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Plankton communities i n  t h e  lower Coeur d l A l e n e  R i v e r ,  d e l t a ,  
8 

a.nd a d j a c e n t  l a k e  wate r s  and t h e  loiver S t .  J o e  J'lver \\.ier.e ~ n v e s t l g a t e d  

over  an 18-month p e r i o d  t o  de te rmine  r e l a t i o n s h l ~ s  of t h e  phys lco-  

chemical  environment w l t h  community c o m ~ o s i r l o n  and seasona l  s u c c e s s i o n .  

The p l a n k t o n  organisms p r e s e n t  i n  t h e  Coeur d 7 A l e n e  River  fol lowed 

s i m i l a r  s e a s o n a l  c y c l e s  i n  corr~posi t ion t o  t h o s e  I n  t h e  d e l t a  a.nd open 

w a t e r s  o f  t h e  la.ke h u t  were consideraL3ly lower i n  numbers. Plankton 

p o p u l a t i o n s  were hieher- and more diversified I n  t h e  S t .  .Joe Rlver  t h a n  

i n  t h e  Coeur d l A l e n e  P i v e r  d u r i n g  t h e  summer o+  1970.  

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

a l l o c h t a n o u s  m a t e r i a l  a n n a r e n t l y  i n f l u e n c e  p l a n k t o n  communities i n  both 

t h e  Coeur d f A l e n e  X v e r  and d e l t a .  Disso lved  oxygen, a l k a l i n l c y ,  and nM 

were n o t  c o n s i d e r e d  l i m i t l n y  f a c t o r s  on t h e  b i i , l ~ g i c i i l  community. 

S e t t l   in^ ponds have impro-tied t h e  q u a l i t y  of  he r i ~ i , e r  wa te r s  w i  t h  r e s p e c t  

t o  suspended s o l l d s  b u t  have no t  e i i m l n a t e d  t h e  h i g h  concentrations of 

heavy m e t a l s  t o x i c  t o  t h e  b i o l o g i c a l  communityr 
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Coeur d fA lene  Lake has  r e ce ived  l a r g e  volumes o f  domest ic  and 

i n d u s t r i a l  was tes  from t h e  Coeur d fA lene  P ive r  f o r  n e a r l y  85 y e a r s .  The 

major source  of t h i s  p o l l u t i o n  ha s  been from ex t ens ive  mlning o p e r a t i o n s  

a long  t h e  South Fork of t h e  Coeur d f P l e n e  P ive r  above Wallace,  Idaho.  

Kemmerer e t  a l .  (1923) no ted  lower numbers o f  p lank ton  a t  t h e  mouth 

of t h e  Coeur d fA lene  River  nea r  Har r l son  C ~ t y  t han  i n  t h e  deepe r ,  more o l i g o -  

t r o p h i c  p o r t i o n s  o f  t h e  l a k e .  F l l i s  (1932) found t h e  p o l l u t e d  p o r t i o n s  of 

t h e  r i v e r  i n  1923 t o  be n e a r l y  devoid of f i s h ,  b e n t h l c  mac ro lnve r t eb r a t e s ,  

and p l ank ton .  He a l s o  no ted  t h a t  Coeur d fA lene  Lake nea r  t h e  mouth of t h e  

r l v e r  had lower popu l a t i ons  of phytoplankton,  zooplankton,  f l s h ,  and bottom 

organisms compared t o  t h e  remainder o f  t h e  l a k e .  

The North Fork OF t h e  Coeur d fA lene  River and t h e  S t .  J o e  Rlver  have 

n o t  been sub j ec t ed  t o  a s  many environmental  c h a n ~ e s ,  brought about by t h e  

a d d i t i o n  of domest ic  o r  i n d u s t r i a l  was t e s ,  and a r e  presumably I n  a  cond l t l on  

s i m i l a r  t o  t h a t  of t h e  South Fork p r i o r  t o  t h e  a d d l t i o n  OF such was tes .  

Zinc c o n c e n t r a t i o n s  up t o  21 ppm have been r e p o r t e d  i n  t h e  South Fork 

dur inq  low water  ~ e r i o d s .  Sappington (1970),  using unpo l l u t ed  North Fork 

wa t e r ,  found t h a t  96-hour TLm v a l u e s  f o r  c u t t h r o a t  t r o u t  fingerlings were 

0.09 ppm z i n c .  Savage (1970) r epo r t ed  t h a t  s i P t a t l o n  by mine was tes  ha s  been 

t h e  main l i m i t i n ?  f a c t o r  i n  p r even t i nq  t h e  c o l o n i z a t i o n  of r i f f l e s  i n  t h e  

South Fork and main Coeur d fA lene  River  by macrobenthlc  fauna .  The installation 
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of t a i l i n g s  ponds alone during 196';-6') had l i t t l e  e f f e c t  on in sec t  ~ r o d u c t l o n  

i n  t h e  po l lu t ed  s e c t i o n s  durlng t h e  period of h e r  observa t ions"  

The ob jec t ives  of t h i s  s tudy were (1) t o  desc r ibe  plankton populat ions 

and seasonal  v a r i a t i o n  i n  plankton community s t r u c t u r e  i n  the  Coeur dlAlene 

River ,  d e l t a ,  and open lake waters and (2) t o  measure seasonal  changes In 

physicochemical f a c t o r s  and attempt t o  r e l a t e  e f f e c t s  of t h e s e  changes on 

tlie plankton community. Such information w i l l  provide a  b a s i s  f o r  eva lua t ion  

of changes i n  f u t u r e  water uses  o r  t reatment  i n  t h e  d ramage .  



DESCRTPTTnN OF STl-SDY AREA 

A ,  Geographical  Locat lon 

Coeur d lA lene  Lake i s  l oca t ed  f n  Kootenai County i n  t h e  panhandle r e g i o n  

of no r the rn  Idaho,  a t  an e l e v a t i o n  OF 2124 F e e t .  Cons t ruc t ion  of Post  F a l l s  

Dam i n  1906 on t h e  Spokane r a i s e d  t h e  water  l e v e l  approximately  12 f e e t .  

The l a k e  occupies  a  narrow v a l l e y  extending approximately  24 mi l e s  from Coeur 

d lAlene ,  Idaho, t o  t h e  s o u t h .  

TW major  r l v e r s ,  t h e  Coeur d f A l e n e  and S t  J o e ,  d i s cha rge  i n t o  t h e  

sou thern  p o r t i o n  of  t h e  l a k e .  The headwaters  o f  t h e  Coeur d lA lene  River  

originate i n  t h e  B i t t e r r o o t  Plountafns between Montana and Idaho. The 

d r a inage  a r e a  o f  approximately  4,000 square  ml l e s  i s  comprised t o  two sub- 

d r a i n a ~ e s ,  t h e  South Fork d r a i n i n g  t h e  famous Coeur d f A l e n e  mining d i s t r i c t  

and t h e  North Fork i n  t h e  Coeur d lA lene  Nat iona l  F o r e s t ,  which i s  r e l a t i v e l y  

u n a l t e r e d  by man's a c t i v i t i e s .  The South Fork j o i n s  t h e  North Fork a t  

E n a v i l l e  t o  form t h e  Coeur d fA lene  River  which f lows 30 m i l e s  west i n t o  

Coeur d fA lene  Lake a t  Ha r r i son ,  Idaho (F ig .  1 ) .  The S t .  J o e  River  wi th  a  

watershed o f  about  1500 squa re  mi l e s  a l s o  o r i g i n a t e s  I n  t h e  B i t t e r r o o t  

Mountains sou th  o f  t h e  Coeur d fA lene  d r a inage .  There has  been l l t t l e  minlng 

i n  t h e  S t .  J o e  watershed.  

B .  Physiography and Geology 

Pluch of  t h e  d r a inage  a r e a  around Coeur d lAlene  Lake i s  mountainous 

w l t h  some narrow v a l l e y s  c h a r a c t e r i s t i c  OF a  g l a c i a t e d  r e g i o n .  The geology 

o f  t h e  a r e a  ad j acen t  t o  t h e  l ake  has  been de sc r i bed  by Anderson (19401, 



C h a t c o l e t  

Scale : miles 

Fig. 1.--Coeur dlAlene Lake and station locations. 



