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ABSTRACT 

V a r i a t i o n s  i n  p r i m a r y  p r o d u c t i o n  and phys iochemica l  measurements 

i n  t h e  Coeur d l A l e n e  R i v e r  and Lake contaminated by  mine and i n d u s t r i a l  

wastes were examined f r o m  May, 1969, t o  November, 1970. M ~ ! t a l  concen t ra -  

t i o n s  Md, Cd, Mg, Ca, Pb, Cu, Zn, Fe, Na, and K; w a t e r  q u a l i t y  and phy to -  

p l  ankton composi ti on-densi  ty were determined f o r  t h i  r t y - f i  ve da tes  d u r i n g  

t h i s  p e r i o d ,  A d d i t i o n a l  sampl ing i n c l u d e d  u n p o l l  u t e d  p o r t i ~ o n s  o f  Coeur 

d l A l e n e  Lake f r o m  December, 1969, t o  November, 1970, and t h e  u n a f f e c t e d  

S t .  Joe R i v e r  d u r i n g  t h e  summers o f  1969-70. 

2 Pr imary  p r o d u c t i o n  ranged f rom 17.6 t o  1337.9 mg C/m /day i n  t h e  

2 Coeur d '  A lene R i v e r  and 6 9 - 3  t o  1714.5 mg C/m /day i n  t h e  Coeur d '  Alene 

Lake. C o n c e n t r a t i o n s  o f  z i n c  (0.1 t o  11 "2 mg Z n / l )  and copper  (0 .0  t o  

0.6 mg C u l l  ) i n  t h e  Coeur d ' A l e n e  R i v e r  i n d i c a t e d  t h a t  heavy m e t a l s  c o u l d  

be t o x i c  t o  a lgae,  Diatoms dominated p h y t o p l a n k t o n  i n  t h e  Coeur d lA lene  

R i v e r ,  Lake, and S t ,  Joe R i v e r ,  

P r i m a r y  p r o d u c t i o n  i n  t h e  sou the rn  p o r t i o n  o f  Coeur d l A l e n e  Lake 

appeared c o n t r o l l e d  by  d i s c h a r g e s  f rom t h e  Coeur d ' A l e n e  and S t .  Joe 

r i v e r s ,  Low c o n c e n t r a t i o n s  o f  i n o r g a n i c  carbon and modera te l y  h i g h  con- 

c e n t r a t i o n s  o f  n i t r a t e  and phosphate i n  t h e  Coeur d ' A l e n e  R i v e r ,  Lake, 

and S t .  Joe R i v e r  suggest  t h e  impor tance o f  carbon i n  r e g u l a t i n g  p r o -  

d u c t i o n .  The e f f e c t  o f  w ind on e p l  i m n e t i c  p r o d u c t i o n  and p o o r l y  

deve loped s t r a t i f i c a t i o n  i n  t h e  sou th  end o f  t h e  l a k e  appeared r e l a t e d  

t o  decreased depths ,  Wind a c t i o n  may c o n t r o l  e u t r o p h i c a t i o n  by 

suppress ing  hypo1 i m n e t i  s oxygen d e p l e t i o n  and anaerob ic  r e g e n e r a t i o n .  



Nannoplankton f r o m  Coeur d ' A l e n e  Lake were exposed t o  known con- 

c e n t r a t i o n s  o f  cuZf , cd2*, zn2*, and d i l u t i o n s  o f  Coeur d l A l e n e  R i v e r  

w a t e r  under  c o n t r o l l e d  l i g h t  and tempera tu re .  I n h i b i t o r y  e f f e c t s  o f  

s e p a r a t e  and i n t e r a c t i n g  m e t a l s  on carbon-14 u p t a k e  by  a l g a e  were 

assessed w i t h  f a c t o r i a l  des igned  b ioassays  and response s u r f a c e s .  Copper, 

cadmium, and z i n c  were a c u t e l y  and s y n e r g i s t i c a l l y  t o x i c  t o  ca rbon  u p t a k e  

by  p h y t o p l a n k t o n .  C o n c e n t r a t i o n s  ranged f r o m  0.05 t o  0.75 mg C u l l  , 0.1 

t o  0.3 mg Cd/l ,  and 0.1 t o  1 .5 mg Zn / l  , Copper caused an o v e r r i d i n g  

e f f e c t  on two- and three-way i n t e r a c t i o n s  o f  CU~ ' ,  cd2*, and znZf .  

D i l u t i o n s  o f  Coeur d l A l e n e  R i v e r  w a t e r  decreased Cu and Zn t o x i c i t y .  

V a r i a b l e  a1 ga l  community s t r u c t u r e ,  m a j o r  c a t i o n s ,  s o f t w a t e r  ( ~ 6 0  mg/ l  

as CaC03), and w a t e r  q u a l i t y  appeared t o  a f f e c t  me ta l  t o x i c i t y .  



INTRODUCTION 

The Coeur dV1ene  R i v e r  and Lake have rece i ved  mine t a i l i n g s  

and metal  l i c  s u l f i d e  m ine ra l s  f o r  over  80 years ,  T o x i c i t y  o f  t h e  r i v e r  

wa te r  t o  f i s h  and p l ank ton  was documented a t  t h e  mouth o f  t h e  Coeur 

d  'A1 ene R i v e r  i n  1932 (E l  1 i s ,  1940),  Sappington (1 970) used unpol l u t e d  

headwaters o f  t h e  Coeur d 'A lene  R i v e r  and r e p o r t e d  96-hour TLm va lues 

f o r  c u t t h r o a t  t r o u t  o f  0,09 mg Zn / l  . Savage ( 1  970) no ted  t h a t  depos i t s  

o f  mine wastes l i m i t e d  macrobenthic c o l o n i z a t i o n  o f  r i f f l e  areas i n  t h e  

Coeur d'A1ene R i ve r .  However, no a t tempts  have been made t o  assess t h e  

impact  o f  mine pollution on a u t o t r o p h i c  p roduc t i on ,  Photosynthes is  by 

phy top lank ton  produces t h e  m a j o r i t y  o f  t h e  o rgan i c  m a t t e r  necessary f o r  

t h e  subsequent development o f  h e t e r o t r o p h i c  communit ies. 

P r i o r  t o  t h e  p resen t  s tudy,  I no ted  sparse p l ank ton  communit ies, 

h i g h  concen t ra t i ons  o f  z i n c ,  copper, and lead ,  and a minimal pH o f  6,4 

a t  t h e  r i v e r  mouth, Maximum meta l  concen t ra t i ons  o f  3.05 mg Zn / l  and 

0.50 mg C u l l  exceeded t he  t o l e r a n c e  1 i m i  t s  o f  most phy top lank ton  (McKee 

and Wol f ,  1963) and suggested i n h i  b i t i o n  o f  a1 ga l  p r o d u c t i v i t y  by a  

s y n e r g i s t i c  mode o f  t o x i c i t y .  Meta l  synergism u s u a l l y  r e s u l t s  f rom 

simultaneous coope ra t i on  o f  separate  elements which produce an e f f e c t  

g r e a t e r  than  o f  any meta l  taken a lone.  Such combined t o x i c  a c t i o n s  o f  

metal  s  a re  we1 1 known f o r  va r i ous  spec ies o f  f i s h  (Skidmore, l 9 6 4 ) ,  bu t  

l i t t l e  i n f o r m a t i o n  e x i s t s  on c u l t u r e d  and -- i n  s i t u  a l g a l  s e n s i t i v i t i e s  t o  

i n t e r a c t i n g  meta ls  . FS t z g e r a l  d  (1  971 ) de tec ted  no synergism between 

copper and z i n c  i n  t e s t s  o f  hardwater c u l t u r e d  b lue-green and green 

algae. However, t h e  n a t u r a l l y  s o f t w a t e r  of t h e  Coeur d ' A l e n e  R i v e r  and 



t h e  presence o f  a c i d i c  and v a r i o u s  m e t a l l i c  wastes inc reases  t h e  

p robab i  1  i ty  t h a t  synerg ism reduces p h y t o p l a n k t o n  p r o d u c t i v i t y ,  Heavy 

m e t a l s  have been shown t o  be more t o x i c  t o  f i s h  (Jones,  1938) and 

a l g a e  (Moyle, 1949) i n  s o f t w a t e r  t h a n  i n  hardwater .  

Mine wastes e n t e r  t h e  main Coeur d i A l e n e  R i v e r  f r o m  t h e  South 

Fork  some 30 m i l e s  upst ream f rom t h e  l a k e  ( F i g u r e  1 ) .  Contaminants i n  

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

a c i d s ,  and suspended s o l  i d s - c o l l  o i d s  f r o m  e l  e c t r o l y t i c  z i n c  and 

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

o p e r a t i o n s  (Mink,  1972).  

The Coeur d ' A l e n e  and S t .  Joe r i v e r s  e n t e r  t h e  sou the rn  end o f  

Coeur d '  A lene Lake ( F i g u r e  1  ) .  The c l o s e  p r o x i m i t y  o f  t h e  r i v e r  mouths 

and d i f f e r e n c e s  i n  env i ronments  p r o v i d e  un ique  o p p o r t u n i t i e s  f o r  

s t u d y i n g  t h e  b e h a v i o r  o f  p o l l u t a n t s .  The Coeur d '  A lene R i v e r  has p o o r l y  

deve loped a q u a t i c  communit ies w i t h  no apparen t  h a r v e s t a b l e  c r o p  o f  f i s h .  

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

r i v e r  and a1 t e r  1  i g h t  p e n e t r a t i o n  and e x t i n c t i o n  w h i l e  t a i l i n g s  s e d i -  

ments c o v e r  most s u b s t r a t e s .  The S t .  Joe R i v e r  has a  p r o d u c t i v e  s p o r t  

f i s h e r y  b u t  has been a f f e c t e d  by sewage f r o m  t h e  town o f  S t .  Mar ies ,  

fa rm ing ,  l o g g i n g ,  and b o a t i n g  a c t i v i t i e s .  

Coeur d ' A l e n e  Lake l i e s  i n  a  sunken r i v e r  v a l l e y  23 m i l e s  l o n g  

and d r a i n s  n o r t h w e s t  t h r o u g h  t h e  Spokane R i v e r  near  t h e  c i t y  o f  Coeur 

d ' A l e n e  ( F i g u r e  1  ) .  The l a k e  appears meso t roph ic  w i t h  autumal 

e u t r o p h i c a t i o n  i n  developed bays. 

My r e s e a r c h  examined t h e  i n f l u e n c e  o f  mine d r a i n a g e  on 

seasonal  p r i n i a r y  p r o d u c t i v i  ty  and w a t e r  qua1 i ty  i n  t h e  Coeur d '  A1 ene 
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River and  Lake, from May, 1969, to November, 1970. I made additional 

observations of the Coeur d'Alene Lake and S t .  Joe River f ree of mine 

wastes. I  assessed synergistic effects  of different  concentrations of 

metals and volumes of Coeur d' Alene River water on phytoplankton produc- 

tion with factor ial  designed bioassays of carbon-14 uptake in algae. 

Bioassays were conducted from August t o  November, 1970. 

The format of my research follows suppositions examined in f ie ld  

and bioassay experiments. If mine wastes in the Coeur dlAlene River 

have an effect  on primary production, then measuring primary production, 

phytoplankton composition, and water qua1 i  ty  in the Coeur d' A1 ene Ri very 

Lake, and S t .  Joe River will indicate t h a t  the Coeur dlAlene River has 

water quality character is t ics  and metal concentrations tha t  a l t e r  the 

development of "normal " phytoplar~kton comniunities a n d  inh ib i t  primary 

production. If mine effluents inhibi t  primary production in the Coeur 

dtAlene River they will cause a decrease in carbon uptake by phyto- 

plankton in the delta and lake. Therefore, the addition of different  

vol~~mes of Coeur dlAlene River water and concentrations of toxic metals 

t o  natural phytoplankton communities of the 1 ake which contain carbon-14 

will resu l t  in decreased carbon f ixat ion,  Conversely, carbon fixation 

will not decrease in controls without river water and metal treatments. 



Fie1 d  Data 

I took  water  q u a l i t y  data,  phy top lank ton  samples, and conducted 

simultaneous p r ima ry  p roduc t i on  exper iments i n  t h e  Coeur d lA lene  R i v e r  

( S t a t i o n  111) and Lake ( I )  f rom May, 1969, t o  November, 1970 ( F i g u r e  1 ) .  

Observat ions d u r i n g  s h o r t e r  i n t e r v a l s  descr ibe  t h e  p r imary  p roduc t i on ,  

p h y t o p l a r ~ k t o n  co~ i i pos i t i on ,  and wate r  qua1 i ty  i n  t h e  Coeur d '  A1 ene R i v e r  

mouth, Lake, and S t .  Joe R iver ,  S t a t i o n s  I I B  a t  t h e  mouth o f  t h e  Coeur 

d 'A l ene  R i v e r  and I1  d i r e c t l y  west o f  t h e  d e l t a  were es tab l i shed  t o  

assess t h e  m i x i ng  e f f e c t  o f  r i v e r  and l a k e  waters .  I measured d i f -  

ferences i n  l a k e  waters  a t  S t a t i o n s  I A  ( sou th  o f  I )  and I I A  ( n o r t h  o f  

11)  f rom December, 1969, t o  November, 1970).  The Coeur d '  A1 ene R i v e r  

and S t .  Joe R i v e r  ( S t a t i o n  I V )  were sampled d u r i n g  J u l y  and August, 

1969, and June t o  September, 1970 (F i gu re  1  ) .  

Phys ica l  and chemical measurements i n c l u d e d  es t imates  o f  1  i g h t  

p e n e t r a t i o n  by Secchi d i s c  v i s i  b i  li ty  and a  submarine photometer. The 

photometer was equipped w i t h  a  Weston 856 Y R  b a r r i e r  l a y e r  p h o t o c e l l  

w i t h  a  cos i ne  f i l t e r .  Absorbance and s c a t t e r i n g  c h a r a c t e r i s t i c s  o f  

l i g h t  i n  wa te r  were es t imated  w i t h  average v e r t i c a l  e x t i n c t i o n  co- 

e f f i c i e n t s  (Vo l lenwe ider ,  1961). The e x t i n c t i o n  c o e f f i c i e n t  was c a l -  

c u l a t e d  f rom t h e  average t r ansm iss i on  per  meter  o f  t h e  s p e c t r a l  r e g i o n  

between 300 and 700 mu. 
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Temperature and d i s s o l v e d  oxygen measurements were taken  w i t h  

an oxygen meter  a t  t h e  s u r f a c e  and 1 meter  i n t e r v a l s ,  Sampling depths 

f o r  s p e c i f i c  c o n d u c t i v i t y  ( s o l u b r i d g e  read1 ngs) , pH ( c o l o r  comparator ) ,  

and b i c a r b o n a t e  i o n s  (Standard Methods, 1965) were a t  t h e  s e l e c t e d  

p r i m a r y  p r o d u c t i o n  i n c u b a t i o n  l e v e l  s.  Samples f o r  n i t r a t e  (NO3), 

phosphate (PO4), b iochemica l  oxygen demand (B.O.D.), and meta l  i o n s  

were c o l l e c t e d  w i t h  a  p l a s t i c  Van Dorn b o t t l e  f rom a mixed subsample 

o f  a1 1  carbon-14 i n c u b a t i o n  depths,  N i t r a t e s  ( B r u c i n e  S u l f a t e  Method), 

phosphate (Stannous C h l o r i d e  Method), and B,O.D, were ana lyzed a c c o r d i n g  

t o  Standard Methods (1 965) .  For  meta l  i o n  measurements i n c l u d i n g  Ca, 

Cd, Cu, Fe, K, Mg, IYn, Na, Pb, and Zn, I used an a tomic  a b s o r p t i o n  

spect rophotometer  and t h e  procedures o f  Mink (1  972). R i v e r  d i s c h a r g e  

read ings  ( c f s )  were o b t a i n e d  f rom t h e  U n i t e d  S t a t e s  Department o f  

I n t e r i o r ,  Water Resource D i v i s i o n ,  Sandpoint ,  Idaho, 

Phy top lank ton  c o l  l e c t i o n s ,  i d e n t l f i c a t i o n ,  and enumerat ion 

were f r o m  a c o n c u r r e n t  s tudy  by R. F. M i n t e r  ( 1  971 ) .  Phy top lank ton  

were i d e n t i f i e d  t o  t h e  g e n e r i c  1  eve1 . A1 l spec ies o f  each genus a r e  

r e p r e s e n t e d  c o l l e c t i v e l y  by g e n e r i c  name, Net  forms were cons ide red  

t o  be separa te  u n i t s  and enumerated as number o f  u n i t s l l .  Nannoplankton 

were c l a s s e d  as a l l  p h y t o p l a n k t o n  pass ing  th rough  a 70 m i c r o n  mesh n e t .  

