano the r  39 
species only i n  Ottawa River.  The two water  masses a l s o  d i f f e r e d  i n  suppor t ing  o t h e r  
groups of a lgae .  CZadophora gzornerata was very  abundant i n  Ottawa River ,  where- 
a s , i t  was absent  o r  very r a r e  i n  S t .  Lawrence River.  On t h e  o t h e r  hand, some members 
of Zygnemaceae ( l i k e  S i r o g o n i u m  s t i c t i c u r n ,  S p i r o g y r a  s p . ,  Mougeot ia  s p . ,  
and Zygnema s p . )  were very  abundant i n  S t .  Lawrence River and very  r a r e  i n  Ottawa 
River. 

INTRODUCTION 

The S t .  Lawrence River  r e c e i v e s  wa te r  from t h e  Ottawa River ,  some 
before t h e  i s l a n d  o f  Montreal (west  end of t h e  i s l a n d )  and some a f t e r  it 
(east  end) .  During t h e i r  c o u r s e  p a s t  t h e  i s l a n d ,  t h e y  r e c e i v e  l a r g e  
quan t i t i e s  of sewage and i n d u s t r i a l  waste .  To s t u d y  t h e  e f f e c t  of t h e s e  
pol lutants  on t h e  b i o t i c  communities of t h e  two r i v e r s ,  a  r e s e a r c h  pro-  
ject  was s t a r t e d  l a s t  summer (1973) .  The p r e s e n t  r e p o r t  i s  based on t h e  
data c o l l e c t e d  a t  f o u r  s t a t i o n s  l o c a t e d  a t  t h e  west  end of t h e  i s l a n d .  

The d i f f e r e n c e  i n  t h e  p h y s i c a l  n a t u r e  of t h e  w a t e r s  of t h e  Ottawa 
and the  S t .  Lawrence Rivers  i s  v e r y  pronounced. The w a t e r  o f  t h e  Ottawa 
River i s  r e l a t i v e l y  more t u r b i d  and brownish i n  c o l o r ,  whereas t h a t  o f  
the S t .  Lawrence River  i s  l e s s  t u r b i d  and g r e e n i s h  i n  c o l o r .  Blackwel l  
noticed t h i s  d i f f e r e n c e  a s  e a r l y  a s  1869 when h e  r e f e r r e d  t o  t h e  w a t e r  
of the  Ottawa River a s  "brown, pea ty -co lo red  w a t e r s "  (Blackwel l  1 8 6 9 ) .  

The f i r s t  d e t a i l e d  chemical  a n a l y s i s  of  t h e  two wate r  masses was 
conducted by B r u n d r i t t  (1963) .  He a l s o  n o t i c e d  t h e  d i f f e r e n c e  i n  t h e  
planktonic p o p u l a t i o n s  of t h e  two w a t e r  masses.  C a r d i n a l  (1964) s t u d i e d  
the seasonal  v a r i a t i o n  i n  t h e  phy top lank ton  p o p u l a t i o n  of  Lake S t .  Fran- 
~ o i s ,  which is a  few m i l e s  upstream of  t h e  S t .  Lawrence River .  A s  f a r  
as  the  au thors  a r e  aware,  no d e t a i l e d  s t u d y  has  been done on t h e  Diatom 
communities of t h e  two wate r  masses u s i n g  i d e n t i c a l  t e c h n i q u e s .  However, 
several  workers have found Diatoms a s  r e l i a b l e  i n d i c a t o r s  of s t r eam con- 
d i t ions  (Bahls 1973; P a t r i c k  1953; Palmer 1963, 1969; Round 1951) .  

We s t a r t e d  a  p r o j e c t  l a s t  summer t o  s t u d y  t h e  e f f e c t s  of p o l l u t i o n  
created by t h e  I s l a n d  of Montreal  on t h e  a l g a l  communities (mainly  d ia toms)  
of the S t .  Lawrence River .  T h i s  r i v e r  a l s o  r e c e i v e s  wa te r  from t h e  O t -  
tawa River j u s t  b e f o r e  it r e a c h e s  d e  I s l a n d  of Montreal .  We dec ided  t o  
study t h e  fo l lowing  t h r e e  a s p e c t s  of t h e  problem: 

( a )  Physico-chemical and b i o l o g i c a l  c h a r a c t e r i z a t i o n  of t h e  two 
water  masses ( S t .  Lawrence and Ottawa R i v e r s ) .  
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( b )  Changes i n  t h e  s t r u c t u r e  of dia tom communities suppor ted  by 
t h e  S t .  Lawrence River  a f t e r  it has  r e c e i v e d  t h e  munic ipa l  
and i n d u s t r i a l  was tes  

( c )  E f f e c t s  of  i n d i v i d u a l  p o l l u t a n t s  on t h e s e  d ia tom s p e c i e s  under 
c o n t r o l l e d  l a b o r a t o r y  and s imula ted  s t ream c o n d i t i o n s .  

The p r e s e n t  r e p o r t  concerns  t h e  f i r s t  a s p e c t  of t h e  problem. 