Precambrian sedimentary and metamorphic rocks  u n d e r l i e  t h e  Coeur d fAlene  

d r a inage  b a s i n ,  whereas t h e  S t .  Joe  watershed c o n s l s t s  malnly of sedimentary 

Algonkian o r  Precambrian Bel t  S e r i e s .  I n  a d d l t i o n  t o  g l a c i a l  d r i f t  and 

al luvium, f i v e  magor rock types  occur  beneath and ad j acen t  t o  t h e  l ake .  These 

a r e  q u a r t z i t e s ,  a r g i l l i t e s ,  s h a l e s ,  g n e i s s e s ,  and b a s a i t s .  A t  s e v e r a l  

l o c a t i o n s  around t h e  l ake ,  t h e  b a s a l t s  have been removed by e ro s ion ,  l eav lng  

t h e  l ake  shore  of  metamorphosed rocks .  

C .  Cllmate 

The c l ima te  o f  t h e  a r e a  surrounding t h e  l a k e  IS ~ n t g r m o n t a n e .  

Nearness t o  t h e  P a c l f i c  ncean, p r e v a i l i n g  w ~ n d s ,  and topography have glven 

no r the rn  Idaho a  mi lde r  c l i m a t e  than i t s  l a t i t u d e  i n d i c a t e s .  W ~ n t e r s  a r e  

no t  s eve re  f o r  extended pe r lods ,  and t h e  summers a r e  long and warm with 

l i t t l e  p r e c i p i t a t i o n .  \sfany of t h e  s torms and p r e v a i l i n g  wlnds approach 

t h e  lake  from t h e  sou thwes t .  Average annual r a i n f a l l  and temperature  a t  

S t .  Maries ,  Idaho, n e a r  t h e  sou thern  end of  t h e  l a k e  a r e  2 8 - 1  inches  and 

47.5  F, respectively (Figs .  2 and 3 1 .  

D . Florphometry 

Lake Coeur d fAlene  is t h e  second l a r g e s t  l ake  In  Idaho. Although 

comparat ively narrow, it i s  24 ml l e s  long .  Sur face  elevation i s  2124 f e e t  

, above s e a  l e v e l  wi th  a  maximum fluctuation of 6 f e e t  annua l ly .  The sou thern  

arm of t h e  l a k e  extends i n  a  s o u t h e a s t e r l y  d i r e c t i o n .  The no r the rn  p o r t l o n ,  

which i nc ludes  approximately two- th i rds  OF t h e  l ake ,  l l e s  I n  a  nor th-  

nor thwest  d i r e c t i o n ,  t h u s  exposing t h a t  p o r t i o n  of  t h e  l ake  t o  t h e  p r e v a l l ~ n g  

southwest winds. 



- 63-yr mean 
- - - -  Observed va lue s  dur ing  

F i g .  2.--Average monthly and observed a i r  
t empera ture  a t  S t .  Maries ,  Idaho. 

- 6 3  y e a r  mean 

----  Observed va lue  

during study per iod 

A  M J J  A S 0  N D J  F M A  M J  J A S  O N D  
1969 1970 

F ig .  3.--Average monthly and observed p r e c i p i t a t i o n  
va lue s  a t  S t .  Maries ,  Idaho. 
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The dep th  g r a d u a l l y  I nc r ea se s  Prom t h e  sou thern  end of  t h e  l a k e  t o  

w i th in  3  m i l e s  of t h e  o u t l e t ,  where ~t aga ln  beg lns  t o  dec r ea se  (Kemmerer 

e t  a l e ,  1923) .  The deepes t  recorded  p o i n t  (56 meters)  i l e s  o f f  Three Mile - 
Poin t  i n  t h e  n o r t h e r n  narrows.  



FIATEF.IALS AND METHODS 

A.  Locat ion of  S t a t i o n s  

S e l e c t i o n  of s t a t i o n s  was based on dep th ,  which ranged from 6 mete rs  

n e a r  t h e  mouth of t h e  Coeur d lA lene  River  t o  20 mete rs  a t  t h e  l a k e ' s  c e n t e r  

o f f  Spokane P o i n t ,  and l o c a t i o n  with  r ega rd  t o  t h e  Coeur d lA lene  River  

e f f l u e n t .  The fo l lowing  s i x  s t a t i o n s  ( F i g .  1) were e s t a b l i s h e d :  

S t a t i o n  1 ,  o f f  Spokane Po in t  on a  l i n e  wi th  Ha r r i son ,  Idaho,  n e a r  t h e  
c e n t e r  o f  t h e  l a k e ;  

S t a t i o n  2 - B y  w i t h i n  t h e  Coeur d lA lene  River  channel n e a r  t h e  r i v e r ' s  
mouth; 

S t a t i o n  3,  w i th in  t h e  Coeur d lA lene  River  channel approximately  1 / 2  m i l e  
upstream from t h e  r i v e r ' s  mouth; 

S t a t i o n  4, approx imate ly  100 yards  o f f s h o r e  i n  t h e  c e n t e r  o f  Clealand Bay; 

S t a t i o n  5,  approx imate ly  80 yards  o f f s h o r e ,  j u s t  sou th  o f  t h e  p u b l i c  
pa rk ing  a r e a  a t  H a r r i s o n ' s  beach;  and 

S t a t i o n  7 ,  approx imate ly  4  1/2  mi l e s  upstream from t h e  l ake  i n  mid-channel 
o f  t h e  S t .  J o e  R ive r ,  

I n  November, 1969, t h r e e  new s t a t i o n s  were e s t a b l i s h e d ,  and t h r e e  o f  t h e  

p r e v i o u s l y  mentioned s t a t i o n s  were d i s con t i nued  u n t i l  t h e  fo l lowing  summer. 

The l o c a t i o n  of t h e s e  s t a t i o n s  were a s  f o l l ows :  

S t a t i o n  2, approximately  300 ya rd s  o f f s h o r e  n e a r  t h e  mouth of  t h e  Coeur 
d lA lene  River :  

S t a t i o n  1 - A ,  approximately  300 ya rd s  o f f s h o r e  from Clealand Po in t  towards 
t h e  c e n t e r  of t h e  l a k e ;  and 

S t a t i o n  2-A, approximately  300 yards  o f f s h o r e  and 1 / 4  m i l e  n o r t h  o f  
Harlow P o i n t .  

S t a t i o n s  2-B, 4 ,  and 5  were d i s con t i nued  u n t i l  J une ,  1970. The amount 

o f  wind exposure  v a r i e d  cons ide r ab ly  with  s t a t i o n s .  S t a t i o n  2-B was a f f e c t e d  
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cons ide r ab ly  by p r e v a f l i n g  nor thwest  winds due t o  r t s  sha l low dep th  du r lng  

low-water p e r i o d s .  The l eng th  of open wate r  Increased  t o  a  maxlmum a t  t h i s  

s t a t i o n ,  and h igh  t u r b i d i t y  was ev iden t  dur lng  wlndy p e r l o d s ,  S t a t i o n s  1,  2 ,  

and 2-A were s u b j e c t e d  t o  f r equen t  nor thwest  winds,  b u t ,  due t o  t h e i r  i nc r ea sed  

d e p t h  and d i s t a n c e  from t h e  r i v e r ' s  mouth, t h e  e f f e c t s  were n o t  a s  e v i d e n t .  

S t a t i o n s  1 - A ,  4 ,  and 5  were exposed t o  occa s iona l  e a s t e r l y  winds from t h e  

Coeur d 'Alene River  v a l l e y  and l i g h t e r  sou th  winds.  S t a t i o n s  3 and 7 i n  t h e  

r i v e r s  were n o t  exposed t o  windy c o n d i t i o n s  a s  were t h e  l a k e  s t a t i o n s ,  

B .  Sampling Schedule 

Limnological  f e a t u r e s  were s t u d i e d  a t  t h e  s i x  s t a t i o n s  e s t a b l i s h e d  

i n  May, 1969, weekly from May u n t i l  September and bi-weekly dur ing  October ,  

1969. Beginning i n  November, 1969, samples were t aken  monthly u n t i l  May, 

1970, and bi-weekly t h e r e a f t e r  u n t i l  November, 1970. I n  addition, s t a t i o n s  1-8 

and 2-8 were sampled p e r i o d i c a l l y  from December, 1969, t o  October ,  1970. 

During t h e  pe r i od  June  through October ,  1970, s t a t i o n s  2-B, 4 ,  5 ,  and 7 were 

sampled bi-weekly.  

C o l l e c t i o n s  were made i n  t h e  l a t e  morning and e a r l y  a f t e r n o o n ,  

Sampling was done from an outboard motor boa t  wi th  t h e  a i d  of a hand- 

ope ra t ed  winch. 