Nannoplankton were counted i n  t h e  same manner as n e t  p h y t o p l a n k t o n  and 

expressed as c e l l s / m l ,  

P r imary  p r o d u c t i o n  was measured w i t h  t h e  carbon-14 l i g h t  and 

dark  b o t t l  e  techn ique  o f  Go1 dman (1  9601, Stock s o l u t i o n s  o f  carbon-14 

were prepared f o r  each sampl ing p e r i o d  f r o m  one m i l  1  i li t e r  serum b o t t l e s  

14 c o n t a i n i n g  20 uc o f  NAH C03 (Amersham Corp. ) . A mi c r o p i  p e t t e  was used 



t o  subsample s t o c k  s o l u t i o n s  f o r  c a l i b r a t i o n ,  I used i n o c u l a t i o n s  o f  

1.0 rr11 per  b o t t l e  w i t h  an a c t 1  v i  ty  o f  2,5 pc/ml excep t  5.0 pc/ml i n  t h e  

w i n t e r .  Four-hour i n c u b a t i o n s  (1000 t o  1400 hours excep t  f o r  900 t o  

1300 hours i n  t h e  w i n t e r )  were made a t  depths o f  0, 1 , 2, 3, 5, 7, 9, 

12, and 1 5  mn A f t e r  I removed t h e  samples f rom t h e  l a k e ,  I membrane- 

f i l t e r e d  them ( p o r e  s i z e  0,45p) a t  a  shore l a b o r a t o r y .  Carbon-14 

a c t i v i t y  o f  a l g a e  on f i l t e r s  and quench c o r r e c t i o n s  were determined by 

1  i q u i d  s c i n t i  11 a t i o n  c o u n t i n g  ( L i n d  and Campbell, 1969),  A v a i l a b l e  

carbon used for ;  c a l c u l a t i o n s  o f  t h e  amount o f  carbon f i x e d  was o b t a i n e d  

f rom a  convers ion  t a b l e  of. pH and a l k a l i n i t y  (R.  W. ~achmann,'  unpub- 

1  i s h e d  d a t a ) .  Cal c u l  a t i o n s  o f  carbon uptake by phy top lank ton  ( S t r i c k -  

l a n d  and Parsons, 1968) were i n t e g r a t e d  w i t h  p l a n i m e t r y  t o  o b t a i n  

2  midday exposure va lues o f  nig C /m /4  h r ,  I c a l c u l a t e d  d a i l y  p r i m a r y  

2  
p r o d u c t i o n  (mg C/m /day)  by mu1 t i p l y i n g  4-hour a r e a l  e s t i m a t e s  by t h e  

r a t i o  between areas under a  p y r h e l i o g r a p h  c u r v e  f o r  t h e  day i n  q u e s t i o n  

and t h e  f r a c t i o n  o f  t h e  cu rve  r e p r e s e n t i n g  exposure t i m e  (Vol  l enwe ider ,  

1969). 

I used a  p o l y r e g r e s s i o n  program t o  r e g r e s s  a r e a l  p r o d u c t i o n  

va lues  o f  t h e  Coeur d l A l e n e  R i v e r  and Lake upon separa te  p h y s i c a l  and 

2  chemical  f a c t o r s .  The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( R  ) , v a r i a b l e  

c o e f f i c i e n t s  up t o  t h e  t h i r d  degree po lynomia l ,  s tandard  e r r o r  o f  

es t ima te ,  and "F"  va lues  were c a l c u l a t e d .  The c o e f f i c i e n t  o f  d e t e r -  

2  m i n a t i o n  (R ) descr - i  bes what p r o p o r t i o n  o f  t h e  t o t a l  v a r i a t i o n  i n  

'R.  W. Bachmann, The c a l c u l a t i o n  o f  a v a i l a b l e  carbon. Mimeo- 
graphed r e p o r t ,  Department o f  Zoology,  U n i v e r s i t y  o f  Mich igan,  Ann 
Arbor ,  Mich igan,  1961, 
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2 t h e  midday exposure  (mg C / m  / 4  h r )  was due t o  r e g r e s s i o n  w i t h  each 

2 phys iochemica l  v a r i a b l e ,  The midday exposure  v a l u e s  o f  nlg C / m  / 4  h r  

were used as t h e  dependent variables because o f  t ~ m e  and w a t e r  mass 

s i m i l a r i t i e s  w i t h  i ndependen t  v a r i a b l e  samples. When r e q u i r e d ,  i n d e -  

pendent and dependent v a r i a b l e s  were n o r m a l i z e d  by  an a p p r o p r i a t e  

t r a n s f o r m a t i o n ,  T r a n s f o r m a t i o n s  were o b t a i n e d  f r o m  a  f i r s t - f o u r  

moments computer  program, Temperature,  b i c a r b o n a t e  i o n s ,  s p e c i f i c  con- 

d u c t i v i t y ,  and d i s s o l v e d  oxygen v a l u e s  used i n  a n a l y s i s  were t h e  means 

o f  d a t a  f r o m  t h e  e u p h o t i c  zone; pH was t a k e n  as t h e  mode pH o f  t h e  

e u p h o t i c  zone, 

I n  t h i s  s t u d y  p h y t o p l a n k t o n  p h o t o s y n t h e s i s  was c o n s i d e r e d  a  

r e l i a b l e  i n d e x  f o r  measur ing  t h e  i m p a c t  o f  m ine  d r a i n a g e  on o r g a n i c  

p r o d u c t i o n  i n  t h e  r i v e r  and l a k e .  T h e r e f o r e ,  i t  was necessary  t o  

e s t i m a t e  what amount o f  t h e  v a r ~ a t i o n  i n  p r o d u c t i o n  c o u l d  be a t t r i b u -  

t e d  t o  s e p a r a t e  e x t r i n s i c  env i ronmen ta l  f a c t o r s  o f  b o t h  a r e a s ?  I n  

a d d i t i o n ,  an  e x p l o r a t o r y  a n a l y s i s  was needed t o  e s t i m a t e  t h e  l i k e l i h o o d  

o f  h i g h  s i g n i f i c a n c e  l e v e l s  o f  t empera tu re  and l i g h t -  These two f a c t o r s  

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

t r e a t m e n t s  t o  be used i n  b ioassays .  The a t t e m p t  t o  a n a l y z e  t h e s e  r e l a -  

t i o n s  c o n s i s t e d  o f  s i n g l e  f a c t o r  r e g r e s s i o n  ana lyses  c a l c u l a t e d  t o  t h e  

t h i r d  power o f  X,  A l t h o u g h  t h e s e  e q u a t i o n s  p r o v i d e  e s t i m a t e s  o f  t h e  

r e l a t i v e  v a l u e  o f  each f a c t o r  f o r  p r e d i c t i n g  p r o d u c t i o n ,  t h e y  a r e  con- 

s i d e r e d  more adequate  than  mu1 t r  p l e  r e g r e s s i o n  e q u a t i o n s  because o f  t h e  

p l a u s i b l e  p r i o r  impor tance  o f  l i g h t  and tempera tu re  t o  p h y t o p l a n k t o n  

p r o d u c t i o n ,  t h e  non-1 i n e a r i t y  o f  some r e l a t i o n s h i p s ,  t h e  p o s s i  b i  l i ty  

t h a t  some v a r i a b l e s  have obscu re  and a c c i d e n t a l  r e l a t i o n s h i p s  t h a t  
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i n t e r a c t  o r  cova ry  w i t h  o t h e r  v a r i a b l e s ,  incomple teness o f  o b s e r v a t i o n s ,  

and t h e  l a r g e  number o f  f a c t o r s  t o  be examined. 

B ioassays 

I conducted b ioassays  w i t h  c a r b o n - I 4  and p h y t o p l a n k t o n  t o  d e t e r -  

m ine  t h e  i n h i b i t o r y  e f f e c t s  o f  m e t a l s  t o  carbon f ~ x a t i o n  i n  a lgae ,  Z i n c  

( z i n c  s u l f a t e ) ,  Cu (copper  s u l f a t e ) ,  and Cd (cadmium s u l f a t e )  were added 

t o  p h y t o p l a n k t o n  t o  assess s i n g l e  and combined e f f e c t s  o f  m e t a l s ,  Add i -  

t i o n a l  b ioassays  examined t h e  e f f e c t s  o f  d i f f e r e n t  volumes ( w i t h  and 

w i t h o u t  me ta l  t r e a t m e n t s )  o f  Coeur d '  A lene  and S t -  Joe r i v e r  wa te rs .  

B ioassays were  conducted i n  a  c o n t r o l l e d  l i g h t  and tempera tu re  

t a n k  a t  t h e  s h o r e  l a b o r a t o r y  f r o m  August  t o  November, 1970. The l a b o r a -  

t o r y  was l o c a t e d  a t  Heyburn S t a t e  Park ,  30 m inu tes  f r o m  t h e  mouth o f  

3 t h e  Coeur d ' A l e n e  R i v e r .  The b o t t l e s  were incubated i n  a  0 ,6  m s t a i n -  

l e s s  s t e e l  t a n k -  Tank tempera tu res  were c o n t r o l l e d  by  a  s e p a r a t e  

submerged r e f r i g e r a t i o n  u n i t  and c i  scu l  a t e d  by s e l  f - p r i m 1  ng c e n t r i f u g a l  

pumps. A shaker  p l a t e  i n  t h e  t a n k  h e l d  t h e  i n c u b a t i o n  b o t t l e s  and 

f a c i l i t a t e d  suspens ion o f  a l g a l  c e l l s .  Four 500-w incandescen t  b u l b s  

i l l u m i n a t e d  t h e  b i o a s s a y  t a n k  A submarine photometer  measured l i g h t  

a t  t h e  neck l e v e l  o f  submerged I n c u b a t i o n  b o t t l e s ,  The l i g h t  sou rce  

and t e m p e r a t u r e  were r e g u l a t e d  t o  s i m u l a t e  average l i g h t  and t e m p e r a t u r e  

c o n d i t i o n s  i n  t h e  l a k e ,  

L i g h t  i n t e n s i t y  r e a d i n g s  were a t  260 2 1 0  f o o t  cand les .  The 

average midday i n t e n s i t i e s  a t  t h e  two-meter d e p t h  i n  t h e  l a k e  d u r i n g  

t h e  f a l l s  o f  1969 and 1970 were 220 and 240 f o o t  cand les  r e s p e c t i v e l y .  

I examined t h e  v a r i a t i o n  i n  l i g h t  i n t e n s i t y  w i t h i n  t h e  i ncuba-  

t i o n  t a n k  w i t h  a  L a t i n  square des igned  exper imen t  and an "F" t e s t ,  



10 

D i v i s i o n  o f  t h e  e n t i r e  b o t t l e  rack i n t o  columns and rows f a c i l l t a t e d  

b l o c k i n g  i n  two d i r e c t i o n s ,  Three main t rea tments ,  c o n s i s t i n g  o f  t h e  

same concen t ra t i ons  on Zn and Cu used i n  b ioassays,  were assigned t o  

each b l o c k  so t h a t  responses (CPM) t o  any 1 i g h t  changes c o u l d  be com- 

pared Sub-treatments o f  Coeur d V l e n e  Lake and R i ve r  a1 i q u o t s  were 

ass igned t o  t h e  main t rea tments  I n  o rde r  t o  assess w i t h i n - b l o c k  v a r i a -  

b i l i t y ,  The o n l y  s i g n ~ f i c a n t  d i f f e r e n c e  was f o r  maln t rea tments  a t  t h e  

P . O l e  Only one o f  t h e  t h r e e  main t rea tments  caused t h i s  d i f f e r e n c e ,  

Apparen t l y  fewer r e p l i c a t i o n s  o f  main t rea tments  made t h e  comparison 

l e s s  accura te  than  t h a t  o f  t h e  sub- t reatments  S ince columns, rows, 

sub- t reatments ,  and t h e  two-way ma1 n t rea tment  x sub- t reatment  i n t e r -  

a c t i o n  were n o t  significantly d i f t e r e n t ,  I concluded t h a t  t h e  v a r i a t i o n  

i n  l i g h t  i n t e n s i t y  w i t h i n  t h e  tank  was n o t  s i g n i f i c a n t  and t h e r e f o r e  

adequate f o r  t h e  t e s t s .  

Water temperatures were ma in ta ined  a t  20 + 2 C f o r  t e s t s  f rom 

August th rough  October Dur ing November, t h e  t e s t  temperature was 

reduced t o  5 ,7  C i n  accordance w i t h  i n  s ~ t u  observa t ions ,  -- 

Dur ing  l a t e  October,  t he  temperature o f  t he  lake  and r i v e r  

waters  dropped below 1 0  C. I n  o r d e r  t o  assess t he  e f f e c t s  o f  tempera- 

t u r e  on carbon f i x a t i o n ,  s imul taneous i ncuba t i ons  w i t h  Coeur d t A l e n e  

and S t .  Joe R i ve r  d i l u t i o n s  were conducted a t  19 C and 5 C.  Each 

temperature l e v e l  and r i v e r  sohrce were ass igned Cu, Zn, and two-way 

Cu x Zn t rea tments ,  An " F "  t e s t  f o r  t h e  St Joe R i v e r  i n d i c a t e d  t h a t  

a l l  t rea tments  were s i g n i f i c a n t l y  d i f f e r e n t  a t  P  ,01 An i nc rease  i n  

temperature f o r  t he  S t n  Joe inc reased  carbon f i x a t i o n  by approx imate ly  

40 percen t .  The above t rea tments  I n  t h e  Coeur dV1ene  wa te r  wet-e n o t  
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s i g n i f i c a n t l y  d i f f e r e n t .  S ince  t h e  amount of carbon f l x e d  a t  5 C was 

s ~ m i l a r  f o r  both t e s t s ,  a low tempera ture  was used i n  G and H bioassays .  