MATERIALS AND METHODS 

S a m p l i n g  S t a t i o n s  (F ig .  1) 

A f t e r  a g e n e r a l  su rvey  of  t h e  a r e a  where t h e  two r i v e r s  meet ,  four  
s t a t i o n s  were chosen f o r  t h i s  s t u d y ,  two i n  t h e  Ottawa River  and two i n  
t h e  S t .  Lawrence. S t a t i o n  No. 1 was on t h e  s o u t h  s h o r e  of I l e  P e r r o t ;  
S t a t i o n  No. 2 ,  on t h e  n o r t h  s h o r e  of Pointe-des-Cascades f a c i n g  S t a t i o n  
No. 1. Both of t h e s e  s t a t i o n s  were i n  t h e  brown w a t e r  (Ottawa R i v e r ) .  

S t a t i o n  No. 3 was n o t  f a r  from S t a t i o n  No. 2 b u t  on t h e  s o u t h  shore 
of  Pointe-des-Cascades.  S t a t i o n  No. 4 was n e a r  t h e  v i l l a g e  of Xaple 
Grove on t h e  nor th-west  s h o r e  of  t h e  mainland.  Both of  t h e s e  s t a t i o n s  
( N O .  3 and No. 4) were i n  t h e  g r e e n  wate r  ( S t .  Lawrence R i v e r ) .  

Samp Z ing  o f  t h e  Dia toms  

Regular microscope g l a s s  s l i d e s  were used a s  s t a n d a r d  a r t i f i c i a l  
s u b s t r a t e s  i n  a l l  f o u r  s t a t i o n s .  The t e c h n i q u e  employed f o r  t h i s  was 
v e r y  s i m i l a r  t o  t h e  one d e s c r i b e d  by D r .  Ruth P a t r i c k  ( P a t r i c k  e t  aZ .  
1954; P a t r i c k  and Hohn 1 9 5 6 ) .  From 8 t o  10 g l a s s  s l i d e s  were p laced  i n  
a s i m p l i f i e d  v e r s i o n  of  a Catherwood Diatometer and l e f t  i n  t h e  wa te r  
f o r  a t  l e a s t  two weeks. During t h i s  p e r i o d ,  a l a r g e  number of diatom 
s p e c i e s  c o l o n i z e d  on t h e  s l i d e  s u r f a c e s .  

C l e a n i n g  o f  Dia toms  

A f t e r  two weeks o r  more, t h e  s l i d e s  were removed from t h e  water  and 
t a k e n  t o  t h e  l a b o r a t o r y .  The d ia tams  were sc raped  from t h e  s l i d e s  and 
c l e a n e d  by b o i l i n g  w i t h  a mix tu re  of h y d r o c h l o r i c  and n i t r i c  a c i d s .  Ex- 
c e s s  a c i d  was poured o f f  and t h e  d ia toms  were washed s e v e r a l  t imes  with 
d i s t i l l e d  wa te r  u n t i l  t r a c e s  of  t h e  a c i d s  were removed. The c leaned  dia- 
tom f r u s t u l e s  were s t o r e d  i n  e t h a n o l .  

Permanent s l i d e s  were p repared  and t h e  dia toms were i d e n t i f i e d  under 
o i l  immersion o b j e c t i v e s .  

C h e m i c a l  A n a l y s i s  o f  W a t e r  

Most of t h e  chemical  a n a l y s e s  were done u s i n g  t h e  HACH k i t  model 
DR-El.  The pH and a l k a l i n i t y  were determined r i g h t  i n  t h e  f i e l d .  Other 
a n a l y s e s  were c a r r i e d  o u t  i n  t h e  l a b o r a t o r y  w i t h i n  3 t o  5 hours  a f t e r  sam 
p l i n g .  

DISCUSSION 

The two wate r  masses (Ottawa and S t .  Lawrence R i v e r s )  show d i s t i n c t  
physico-chemical f e a t u r e s .  Our r e s u l t  was found t o  be v e r y  s i m i l a r  t o  
t h e  p r e v i o u s  s t u d i e s  on t h e  n a t u r e  of t h e  two r i v e s  ( B r u n d r i t t  1963 
Pageau and Levesque 1970; Pageau 1 9 7 2 ) .  The d a t a  on t h e  chemical  na tu re  
of  t h e  two wate r  masses i s  summarized i n  t h e  Table  I and r e p r e s e n t e d  
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FIG. 1. The Ottawa and S t .  Lawrence Rivers near Montreal showing four  sampling 

stations. 
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TABLE 1. Chemical analyses of brown and green waters 

Parameters Brown water Green Water 

PH 

Turbidity 

Alka l in i ty  

Conductivity 

Hardness ( t o t a l )  

Hardness (calcium) 

S i l i c a  

Sulphates 

Orthophosphates 

Iron 

Chlorides 

Ammonia 

N i t r i t e s  

Jackson t u r b i d i t y  un i t  

mg/lit .  (CaCO,) 
3 

LI mho/cm 

my/lit .  (c~co,)  
3 

mg/lit  . 

g r a p h i c a l l y  i n  F i g .  2 .  