C .  Chemical and Phys lca l  Methods 

Water t empera ture  r e ad ings  were c o l l e c t e d  with  a Yellow Spr ings  

p o r t a b l e  i n d i c a t o r ,  and measurements were recorded  t o  t h e  n e a r e s t  0 . 1  C ,  

Dissolved oxygen r e a d i n g s  were t aken  wi th  t h e  same p o r t a b l e  i n d i c a t o r  and 

recorded t o  t h e  n e a r e s t  0 .1  m g / l i t e r .  Both t empera ture  and d i s so lved  

oxygen r ead ings  were t aken  a t  t h e  s u r f a c e  and a t  1-meter i n t e r v a l s .  

Water a n a l y s i s  c o n s i s t e d  of de te rmin ing  ca rbona te  and b i c a ~ b o n a t e  

a l k a l i n i t y ,  hydrogen-ion c o n c e n t r a t l o n s ,  and electrical conductivity. 
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Measurements were t aken  a t  t h e  s u r f a c e ,  3 ,  7 ,  9 ,  12,  and I5  meteps a t  a l l  

s t a t i o n s  except  a t  2 - B ,  4 ,  and 5 ,  where on ly  t h e  s u r f a c e  and 3-meter dep ths  

were c o l l e c t e d .  A l k a l i n i t y  was determined by t l t r a t i n g  wl th  .02N s u l i u r l c  

a c i d  u s i n g  phenolph tha le in  and methyl orange a s  indicators (Standard Methods, 

1965).  The pH was determined by u s ing  a  H e l l l g e  c o l o r  comparator.  Conductivity 

was measured w i th  a  p o r t a b l e  c o n d u c t i v i t y  meter  and recorded  i n  micromhos p e r  

square  c e n t i m e t e r .  Ana lys i s  OF pH and a l k a l i n i t y  were made a s  soon a s  

p o s s i b l e  i n  t h e  f i e l d  o r  i n  a  f i e l d  l a b o r a t o r y  near  t h e  l a k e .  A 2 - l i t e r  

p l a s t i c  Van Dorn sampling b o t t l e  was used t o  o b t a i n  water  samples from t h e  

d e p t h s .  

Water t r an spa rency  was determined by lowering an 8- inch Secchi  d i s k  

and r eco rd ing  t h e  average  dep th  a t  which i t  d i sappeared  and reappeared .  

Lake l e v e l  r e ad ings  were ob t a ined  from t h e  Washington Water Power 

Company a t  Coeur d tA lene ,  Idaho, and r i v e r  discharge r ead lngs  from t h e  

Uni ted S t a t e s  Department o f  I n t e r i o r ,  Water Resource D iv i s i on ,  Sandpoin t ,  

Idaho.  Annual t empera ture  and p r e c i p i t a t i o n  read ings  f o r  S t .  M a n e s ,  Idaho, 

were ob ta ined  from t h e  United S t a t e s  Department of Comme~ce (1969-701. 

I). P lankton Methods 

Net p lank ton  were c o l l e c t e d  u s ing  a  modif ied Miller p lank ton  sampler ,  

The metered n e t  was cons t ruc t ed  by mod i f i c a t i on  of a de s ign  f o r  t h e  M i l l e r  

Sampler ( M i l l e r ,  1961) ,  The dev l ce  c o n s i s t e d  o f  a p l a s t i c  (PVC) c y l l n d e r  

equipped wi th  a  Gemware flow meter  and digital counte r  and a  No. 20 mesh 

c o n i c a l  n e t  and p lank ton  bucke t ,  The body of t h e  c y l i n d e r  i s  60 cm long 

wi th  a  10.5-cm i n s i d e  d iamete r ;  t h e  n e t  i s  90 cm long .  Both t h e  p lank ton  

bucket  and c o n i c a l  n e t t i n g  were r ep l aced  tw ice  dur ing  t h e  pe r i od  of  i n v e s t i g a -  

t i o n  t o  reduce  any p o s s i b l e  l o s s  i n  e f f i c i e n c y  due t o  c logg lng  and f r a y l n g  
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o f  t h e  meshes. Sincenannoplankton were a l s o  measured, i t  was no t  nece s sa ry  

t o  app ly  a  n e t  phytoplankton e f f i c i e n c y .  

Samples c o n s i s t i n g  o f  f i v e  v e r t i c a l  h a u l s ,  from 4 me te r s ,  were t aken  

a t  s t a t i o n s  1, 2-B, 3, 4 ,  and 5  From June through October ,  1969. The n e t  

was r a i s e d  a t  approximately  0 .5  mete rs  p e r  second (Ricker ,  19321. A 1 1  f i v e  

hau l s  a t  one s t a t i o n  were comblned t o  r e p r e s e n t  n e t  p lank ton  s t and ing  c rop  

f o r  t h e  s t r a t a .  After each sample,  t h e  bucket  was removed and t h e  c o n t e n t s  

emptied i n t o  a  2-ounce screw-top b o t t l e .  The bucket  was t hen  washed wl th  an 

a l coho l - fo rma l in  p r e s e r v a t i v e  t o  I n s u r e  complete r e cove ry  of  a l l  organisms-  

Before  each succeeding s t a t i o n  was sampled, t h e  n e t  was washed i n  t h e  l ake  

wi th  t h e  bucket  removed. 

During t h e  p e r i o d  November, 1969, t o  November, 1970, two v e r t i c a l  

h a u l s  were t aken  Prom t h e  bottom t o  t h e  s u r f a c e ,  a t  s t a t i o n s  1, 2 ,  and 3  

and p e r i o d i c a l l y  a t  s t a t l o n s  1 - A  and 2-A. The l a t t e r  two s t a t i o n s  were used 

as c o n t r o l s  t o  compare paramete rs  a t  s t a t i o n s  1 and 2 throughout  t h e  s t u d y .  

This  was t o  de te rmine  i f  e i t h e r  s t a t i o n  1 o r  2  were being a f f e c t e d  by t h e  

Coeur d tA lene  R ive r .  The two n e t  p lank ton  hau l s  were counted s e p a r a t e l y  and 

averaged t o  r e p r e s e n t  t h e  s t and ing  c rop .  The samples were handled i n  t h e  same 

manner a s  t h o s e  from t h e  t o p  4 me t e r s .  I n  a d d i t i o n ,  t h e  t o p  4 mete rs  were 

aga in  sampled a t  s t a t i o n s  1,  2-B, 3,  4 ,  and 5 f o r  t h e  p e r i o d  June  through 

October,  1970. S t a t i o n  7 ,  i n  t h e  S t .  J o e  River ,  was sampled f o r  n e t  

p lank ton  andnannoplankton du r ing  t h e  p e r i o d  June through September, 1990. 

A t o t a l  count o f  p lank ton  Crus tacea  and n o t i f e r a  was made i n  each of  

t h r e e  1 - m i l l i l i t e r  count ing  chambers. A mechanical s t a g e  and a  Whlpple 

Ocular  g r i d  se rved  a s  gu ides  t o  i n s u r e  complete coverage o f  t h e  chamber. 

Af t e r  t h e  zooplankton were counted,  n e t  phytoplankton counts  were made 

u s ing  t h e  method by Pdi l l ipore  (1969) .  A subsample o f  t h e  n e t  p lank ton  sample 
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was f i l t e r e d  on a  25-mm diamete r  t ype  HA M i l l i p o r e  f i l t e r  mounted In  a  125-ml 

f i l t e r  f l a s k .  A t o t a l  o f  10 f i e l d s  was s e l e c t e d  a t  random and enumerated wl th  

t h e  a i d  o f  a  Whipple o c u l a r  g r i d  and a  phase scope .  C o l o n ~ e s ,  l n d l v l d u a l  c e l l s  

o f  c o l o n i a l  and f i l amentous  forms, and u n i c e l l u l a r  forms were a l l  considered 

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

The zooplankton were i d e n t i f i e d  u s ing  keys and techn iques  de sc r i bed  

by Ward and Whipple (1959) and by Pennak (1953).  Phytoplankton were 

i d e n t i f i e d  u s ing  keys and techn iques  de sc r i bed  by Smith (1950) ,  Ward and 

Whipple (1959), and P r e s c o t t  (1954).  