For each b ioassay ,  a s a ~ ~ i p l e  of 20 1 of water  was c o l l e c t e d  from 

t h e  l ake  a t  a dep th  of 2 m .  The sample was filtered through No, 20 mesh 

t o  o b t a i n  nannoplankton ( c e l l s  l e s s  than 70 microns i n  s i z e )  and t o  

e l  imina te  g r az ing  e f f e c t s  of zooplankton,  Carbon-1 4 was added t o  t h e  

20 1 o f  nannoplankton, t h e  sample mixed, and subsa~rlples of 750 ml drawn 

o f f  i n t o  2 1 premix b o t t l e s  This procedure  assured  t h a t  a l l  t r e a t e d  

premix b o t t l e s  a s  we1 1 a s  c o n t r o l s  had equal dosages  o f  carbon-14 and 

a l g a l  c e l l s .  The meta l s  z l n c ,  coppe r ,  and cadmium I n  va r ious  concen- 

t r a t i o n s  and combinations were then added t o  premix b o t t l e s .  Metals 

added from s tock  s o l u t i o n s  ranged from 0.005 t o  0 .14 pe r cen t  of t h e  t o t a l  

volume (750 m l ) .  Replicate subsamples were then taken from premix 

b o t t l e s  i n t o  250 m l  c l e a r -py rex  reagen t  b o t t l e s .  The b o t t l e s  were incu- 

bated f o r  8 o r  12 hours ,  dependfng on t h e  d a t e  of t h e  t e s t  Af t e r  incu-  

b a t i o n ,  subsamples of nannoplankton ftom b o t t l e s  were f i l t e r e d  on to  

0+45p  membrane f i  l t e r s  and a c t l v i  t y  of carbon-14 a s s i m i l a t e d  was 

counted ,  

Sepa ra t e  t e s t s  of t h e  e f f e c t  of va r i ous  volumes of r i v e r  wa t e r  

were conducted by adding a 1 ~ q u o t s  of membrane f  i 1 t e r e d  (po re  si ze  

0 . 4 5 ~ )  r i v e r  wa t e r  t o  prenii x b o t t l  e s  con t a i  n l  ng l ake  nannoplankton and 

carbon-14, P r i o r  t o  r i v e r  water  a d d i t ~ o n s ,  each premix b o t t l e  ( 2  1 )  

r e c e ~ v e d  unlform subsarnples (750  m l )  of a l g a e  and carbon-14 a s  de sc r i bed  

above, Volumes of r i v e r  water  added t o  premix b o t t l e s  ranged from 75 ml 

( 5  p e r c e n t )  t o  750 ml (50 p e r c e n t )  of t h e  t o t a l  volume (1500 ml) i n  pre- 

m i x  b o t t l e s ,  The volumes of r i v e r  wate r  a d d i t i o n s  o f  l e s s  than 50 
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percen t  (and c o n t r o l s )  were made up w i t h  0 . 4 5 ~  membrane f i l  t e r e d  l a k e  

wate r  ( n o t  r i v e r  wa te r ) ,  Meta'l a d d i t i o n s  ranged f rom 0.005 t o  0.14 per -  

c e n t  o f  t h e  t o t a l  volume i n  premix b o t t l e s  (1500 m l ) ,  F i n a l  concent ra-  

t i o n s  o f  Zn, Cu, Cd, Ca, K, Mg, Na, Mn, Fe, and Pb i n  a l l  exper in ienta ls  

and c o n t r o l  s  were determined u s i  ng an atomic  abso rp t i on  spectrophotom- 

e t e r .  R e p l i c a t e  subsamples f rom premix b o t t l e s  were taken  and t r e a t e d  

as above. 

The f i l t r a t i o n  t o  o b t a i n  nannoplankton and t he  a d d i t i o n  o f  

carbon-14 t o  20 1 pe rm i t t ed  coinparison o f  t rea tments  under homogeneous 

exper imenta l  c o n d i t i o n s .  The two r e p l i c a t i o n s  o f  an e n t i r e  exper iment  

formed u n i f o r m  b locks  which decreased t h e  var iance ,  inc reased  sample 

s i z e ,  and procured t h e  degrees o f  freedom f o r  e s t i m a t i n g  t h e  va r iance .  

Random s e l e c t i o n  o f  subsamples t o  be f i l t e r e d  f rom i n c u b a t i o n  b o t t l e s  

w i t h i n  each r e p l i c a t i o n  tended t o  randomly ass i gn  e r r o r  e f f e c t s  t o  t h e  

t rea tments .  I used f a c t o r i a l  des igns f o r  b ioassays because they  i n -  

crease t he  sample s i z e  by c e n t r a l i z i n g  responses i n  t h e  exper iment  on 

f a c t o r  i n t e r a c t i o n s  and main e f f e c t s .  The t r ea tmen t  e f f e c t s  i n  t he  

b ioassays were n o t  a d d i t i v e  b u t  m u l t i p l i c a t i v e ;  t h e r e f o r e  a  l o g  t r a n s -  

f o rma t i on  was used i n  "F"  t e s t s .  



RESULTS 

Physical and Chemi cal Characteri  s t 1  cs 

(1 ) Coeur dV1ene River and Lake 

The i o n i c  col-nposition and concentrat ions of t he  Coeur d '  A1 ene 

River d i f f e r e d  from t h a t  of the  lake (Table 1 ) .  The order  of  abundance 

of ca t ions  i n  the  r i v e r  was Ca ; Na . Mg Zn > K ; Mn . Fe Pb  > Cu 

Cd which was s i m i l a r  i n  the lake except f o r  K . Z n  Fe > Mn. Metal 

concentrat ions i n  the  r i v e r  were genera l ly  higher than in the  l ake ,  

except f o r  s i m i l a r  concent ra t ions  of Fe, C u ,  and Pb. The concent ra t ions  

of Z n  i n  the  r i v e r  increased during low flow r n  t h e  summer and f a l l  

months with ranges of 2.4 - 11,2  mg Zn/l i n  1969 and 2.9 - 5.2 mg Zn/l 

i n  1970. These measurements exceeded values reported tox ic  t o  f r e sh -  

water a1 gae ( ~ e p o r t  of the  Committee on Water Qua1 i  t y  C r i t e r i a ,  1968).  

The pH values of t he  r i v e r  were usual ly  lower than those of the 

lake .  The lowest pH values f o r  t h e  r i v e r  (6,20 - 7.60) and lake  (6-60  - 
7.45) occurred i n  the  winter  and sp r ing .  The h ighes t  pH measurements 

were during the  summer and f a l l  w i t h  6.40 - 7,30 in the  r i v e r  and 6.80 - 

8 , 1 5  i n  the  l a k e ,  

The concent ra t ions  of inorganic carbon and bicarbonate ions 

were s i m i l a r  i n  t h e  r i v e r  and lake.  Total C02 f o r  both areas  ranged 

from 3 .9  t o  11.1 mg C02/1 and blcarbonate ions from 13.0 t o  25.0 mg 

HCO3/1 . The 1 ow 1 eve1 s of t o t a l  C o p  and bicarbonate ions  may approach 

l imi t ing  condi t ions  f o r  primary product ion,  but t hese  concentrat ions 

vary with photosynthet ic  a c t i v i t y  of phytoplankton? 
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l l i t r a t e s  and phosphates were h i ghe r  i n  t h e  r i v e r  than i n  t he  

l a k e  w i t h  nlaxilnuni ranges f o r  t he  r i v e r  o c c u r r i n g  du r i ng  h i gh  f l o w  i n  

t h e  s p r i n g  months (0.00 - 3.08 mg N03/ l  and 0.05 - 2.75 mg P04/ l  ) .  

The l owes t  concen t ra t i ons  o f  n i t r a t e  (0.00 - 0.30 mg N03/ l )  and phos- 

phate (0.00 - 0.08 mg P04/ l  ) were observed i n  t h e  l a k e  d u r i n g  pe r i ods  

of h i g h  p r ima ry  p r o d u c t i o n  i n  l a t e  summer a.nd f a l l ,  

The l e v e l s  o f  d i s s o l v e d  oxygen and B-0,  D, were s i m i l a r  i n  t h e  

r i v e r  and l a k e ,  The low b iochemica l  oxygen demand (0.30 - 4.90 m g l l )  

o f  t h e  area waters  i n d i  ca tes  minimal oxygen r e q u i  relnents by b a c t e r i a  

f o r  decomposing o rgan i c  ma t t e r .  Temperatures were l owe r  i n  t h e  r i v e r  

except  d u r i n g  t h e  summer months when t hey  ranged from 1  - 4  C h i g h e r  

than  t h e  1  ake. Secchi d i s c  read ings  and e x t i n c t i o n  c o e f f i c i e n t s  i n d i -  

ca ted  t h a t  deeper l i g h t  p e n e t r a t i o n  and l e s s  s c a t t e r i n g  and absorbance 

o f  l i g h t  occur red  i n  t h e  l a k e  d u r i n g  t h e  summer and f a l l  months w h i l e  

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

s p r i n g  . 
The ma jo r  c a t i o n  concen t ra t i ons  o f  Ca, Na, Mg, and Zn i n  t h e  

Coeur d '  A1 ene R i v e r  i ncreased w i t h  h i ghe r  spec i  f i  c  conductance va lues 

f rom 50 - 315 pmho/cm a t  25 C. The r e l a t i o n s h i p s  between concen t ra t i ons  

o f  ma jo r  meta l  i o n s  and conductance a r e  expressed as r eg ress i on  equa- 

t i o n s  ( F i g u r e  2) .  It i s  e v i d e n t  t h a t  a  r eco rd  o f  c o n d u c t i v i t y  can be 

used t o  p r e d i c t  t he  Ca, Na, Mg, and Zn concen t ra t i ons  i n  t he  r i v e r  

except  a t  h i g h  f l o w  i n  t h e  sp r i ng .  S p e c i f i c  conductance va lues d u r i n g  

h i g h  f lows were u s u a l l y  50 pmho/cm a t  25 C. 
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( 2 )  Coeur d '  Alene R i v e r  and 
S t .  Joe R i v e r  

Water qua1 i t y  d u r i n g  t h e  summers of' 1969 and 1970 d i f f e r e d  f o r  

t h e  Coeur d '  Alene R i v e r  and S t ,  Joe R i v e r  i n  i o n i c  composi t ion,  meta l  

concen t ra t i ons ,  s p e c i f i c  c o n d u c t i v i t y ,  pH, b ica rbona tes ,  t o t a l  C02, 

and 1  i g h t  c o n d i t i o n s  (Table  2 ) .  Both r i v e r s  had homothermous waters 

w i t h  no oxygen s t r a t i f i c a t i o n ,  Other  phys i ca l  and chemical cha rac te r -  

i s t i c s  f o l l o w e d  t h e  t r ends  expressed i n  t h e  Coeur d 'A l ene  R i v e r  and 

Lake comparison, The o r d e r  o f  abundance o f  c a t i o n s  i n  t h e  Coeur 

d '  Alene R i v e r  f o l l o w e d  t h e  same sequence as i n  t h e  preceding r i v e r  data.  

The o n l y  excep t i on  occur red  i n  1970 w i t h  Mg > Na. The c a t i o n s  i n  t h e  

S t .  Joe R i v e r  were i n  t h e  f o l l o w i n g  o r d e r  (of abundance: Ca > Na > 

Mg > K  > Mn > Fe > Pb > Zn :> Cd . Cu. Metal i o n  concen t ra t i ons  i n  t h e  

St .  Joe R i v e r  were lower  excep t  f o r  s i m i l a r  l e v e l s  o f  K, Fe, Pb, Cd, 

and Cu. The s p e c i f i c  c o n d u c t i v i t y  f o r  t h e  Coeur d lA lene R i v e r  (50 - 

145 pmho/cm a t  25 C) u s u a l l y  exceeded t he  S t .  Joe R i v e r  w i t h  50 - 

65 pmho/cm a t  25 C.  The pH (6 .6  - 7.2),  t o t a l  C02 ( 3 - 9  - 7.0 mg / l ) ,  

HC03 (13.0 - 20.0 mg / l ) ,  and r i v e r  d ischarge  (355 - 2220 c f s )  o f  t he  

Coeur d 'A l ene  R i v e r  tended t o  be l owe r  than t h e  S t ,  Joe R i ve r .  L i g h t  

p e n e t r a t i o n  by Secchi d i s c  read ings  i n  t h e  Coeur d '  Alene R i v e r  (1.8 - 

3.1 m) was l owe r  than  t h e  St. Joe R i ve r .  E x t i n c t i o n  c o e f f i c i e n t s  o f  

0.45 - 1.26 i n d i c a t e d  g r e a t e r  l i g h t  s c a t t e r i n g  and absorbance i n  t h e  

Coeur d '  A1 ene R i v e r .  

Phytop lankton Composi t ion - 
A t o t a l  o f  59 phy top lank ton  genera were i d e n t i f i e d  i n  t he  Coeur 

d lA lene  R iver ,  Lake, and S t .  Joe R i ve r .  T h i r t y - n i n e  genera were 



T a b l e  2 . - -Physical  and chemical  c h a r a c t e r i s t i c s  o f  t h e  Coeur d '  Alene R i v e r  and S t .  J o e  R i v e r ,  
J u l y  and August ,  1969,  and J u n e  t o  September ,  1970.  Means o f  f o u r  samples  i n  

1969 and s i x  samples  i n  1970 

F a c t o r  

Coeur d '  A1 e n e  River  S t .  J o e  River  

1969 1970 1969 1970 

Mean Range Mean Range Mean Range Mean Range 

Sodium (mg N a l l )  
Po tass ium (mg K/1) 
Magnesium (mg Mg/l ) 
Calcium (mg C a l l )  
Copper (mg C u / l ) a  
I r o n  (mg F e l l  ) 
Manganese (mg Mn/l ) a  
Zf nc (mg Z n / l ) a  
Cadmium (mg C d / l ) a  
Lead (mg P b l l  ) a  
N i t r a t e  (mg NO311 ) 
Phosphate (mn ?On!! ! 
B i c a r b o n a t e  {mg f i ~ 0 ~ 1 1 )  
T o t a l  C02 (mg C0211 
Disso lved  oxygen (mgl l )  
B , O , D .  (mg/l ) 
P H 
Conductance (umho/cm a t  25 C) 
Temperature  ( C e n t i g r a d e )  
R i v e r  d i s c h a r g e  ( c f s )  
S i c c h e  d i s c  ( m e t e r s )  
E x t i n c t i o n  c o e f f i c i e n t  (F;) 

-1 

a ~ r a c e  v a l u e s  o f  <0.01 mgll t r e a t e d  a s  0.01 m g l l .  03 



observed in the Coeur dlAlene River, 38 genera in the S t .  Joe River, 

and 30 genera in the Coeur d '  Alene Lake (Table 3 ,  Minter, 1971 ) ,  

(1 )  Coeur d'Alene River and Lake 

The average density of net  phytoplankton was 63,460 units11 in 

the lake as compared t o  4,640 units11 in the r i ve r .  The most abundant 

diatoms in both areas were Melosira, -- Tabel larSa,  Asterionel 1 a ,  Synedra, 

and Fragi l 1 a r i a .  Maximum seasonal pul ses  of Me1 osi  r a y  Tabell a r i a ,  and 

Asterionella i n  the lake and r iver  occurred during the f a l l  months. 

Nannopl ankton comprised from 90-97 percent of the to ta l  phyto- 

plankton in the study area.  The most abundant forms were Melosira and 

Tabel la i ra  with 1955 cells/ml i n  the lake and 83 cells/ml in the r iver .  

Seasonal pulses were s imilar  in both the r iver  and lake with peaks of 

Melosira in the spring and Tabellaria in  the f a l l .  

( 2 )  Coeur d '  Alene River and 
S t .  Joe River 

Net phytoplankton counts in the  S t ,  Joe River averaged four 

times higher than in the Coeur d q l e n e  River with 1,770 and 470 units11 

respectively,  The most abundant forms in both r ivers  were diatoms 

dominated by Melosira. The diatoms Melosira, - Tabel l a r i a ,  Synedra, 

Ceratoneis, Dinobryon, and Frustul ia  comprised 50 percent of the net  

phytoplankton in the S t .  Joe River. Other abundant forms were the 

green a1 gae Ul o th r ix ,  Mougeotia , Chaetophora, - and Vol vox. Diatoms 

comprised over 90 percent of the net phytoplankton in the  Coeur d'Alene 

River. The dominant forms were Me1 os i r a ,  Tabel l a r i a ,  and Asterionel 1 a. 