The brown w a t e r  was found t o  be much more t u r b i d  t h a n  t h e  green wa- 
t e r .  It  showed lower v a l u e s  of a l k a l i n i t y ,  t o t a l  and calc ium hardness 
and c h l o r i d e s .  But t h e  q u a n t i t i e s  of ammonia and s i l i c a  were much high- 
e r  i n  t h e  brown w a t e r  t h a n  i n  t h e  g r e e n  (F ig .  2 ) .  Higher q u a n t i t i e s  of 
s i l i c a  may be  t h e  r e a s o n  f o r  l u x u r i a n t  growth of  some s p e c i e s  of diatom 
i n  t h e  brown wate r .  

B r u n d r i t t  (1963) no ted  t h a t  t h e  s u r f a c e  brown w a t e r  was n e u t r a l  and 
g r e e n  w a t e r  a l k a l i n e .  Our s t u d y  i n d i c a t e s  t h a t  even t h e  brown water i s  
s l i g h t l y  a l k a l i n e .  

The g l a s s  s l i d e s  i n  t h e  two wate r  masses were c o l o n i z e d  by over 130 
d i f f e r e n t  e n t i t i e s  of d ia toms ,  39 of which were found e x c l u s i v e l y  i n  the 
brown w a t e r  and 36 o n l y  i n  g r e e n  w a t e r .  Most of t h e  s p e c i e s  found in  t h e  
two w a t e r  masses were n o t  t h a t  common. The predominant s p e c i e s  of both 
w a t e r s  was Coccone i s  pZacentuZa a l though  it was more numerous i n  the  
brown w a t e r  t h a n  i n  t h e  g reen .  I n  t h e  brown w a t e r  Coccone i s  pZacentuZa 
c o n s t i t u t e d  over  80% of  t h e  d ia tom p o p u l a t i o n .  Other  abundant species 
i n  t h e  brown wate r  c o n s i s t e d  of  Achnan thes  ZanceoZata ,  Synedra  puZcheZZa 
and MeZosira g r a n u l a t a .  I n  t h e  g r e e n  w a t e r ,  t h e  abundant s p e c i e s  were 
NavicuZa c r y p t o c e p h a l a ,  N .  a n g l i c a ,  N i t z c h i a  l i n e a r i s ,  FragiZZar ia  pin- 
n a t a  and Gyrosigma s p e n c e r i i  (Table  2 ) .  

Over 80% of t h e  s l i d e  s u r f a c e  was covered w i t h  dia toms.  Ocassional- 
l y ,  s p e c i e s  of g r e e n  a l g a e  a l s o  c o l o n i z e d  t h e  s l i d e s .  I n  t h e  green wa- 
t e r ,  it was CoZeochate s p . ,  b u t  i n  t h e  brown w a t e r  it was ~ t igeocZon ium 
s p .  and some t i m e s  Oedogonium s p .  and U l o t h r i x  s p .  
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FIG. 2. Graphic representat ion of the da ta  on the  chemical analyses of the brown and 
green waters presented i n  Table I.  
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TABLE 2.  L i s t  of  dominart  and abundant s p e c i e s  of  diatoms 

Brown water Green water  

Coccone i s  p l a c e n t u z a  (dominant) Coccone i s  pZacentuZa (dominant) 

Achnanthes  ZanceoZata Navicuza  c ryp tocephaZa  

Synedra  puZcheZZa N .  angZ ica  

MeZosira granuZata  N i t z s c h i a  Z i n e a r i s  

F r a g i z l a r i a  p i n n a t a  

Gyrosigma s p e n c e r i i  

In addition to the periphytic communities on the glass slides, otiier 
dominant and abundant species of each station were also examined. In the 
brown water, CZadophora gZomerata and S t i g e o c l o n i u m  s p .  were found to be 
dominant most of the time, whereas, in the green water it was usually 
members of Zygnemaceae (S irogoniurn  s t r i c t u m ,  S p i r o g y r a  s p . ,  Zygnema sp.  
and Mougeot ia  s p . ) .  

The above observations indicate clearly that there are considerable 
differences in the physico-chemical nature of the two water masses (Fig. 
2), as well as in the composition of the algal communities they support 
(Table 21.' Research is being continued to study the effect of pollutants 
added to the two water masses as they flow past the island of Montreal. 
Data from chemical analyses of water and the structure of algal comrnu- 
nities from 3 downstream stations are being analysed to determine the 
change in the water chemistry and the algal communities and will form 
the subject of another publication. Most of the dominant species have 
also been isolated into axenic or unialgal cultures. Experiments are 
underway to study the effects of the individual pollutants on these dia- 
tom species. 

Using identical methods, we have been able to establish the nature 
of the diatom communities supported by each of the two water masses (St. 
Lawrence and Ottawa Rivers). At present, it is difficult to say which 
particular physico-chemical parameter or parameters are responsible for 
the difference in the structure of the diatom communities. The authors 
are fully aware of the complexities of the problem. After completion of 
the third phase of the project we hope to be able to understand the prob- 
lem better. 
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