Samplesofnannoplankton ( a l l  phytoplankton pa s s ing  through a  No. 20 

mesh n e t  and l e s s  than  70 mlcrons In  s i z e )  were ob ta ined  u s ing  t h e  Van Dorn 

sampler and a  No. 20 mesh Wisconsin p lank ton  n e t .  Samples from t h e  t o p  

4 mete rs  were taken a t  t h e  s u r f a c e  and a t  1-meter i n t e r v a l s .  Samples r e p r e -  

s e n t i n g  t h e  bo t tom- to-sur face  s t and ing  crop were t aken  a t  t h e  s u r f a c e  and a t  

3 ,  5 ,  7 ,  9 ,  12,  and 15 mete rs  depending on t h e  s t a t i o n  dep th .  Two l i t e r s  

from each dep th  were f i l t e r e d  through t h e  No. 20 mesh n e t  I n t o  a  5 -ga l lon  

c o n t a i n e r .  The combined samples from each dep th  were then mixed and a  

1 - l i t e r  a l i q u o t  drawn o f f .  These samples were t hen  f i l t e r e d  on a  47-mm 

diamete r  t ype  HA M i l l i p o r e  f i l t e r  and counted i n  t h e  same manner a s  t h e  n e t  

p h y t o ~ l a n k t o n .  The amountof nannonlankton p r e s e n t  determined t h e  volume 

of  t h e  sample f i l t e r e d .  



RESULTS 

A ,  Phys ica l  Fea tu r e s  

1. Transparency 

Transparency o f  Coeur d fA lene  Lake ranged from a  low o f  2 f e e t  i n  

February,  1970, t o  a  maximum of  16  f e e t  du r ing  August, 1969. The h i g h e s t  

t r an spa rency  occur red  du r ing  t h e  summer months and t h e  lowest du r ing  t h e  

f a l l  and w in t e r  (F ig .  4A). The Coeur d fA lene  River  e x h i b i t e d  h i g h e r  

t r a n s p a r e n c i e s  than  t h e  l a k e  du r ing  Pate  w in t e r  and e a r l y  s p r i n g ,  p r i o r  t o  

peak d i s c h a r g e .  A low of  n e a r l y  3 f e e t  occur red  du r ing  J u n e ,  1969, and a  h igh  

o f  11 f e e t  i n  October ,  1969. The S t .  J o e  River  ranged from a  low o f  7  f e e t  

t o  a  high of  12.5 f e e t  du r ing  t h e  summers o f  1969-70. 

2 .  Water Level 

Coeur d fA lene  Lake l e v e l  decreased  i n  t h e  s p r i n g  a f t e r  peak r i v e r  

d i s c h a r g e  and s t a b i l i z e d  a t  an e l e v a t i o n  o f  2128 f e e t  du r ing  both summers. 

Maximum draw-down a t  Post  F a l l s  Dam was 4  f e e t  beginning i n  l a t e  August and 

r each ing  a  peak i n  November. Water l e v e l  i nc r ea sed  g e n e r a l l y  throughout  t h e  

w in t e r  and reached  a  maximum du r ing  June  (F ig .  4B). 

3 .  River  Discharge 

~~aximum d i s c h a r g e  f o r  both t h e  Coeur d f A l e n e  and S t ,  J o e  Rivers  occur red  

du r ing  May and June  (F ig .  4C). Low r i v e r  d i s c h a r g e  occur red  du r ing  t h e  summer 

and f a l l  wi th  l e s s  than  300 c f s  i n  both r i v e r s  i n  September.  
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F i g .  4.--Physical f e a t u r e s  of Coeur dtAlene Lake and River 
and t h e  S t .  Joe River .  May, 1969, t o  December, 1970. 



Seasonal d i s c h a r g e  was s i m i l a r  i n  both r i v e r s  except  du r ing  t h e  s p r i n g  

of  1970 when t h e  S t .  J o e  exceeded t h e  Coeur d fA lene  by approximately 

4000 c f s  i n  e a r l y  June .  

4. Temperature 

The l ake  remained n e a r l y  homothermous throughout  t h e  w i n t e r  months 

u n t i l  e a r l y  May, when t h e  s u r f a c e  wate rs  began t o  warm r a p i d l y .  A the rmocl ine  

e x i s t e d  between 2 and 13 mete rs  from June t o  September, 1970 (F ig .  51,  The 

l ake  remained s t r a t i f i e d  u n t i l  t h e  f i r s t  week of  October ,  fol lowed by t h e  

f a l l  o v e r t u r n .  Su r f ace  wa t e r s  ranged from 3 C i n  January  t o  25 C dur ing  

August.  

The Coeur d1Alene River  remained n e a r l y  homothermous throughout  

t h e  pe r i od  of  s t udy  (F ig .  6Aj, S l i g h t  s t r a t i f i c a t i o n  e x i s t e d  through t h e  

summer months wi th  a  the rmocl ine  forming i n  t h e  t o p  2 mete rs  dur ing  e a r l y  

J u l y ,  1970. S i m i l a r  t empera ture  c o n d i t i o n s  e x i s t e d  i n  t h e  S t .  J o e  River 

(Fig.  6B). Su r f ace  wate rs  ranged from 2 C i n  January  t o  25 C i n  J u l y  i n  t h e  

Coeur d f A l e n e  River .  Maximum s u r f a c e  wate r  t empera ture  I n  t h e  S t .  J o e  Rlver  

(22 C )  occur red  du r ing  August. 

B .  Chemical Fea tu r e s  

1. Dissolved Oxygen 

Dissolved oxygen i n  t h e  s u r f a c e  wa t e r s  of t h e  l a k e  ranged from 5 .0  t o  

11.3  m g / l i t e r  (F ig .  9A) a t  s t a t i o n  1 and 4 .5  t o  11,s m g j l l t e r  In  t h e  d e l t a  

( s t a t i o n  2) dur ing  t h e  p e r i o d  November, 1969, through November, 1970 (Table  I ] .  

b4aximum oxygen s t r a t i f i c a t i o n  occur red  i n  J u l y  when 0.15 m g / l l t e r  was recorded 

n e a r  t h e  bottom and 11 .3  m g / l i t e r  i n  t h e  s u r f a c e  wa t e r s  a t  s t a t i o n  1 (F ig .  7 ) .  



Fig. 5.--Water temperature profiles in Coeur dlAlene Lake 
(station 1). November, 1969, to November, 1970. *Pertains to 1969 
observations. Numbers on each profile denote month and day. 



Fig. 6.--Water temperature profiles in the Coeur dtAlene River 
(A) and the St. Joe River (B). *Pertains to 1969 observations. Numbers 
on each profile denote month and day. 



Fig .  7.--Di5solved oxygen p r o f i l e s  i n  t h e  Coeur dfAlene  Lake 
( s t a t i o n  I . ) .  *Per ta ins  t o  1969 observa t ions .  Numbers on each 
p r o f i l e  denote month and day. 
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S i m i l a r  s u r f a c e  r e a d i n g s  ( 4 - 8 - 1 1 . 4  m g / l i t e r )  occur red  I n  t h e  Coeur 

d f A l e n e  River  d u r i n g  t h e  same p e r i o d  ( F i g .  8Aj.  Dissolved oxygen p r o f l l e s  

were more homogeneous throughout  t h e  y e a r  i n  bo th  r i v e r s  than I n  t h e  l a k e ,  

where stratification occur red  from '!ay through hlovember. 

The S t .  J o e  River  had a  range  o f  6 . 2  t o  1 4 . 7  m g / l l t e r  dissolved 

oxygen i n  t h e  s u r f a c e  w a t e r s  from J u n e  through October ,  1969. During t h e  

summer o f  1970, t h e  range  was 8 . 0  t o  9 . 8  m g / l i t e r ,  Oxygen s t r a t i f i c a t i o n  

d u r i n g  t h e  summer months was s i m i l a r  i n  b o t h  r i v e r s  w l t h  t h e  exception of 

d u r i n g  J u l y  when t h e  S t .  J o e  became h i g h l y  s t r a t i f i e d  ( F i g .  8B) .  

2. Hydrogen Ion Concen t ra t ion  

Observa t ions  were s i m i l a r  i n  t h e  l a k e  s t a t i o n s  w l t h  a pH range  o f  6 . 5  

t o  7 .4 .  The Coeur d f A l e n e  River  was s l i g h t l y  more a c l d i c  (pH 6 .1 -7 .2 )  d u r i n g  

t h e  same p e r i o d  ( F i g .  9B).  During t h e  summers o f  1969-70, t h e  S t .  J o e  

River  had a  pH r a n g e  o f  6 . 4  t o  7 . 5 .  