The average number of nannoplankton in the S t .  Joe and Coeur 

d '  A1 ene Rivers were 69 and 24 eel 1 s/ml , respectively.  Diatoms cotr~prised 



Table 3.--Phytoplankton genera in  t h e  Coeur d'Alene Lake, 
River ,  and S t ,  Joe River (Plinter,  1971 ) 

Sta t iona  S ta t ion  
Genus Genus 

I 111 1v I I I I I v 
Chl orophycophyta 

Mouaeo t i a Ankistrodesmus 
Ceras t e r i  a s  
Chaetophora 

rn 
Cosmari um 
Desmi d i um 
Docidium 
Eudori na 

-0 n 
Micraster i  a s  

Palmodictyon 
Pedi a:: trum -- 
Rhizoclonium - 

Stauras  trum -- 
;;;;;~;;:on~ urn 

Chrysophycophyta 

Amphora 
Asterionel 1 a Gvros i ama 
Bumi 11 e r i  a 
Cam~lodi scus 

Mas tog1 oi  a 
Melosira 

Ceratonei s 
-- 
Navicul a 

Chrysosphaerel 
Cocconei s 
Coscinodiscus 
Cycl o t e l  1 a 
Denticul a 
Di a toma 
D i  nobrvon 

Opephora 
~ h o ~ a m i  a -- 
Stauronei s -- 
Suri  re1 1 a -- 
Synedra 
Synura 
~ a b e l T a r i  a -- 
Tr i  bonema -- 

Frus tu l  i a 

Cyanophycophyta 

Ana baena 
AD hani zomenon 

Marssoniell a X m m  X X 
Phormidi um -- X 
Spi r ~ 1 1  i na X X 

Ca lo thr ix  
Coel ospharium 

Pyrwhophycophyta 

Cerat i  um X X I1 
a S t a t i o n  I ,  Coeur d'Alene Lake; S t a t i o n  111, Coeur diAlene 

River; S t a t i o n  IVY S t ,  Joe River,  



2  1  

80 p e r c e n t  o f  t h e  nannop lankton i n  t h e  S t .  Joe R i v e r  and approached 

100 p e r c e n t  i n  t h e  Coeur d k A l e n e  R i v e r ,  The m a j o r  forms i n  t h e  S t ,  Joe 

R i v e r  i n  d e c r e a s i n g  o r d e r  o f  abundance were M e l o s i r a ,  Tabel  1  a r i a ,  

Synedra, C e r a t o n e i s ,  and F r u s t u l i a .  The dominant  forms i n  t h e  Coeur 

d '  A1 ene R i v e r  were M e l o s i r a ,  Tabel  l a r i a ,  -- and A s t e r i o n e l  l a ,  

P r i m a r v  P r o d u c t i o n  

( 1  ) Coeur d l A l e n e  R i v e r  and Lake 

P r i m a r y  p r o d u c t i o n  o f  Coeur d l A l e n e  Lake and R i v e r  o v e r  19 

2  
months averaged 476.6 and 269.2 mg C/m /day  w i t h  r e l a t i v e l y  l a r g e  

f l u c t u a t i o n s  on a  seasonal  b a s i s  ( F i g u r e  3 ) .  The annual  mean produc-  

t i v i  t i e s  d u r i n g  1970 ( i n c l u d e s  December, 1969) f o r  t h e  l a k e  and r i v e r  

were 533.3 and 312.3 mg c/m2/day, r e s p e c t ~ v e l y .  The dep th  o f  t h e  

t r o p h o g e n i c  l a y e r  i n  t h e  l a k e  v a r i e d  f r o m  5  t o  15 m  and f r o m  5  t o  9  m  

i n  t h e  r i v e r ?  

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

2  
summers and f a l l s  o f  1969 and 1970 were 418.6 and 727.0 mg C/m /day i n  

2  t h e  l a k e  and 255,6 and 4 7 0 r 0  mg C/m /day f o r  t h e  r i v e r .  The above 

va lues  were c a l c u l a t e d  f rom synchronous da tes  i n  1969 and 1970. The 

l o w e r  a r e a l  p r o d u c t i o n  o f  b o t h  t h e  l a k e  and r i v e r  i n  7969 as compared 

t o  1970 agrees w i t h  o b s e r v a t i o n s  i n  1969 o f  s h a l l o w e r  t r o p h o g e n i c  

l a y e r s ,  c o l d e r  e p i  1 i m n e t i c  tempera tu res ,  and g r e a t e r  i r r e g u l a r i  t i e s  

i n  s o l  a r  r a d i  a t i  on, 

U n i v a r i a t e  p o l y r e g r e s s i o n  ana lyses  o f  a r e a l  p r o d u c t i o n  

2  (mg/C/m / 4  h r )  and phys iochemica l  f a c t o r s  i n  t h e  Coeur d '  A lene R i v e r  

i n d i c a t e d  t h a t  b i c a r b o n a t e  i o n  c o n c e n t r a t ~ o n s  produced t h e  l a r g e s t  R  2  

v a l u e  ( T a b l e  4 )  - The r e g r e s s i o n  w i t h  t h e  b e s t  f i t  f o r  b i c a r b o n a t e  i o n s  
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was 1 i n e a r  and h i g h l y  s i g n i f i c a n t  ( P  . 0 l ) .  L i n e a r  equa t ions  were 

chosen f o r  temperature and r i v e r  d ischarge  and t h e  q u a d r a t i c  equa t ion  

f o r  s p e c i f i c  c o n d u c t i v i t y .  These reg ress i ons  showed s i g n i f i c a n c e  a t  

P  .05. S i g n i f i c a n t  regress ions  a t  P .10 i n c l u d e d  l i n e a r  equa t ions  f o r  

Na and Ca and q u a d r a t i c  f o r  Zn and 1  i g h t  e x t i n c t i o n ,  A1 though K, IYg, 

Mn, and Cd produced no s i g n i f i c a n t  regress ions ,  t hey  d i sp l ayed  h i ghe r  

2 R va lues than remain ing,  n o n - s i g n i f i c a n t  equat ions,  

I n  po l y reg ress i on  analyses o f  a rea l  p roduc t i on  and phys io-  

2  chemical parameters i n  Coeur d 'A lene  Lake, a  maximum R va lue  o f  .448 

was caused by d i s s o l v e d  oxygen (Tab le  5 % .  The d i s s o l v e d  oxygen equa t ion  

was c u b i c  and h i g h l y  s i g n i f i c a n t  (P .01) .  A  cub i c  equa t i on  was se lec ted  

f o r  Secchi d i s c  read ings  and l i n e a r  equa t ions  f o r  temperature,  K, and 

Fe. Each reg ress i on  equa t ion  o f  t h e  preceding f o u r  v a r i a b l e s  produced 

s i g n i f i c a n c e  a t  P  .05. S i g n i f i c a n t  r eg ress i ons  a t  P  .10 i nc l uded  l i g h t  

e x t i n c t i o n  ( c u b i c )  and l i n e a r  f o r  Cu and n i t r a t e ,  The cub i c  r eg ress i on  

2  f o r  b i ca rbona te  i o n s  was n o t  s i g n i f i c a n t  b u t  y i e l d e d  an R va lue  o f  ,150, 

The q u a d r a t i c  and cub i c  equa t ions  were used o n l y  when t hey  

i n d i c a t e d  a  b e t t e r  f i t  by an improvement i n  R' and a  r e l a t i v e l y  l a r g e  

2  decrease i n  t h e  s tandard  e r r o r  o f  t h e  es t imate ,  A l though  R va lues were 

low f o r  t he  i m p o r t a n t  f a c t o r s ,  t hey  were cons idered  adequate f o r  such a  

h i g h l y  v a r i a b l e  env i ronment .  They e x p l a i n  a  sma l l ,  b u t  s i g n i f i c a n t ,  

p o r t i o n  o f  t he  t o t a l  va r i ance  i n  p r ima ry  p roduc t i on .  

P r imary  p roduc t i on  va lues , phy top l  ankton d e n s i t i e s ,  and meta l  

concen t ra t i ons  f rom a d d i t i o n a l  s t a t i o n s  showed t h e  major  d i f f e r e n c e s  

between t he  Coeur d '  Alene R i ve r  and Lake (F i gu re  4 ) .  These supple- 

mentary s t a t i o n s  ( IA ,  I I A ,  and 11 i n  t h e  l a k e  and I I B  a t  t h e  r i v e r  
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A-Prirnar y production 0 -Net- Phytoplankton 

-4 1 2 5 0 0  

XA  1 1 ~  XB m I I A  
Lake Mouth River Lake 

1.8 1.0 0 . 4  0 1.4 1.8 
Nor th  I 1 South 

Miles from river 

Fig.  4. - -Di f ferences i n  pr imary product ion,  phytoplankton 
densi t y  , and i o n i c  concentrat ions between the Coeur d '  A1 ene 
R iver  and Lake. Values f o r  each s t a t i o n  are means o f  e i g h t  

dates from December, 1969, t o  November, 1970 
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mouth) assessed waters ad jacen t  t h e  more f r e q u e n t l y  sampled s t a t i o n s  

o f  I  ( l a k e )  and I I I  ( r i v e r ) .  These i n t e r m i t t e n t  s t a t i o n s  were sampled 

b imonth ly  f rom December, 1969, t o  November, 1970, a long w i t h  S t a t i o n s  I 

and 111 (May, 1969, t o  November, 1970). The l owes t  p r imary  p roduc t i on  

values occur red  a t  t h e  r i v e r  mouth ( I I B ) ,  The d e l t a  was shal low i n  

depth and a lmost  c o n t i n u a l l y  under t h e  i n f l u e n c e  o f  upstream winds and 

wave a c t i o n .  Such c o n d i t i o n s  suspended t a i l i n g s  sediments and 

decreased l i g h t  p e n e t r a t i o n  and inc reased  e x t i n c t i o n .  Metal concentra- 

t i o n s  a t  t h e  mouth were lower  than those o f  t h e  r i v e r  channel,  i n d i c a -  

t i n g  d i l u t i o n  by l a k e  waters .  The low t o  moderate p roduc t i on  l e v e l s  o f  

t he  Coeur d lA lene  R i ve r  u s u a l l y  corresponded w i t h  low phytop lankton 

d e n s i t i e s  and h i g h  metal  concen t ra t ions .  The o n l y  pronounced d i f -  

ferences between l a k e  s t a t i o n s  were lower  p r imary  p roduc t i on  values and 

phy top lank ton  d e n s i t i e s  a t  t h e  n o r t h e r n  s t a t i o n s  w h i l e  t h e  oppos i t e  

s i t u a t i o n  occur red  t o  t h e  south a t  I  and I A .  Concentrat ions o f  meta ls  

a t  l a k e  s t a t i o n s  were r e l a t i v e l y  homogeneous b u t  l e s s  than  l e v e l s  i n  

t he  r i v e r  and mouth. 

( 2 )  Coeur d lA lene  R i ve r  and 
S t .  Joe R i ve r  

Pr imary p roduc t i on  exper iments were conducted f rom June t o  

September, 1970. The mean a rea l  p roduc t i on  f o r  t h e  summer was h ighe r  

f o r  t h e  S t .  Joe R i ve r  than t h e  Coeur d lA lene  R i ve r .  D a i l y  p roduc t i on  

2 2 averaged 1262,3 mg C/m /day f o r  t h e  S t .  Joe R i v e r  and 498.3 mg C/m /day 

f o r  t h e  Coeur d lA lene R iver .  Maximum values o f  p r imary  p roduc t i on  

occur red  i n  J u l y  f o r  t he  S t ,  Joe R i ve r  and i n  J u l y  and August f o r  t h e  

Coeur d '  Alene R i ve r  (F i gu re  5 ) ,  The depth o f  t h e  t rophogenic  l a y e r  
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i n  t he  S t .  Joe R i v e r  was 12 -18 m compared t o  7  - 9 m i n  t h e  Coeur 

d 'A l ene  R i ve r ,  

Bioassays 

Z inc ,  copper, and cadmium t r ea tmen t  l e v e l s  were chosen on t h e  

bas i s  o f  concen t ra t i ons  i n  t he  Coeur d iA lene  R i v e r  because o f  p o t e n t i a l  

z i n c  t o x i c i t y  and synergism w i t h  copper and cadmium. Add i t i ons  o f  

r i v e r  wa te r  s imu la ted  t he  d i l u t i o n  e f f e c t  o f  t he  l a k e  i n  t he  d e l t a  

area, I n  a l l  exper iments " F "  t e s t s  f o r  r e p l i c a t i o n s  i n d i c a t e d  no s i g n i -  

f i c a n t  d i f f e r e n c e s .  The response c h a r a c t e r i s t i c s  o f  carbon-14 f i x a t i o n  

(CPM o r  counts  per  m inu te )  by nannoplankton a re  graphed as f u n c t i o n s  o f  

meta l  concen t ra t i ons  and r i ve r -  d i l u t i o n s ,  B ica rbona te  i o n  concentra- 

t i o n s ,  pH, and hardness ( s o f t w a t e r  60 mg CaC03/1) remained r e l a t i v e l y  

cons tan t  th roughou t  t h e  t e s t  p e r i o d  and a r e  i n c l u d e d  w i t h  temperature 

and i n c u b a t i o n  t imes f o r  each t e s t  on r e s p e c t i v e  response sur faces .  

( 1 )  Bioassays A, B, and C :  metal  
t o x i  c i  t v  t e s t s  

Metal a d d i t i o n s  o f  0.10, 0.30, 0.50, 0.75, 1,00, 1.50 ~i ig Zn / l ;  

0.10, 0.30, 0,50, 0.75 mg C u l l ;  and 0.10, 0.30 mg Cd/ l  produced a  wide 

range o f  i n h i b i t o r y  e f f e c t s  (F i gu re  6 ) .  A l ga l  assays A  and C had t h e  

same t r ea tmen t  l e v e l s  f o r  me ta l s?  T e s t  B  had h i g h e r  concen t ra t i ons  o f  

a l l  meta ls .  A l l  exper iments excep t  Tes t  C were conducted under con- 

t r o l l e d  l i g h t  and temperature c o n d i t i o n s *  Tes t  C was incuba ted  i n  t he  

l a k e  t o  v e r i f y  response t rends  ob ta i ned  i n  l a b o r a t o r y  T e s t  A. 'The 

nannoplankton a t  t he  l a k e  s i t e  ( S t a t i o n  I )  c o n s t i t u t e d  t he  source o f  

a lgae  used i n  a l l  b ioassays. 





Trea tmen ts  o f  s e p a r a t e  m e t a l s  i n  each o f  t h e  t h r e e  t e s t s  p r o -  

duced t h e  f o l l o w i n g  t o x i c  o r d e r  Cu > Cd i Zn. The "F"  v a l u e s  f o r  main  

me ta l  e f f e c t s  i n d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  a t  P .01, The o n l y  

e x c e p t i o n  was Cd i n  exper imen t  C a t  P -05. .  The "F"  v a l u e s  f o r  Cu were 

so l a r g e  t h a t  t h e y  i n d i c a t e  Cu caused an o v e r r i d i n g  e f f e c t  i n  i n t e r -  

a c t i o n s .  