3. S p e c i f i c  Conductance 

S p e c i f i c  c o n d u c t i v i t y  was h i g h e r  i n  t h e  Coeur d f A l e n e  River  (Table  1 )  

than  i n  t h e  l a k e .  P4aximum r e a d i n g s  occur red  d u r i n g  low d i s c h a r g e  i n  t h e  f a l l  

(F ig .  9D), No v a l u e s  above 50 micrcmhos were r e c o r d e d  a t  s t a t l o n  1 d u r l n g  t h e  

p e r i o d  November, 1969, t o  November, 1970. A maximum o f  280 mlcromhos was 

recorded  i n  November, 1969, a t  s t a t l o n  2 .  Other  samn1es t a k e n  a t  s t a t l o n  2 

remained below 100 micromhos. The S t .  J o e  Rlver  d u r i n g  low wate r  I n  1969 

had a  maximum o f  70 micromhos. No r e a d i n g s  above 50 micromhos were 

recorded  d u r i n g  t h e  summer o f  1970. 



Coeur d '  

S t .  Joe  

F ig .  8.--Dissolved oxygen p r o f i l e s  i n  t h e  Coeur dlAlene 
River  (A) and t h e  S t .  J o e  River ( B ) .  * P e r t a i n s  t o  1969 observa t ions  
Numbers on each p r o f i l e  denote  month and day. 



''1 -- -_ Coeur d ' ~ l e n e  Lake  

I Coeur d 7 A l e n e  River 

Fig.  9.--Selected chemical f e a t u r e s  i n  t h e  sur face  waters of 
Coeur dlAlene Lake [ s t a t ion  1) and t h e  Coeur dfAlene  River ( s t a t i o n  3 ) .  
(A) D . O . ,  (B) pH, (C] M.O.  a l k a l i n i t y ,  and (D) conduct iv i ty .  



TABLE 1.--Chemical p a r a m e t e r s  a t  s e l e c t e d  d e p t h s  i n  Coeur d l A l e n e  Lake 
and R i v e r ,  November, 1969-November 1970 

S t a t l o n  

P (Lake) 2 (De l t a )  3  (Rlver )  

5 .0-11.3  4 .5-11 - 5  4  -8 -11  .4  

5 .0-11.0  4 .5-11,4  4,8-PP - 4  

2.1- 8 . 5  3 . 7 -  9 . 0  4.5-10 + 7  

0 .5 -  8 . 2  0 .7 -  7 . 9  - m e * e  

6.5-7 .4  6 . 5 - 7 . 4  6.1-7 - 2  

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

6 .7 -7 .4  6 .6 -7 .3  6 . 4 - 7 - 2  

6 . 9 - 7 . 3  6 . 5 - 7 . 2  - . .  p 

15-24 15-20 P3-19 

15-24 15-21 13-19 

15-21 15-11 13-18 

15-22 15-21 .,.... 

-50 50-240 -50-280 

<50 -50-220 - 50-340 

:SO --50-280 :SO-320 

- 50 -50-280 - S F + ?  

Parameter  

Disso lved  oxygen 
(mg/ 1 i t e r )  

M.O. a l k a l i n i t y  
(mg/ 1 i t e r )  

C o n d u c t i v i t y  
(micromhos) 

Depth 
(Meters)  

0  

3 

9  

12 

0  

3  

9 

12 

0  

3  

9 

1 2  

0 

3  

9 

12 



4 .  A l k a l i n i t y  

A l k a l i n i t y  was due e n t i r e l y  t o  b i ca rbona t e s  whlch ranged prom 

15-24 m g / l i t e r  i n  t h e  l a k e  and 13-19 m g j l l t e r  i n  t h e  Coeur d fA lene  River 

(Table 1 ) .  Averages a t  a l l  dep ths  ranged s l i g h t l y  h ighe r  i n  t h e  l a k e  than 

Tn t h e  r i v e r  (Pig .  9C). The S t .  J o e  River  had a range of  18 t o  41 m g / l l t e r  

h r h g  t h e  summers of 1969-70. 

C .  P lankton 

P lank ton  was c o l l e c t e d  t h r o u ~ h o u t  an 18-month p e r i o d ;  however, because 

of t h e  g r e a t  v a r i a t i o n  throughout  t h e  summers i n  t h e  t o p  4-meter s a m ~ l e s ,  

o n l y  t h e  bo t tom- to-sur face  c o l l e c t i o n s  were s e l e c t e d  t o  demonstra te  seasona l  

changes.  The samples t aken  i n  t h e  t o p  4 mete rs  a r e  d i s cus sed  b r i e f l y .  

1. Phytoplankton 

a .  Composition.--A t o t a l  of f o u r  phy la  and 59 phytoplankton genera  

were i d e n t i f i e d  du r ing  t h e  i n v e s t i g a t i o n  (Appendix, Table  1 2 j .  The Chryso- 

phycophyta exhibited t h e  l a r g e s t  number of genera  I n  Coeur d fA lene  Lake and 

t h e  S t .  J o e  River ,  whereas t h e  Chlorophycophyta comprised t h e  l a r g e r  p o r t l o n  

i n  t h e  Coeur d fA lene  River  [Table 2 j ,  

The Chryso~hycophyta  made up  n e a r l y  100% of t h e  phytoplankton counts  

du r ing  t h e  pe r i od  November, 1969, t o  August,  1970, i n  Coeur d fA lene  Lake and 

River .  The most abundant forms were t h e  diatoms Melos l ra ,  T a b e l l a r i a ,  

A s t e r i o n e l l a ,  S y n e d ~ a ,  and F r a g i l l a r i a .  From August through October ,  1970, 

f i l amentous  Chlorophycophyta and Cyanophycophyta were p r e s e n t  i n  t h e  nano- 

p lank ton  coun t s .  These were inc luded  under  f i l amentous  forms and never  

exceeded 32% of any one sample i n  t h e  l a k e .  The S t .  J o e  River  from June 

through mid-September, 1970, had a s  h igh  a s  54% f i l amen tous  forms.  The 

f i l amentous  Chloronhycophyta were dominated by Mougeotia and U lo th r i x  a t  a l l  



TABLE 2.--Phytoplankton composi t ion,  expressed a s  numbers af  genera 
and pe r cen t age  composi t ion,  i n  Coeur d fA lene  Lake, R lve r ,  

and S t ,  J o e  River .  

I Locat i on  

Phylum 

Chrysophycophyta 14 (35.8%j 25 (59,5%) 

Coeur d fA lene  Coeur d ' A 1  ene S t .  J o e  
Lake River  River  

Chlorophycophyta 
(green a lgae )  11 (36.6%) 18 (46.2%) 13 (31.0%) 

Cyanophycophyta 
(b lue -green  
a l g a e  j 

To t a l  3 9 4 2 

6 (20.0%) 6 (15 ,3%j  4 (9 .5%) 

Pyrrhophycophyta 

s t a t i o n s  wi th  t h e  a d d i t i o n  of  Sp i rogyra  and Chaetophora i n  t h e  S t A  J o e  R ive r .  

The Cyanophycophyta comprised a l a r g e r  p o r t i o n  of t h e  counts  i n  t h e  r i v e r s  

1 (3 .3%)  1 (2,6%') 0 

than  i n  t h e  l a k e .  

b .  Net phytoplankton.- -There  were t h r e e  major peaks o f  n e t  phyto-  

p lank ton  i n  Coeur d fA lene  Lake du r ing  t h e  pe r l od  November, 1969, t o  November, 

1970 (F ig"  1 0 ) .  The f i r s t  and second peaks occur red  dur lng  December and May, 

r e s p e c t i v e l y ,  and were dominated by P le los i ra .  The t h i r d  peak, dur lng  

September, was mainly T a b e l l a r i a .  Seasonal  composit ion f o r  t h e s e  two dla toms 

(F ig .  10) show t h a t  Melos i ra  comprised t h e  h l g h e s t  pe rcen tage  of t o t a l  n e t  

phytoplankton counts  dur ing  t h e  w in t e r  and s p r l n g ,  whereas T a b e l l a r l a  was 

dominant d u ~ i n g  l a t e  summer and e a r l y  f a l l .  Melosi ra  comprised a s  hlgh a s  



F i g .  10.--Seasonal v a r i a t i o n  of  t o t a l  n e t  phytoplankton,  expressed 
a s  numbers p e r  l i t e r ,  i n  Coeur d tA lene  Lake and River  and nercen tage  
composi t ion of  Melos i ra  and T a b e l l a r i a .  November, 1969, t o  November, 19?0. 



I fl 10 Melos i ra  

- Tota l  count 
- - -  0 

' . . . % ~ a b e l l a r i a  A 

Stat ion  1 
(I a  ke) 

20 I Sta t ion  3 

Date 



93% o f  t h e  t o t a l  count i n  e a r l y  May, whereas T a b e l l a r l a  comprised 95% of 

t h e  e a r l y  September count .  A s t e r i o n e l l a  reached maximum numbers (53,OOOjliter)  

du r ing  December, a t  s t a t i o n  1, and t h e r e a f t e r  decreased throughout  t h e  sp r lng  

and summer. Melos i ra  a l s o  reached a  peak i n  December ( 1 8 0 , 0 0 0 j l i t e r j  and 

t hen  decreased  u n t i l  e a r l y  Play when another  peak j l 4 7 , 0 0 0 / l i t e r ]  occur red ,  

a t  s t a t i o n  1. T a b e l l a r i a  counts  showed a  maxlmum of  n e a r l y  138 ,000j l1 te r  

dur ing  September a t  s t a t i o n  1 ,  Other forms wi th  peaks were: Synedra 

(1 ,60O/ l i t e r )  dur ing  November and Dinobryon ( 6 0 0 / l i t e r )  du r ing  May, a t  

s t a t i o n  1. 

S t a t i o n s  1 - A  and 2-A showed s i m i l a r  t r e n d s  i n  composition and 

abundance t o  t h e  o t h e r  l ake  s t a t i o n s  a l though  counts  a t  s t a t i o n  I-A were 

somewhat h i g h e r  than  t h o s e  a t  s t a t i o n  1, and t h o s e  a t  2 - A  were s l l g h t l y  

h i g h e r  t han  a t  s t a t i o n  2 (Table 3 ) ,  Average n e t  phytoplankton f o r  t h e  

pe r iod  November, 1969, t o  November, 1970, were approximately one and one- 

h a l f  t imes g r e a t e r  a t  s t a t i o n  1 than  a t  s t a t i o n  2 (Table 4 j ,  

Although n e t  phytoplankton counts  were cons ide rab ly  lower i n  t h e  Coeur 

d 'Alene  River  (F ig .  10 ,  Table  4 ) ,  s ea sona l  p u l s e s  were s i m i l a r  t o  t hose  I n  

t h e  l a k e .  Melosira  was dominant, and A s t e r i o n e l l a  - r ep l aced  T a b e l l a r i a  a s  

t h e  second most abundant form. A p u l s e  o f  A s t e r i o n e l l a  (2,80O/'Siter) 

du r ing  November and aga in  dur ing  Apr i l  ( 4 ,30O/ l i t e r )  accounts  f o r  t h e  h igh  

counts  du r ing  t h e s e  p e r i o d s .  P.laximum Ye los i r a  ( l 3 , 0 0 0 / l i t e r )  occurred I n  

l a t e  October when a  maximum o f  T a b e l l a r i a  ( 4 4 0 / l i t e r )  a l s o  o e c u ~ r e d .  

Net phytoplankton i n  t h e  S t .  Joe  River averaged almost f o u r  t lmes t h a t  

i n  t h e  Coeur d 'Alene River dur ing  t h e  pe r iod  June  through September, 1970 

(Table 5 ) .  Diatoms comprised t h e  m a j o r i t y  of t h e  counts  i n  t h e  Coeur d lAlene  

(94%) and S t .  J o e  (50%) R ive r s .  In  a d d i t i o n ,  39% of  t h e  average  t o t a l  count 

i n  t h e  S t .  Joe  River was f i l amentous  greens  and b l u e  g r eens ,  l l e l o s l r a  was 



TABLE 3.--Average standing crop of net phytoplankton and nannnyianLton, 
expressed as numbers per liter, at selected statidns. 

December, 1969, to October, 1970.  

Statlon Net Phytoplankton h'aL~noplanktan 

TABLE 4.--Average number of net phytoplankton, expressed as numbers 
per liter, in Coeur d1Alene Lake and Fiver, 

November, 1969-November, 1970. 

Melosira 

Phytoplankton 

Asterionella 

Station 

1 (1,ake) 2 (Delta; 3 (Rlverj 

Svnedra 

Dinobryon 

Misc, diatoms 

Total 

- - 

63,460 46,270 4,640 



TABLE 5.--Average numher of net phytoplankton, expressed as numbers 
per llter, in the Coeur dfAlene and St. Jae Rivers. 

June 24, 1970-September 10, 1970. 

I River 
Taxon 

C~lonial greens I 0 2 0 

Coeur d ' Alene St. .Joe 

Diatoms 

F i  Pamentous forms I 0 710 

450 9iO 

Flagellated forms I 2 0 130 

Total I 4 70 1770 

the dominant in the St. Joe, reachlng a maximum of nearly P,l00/1iter durlng 

June and com~risin~ between 23 and 60% of the counts throughout the summer. 

Other diatoms in decreasing order of abundance weye: TabelParla, Synedra, 

Ceratoneis, and Frustulla. Dinobryon, present throughout the summer, 

reached a maxlmum (300/literj durlng September, Colonla1 greens (VO~VOX, 

Eudorina) occurred in maximum numbers (25/literj during late July, whereas 

filamentous forms (Ulothrix, Piougeotia, Splrogyra) reached a maximum 

[l,l60/liter) in late August. 

c .  Rannoplankton--Nannoplankton comprised between 90 and 97% of the 

total phytoplankton standing crop throughout the lnvestrgaclon, Composl~lon 

was similar to net phytoplankton, wlth Melosira and TabelParla maklng up the 

highest peycentage of the counts. 

Three distinct pulsesof nannoplankton occurred in the lake ( F l g .  11) 

The largest pulse occurred during October, 1970. Smaller pulses were 



Fig. 11.--Seasonal variation of total nannoplankton, expressed as 
thousands per milliliter, I n  Coeur d'Alene Lake and Plver and percentage 
composition OF Yelosira and Tabellarla. November, 1969, to November, 1970 .  
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o b s e ~ v e d  i n  mid-May and i a t e  J u l y .  Seasonal  t r ends  a t  s t a t l o n s  1 and 2 were 

a lmost  i d e n t i c a l  ( F i g .  I l j .  October counts  (3,400jml) a t  s t a t l o n  1 c o m p ~ l s e d  

65% T a h e l l a r i a -  Melos i ra  maximum (2,90O/mlj occurred du r lng  i a t e  J u l y ,  a t  

s t a t i o n  1 ,  comprising 95% of  t h e  t o t a l  count .  A s t e r l o n e l l a  was mosz abundanz 

du r ing  e a r l y  wlnteP, reach ing  470/ml du r ing  December, Other dlarums (Synedra, 

F r a g i l l a r i a )  never  comprised more zhan 4 %  of t he  t a t a l  coun t s ,  F l l amen~ous  

forms (Mougeotia, U lo th r ix )  reached maximum numbers dur ing  September, 

S t a t i o n s  1-8 and 2-8 followed s l m l l a r  t r ends  In  composition and 

abundance a s  s t a t i o n s  1  and 2 ,  Ave ragenmop lank ton  counts  were s l i g h t l y  

h ighe r  a t  I-A and 1 than  o f f  t h e  r l v e r l s  mouth, s t a t i o n s  2 and 2-14 (Table 3 ) -  

Namaplankton i n  t he  Coeur d lAlene  River  ( F i g ,  11, Table 6) were 

cons ide rab ly  lower than i n  t h e  l a k e -  One major p u l s e  (29Jjml) occurred 

du r ing  e a r l y  May and a  sma l l e r  one (130jmlj dur ing l a t e  October,  The gene ra l  

seasona l  t r e n d  of  percen tage  composition of Meloslra  and T a b e l l a r i a  showed 

s i m i l a r  t r e n d s  a s  i n  t h e  l a k e -  Melosira  maximum [236/ml) occurred dur ing  

e a r l y  May, whereas T a b e l l a r i a ,  almost non -ex i s t en t  from January t o  August, 

reached 32/ml dur ing  October .  A s t e r i o n e l l a  and miscelraneous diatoms 

comprised t h e  r e s t  o f  t h e  t o t a l  counts  (Table  6 ) .  Thatoms comprised 100% of 

t h e  t o t a l  namoplankton counts  f n  t he  Coeur d lAlene  P l v e r  compared t o  80% ~n  

t h e  S t .  J o e  River d u ~ i n g  t h e  summer of 1970 [Table 7 j c  Average counts were 

h ighe r  i n  t h e  S t .  J o e  River ,  wi th  two blooms occurring dur lng  l a r e  June and 

e a r l y  August. The June popula t ion  was 30% Melosira  and 38% f i lamentous  forms-  

The August maximum cons i s t ed  of 61% T a b e l l a r i a  and 14% filamentous forms. 