The two f a c t o r  i n t e r a c t i o n s  o f  Cu x  Zn f o r  each o f  t h e  t h r e e  

t e s t s  produced s i g n i f i c a n t  d i f f e r e n c e s  (P - 0 1 ) .  The two-way Cd x  Zn 

i n t e r a c t i o n s  showed no s i g n i f i c a n t  d i f f e r e n c e s .  The r e m a i n i n g  "F"  

v a l u e s  f o r  two-way Cu x  Cd i n t e r a c t i o n s  and three-way Cu x  Cd x  Zn 

i n t e r a c t i o n s  f o r  exper imen ts  B and C y i e l d e d  s i g n i f i c a n t  d i f f e r e n c e s  

a t  P  .01. I n  e x p e r i m e n t  A,  t h e  two-way Cu x  Cd i n t e r a c t i o n  i n d i c a t e d  

a  s i g n i f i c a n t  d i f f e r e n c e  a t  P .05, w h i l e  th ree-way Cu x  Cd x  Zn i n t e r -  

a c t i o n s  showed no s i g n i f i c a n t  d i f f e r e n c e ,  

The o v e r a l l  c h a r a c t e r i s t i c s  f o r  t h e  t h r e e  t e s t s  were q u i t e  

s i m i l a r .  The l a r g e s t  mean d i f f e r e n c e s  i n  ca rbon  f i x e d  (CPM) were 

caused by  Cu t r e a t m e n t s .  The two-way Cu x  Zn i n t e r a c t i o n s  produced 

t h e  second h i g h e s t  mean d i f f e r e n c e s .  I n h i b i t o r y  e f f e c t s  i n c r e a s e d  

w i t h  t h e  a d d i t i o n  o f  more t h a n  one m e t a l .  H i g h  c o n c e n t r a t i o n s  i n  two- 

f a c t o r  i n t e r a c t i o n s  o f  Cu x  Zn y i e l d e d  g r e a t e r  i n h i b i t o r y  e f f e c t s  t h a n  

l o w  c o n c e n t r a t i o n s  i n  two-way i n t e r a c t i o n s  o f  Cu x  Zn, Cu x  Cd, Cd x  Zn, 

and three-way i n t e r a c t i o n s  o f  Cu x  Cd x  Zn. Maximum i n h i b i t i o n  o f  

carbon f i x a t i o n  was caused by h i g h  c o n c e n t r a t i o n s  -in t h e  th ree-way 

Cu x  Cd x  Zn i n t e r a c t i o n s .  



( 2 )  Bioassays D, E, and F: Coeur 
d '  A1 ene R i ve r  d i l u t i o n s  

Copper and z i n c  t rea tments  were used i n  combinat ion w i t h  r i v e r  

d i l u t i o n s  because o f  t h e  apparent  h i g h  t o x i c i t y  o f  copper and two-way 

Cu x  Zn i n t e r a c t i o n s  ( F i g u r e  7 ) -  Treatment l e v e l s  i n  exper iment  D 

c o n s i s t e d  o f  0, 5, 15, and 25 percen t  r i v e r  water ;  0.00, 0.10, and 

0.50 mg/l z i nc ;  and 0.00 and 0,10 mg/l o f  copper.  Resu l t s  i n d i c a t e  

t h a t  inc reased  volume o f  r i v e r  water  decreases t h e  i n h i b i t o r y  e f f e c t s  

o f  meta ls .  The low v a l l e y - l i k e  depress ion i n  F i gu re  7  expresses t h e  

extreme t o x i c  e f f e c t s  o f  copper and two-way Cu x  Zn i n t e r a c t i o n s .  The 

h i g h  p o i n t  on t h e  response su r f ace  a t  t h e  i n t e r s e c t i o n  o f  15 percen t  

r i v e r  wa te r  and t h e  two-way Cu x  Zn t r ea tmen t  (0.1 0  mg/l o f  Cu and 

0.10 mg/l o f  Zn) r e s u l t e d  f rom omiss ion  o f  Cu. A l l  t rea tments  i n d i -  

ca ted  s i g n i f i c a n t  d i f f e r e n c e s  a t  t h e  P .01. 

Bioassays E and F were designed t o  assess t h e  e f f e c t s  o f  i n -  

creased volumes o f  r i v e r  wa te r  on carbon f i x a t j o n ,  Treatment l e v e l s  

were s e t  a t  0, 10, 20, 30, 40, and 50 percen t  r i v e r  water ;  0.00 and 

0.50 mg/l of z i nc ;  and 0,00 and 0.10 s g / l  o f  copper. The response sur -  

f ace  f o r  T e s t  E i n d i c a t e s  t h a t  inc reased  volumes o f  r i v e r  wa te r  s t imu-  

l a t e d  carbon f i x a t i o n  w h i l e  mean d i f f e r e n c e s  between copper- and non- 

copper -con ta in ing  t r ea tmen t  l e v e l s  remained r e l a t i v e l y  t h e  same 

( F i g u r e  7 ) .  A l l  b u t  t h e  f o l l o w i n g  t rea tments  caused s i g n i f i c a n t  d i f -  

ferences a t  P .01, t h e  two-way d i l u t i o n  x  Zn i n t e r a c t i o n  a t  P .05, and 

t h e  three-way d i l u t i o n  x  Cu x  Zn i n t e r a c t i o n  a t  t h e  P -10.  No s i g n i -  

f i c a n t  d i f f e r e n c e  was i n d i c a t e d  f o r  t h e  two-way Cu x  Zn i n t e r a c t i o n .  
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T e s t  F  i n d i c a t e d  t h a t  t h e  i n h i b i t o r y  e f f e c t s  o f  meta ls  were 

antagonized b u t  n o t  t o  t h e  same e x t e n t  as i n  T e s t  E.  I n  Tes t  F, 

i nc reased  volumes o f  r i v e r  wa te r  s t i m u l a t e d  carbon f i x a t i o n  b u t  o n l y  

a t  t he  non-copper t rea tment  l e v e l s .  When copper and two- fac to r  Cu x  Zn 

t rea tments  were p resen t  and i n h i b i t i o n  occurred,  mean d i f f e r e n c e s  from 

non-copper t rea tments  inc reased  w i t h  h i ghe r  r i v e r  d i  1  u t i o n s  ( F i  gure 7 ) .  

A l l  t rea tments  produced s i g n i f i c a n t  d i f f e r e n c e s  a t  P .O1 except  f o r  no 

s i g n i f i c a n c e  i n  t he  Zn t r ea tmen t  and t he  two-way Cu x  Zn i n t e r a c t i o n .  

(3 )  Bioassays G and H: simul taneous 
Coeur d 'A l ene  R i ve r  and St .  Joe 
R i  v p r  

I n  a l g a l  assays G (Coeur d lA lene  R i v e r )  and H ( S t .  Joe R i v e r ) ,  

I assessed t h e  e f f e c t s  o f  d i l u t i o n s  f rom d i f f e r e n t  r i v e r s .  Treatment 

l e v e l s  were t h e  same as i n  Tes ts  E and F. The temperature o f  these 

b ioassays was reduced t o  5,7 C i n  accordance w i t h  t h e  -- i n  s i t u  observa- 

ti o n ~ .  

I n  T e s t  G, t h e  non-copper t rea tments  and inc reased  volumes o f  

Coeur d lA lene  R i v e r  water  r e s u l t e d  i n  r e l a t i v e l y  u n i f o r m  l e v e l s  o f  ca r -  

bon f i x a t i o n .  When Cu and t w o - f a c t o r  Cu x  Zn t rea tments  were p resen t  

and i n h i b i t i o n  occurred,  t h e  mean d i f f e r e n c e s  f r om non-copper t rea tment  

l e v e l s  decreased w i t h  h i ghe r  r i v e r  d i l u t i o n s  ( F i g u r e  8 ) .  T h i s  was 

oppos i t e  t o  what was observed i n  Tes t  F. The two-way d i l u t i o n  x  Zn 

i n t e r a c t i o n  produced s i g n i f i c a n t  d i f f e r e n c e s  a t  P .05 and t h e  th ree-  

way d i l u t i o n  x  Cu x  Zn - i n t e r a c t i o n  a t  P .10 w h i l e  t he  two-way Cu x  Zn 

i n t e r a c t i o n  was n o t  s i g n i f i c a n t .  A l l  remain ing t rea tments  caused 

s i g n i f i c a n t  d i f f e r e n c e s  a t  P .01. 



Test 
G H I 

Date I W N e r  
1 1  / 2 6  
lake river river 

I mg HC03/I 15.5 
mg CaCO /I 2 0 . 9  3 0 . 3  21.0 

PH 6.8 
Ave. temp.- C 5.7 
Incubation - hrs 8 

CPM G H ~ 3 :  cPM 

Coew d' Alene 30y River 2 0  

Fig.  8.--The e f f e c t  o f  d i l u t i o n s  o f  Coeur d lA lene  and 
S t .  Joe R i ve r  waters  ( % )  w i t h  separate and i n t e r a c t i n g  
concent ra t ions  o f  z i n c  and copper (mg/ l )  on carbon-14 

uptake by phy top lank ton  
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I n  Tes t  H, i nc reased  S t ,  Joe R i ve r  d i l u t i o n s  w i t h  a l l  meta ls  

p resen t  caused r e l a t i v e l y  no d i f f e r e n c e  i n  t he  amount o f  carbon f i x e d .  

The presence o f  Cu and t w o - f a c t o r  Cu x  Zn t rea tments  caused i n h i b i t i o n  

w i t h  mean d i f f e r e n c e s  remain ing re1  a t i v e l y  unchanged (F i gu re  8 ) .  The 

two-way Cu x  Zn and d i l u t i o n  x  Cu i n t e r a c t i o n s  were t h e  o n l y  t rea tments  

t h a t  showed no s i g n i f i c a n t  d i f f e r e n c e s .  A l l  o t h e r  t rea tments  i n d i c a t e d  

s i g n i f i c a n t  d i f f e r e n c e s  a t  P  .01. 

The comparison o f  t he  Coeur d lA lene  and S t .  Joe R i v e r  assays 

by an "F" t e s t  i n d i c a t e d  t h a t  o n l y  t h e  two-way Cu x  Zn i n t e r a c t i o n  

produced no s i g n i f i c a n t  d i f f e r e n c e ,  A l l  rema in ing  t rea tments  caused 

s i g n i f i c a n t  d i f f e r e n c e s  a t  P  .01. 

Changes i n  p r ima ry  p roduc t i on  and phy top lank ton  composi t ion 

o f  t h e  l a k e  and wate r  q u a l i t y  o f  bo th  t he  l a k e  and r i v e r  were con- 

s i de red  t h e  ma jo r  causes o f  d i s c repanc ies  observed i n  response sur faces .  

Metal concen t ra t i ons  o f  Ca, Na, Mg, K, Mn, Fe, Pb, Cd, and t reatments  

Zn and Cu v a r i e d  w i t h  d i f f e r e n t  r i v e r  d i l u t i o n  l e v e l s  (F i gu re  9 ) .  I n  

a l l  r i v e r  d i l u t i o n  t e s t s  t h e  Cu i o n  occur red  a t  l owe r  concen t ra t i ons  

than  a t  t h e  t r ea tmen t  a d d i t i o n  o f  0.1 mg Cu/ l .  These Cu concen t ra t i ons  

were i n d i c a t i v e  o f  l ow env i ronmenta l  1  eve1 s  i n  t h e  Coeur d lA lene  and 

S t .  Joe R i ve rs  and o f  uptake by d i f f e r e n t  m a t e r i a l s .  The z i n c  i o n  

occur red  a t  h i ghe r  concen t ra t i ons  i n  t he  Coeur d '  A1 ene R i v e r  d i l u t i o n  

t e s t s  than  a t  t he  t rea tment  a d d i t i o n  o f  0.50 mg Zn / l .  Z inc  concent ra-  

t i o n s  inc reased  w i  t h  inc reased  vo l  umes o f  Coeur d  'A1 ene R i ve r  water  

and consequent h i g h e r  env i ronmenta l  l e v e l s  o f  Zn. The oppos i t e  

occur red  w i t h  inc reased  volumes o f  S t .  Joe R i v e r  wa te r  (Tes t  H) and 

concu r ren t  dec l  i n e s  i n  Zn l e v e l s ,  Accord ing ly ,  ma jo r  c a t i o n  



o Zinc and Copper treatments 

A Major cations 0 Other cations 

10.00 r 

Dilution Tests 

F i g .  9.--Means and ranges  of metal ion c o n c e n t r a t i o n s  
i n  d i l u t i o n  t e s t s  



concen t ra t i ons  corresponded w i t h  Zn inc reases  i n  t h e  Coeur d 'A l ene  

R i ve r  d i l u t i o n s  and decreases i n  S t .  Joe R i v e r  d i l u t i o n s ,  

The most dominant and f l u c t u a t i n g  genera p resen t  d u r i n g  t h e  

f a l l  t e s t  p e r i o d  were Me1 o s i r a ,  Tabel l a r i a ,  Mougeotia, and U l o t h r i x  

(F i gu re  10 ) .  M e l o s i r a  was t he  most abundant a lgae  d u r i n g  August 

w h i l e  T a b e l l a r i a  was dominant f rom September t o  November. D e n s i t i e s  

o f  Mougeotia and U l o t h r i x  exceeded Me los i r a  i n  September and October. 

Synedra and A s t e r i o n e l l a  counts were h i g h e s t  i n  August and October. 



Tabelloria Asterionella Frog illaria 

Melosira Synedro Mougeotia and 

r Ulothrix 

F i g .  10.--Nannoplankton community structure during 
test period, August to IUovember, 1970 
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Mine and i n d u s t r i a l  p o l l u t i o n  i s  t h e  main cause o f  d i f f e r e n c e s  

i n  wa te r  q u a l i t y  between t h e  Coeur d '  Alene R iver ,  t h e  Lake, and t h e  

S t .  Joe R iver .  Mine wastes and inc reased  metal  concen t ra t i ons  i n  t h e  

r i v e r  and d e l t a  can be r e l a t e d  t o  v a r i o u s  m i l l i n g  opera t ions ,  e x t r a c t i o n  

processes, s u l f u r i c  a c i d  and phosphor ic  a c i d  f e r t i l i z e r  p l a n t s .  Z inc  

s u l f a t e  and sodium cyanide a r e  used i n  z i nc  f l o t a t i o n  and process ing,  

soda ash f o r  b u f f e r i n g  pH i n  m e t a l l u r g y ,  sodium i n  l e a c h i n g  assoc ia ted  

w i t h  e l e c t r o l y t i c  antimony ope ra t i ons ,  and c a l  c ium s u l f a t e  i n  phosphor ic  

a c i d  processes. The sources o f  l ow  pH, h i gh  c o n d u c t i v i t y ,  h i g h  l e v e l s  

o f  Zn, Ca, INa, Mn, and lower  q u a n t i t i e s  o f  Cd, Cu, Pb, Fe, and F  a re  

assoc ia ted  w i t h  a c i d i c  pond e f f l u e n t s  and seepages ad jacen t  t o  t he  

z i n c  and phosphor ic  a c i d  p l a n t s .  Z inc ,  F, Cd, Cu, and Pb appear t o  be 

t h e  major  t o x i c  m a t e r i a l s  i n  t h e  South Fork.  Maximum l e v e l s  o f  21.0 

mg Zn / l  (5241 kg/day) ,  2.3 mg F/1 , 0.45 mg Cd/ l  (109 kg/day) , and 0.1 

mg/l (25 kg/day) o f  Cu and Pb r e s p e c t i v e l y  have been noted near  

i n d u s t r i a l  d i scharges .  The maximum sodium concen t ra t i ons  occur  w i t h  

h i gh  c o n d u c t i v i t y  i n  pond e f f l u e n t s  f rom antimony ope ra t i ons .  The 

meta ls  o f  N i ,  As, C r ,  and Hg a r e  p resen t  b u t  occur red  below r e p o r t e d  

1  i m i  t s  o f  d e t e c t a b i l  i t y  (Mink e t  a1 . , 1971 ; Mink, 1972).  