Other t a x a  i n  decreas ing  order  o f  abundance were: Synedra,  Ce ra tone l s ,  and 

F r u s t u l i a .  Miscel laneous diatoms never  exceeded 13% of t h e  t o t a l  coun t .  The 

f i l amentous  forms comprised between 13 and 38% of  t h e  average t o t a l  count nn 



TABLE 6,--Average numberofnannoplankton,  expressed a s  numbers pe r  
m i l l i l i t e r , i n  Coeur dlAc\lene Lake and R ive r -  

November, 1969-November, 1970. 

TABLE 7.--Average numberof nannoplankton, expressed as numbers p e r  
m i l l i l i t e r ,  i n  t h e  Coeur d lAlene  and S t .  Joe R i v e r s .  

June  24 t o  September 10 ,  1970, 

Phytoplankton 

Melos i ra  

T a b e l l a r i a  

F r a g i l l a r i a  

A s t e r i o n e l l a  

Synedra 

Misc. diatoms 

Filamentous forms 

T o t a l  

1 River  

S t a t i o n  

1 (Lake) 2 (Del ta )  3 (Rlver j  

1147 920 59 

5 50 5 14 7 

10 3 0 

100 7 2 l Y  

9 9 18 0 

18 9 0 6 

111 97 0 

1955 1634 8 3 

Taxon 
Coeur d ' h l e n e  S t .  J o e  

Diatoms I 24 

Filamentous forms I 0 14 

To ta l  24 6 9 



t h e  S t .  J o e  River ,  whereas i n  t h e  Coeur d lAlene  River they were virtually 

non-ex is ten t  i n  t h e  nannoplankton.  

2 .  Zooplankton 

a ,  Rotifera.--Two d i s t i n c t  groups o f  R o t i f e r a  were p r e s e n t  i n  both t h e  

l a k e  and r i v e r s ,  t h e  "seasonal"  forms r ep re sen t ed  mos t ly  by s p e c i e s  o f  

Notholca,  Conochi loides ,  Tr ichocerca ,  and Plonostyla and t h e  "permanent" forms 

by P o l y a r t h r a  and K e r a t e l l a .  Other forms p r e s e n t  i n  t h e  S t -  J o e  Rlver du r ing  

t h e  summer of  1970 were: Conochi lus ,  Branchionus,  F i l i n a ,  and Asplancha. 

Seasonal  v a r i a t i o n  was no t  pronounced i n  t h e  open wate rs  of t h e  l ake  a l though 

major p u l s e s  occur red  i n  June ( 1 9 j l i t e r )  and October ( l d j l i t e r )  a t  s t a t i o n  3 

(F ig .  12) i n  t h e  r i v e r .  Po lya r th r a  comprised t h e  h i g h e s t  average counts  a t  

a l l  s t a t i o n s  throughout  t h e  s t udy  (Tables  8 and 9) and was mope prominent i n  

both r i v e r s  than  i n  t h e  l ake .  Conochi loides ,  almost absen t  I n  t h e  open 

wate rs  o f  t h e  l a k e ,  occurred i n  maximum numbers (114 'and 76 p e r  l i t e r )  i n  t h e  

t o p  4 meters  dur ing  e a r l y  June a t  s t a t l o n s  4 and 5,  r e s p e c t i v e l y .  I nd iv idua l  

r o t i f e r  counts  f o r  s e l e c t e d  s t a t i o n s  a r e  l i s t e d  i n  t h e  Appendix. 

b .  Cladocera,--The C l a d o c e ~ a n s  comprised a major por tnon o f  t h e  t o t a l  

Crus tacea  dur ing  t h e  l a t e  summer and e a r l y  f a l l ,  wi th  t h e  s i n g l e  except ion  

when they  occurred i n  h i g h e s t  numbers dur ing  l a t e  June  i n  t h e  Coeur d 'Alene 

River (F ig .  1 3 ) .  Bosmina l o n g i r o s t r i s  was t h e  dominant form i n  t h e  Coeur 

d 'Alene River ,  whereas Diaphanosoma brachyurum was dominant i n  the  lake  

(Table 8 ) .  Daphnia l ong i sp ina  comprised t h e  l a r g e s t  p o r t i o n  of t h e  Cladocera 

i n  t h e  S t .  J o e  River  (Table 9 ) .  Other  s p e c i e s  p r e s e n t  r n  decreas ing  o rde r  

o f  abundance were: Leptodora k i n d t i i ,  Cer iodaphnia  s p . ,  Chydorus sphae r l cus ,  

Polyphemus pend ieu lu s ,  and Moina s p .  Leptodora occur red  on ly  i n  t h e  l a k e  and 

was more abundant i n  t h e  bays ,  Maximum numbe~s  of Cladocera occurred durnng 
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TABLE 8.--Average standing crop of plankton Crustacea and Rotifera, 
expressed as numbers per liter, in Coeur d'Alene Lake and Rlver. 

November, 1969-November, 1970, 

Cladocera 

Lentodora 

Zooplankton 

Daphnia 

Bosmina 

Dianhanosoma 

Statlon 

I (Lake) 2 (Delta) 3 (Rluer) 

Miscellaneous 

Total 

Copepoda 

Cyclops 1 9.35 7.77 

Nauplii 1 47.01 38.26 10.56 

Rot if era 

Total 

Polyarthra I 1.84 

56.36 46.03 11 -90 

Notholca 

Conochiloides I O 
Trichocerca I O 
Monostyla 

Total 



TABLE 9,--Average standing crop of plankton LfUst~i~ed and Rorlff3rd, 
expressed as numbers per Ilte~, In the St. .,oe and d'~lenz 

Rivers. June 24 to September 10, 1970.  

August when 63 and 47/liter were collected at statlons 2 and 1, respectlvely~ 

Zooplankton 

C l adocera 
Daphn i a 
Bosmina 

Diaphanosom% 
Ceriodaphnia 
Miscellaneous 

Total 

Copepoda 
Cyc 1 ops 
Nauplii 

Total 

Rot if era 
Polyarthra 
Keratel la 
Notholca 
Conochilus 
Conochlloides 
Branchionus 
FlPlna 
Asp Pancha 
Monostyla 

Total 

A maximum of 27/11te~, comprised of 90% Bosmlna, occur~ed during June In the 

Coeur dtAlene Rlver, Total Cladocera averaged sllghtly hlgher ln the Coeur 

River 

St. Joe Coeur d ' Alene 

1.57 0.38 
1 18 4-72 
0.30 0.15 
0,32 h e , m  

0 0,35 

3.37 5.60 

1.34 0 bl 
15-82  9-04 

15.16 9 65 

6 -68 9.09 
0.19 0.93 
l , l 3  0.06 
3 01 . , 

. , , -  0 -87 
1.96 
0.20 . 
1,76 . , 
* . "  0.L5 

14.93 5,20 

dtAlene River than in the St. Joe River during the summer of 1970 due to thns 

one large pulse (Table 91, Moina and Chydorus were found only nn the Coeur 

dfAlene River and were included under miscellaneous forms due to thelr 



0 0 0  0 0 0 0 0 0  0 0 0  0  
L n b M N r (  Q V , d  M N -  

r a b ! l  r a d  s r a q w n N  



p e r i o d i c  occurrence and low numbers. C l a d o c e ~ a n  counts  were lower i n  t h e  

r i v e r s  t han  i n  t h e  l a k e ;  however, t he  seasona l  t r e n d s  i n  t h e  S t .  J o e  Rlver 

were s i m i l a r  t o  t hose  i n  t h e  l ake .  Cladocera i n  t h e  t o p  4 meters  were 

c o n s i s t e n t l y  h ighe r  i n  t h e  bay s t a t i o n s  throughout  both summers. A p u l s e  of 

1 0 0 / l i t e r  was recorded i n  Clealand Bay, d u ~ i n g  l a t e  J u l y ,  1969, when 

Diaphanosoma comprised n e a r l y  100% of t h e  t o t a l  count ,  Polyphemus occurred 

o n l y  i n  t h e  Coeur d fAlene  River and t h e  bays In  t h e  lake  and was lnciuded 

under  misce l laneous  coun t s .  Ceriodaphnia occur red  i n  both r i v e r s  wi th  a  

maximum of  l / l i t e r  du r ing  August i n  t h e  S t .  Joe  R ive r ,  Daphnia comprised 

approximately 73% of t h e  August maxima i n  t h e  S t ,  J o e  R ive r ,  I nd iv idua l  

c ladoceran  counts  f o r  s e l e c t e d  s t a t i o n s  a r e  given In  t h e  Appendix, 

c .  Copepoda.--The Copepoda comprised t h e  dominant group of zoo- 

p lankton  throughout  t h e  s t u d y *  Cyclops b i cusp ida tu s  thomasi and i t s  n a u p l l i  

were t h e  on ly  forms p r e s e n t  i n  s u f f i c i e n t  numbers t o  coun t -  Other  forms 

p ~ e s e n t  du r ing  t h e  investigation I n  t h e  lake  and Coeur d fAlene  Rlver were: 

a s h l a n d i  and Cpischura nevadens l s .  