T a i l i n g s  sed imenta t ion  i n  t h e  Coeur d '  Alene R i v e r  and d e l t a  

occur red  p r i o r  t o  t h e  1968 c o n s t r u c t i o n  o f  s e t t l i n g  ponds when a l l  

t a i l i n g s  and wastes were d ischarged d i r e c t l y  i n t o  t h e  South Fnrk.  I t  

has been es t ima ted  t h a t  approx imate ly  500,000 tons  were d ischarged  t o  

t h e  r i v e r  annual l y  (E l  1  i s ,  1940) .  
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The wate r  o f  t h e  Coeur d lA lene  R i ve r  and Lake can be cha rac te r -  

i z e d  as s o f t w a t e r  ( ~ 6 0  mg as CaC03). Concen t ra t ions  o f  z i n c  appear t o  

be t h e  o n l y  i o n  t h a t  c o n s i s t e n t l y  occur red  a t  h i g h  l e v e l s .  I f  z i n c  i s  

excluded, t h e  Coeur d 'A l ene  R i v e r  ( 0 , l  - 11.2 mg Z n / l )  and Lake ( ~ 0 . 1  - 

1.0 mg Zn / l  ) a r e  comparable t o  o t h e r  s o f t w a t e r  lakes  and r i v e r s .  Lake 

Tahoe, C a l i f o r n i a ,  produced z i n c  concen t ra t i ons  o f  <0.014 mg Zn / l  

(Goldman, 1965) w h i l e  t h e  Clearwater  and Snake r i v e r s  of n o r t h e r n  Idaho 

showed 0.04 mg Zn / l  (Kopp and Kroner,  1968). 

I no rgan i c  carbon concen t ra t i ons  were low f o r  r eg iona l  waters  

w i t h  t h e  Coeur d 8 A l e n e  R i ve r  and Lake be ing  s i m i l a r  b u t  l e s s  than  t h e  

St .  Joe R i ve r .  Leve ls  o f  i n o r g a n i c  carbon were e v i d e n t l y  r e l a t e d  t o  

t h e  so f twa te r s  o f  t h e  area and cou ld  be i n d i c a t i v e  o f  t he  i n e r t  geo- 

chemical cha rac te r  o f  t he  dra inage.  B ica rbona te  and pH o f  t h e  Coeur 

d lA lene  R i ve r  and Lake were l owe r  than  t h e  S t .  Joe R i v e r  and p robab ly  

r e s u l t e d  f rom mine wastes. E v i d e n t l y  va r i ous  a c i d  seepages, and i n f l o w s  

a r e  d i l u t e d  b u t  n o t  e f f e c t i v e l y  n e u t r a l i z e d  due t o  t h e  poor bu f f e r i ng  

c a p a c i t y  o f  t h e  r i v e r .  Th i s  c o u l d  be impo r tan t  t o  t h e  carbon up take  by 

t h e  p redomina te ly  d ia tom community s i n c e  HC03 i o n s  were appa ren t l y  t h e  

main form o f  i n o r g a n i c  carbon a v a i l a b l e .  The s c a r c i t y  o f  i n o r g a n i c  

carbon and t h e  r e l a t i v e l y  low pH (6.4 t o  7.3) i n  t he  Coeur d 8 A l e n e  

R i ve r  and mine-contaminated p o r t i o n s  o f  t h e  d e l t a  and l a k e  cou ld  be 

assoc ia ted  w i t h  a l ow  s o l u b i l i t y  f o r  C02 and i t s  consequent l o s s  t o  

- t h e  atmosphere. The n a t u r e  o f  t h e  t a i l i n g s  d e p o s i t s  may a l s o  i n t e r f e r e  

wi t h  C02 r e g e n e r a t i  on f rom bottom sediments. 

Most n u t r i e n t s  seemed i n  ample supp ly  and n o t  1  i m i  t i n g  t o  

a lgae  growth.  N i t r a t e s  and phosphates appeared a t  h i g h e r  l e v e l s  i n  



the Coeur d q l e n e  and S t .  Joe r ivers  than in the lake,  IMy p i l o t  

studies during the summer of 1969 on s i  1 i ca i  n the Coeur dlAl ene River 

and Lake indicated concentrations of 3.6 t o  7.9 mg Si02/1, Sulfa te  

levels  of 20 t o  50 mg S04/l from above the Coeur dlAlene River mouth 

were reported by Stokes and Ral ston (1 971 1 .  

My regression analysis  of lake production indicated posit ive 

equations f o r  l i g h t  extinction and temperature while l i g h t  penetration 

was negative (Figure 5 ) ,  This suggests t ha t  as temperature and par t i -  

cula te  scattering-absorbance of l i g h t  increased, algal production de- 

creased. The reverse condition existed fo r  l i g h t  penetration which 

probably involved i n t e r r e l  a t ~ o n s h i  ps of 1 igh t  qua1 i  t y ,  in tens i ty ,  and 

extinction.  The s ign i f ican t  relat ionships f o r  NO3,  Fe, C u ,  and K were 

most 1 i  kely complicated by d i f fe ren t  nutr ient  requirements of planktonic 

algae ( C h u ,  1942). 

Primary production in  the Coeur d'Alene River appeared con- 

t ro l  1 ed by shall  ow depths, r i ve r  di scharge, 1 i  g h t  ext inct ion,  tempera- 

t u r e ,  nu t r ien t s ,  and mine drainage, My regression equations suggested 

t ha t  productivity in the r iver  was posit ively influenced by bicarbonate 

ions and temperature, and negatively by r iver  discharge, conductivity, 

and l i g h t  extinction (Figure 41, Other re la t ionships  of l e s se r  impor- 

tance apparently existed fo r  Z n ,  Ca, and Na. However, consideration 

of cations must include t h e i r  pa r t i a l  dependence on flow r a t e  as sug- 

gested by conductivity relat ionships (Figure 2 ) .  Observations of high 

Z n  concentrations, 1 ow pH, and bicarbonate, softwater,  and unstable 

t a i l i ngs  deposits  imply tha t  mine wastes suppressed algal  productivity. 

Bioassay assessments of C u ,  Cd, and Zn in teract ions  indicate t ha t  
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m e t a l s  i n  t h e  r i v e r  w a t e r  c o u l d  be a c u t e l y  and s y n e r g i s t i c a l l y  t o x i c  

t o  p h y t o p l a n k t o n .  

The occu r rence  o f  o c c a s i o n a l  h i g h  p r o d u c t i o n  p u l s e s  i n  t h e  

Coeur d l A l e n e  R i v e r  p r e c l u d e s  t h e  p o s s i b i l i t y  o f  a l g a e  b e i n g  c h r o n i -  

c a l  l y  suppressed by  me ta l  s, Such i n c r e a s e s  i n  p r o d u c t i o n  e v i d e n t l y  

r e s u l  t e d  f r o m  upst ream n u t r i e n t  and p l a n k t o n  sources.  The l o w e r  r i v e r  

d r a i n a g e  has numerous farms and f e e l o t s  w h i l e  t h e  upper  reaches r e c e i v e  

raw sewage f r o m  n e a r l y  a l l  m u n i c i p a l  a reas.  I n p u t s  o f  n i t r a t e s  and 

phosphates a r e  a s s o c i a t e d  w i t h  pond e f f l u e n t s  and seepages near  z i n c  

and a c i d  p l a n t s ,  O f  equal  impor tance  t o  p r o d u c t i o n  i s  t h e  p o s s i b i l i t y  

t h a t  t h e  r i v e r  above t h e  d e l t a  i s  s u b j e c t  t o  n u t r i e n t  and p l a n k t o n  

r e p l e n i s h m e n t  f rom a d j o i n i n g  sma l l  s i d e  l a k e s .  

The p o t e n t i a l  f o r  a l g a l  p r o d u c t i v i t y  i n  t h e  S t ,  Joe R i v e r  

appeared g r e a t e r  t h a n  t h a t  o f  t h e  Coeur d ' A l e n e  R i v e r ,  P r i m a r y  produc-  

t i o n  was f a c i l i t a t e d  by denser  a l g a e  p o p u l a t i o n s ,  deeper p h o t i c  and 

t r o p h o g e n i  c  zones, and l ess l I g h t  e x t i n c t i o n -  N u t r i e n t  sources f o r  

t h e  S t .  Joe R i v e r  were a t t r i b u t e d  t o  g r e a t e r  v e g e t a t i v e  c o v e r  and con- 

sequent  a l l o c h t h o n o u s  i n p u t .  Extreme h i g h  p r o d u c t i o n  v a l u e s  suggested 

c u l t u r a l  e u t r o p h i c a t i o n  f r o m  upst ream fa rm ing ,  l o g g i n g ,  and sewage 

o p e r a t i o n s .  P h y t o p l a n k t o n  p r o d u c t i o n  i n  b o t h  t h e  S t ,  Joe and Coeur 

d l A l e n e  r i v e r s  appeared a i d e d  by l o n g  reaches o f  s l o w  moving backwaters .  

Seasonal responses o f  p r i m a r y  p r o d u c t i o n  t o  d i f f e r e n t  e n v i  r o n -  

menta l  f a c t o r s  i n  t h e  Coeur d ' A l e n e  R i v e r ,  Lake, and S t ,  Joe R i v e r  can 

be e x p l a i n e d  by changes i n  dep th  p r o f i l e s  o f  ca rbon  a s s i m i l a t i o n ,  The 

s i g n i f i c a n c e  o f  p r o d u c t i o n - d e p t h  c u r v e s  i s  t h e  shape, w h i c h  can be 

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



f a c t o r s  as l i g h t ,  temperature,  n u t r i e n t s ,  phy top lank ton  d e n s i t y ,  and 
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m i  ne wastes . 
Three types o f  p roduc t ion -dep th  curves were d iscussed by 

Findenegg (1 964). The f i r s t  t ype  e x h i b i t s  a  p r o d u c t i o n  maximum i n  t h e  

e p i l i m n i o n  which d e c l i n e s  i n  dep th  w i t h  decreas ing l i g h t  i n t e n s i t y  

(F i gu re  11 ) .  Type I curves were t he  most f r e q u e n t  p roduc t i on  p r o f i l e s  

i n  t h e  Coeur d ' A l e n e  R i v e r  and Lake and p r e v a i l e d  d u r i n g  a l l  seasons 

excep t  w i n t e r .  The m a j o r i t y  o f  these p r o f i l e s  appeared l i gh t - dependen t  

because o f  l i g h t  e x t i n c t i o n  by suspended p a r t i c l e s  o t h e r  than  phyto- 

p lank ton .  The key q u a l i t i e s  assoc ia ted  w i t h  t h i s  t ype  o f  curve were 

adequate n u t r i e n t s  and dense a1 ga l  communi t i e s .  P roduc t i on  ranges 

f o r  Type I curves i n c l u d e d  t h e  h i g h e s t  va lues observed i n  t h e  r i v e r  

2 w i t h  185 - 1338 mg C/m /day w h i l e  va lues observed i n  t h e  l a k e  were 

2 
moderate ly  h i g h  a t  180 - 1080 mg C/m /day. C h a r a c t e r i s t i c s  o f  Type I 

curves i n  bo th  t h e  r i v e r  and l a k e  tended t o  be r e p r e s e n t a t i v e  o f  meso- 

t r o p h i c  s tages i n  e u t r o p h i c a t i o n ,  

Findenegg's Type I curves were u s u a l l y  c h a r a c t e r i s t i c  o f  

e u t r o p h i c  1  akes w i t h  dense se l  f - shad ing  phy top lank ton ,  h i g h  n u t r i e n t  

concen t ra t i ons ,  and h i g h  p roduc t i on  va lues,  I n  c o n t r a s t ,  Sch ind le r  

and Holmgren (1  971 ) descr ibed  oppos i t e  c o n d i t i o n s  f o r  Type I curves i n  

S h i e l d  l akes  o f  Canada. These l akes  were cons idered o l i g o t r o p h i c  t o  

2 mesotrophic  w i t h  p roduc t i on  r ang ing  f rom 179 - 1103 mg C/m /day. .The 

p r i n c i p a l  c o n t r o l  l i n g  f a c t o r  f o r  t h i s  t ype  o f  p roduc t i on  cu rve  was 

appa ren t l y  l ow  l i g h t  p e n e t r a t i o n  due t o  water  c o l o r .  The n u t r i e n t  

poor  q u a l i t y  and sparse phy top lank ton  d e n s i t i e s  o f  these l akes  were 
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F i g .  11.--Types o f  p roduc t ion -dep th  cu rves  observed i n  
t h e  Coeur d '  Alene R i v e r ,  Lake, and S t .  Joe R i v e r  



cons ide red  r e l a t i v e l y  un impor tan t  i n  d e t e r m i n i n g  t h e  shape o f  t h e  

cu rve .  

The f r e q u e n t  occurrence o f  Type I curves i n  t h e  Coeur d l A l e n e  

Lake appeared r e l a t e d  t o  n u t r i e n t  rep len ishment  f rom t h e  Coeur d lA lene  

and St .  Joe r i v e r s .  My o b s e r v a t i o n s  o f  r e l a t i v e l y  h i g h  n i t r a t e  and 

phosphate c o n c e n t r a t i o n s  i n  t h e  r i v e r s  (Tab les 1  and 2) and inc reases  

i n  p h y t o p l a n k t o n  p r o d u c t i o n  and d e n s i t i e s  a t  sou thern  l a k e  s t a t i o n s  

( F i g u r e  4 )  f a v o r s  such n u t r i e n t  renewal,  Parke r  (1972) ,  i n  s t u d y i n g  

t h e  e n t i r e  l e q g t h  o f  Coeur d lA lene  Lake, found t h e  h i g h e s t  p r i m a r y  

p r o d u c t i o n ,  a1 g a l  d e n s i t i e s ,  and c o n c e n t r a t i o n s  o f  n i t r a t e s  and phos- 

phates t o  t h e  sou th  o f  t h e  Coeur d ' A l e n e  R i v e r  mouth w h i l e  o p p o s i t e  

c o n d i t i o n s  e x i s t e d  t o  t h e  n o r t h .  

Type I curves appeared d u r i n g  f a 1  1  t u r n o v e r s  o f  Coeur d '  Alene 

Lake i n  1969 and 1970. These p r o f i l e s  had l a r g e  e p i l i m n e t i c  p r o d u c t i o n  

maxima, hence an adequate supp ly  o f  bot tom n u t r i e n t s .  The occurrence 

o f  t h i s  t y p e  o f  c u r v e  i n  t h e  Coeur d ' A l e n e  R i v e r  u s u a l l y  i nc reased  

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

( F i g u r e  3 ) .  

Type I1  curves u s u a l l y  remain c o n s t a n t  w i t h  depth  and y i e l d  

l o w  a r e a l  p r o d u c t i o n  va lues ( F i g u r e  11) .  Findenegg a t t r i b u t e d  t h i s  

t y p e  o f  c u r v e  t o  o l i g o t r o p h i c  wa te rs  t h a t  were l i m i  t e d  by n u t r i e n t s  

r a t h e r  than  l i g h t ,  S i m i l a r  curves were r e p o r t e d  i n  O n t a r i o  l a k e s  

po l  l u t e d  w i t h  mine wastes (Johnson e t  a1 . , 1969).  These wa te rs  had 

low i n o r g a n i c  c o n c e n t r a t i o n s  and p r o d u c t i o n  va lues  o f  l e s s  than  
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The p roduc t ion -dep th  r e l a t i o n s h i p  i n  Coeur d '  Alene R i v e r  and 

Lake were o f  Type I1 i n  t h e  w i n t e r  and i n t e r m i t t e n t l y  d u r i n g  t h e  s p r i n g  

and l a t e  summer. P r o d u c t i o n  va lues f o r  Type I1  p r o f i l e s  were t h e  low- 

2 e s t  i n  t h e  e n t i r e  s tudy  w i t h  ranges o f  18 - 172 mg C/m /day i n  t h e  

2 r i v e r  and 69 - 191 mg C/m /day i n  t h e  l a k e ,  N u t r i e n t  l i m i t a t i o n  

appeared c o n t r i b u t o r y ,  b u t  n o t  i n  a l l  i n s t a n c e s .  The o n l y  t imes  when 

t h e  s c a r c i t y  o f  n u t r i e n t s  seemed obv ious was d u r i n g  appearance o f  

Type I1  curves i n  t h e  l a k e  f o l l o w i n g  summer a l g a l  blooms. 

The w i n t e r  p r o d u c t i o n  I1 curves i n  t h e  r i v e r  and l a k e  seemed 

r e 1  a t e d  t o  min imal  s o l a r  r a d i a t i o n  and 1  ow phy top lank ton  d e n s i t i e s .  

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

w i t h  o b s e r v a t i o n s  o f  dense p r o f u n d a l  a1 gae and r i c h  n u t r i e n t s .  

H e t e r o t r o p h i c  carbon uptake may have been i m p o r t a n t  i n  m a i n t a i n i n g  

such communit ies.  Carbon-14 uptake i n  da rk  b o t t l e s  was h i g h e r  than  

usual  and suggested dark  f i x a t i o n  o f  C02 by a l g a e  o r  b a c t e r i a .  

The Coeur d ' A l e n e  R i v e r  and a d j a c e n t  l a k e  wa te rs  produced 

Type I1  curves d u r i n g  h i g h  f l o w s  and low l i g h t  p e n e t r a t i o n  i n  t h e  

s p r i n g  months o f  1969 and 1970. N u t r i e n t s  d i d  n o t  appear l i m i t i n g  

excep t  f o r  low c o n c e n t r a t i o n s  o f  i n o r g a n i c  carbon. Low p r o d u c t i o n  

appeared r e l a t e d  t o  s h o r t  r e t e n t i o n  t imes  o f  p l a n k t o n  i n  t h e  r i v e r ,  

d e l t a ,  and l a k e .  A c c o r d i n g l y ,  my r e g r e s s i o n  a n a l y s i s  o f  p r o d u c t i o n  

and r i v e r  d i scharge  i n d i c a t e d  t h a t  as t h e  f l u s h i n g  r a t e  inc reased ,  

p h y t o p l a n k t o n  p r o d u c t i o n  decreased (Table  4 ) .  The f l ow o f  water  a t  

l a k e  s t a t i o n s  was e v i d e n t  w i t h  t h e  d i r e c t i o n  o f  c u r r e n t s  b e i n g  toward  

t h e  Spokane R i v e r  o u t f a l l .  
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Type I 1  curves o f  t h e  Coeur d lA lene  R i v e r  were observed d u r i n g  

low p r o d u c t i o n  p e r i o d s  o f  t h e  l a t e  summer: These p r o f i l e s  c o u l d  have 

r e f l e c t e d  i n h i b i t i o n  by mine wastes and meta l  synerg ism b u t  most 

1  i k e l y  r e l a t e  t o  changes i n  n u t r i e n t  l e v e l s  and a l g a l  compos i t i on ,  

Type 111 curves e x h i b i t e d  two p r o d u c t i o n  maxima, one i n  t h e  

ep i l - i n in ion  and one i n  t h e  meta l imn ion  ( F i g u r e  1 1 ) .  The Coeur d lA lene  

Lake i n c u b a t i o n s  i n d i c a t e d  t h a t  t h i s  t y p e  o f  c u r v e  o c c u r r e d  i n t e r -  

m i t t e n t l y  i n  t h e  s p r i n g  and summer o f  1970. Summer p r o d u c t i o n  va lues 

2  
o f  1231 and 1715 rrlg C/m /day were t h e  h i g h e s t  i n  t h e  s tudy  excep t  f o r  

e s t i m a t e s  i n  t h e  S t .  Joe R i v e r  a t  1023 and 5943 mg c/m2/day. The h i g h  

p r o d u c t i o n  o f  t h e  S t ,  Joe R i v e r  and t h e  p e r s i s t e n c e  o f  s l i g h t  meta l im-  

n e t i c  maximums th roughou t  t h e  sulvlner suggested t h e  presence o f  n u t r i e n t  

reserves  and s  hade-col d  temperature  adapted a1 gae. 

Dur ing  t h e  s p r i n g ,  t h e  m a j o r i t y  o f  t h e  Type 111 p r o d u c t i o n  i n  

t h e  l a k e  was i n  t h e  e p i l i m n i o n ,  sugges t ing  an ample supp ly  o f  n u t r i e n t s  

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

t h e  summer as t h e  m e t a l i m n e t i c  maximum increased.  The upper p r o d u c t i o n  

maxima usual  l y  occur red  above p'oorly d e f i n e d  thermocl  i nes and hypo1 imna 

w i t h o u t  pronounced oxygen d e f i c i t s .  Th i  s  suggests t h a t  p r i m a r y  p ro -  

d u c t i o n  o f  t h e  summer e p i l i m n i o n  was m a i n t a i n e d  n o t  o n l y  by  adequate 

1  i g h t  c o n d i t i o n s  b u t  by f r e q u e n t  winds t h a t  c i r c u l a t e d  n u t r i e n t - l a d e n  

m e t a l i m n e t i c  wa te rs  th rough  t h e  e p i l i m n i o n .  I n  a d d i t i o n ,  o b s e r v a t i o n s  

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

p r o d u c t i o n  was enhanced by phy top lank ton  suspension th rough  wind a c t i o n .  

The Type 111 curves r e p o r t e d  by Findenegg u s u a l l y  occur red  i n  

meso t roph ic  l a k e s  r e c e n t l y  exposed t o  c u l t u r a l  e u t r o p h i c a t i o n ,  These 



waters  had me ta l imne t i c  maxima which developed d u r i n g  t h e  summer as 

n u t r i e n t s  were impover ished i n  t h e  e p i l  imnion, Thermal s t r a t i f i c a t i o n  

and oxygen s tagna t i on  tended t o  t r a p  n u t r i e n t s  which s t i m u l a t e d  

meta l  - inmeti c  p roduc t ion .  

My observa t ions  o'n p roduc t i on  p r o f i l e s  and reg ress i on  equa t ions  

g i v e  some i n d i c a t i o n  o f  t h e  env i ronmenta l  e f f e c t s  o f  mine p o l l u t i o n ,  

I n t e r r e l a t i o n s h i p s  o f  these  e f f e c t s  and masking by l i g h t  and tempera- 

t u r e  appeared t o  confound t h e  e f f e c t s  o f  va r i ous  meta ls  on a l g a l  growth. 

2  The appearance o f  low R va lues i n  most o f  t h e  r eg ress i on  analyses cou ld  

be i n d i c a t i v e  o f  such c o n d i t i o n s .  These problems, which a r e  i n h e r e n t  

i n  any i n v e s t i g a t i o n  i n v o l v i n g  d i s c r e t e  f i e l d  data,  were p a r t i a l l y  

d e a l t  w i t h  by t h e  use o f  b ioassays. M e t a l l i c  po i son ing  o f  a lgae  i n  

carbon-14 assays i n  which I c o n t r o l l e d  l i g h t  and temperature supp l i es  

s t r ong  ev idence o f  t o x i c i t y  by i n t e r a c t i n g  meta ls .  

The bioassays i n d i c a t e d  t h a t  copper was t h e  most t o x i c  metal  

t e s t e d .  The l a r g e s t  mean d i f f e r e n c e s  i n  carbon f i x a t i o n  were due t o  

copper concen t ra t i ons  o f  0.10 and 0.30 mc C u l l .  Copper concen t ra t i ons  

o f  0.75 mg C u l l  were o n l y  s l i g h t l y  more i n h i b i t o r y  than 0.30 mg C u l l .  

The t o x i c i t y  o f  copper s u l f a t e  i n  these t e s t s  can be a t t r i b u t e d  t o  i t s  

success as an a l g i c i d e  under c o n d i t i o n s  o f  bo th  s o f t -  and hardwater.  

A l though copper q u a n t i t i e s  i n  t h e  Coeur d 'A l ene  R i v e r  compare c l o s e l y  

t o  those i n  non -po l l u t ed  waters,  t he  r e l a t i v e l y  s o f t w a t e r  o f  t he  r i v e r  

may enhance t o x i c  e f f e c t s  o f  copper on phytop lankton,  Most a lgae  i n  

s o f t w a t e r s  can be c o n t r o l l e d  w i t h  concen t ra t i ons  o f  copper s u l f a t e  

between 0.12 and 0.50 mg C u l l  w h i l e  hardwater  r e q u i r e s  1.20 t o  

2.00 mg C u l l  (Moyle, 1949).  
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Differences between my t e s t s  indica te  t h a t  the t o x i c i t y  of 

copper t o  natural  phytopl ankton could vary continual l y  with the  popul a- 

t ion  s t r u c t u r e  of the  community. Support f o r  t h i s  supposition can be 

taken from the  d i f f e r e n t  concentrat ions recommended f o r  control of 

s p e c i f i c  a1 gal populations (McKee and Wolf, 1963; Jordan e t  a1 . , 1962). 

Mandelli (1969) s tudied the  inh ib i to ry  e f f e c t s  of Cu on marine phyto- 

plankton and found t h a t  t h e  growth of d inof lage l l a t e s  and diatoms was 

reduced a t  20 C in  media containing 0.055 and 0.265 mg Cu/l,  respect-  

ive ly .  He s tudied  a t o t a l  of nine species  and concluded t h a t  Cu had a 

s e l e c t i v e  t o x i c i t y  r a t h e r  than a general e f f e c t  a t  concentrat ions be- 

tween 0.03 and 0.50 mg Cull ,  Maloney and Palmer (1956) reported 

s i m i l a r  conclusions f o r  the  t o x i c i t y  of copper s u l f a t e  t o  30 f resh-  

water a lga l  cu l tu res  a t  concentrat ions between 0,05 and 0.50 mg Cull ,  

I be1 ieve t h a t  d i f f e r e n t  concentrat ions of copper a s  an a1 g ic ide -  and 

i t s  s e l e c t i v e  t o x i c i t y  suggest t h a t  s i m i l a r  condit ions e x i s t  f o r  Cd 

and Z n .  In add i t ion ,  s e l e c t i v e  t o x i c i t y  may be ind ica t ive  of algae 

adapting t o  varying metal concentrat ions,  Whi t t o n  (1970) reported t h a t  

Stigeoclonium from a stream polluted by metals had some res i s t ance  t o  

zinc.  

Cadmium in  my t e s t s  inhibi ted  carbon f i x a t i o n  a t  0 , l  and 0.3 mg 

Cd/l . Bringmann and K i h n  (1959), i n  studying Scenedesmus from a r i v e r  

h a b i t a t ,  found threshold concentrat ions f o r  detrimental e f f e c t s  of Cd 

as chlor ide  a t  0.1 mg Cd/l. McKee and Wolf (1963) reported t h a t  

cadmium a c t s  s y n e r g i s t i c a l l y  with o ther  substances t o  increase  t o x i c i t y .  

Zinc decreased phytoplankton carbon uptake a t  0.1 and 0 .5  mg 

Zn/l. In genera l ,  the  e f f e c t  of zinc decreased as the concentrat ion 
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o f  z i n c  increased.  A t  1 .0  mg Zn / l  t h e  amount o f  carbon f i x e d  was 

s l i g h t l y  h i ghe r  than  i n  c o n t r o l s .  These r e s u l t s  can be exp la i ned  

p a r t l y  by i n f o r m a t i o n  f rom Bachmann (1963). He suggested t h a t  a lgae  

c e l l s  t ake  up Zn as a  d i r e c t  response t o  c o n c e n t r a t i o n  and a t  l e v e l s  

exceeding those  o r d i n a r i l y  found i n  na tu re ,  which i n d i c a t e s  a  " l u x u r y "  

consumption above immediate me tabo l i c  needs. 

The meta l  i n t e r a c t i o n s  t h a t  were most i n h i b i t o r y  t o  carbon 

f i x a t i o n  occur red  w i t h i n  t h e  f o l l o w i n g  concen t ra t i ons :  0.1 - 0.3 mg 

C u l l ,  0.1 - 0.3 mg Cd/ l ,  and 0.3 - 0.5 mg Z n / l .  The t e s t s  i n d i c a t e  

t h a t  a l l  i n t e r a c t i o n s  o f  Cu x  Zn, Cu x  Cd, Cd x  Zn, and Cu x  Cd x  Zn 

ac ted  s y n e r g i s t i c a l l y  t o  produce t o x i c  e f f e c t s .  The o v e r r i d i n g  e f f e c t  

o f  Cu and t h e  two-way Cu x  Zn i n t e r a c t i o n  appear t o  be t h e  p r i n c i p a l  

t o x i c  components i n  these t rea tments ,  F i  t z g e r a l  d  (1  971 ) found t h a t  

0.05 t o  0.075 mg C u l l  as copper s u l f a t e  was r e q u i r e d  t o  p reven t  t he  

growth o f  M i c r o c y s t i s  r ega rd l ess  o f  t h e  a d d i t i o n  o f  z i n c  a t  Cu:Zn 

r a t i o s  o f  1  :1, 1  :2, 1  :4, and 1  :6. L i kew ise ,  t h e  growth o f  C h l o r e l l a  

was prevented a t  1 .0  mg C u l l  as copper s u l f a t e  whether 0.0, 0.5, o r  

2.0 mg Z n l l  as z i n c  s u l f a t e  were p resen t .  A1 though F i  t z g e r a l d  d i d  n o t  

d e t e c t  synergism between Cu and Zn t h e  p o s s i b i l i t y  t h a t  s o f t w a t e r  

inc reases  t h i s  t o x i c  a c t i o n  was s t i l l  i n  ques t ion .  

The h i g h  concen t ra t i ons  o f  Zn and Cu and t h e  s o f t w a t e r  i n  my 

t e s t s  p o s s i b l y  e x p l a i n  t h e  observed synergism. A l though t h e  l e v e l s  o f  

Zn and Cu were r e l a t i v e l y  h igh ,  they  were w i t h i n  t he  range o f  concen- 

t r a t i o n s  observed i n  t h e  Coeur d lA lene  R i v e r  and suggest t h a t  a  s i m i l a r  

a c t i o n  cou ld  occur .  Concen t ra t ions  used i n  these  t e s t s  i n d i c a t e d  t h a t  

each metal  c o n t r i b u t e d  t o  t he  t o x i c i t y  o f  t h e  m i x t u r e  i n  p r o p o r t i o n  t o  



52 

t h e i r  i n d i v i d u a l  t o x i c i t i e s .  T h i s  suggests t h a t  t h e  i n h i b i t o r y  e f f e c t s  

o f  t h e  i n t e r a c t i o n s  c o u l d  be e s t i m a t e d  by summation o f  t h e  f r a c t i o n a l  

t o x i c i t i e s  o f  each meta l .  

D i f f e r e n c e s  i n  response s u r f a c e s  f o r  t h e  t e s t s  o f  r i v e r  d i l u -  

t i o n  c o u l d  be r e l a t e d  t o  o t h e r  m e t a l s  i n  t h e  t e s t  waters .  The occur -  

rence o f  decreased i n h i b i t o r y  e f f e c t s  o f  Zn and Cu t o  carbon f i x a t i o n  

corresponded w i t h  i n c r e a s e s  i n  c o n c e n t r a t i o n s  o f  Ca, Mg, Na, K, and Mn. 

Bachmann (1963) found t h a t  ~ n ~ ~  uptake by a l g a e  was decreased as t h e  

c o n c e n t r a t i o n s  o f  o t h e r  c a t i o n s  i n  s o l u t i o n  were increased.  The o r d e r  

o f  e f f e c t i v e n e s s  o f  i o n s  i n  reduc ing  z i n c  uptake by t h e  green a1 ga 

G o l e n k i n i a  was H  > Ca > Mg > Na > K. The accumu la t ion  o f  these  meta ls  

by suspended l i v i n g  and dead m a t e r i a l  and bo t tom sediments was char -  

a c t e r i z e d  by i o n  exchange o r  n o n - s p e c i f i c  a d s o r p t i o n .  These r e a c t i o n s  

were a t t r i b u t e d  t o  c o m p e t i t i o n  between i o n s  f o r  a v a i l a b l e  exchange 

s i t e s .  

Somewhat s i m i l a r  o b s e r v a t i o n s  have been r e p o r t e d  f o r  K 

( N i e l s e n  e t  a1 . , 1969) and Mn r e d u c t i o n  o f  copper i n h i b i t i o n .  I n  Mn 

antagonisms o f  Cu, t h e  a c t i o n  was a f t e r  c e l l u l a r  uptake. The Mn 

responses were o b t a i n e d  f rom r e a c t i o n s  i n  l a r g e  c h l o r o p l a s t s  o f  poke- 

weed (Phy to l  acca americana) (Habermann, 1969).  A d d i t i o n a l  exper iments  

by Habermann w i t h  c h l o r o p l a s t  r e a c t i o n s  i n d i c a t e d  t h a t  Zn and Mg were 

s l i g h t l y  s t i m u l a t i n g  b u t  n o t  as e f f e c t i v e  as Mn i n  r e v e r s i n g  copper 

i n h i b i t i o n .  The c a t i o n  Hg was found  t o  be a  more p o t e n t  i n h i b i t o r  

than  Cu. The mode o f  these  r e a c t i o n s  was cons ide red  as c o m p e t i t i o n  

f o r  t h e  same s i t e  on an enzyme. These o b s e r v a t i o n s  and t h e  occurrence 

o f  r e l a t i v e l y  h i g h  Mn c o n c e n t r a t i o n s  c o u l d  e x p l a i n  t h e  r e d u c t i o n  o f  
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copper inhibition in sollie of my dilution tes ts .  I n  general, cation 

concentrations of the Coeur dlAlene River were moderately high as com- 

pared t o  other softwaters and could reverse Z n ,  C u ,  and Cd inhibition 

of algal carbon uptake. 

The amount of a metal available t o  planktonic algae can depend 

upon the presence of soluble organic a n d  inorganic complexing agents. 

Investigators have found t h a t  different chemical forms of a metal do 

n o t  necessarily have the same uptake rates. Bernard and Zattera 

(1967) reported that  when ~n~~ was added as ionic Zn proportionately 

6 5 more ~n~~ was taken u p  by a1 gae t h a n  stable Z n .  However, when Zn - 
EDTA-complex was added t o  algae containing seawater and a chelating 

6 5 resin,  stable Zn was i n i t i a l l y  taken u p  a t  a higher rate  t h a n  Zn . 
Other studies have suggested that  natural waters contain sub- 

stances that compl ex metal ions. Niel sen and Winn-Anderson ( 1  970) 

found ionic Cu a t  concentrations occurring in natural waters (1  t o  

2ug/1 ) was poisonous t o  photosynthesis and growth of uni cell ular a1 gae. 

Nielsen suggested that th i s  indicated t h a t  C u  i s  no t  ordinarily present 

in the ionic form b u t  i s  complexed by organic matter such as poly- 

peptides. He found that  complexed Cu was not toxic to algae, b u t  i t  

was n o t  possible t o  distinguish between such chelates as Cu-EDTA- 

complexes and natural organo-copper complexes. 

Extracell u l  a r  products (polypeptides) of freshwater algae and 

organic decay have been found to  form complexes with ions of C u ,  Z n ,  

Fe, phosphate, and certain organic substances. Fogg and Westlake 

(1955) noted t h a t  such complex formation may be important in reducing 

Cu toxi c i ty  t o  some Cyanophyceae, Chl orophyceae, Xanthophyceae, and 



Bac i l l a r i ophyceae .  Examples o f  i n o r g a n i c  complexing would be b i n d i n g  

o f  Cu by c o l l o i d a l  Fe(OHI3 (N ie l sen  and Winn-Anderson, 1970) and Zn 

as ZnC03 and Zn(OHl2 i n  seawater (A1 b e r t o  and Heal ty,  1970). 

The presence o f  complexing agents i n  t h e  Coeur d lA lene  R i ve r  

cou ld  suggest t h a t  c u r r e n t  l e v e l s  o f  Cu, Cd, and Zn a re  l e s s  t o x i c  t o  

a lgae  than  my t e s t s  i n d i c a t e d ,  The decrease i n  i n h i b i t i o n  w i t h  i n -  

creased volumes o f  r i v e r  wa te r  i m p l i e s  b i n d i n g  by p o l l u t a n t s  o r  n a t u r a l  

m a t e r i a l  s. The p r i n c i p a l  arguments a g a i n s t  t he  impor tance o f  c h e l a t i o n  

i n  t he  r i v e r  and d e l t a  a r e  t h e  l e v e l s  o f  major  c a t i o n s ,  t h e  h i gh  Zn 

concen t ra t i ons ,  and ev idence o f  metal  t o x i c i t y  by synergism. 

The impact  o f  meta ls  on a q u a t i c  l i f e  i n  t h e  Coeur d lA lene  

dra inage cannot  be adequate ly  d e a l t  w i t h  u n t i l  we have knowledge o f  t h e  

c o n t r i b u t i o n  o f  t a i l i n g s  depos i t s  t o  meta l  concen t ra t i ons  i n  s o l u t i o n .  

P r i o r  t o  about  1930 stamp-mi 1 1 - j i g - t a b 1  e  processes p u t  coarse g r a v i t y  

t a i l i n g s  i n t o  t h e  r i v e r .  The t a i l i n g s  cou ld  n o t  be economica l ly  

smelted and t h e r e f o r e  c a r r i e d  h i g h  concen t ra t i ons  o f  s i l  v e r y  1  ead, 

and z i n c .  The presence o f  these m e t a l l i c  s u l f i d e s  i n  r i v e r  sediments 

c o n s t i t u t e s  a  p o l l u t i o n  hazard s i n c e  phys i ca l  d i s tu rbances  and ox ida-  

t i o n  t o  s u l f a t e s  may inc rease  t he  t o x i c i t y  of these elements. The 

h i g h  s o l u b i l i t y  o f  s u l f a t e  can produce s u l f u r i c  a c i d ,  l owe r  t h e  pH, 

and re l ease  meta ls  i n t o  s o l u t i o n ,  Accord ing ly ,  t a i l  i ngs  depos i t s  

cou ld  a f f e c t  t h e  b i o t a  i n  the  r i v e r  v a l l e y  and l a k e  f o r  many yea rs ,  

Research on t h e  e f f e c t  o f  t a i l i n g s  depos i t s  on meta ls  i n  

s o l u t i o n  suggests t h a t  a  p o l l u t i o n  problem does e x i s t ,  S tud ies  o f  

mine t a i l i n g s  i n d i c a t e  t h a t  t he  c a t i o n  exchange c a p a c i t i e s  were low as 

compared t o  most s o i l s  (Toukan, 1971 ) .  T a i l i n g s  had t h e i r  h i ghes t  



exchange c a p a c i t y  a t  pH 10. E q u i l i b r i u m  equa t ions  a t  va r i ous  pH va lues 

i n d i c a t e d  t h a t  Zn was re leased  f rom t a i l i n g s  t o  i nc rease  t h e  concen- 

t r a t i o n  o f  Zn i n  s e t t l i n g  pond e f f l u e n t s .  These r e s u l t s  suggest t h a t  

t a i l i n g s  d e p o s i t s  i n  c o n t a c t  w i t h  water  o f  pH 7.0 and lower  i n  t h e  

Coeur d lA lene  R i v e r  and d e l t a  r e g i o n  would r e l e a s e  Zn i n t o  s o l u t i o n .  

Sediment s t u d i e s  i n  t he  Coeur d 'A l ene  R i v e r  d e l t a  have revea led  

t h e  magnitude o f  meta l  concen t ra t i ons  i n  t a i l i n g s  d e p o s i t s  (Max f i e l d ,  2  

unpubl ished d a t a ) .  The mean Zn concen t ra t i on  f o r  approx imate ly  45 cm 

cores was 4207 mg/kg. The average l e v e l s  o f  Mn, Pb, Sb, Cu, Cd, and Ag 

were 211 percen t ,  117 percen t ,  7  percen t ,  3  percen t ,  1  percen t ,  and 

0.3 percen t ,  r e s p e c t i v e l y ,  o f  t h a t  o f  z i n c ,  A mercury c o n c e n t r a t i o n  of 

0.4 pe rcen t  o f  t h e  preceding z i n c  va l ue  was r e p o r t e d  by sceva3 (unpub- 

l i s h e d  da ta ) .  The amount o f  meta ls  assoc ia ted  w i t h  co re  p a r t i t i o n s  

took  t he  o r d e r  o f  c l a y  > o rgan i c  m a t t e r  > sand > s i l t .  Meta l  concen- 

t r a t i o n s  i n  d e l t a  sediments u s u a l l y  inc reased  w i t h  d i s t ance  f rom t h e  

r i v e r  mouth, i n d i c a t i n g  t r a n s p o r t  by f i n e  suspended p a r t i c l e s .  equ i -  

l i b r i u m  equa t ions  a t  pH 7.8 and 2.5 i n d i c a t e d  z i n c  concen t ra t i ons  

r e 1  eased a t  1.8 and 22.0 mg Zn/ l  , r e s p e c t i v e l y .  

Based on t h e  i n f o r m a t i o n  gathered th rough  t h i s  i n v e s t i g a t i o n ,  

t h e  f o l l o w i n g  recommendations a r e  presented f o r  f u t u r e  management and 

research.  

'D. M a x f i e l d ,  B i o l o g i c a l  , chemical ,  and g e o l o g i c a l  s t udy  o f  
t h e  Coeur d lA lene  R i v e r  d e l t a .  Student  o r i g i n a t e d  s t u d i e s ,  NSF, 
U n i v e r s i t y  o f  Idaho, Moscow, Idaho, 1972, 

3 ~ a c k  E. Sceva, Geo log is t ,  FWPCA, Room 501, P i t t o c k  B lock ,  
Po r t l and ,  Oregon 97205, Mercury i n  sediment samples f rom the  Coeur 
d 'A l ene  R i v e r  Bas in ,  Idaho, A p r i l  7, 1971. 
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The effect  of Coeur dlAlene River water and metal ions on 

primary production should be monitored a t  low flow periods in the f a l l  

by acute bioassays developed in th i s  investigation. 

Chronic algal bioassays should be conducted so t h a t  application 

factors can be developed which would indicate safe concentrations of 

metals and wastes in the receiving waters (Report of the Committee on 

Water Quality Cr i te r ia ,  1968). The objective w o u l d  be t o  establish 

maximal allowable values below which exist  a range of concentrations 

tha t  do  n o t  inhibi t  production, Recommended values should be adequate 

where more t h a n  one adverse factor exis ts  ( Z n ,  C u ,  a n d  Cd) and be 

within sui tab1 e 1 imi t s  of pH, hardness, and temperature, 

Additional experiments should be conducted to explore the 

possi bi 1 i  ty that  some river constituents antagonize heavy metal 

toxicity and  t o  continue bioassays of the synergistic effects  of metals 

in sediment suspensions a n d  r iver water, Simultaneous bioassays 

should be conducted on natural a1 gal communities, isolated popul ations,  

and recommended indicator organisms. Such t e s t s  would define the 

effects of metal interactions and sensi t i vi t i e s  of communi ty  components 

These studies should be expanded t o  endemic and harvestabl e f i sh  of 

the area. Fish are usually more susceptible to  metal toxicity than  

a1 gae and could provide greater sensi t ivi ty in mu1 t i  vari a te  bi oassays, 

The trophic s tatus  of regional waters should be continuously 

surveyed by production-depth profiles and  accompanying physiochemical 

d a t a .  Additional information on nutrient,  metal , and  algal biomass- 

density depth reg-imes would aid such a program. 



CONCLUSIONS 

1. A l g a l  b ioassays o f  heavy ~ i i e t a l s  p r o v i d e  acu te  t e s t s  t h a t  

have p o s s i b l e  u t i l i t y  i n  management o f  wa te r  resources,  F a c t o r i a l  

des igns ,  carbon-1 4 uptake,  and s lmpl  e  r e s t r i c t i o n s  p laced  upon a lgae  

communit ies make i t  p o s s i b l e  t o  screen t h e  s imul taneous impact  o f  

s e v e r a l  p o l l u t a n t s  on a u t o t r o p h i c  p r o d u c t i o n  i n  a q u a t i c  systems. 

2, Z i n c ,  copper,  and cadmium were a c u t e l y  and s y n e r g i s t i c a l l y  

t o x i c  t o  carbon up take  by phy top lank ton .  

3. Coeur d l A l e n e  R i v e r  d i l u t i o n s  and t r e a t m e n t s  o f  Zn and Cu 

i n d i c a t e  t h a t  i n c r e a s e d  volumes o f  r i v e r  wa te r  decrease meta l  t o x i c i t y .  

V a r i a b l e  a l g a l  community s t r u c t u r e  and t h e  presence o f  ma jo r  c a t i o n s ,  

s o f t w a t e r ,  l o w  pH va lues ,  and b i c a r b o n a t e  c o n c e n t r a t i o n s  and p o s s i b l y  

c h e l a t i o n  appeared t o  a f f e c t  meta l  t o x i c i t y =  

4. Low i n o r g a n i c  carbon and modera te ly  h i g h  n i t r a t e  and phos- 

phate  l e v e l s  i n  t h e  Coeur d 'A lene  R i v e r ,  D e l t a ,  Lake, and S t .  Joe R i v e r  

suggest t h e  impor tance o f  c a ~ b o n  r a t h e r  t h a n  o t h e r  n u t r i e n t s  i n  r e g u l a -  

t i n g  growth o f  a u t o t r o p h i c  p o p u l a t i o n s .  

5. P r imary  p r o d u c t i o n  i n  t h e  sou thern  end o f  Coeur d lA lene  

Lake i s  e v i d e n t l y  under t h e  c o n t r o l  o f  d i scharges  f rom t h e  Coeur 

d iA lene  and S t .  Joe r i v e r s ,  Changes i n  wa te r  q u a l i t y  o f  t h e  l a k e  

appear t o  f o l l o w  seasonal f l u c t u a t i o n s  i n  t h e  r i v e r s .  

6 .  The e f f e c t  o f  w ind  a c t i o n  on e p i  1 i m n e t ~ c  p r o d u c t i o n  and 

t h e  l a c k  o f  ba lance i n  s t r a t ~ f i c a t i o n  appear r e l a t e d  t o  t h e  decreased 

dep th  o f  t h e  sou thern  end o f  t h e  Coeur d l A l e n e  Lake*  M i x i n g  o f  l a k e  
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wate rs  may be i n f l u e n t i a l  i n  d e a c c e l e r a t i n g  e u t r o p h i c a t i o n  by sup- 

p r e s s i n g  h y p o l i m n e t i c  oxygen d e p l e t i o n  and anaerob ic  n u t r i e n t  regenera- 

t i o n .  
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