Large pu l s e s  o f  copepods occurred dur lng  A p r i l ,  June ,  and October In  

t h e  l a k e  and Coeur d f A l e n e  River [F ig .  14) and dur lng  August I n  t h e  S t .  J o e  

River  (F ig .  1 5 ) .  Maximum numbers of Cyclops were found a t  s t a t l o n  1  

( 2 8 / l i t e r )  and s t a t i o n  2 ( 2 3 / 1 1 t e r ) ,  Average counts  were h ighe r  a t  s t a t l o n  1 

than  n e a r e r  t h e  d e l t a  a t  s t a t i o n  2 throughout  t h e  s t udy  [Table 8 ) .  The 

seasona l  t r e n d  of t o t a l  Copepoda was an i n c r e a s e  durZng t h e  s p r i n g  wi th  a  

maximum du r ing  J u l y .  A sma l l e r  pu l s e  a l s o  occurred dur ing  October ,  Cyclops 

averaged tw ice  a s  high i n  t h e  S t .  J o e  River  a s  i n  t h e  Coeur d fAlene  Rlver 

dur ing  t h e  summer of  1970 (Table 9 ) .  Maximum i n  t h e  S t -  J o e  was 7 j l i t e r  

dur ing  August, whereas l e s s  t han  4 / l i t e ~  were recorded i n  t h e  Coeur d fAlene  
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Fig. 15.--Seasonal variation of plankton Crustacea and Rotifera, 
expressed as numbers per liter, in the St. Joe and Coeur dfAlene Rivers. 
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Naupl i i  comprised t h e  m a j o r i t y  o f  che copepod counts  throughout  t h e  

i n v e s t i g a t i o n  (Tables  8 and 9 ) .  Average counts  In  t h e  S t .  J oe  River were 

one and one-half  t imes  t hose  i n  t h e  Coeur d 'Alene R lve r .  The open l ake  waters  

had a  h ighe r  average count than  t h e  d e l t a  reg lon  (Table 8 j .  A maxlmum 

p u l s e  of 1 6 7 / l i t e r  occurred a t  bo th  s t a t i o n s  1 and 2 dur ing  J u l y ,  1970. A 

maximum 5 7 / l i t e r  was recorded  i n  t h e  Coeur dsAlene  River  dur ing  l a t e  June ,  

Average copepod counts  i n  t h e  t o p  4 meters  were g e n e r a l l y  h ighe r  i n  

t h e  bays.  A maximum of  8 l / l l t e r  occur red  i n  Clealand Bay dur ing  l a t e  June ,  

1969, and a  s i m i l a r  p u l s e  of 7 l / l i t e r  i n  e a r l y  J u l y ,  1970. Copepod counts  

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

3 .  I n t e r - S t a t i o n  D i f f e r ence  In  Ouant i ty  
of Zooplankton 

An at tempt  was made t o  determine whether s t a t i o n s  i n  one p o r t i o n  of 

t h e  d e l t a  con ta ined  a  g r e a t e r  abundance of zooplankton t han  t hose  i n  another  

p o r t i o n  of t h e  d e l t a .  The comparison was made dur ing  t h e  per iod  December 20, 

1969, t o  October 24, 1970 ( e i g h t  samples ) .  S t a t i o n  2 - A  appeared t o  be l e s s  

p roduc t ive  than  t h e  o t h e r  s t a t i o n s ,  and s t a t i o n s  1 and 2 showed s i m i l a r  

p roduc t ion  (Table 10 ) .  S i m i l a r i t i e s  i n  composition e x i s t e d  a t  a l l  s t a t i o n s ,  

w i th in  each group of zooplankton, and i t  i s  apparent  t h a t  s t a t i o n s  1 and 2 

r e p r e s e n t  t h e  t y p i c a l  open wate rs  o f  t h e  d e l t a  r e g i o n ,  However, t h e  g r e a t e r  

average number a t  s t a t i o n  2 nea r  t h e  mouth of t h e  r i v e r  appeared t o  be 

in f luenced  more by t h e  open wate rs  t han  hy t h e  r i v e r ' s  i n f l u x  t h ~ o u g h o u t  

most o f  t h e  y e a r .  



TABLE PO.--Average standing crop of zooplankton, expressed as numbers 
per Ilteq at selected stations. 

December, 1969-October, 1970, 

I Station 
Organism I 

Cladocera I 9.6 11.0 10.6 8.5 

Copepoda . . 62.0 46.3 34.6 1 4 7 - 5  
Rot if era 

Total 

3.0 3.5 5.9 4.9 

60.1 '76.5 62.8 48 - 0  



DISCUSSION 

My s tudy  i nc ludes  t h e  open wate rs  and bays i n  t h e  d e l t a  r eg ion  of t h e  

Coeur d 'Alene  River  which t y p i f i e s  t h e  a q u a t i c  h a b i t a t  comprising t h e  sou thern  

arm of Coeur d lAlene  Lake. This  p o r t i o n  of t h e  water body i s  r e l a t i v e l y  

sha l low and occurs  i n  a  s inuous v a l l e y  where t h e  two major i n l e t s  f low I n t o  

t h e  l ake .  

Two s t a t i o n s  were sampled i n  t h e s e  i n l e t s  t o  unders tand b e t t e r  what 

i n f l u e n c e  they  might have on t h e  l ake  environment.  Both t h e  S t .  J o e  and 

Coeur d lA lene  Rivers  o r i g i n a t e  i n  t h e  same genera l  mountainous a r e a  and 

s i m i l a r l y  f low i n  a  westwardly d i r e c t i o n  s epa ra t ed  only by a  g e n t l e  r i s e  i n  

topography . 

S p e c i f i c  obse rva t i ons  i n  t h e  backwaters of bo th  r i v e r s  demonstrate  t h a t  

t hey  more c l o s e l y  resemble l o t i c  than  l e n t f c  environments.  With t h e  except ion  

of a  smal l  thermocl ine  n e a r  t h e  s u r f a c e  i n  t h e  C o e u ~  d lAlene  River dur ing  

J u l y ,  1970, both r i v e r s  remained n e a r l y  homothermous throughout  t h e  i n v e s t i g a -  

t i o n  p e r i o d .  

Coeur d lAlene  Lake may be c l a s sed  a s  d i m i c t i c ,  s i n c e  t h e r e  1s a sp r ing  

and f a l l  ove r tu rn  t y p i c a l  of l akes  i n  t h e  temperate  zone (Reid,  1961) .  A 

thermocl ine d i d  n o t  form du r ing  t h e  summer of  1969 u n t i l  l a t e  August, 

i n d i c a t i v e  of t h e  c o l d e r  s p r i n g  and w in t e r  whlch occur red  du r ing  1968-69 

when t h e  e n t i r e  l ake  f r o z e  ove r .  A s i m i l a r  oxygen and tempera ture  s t r a t i f l -  

c a t i o n  a s  e x i s t e d  du r ing  t h e  summer of  1969 was a l s o  r e p o r t e d  by Kemmerer e t  - 
a l .  (1923) and E l l i s  (1932).  However, du r ing  1970, a  thermocl ine formed i n  - 



4 5 

e a r l y  June  and was p r e s e n t  throughout  t h e  summer, reaching a  maxlmum depth  

of  13 meters  i n  September. With t h e  i nc r ea sed  temperature  s t r a t i f i c a r l o n ,  

lower oxygen r ead ings  were observed i n  t h e  deeper  wate rs  dor lng  t h e  summer 

of 1970. 

Bicarbonate  a l k a l i n i t y ,  d i s so lved  oxygen, and pH were e s s e n t i a l l y  

t h e  same i n  bo th  r i v e r s  and were cons idered  w i th ln  t h e  range of normal 

b i o t i c  p roduc t ion .  S p e c i f i c  conduc t iv i t y  was h igher  i n  t h e  Coeur d141ene 

River ,  most l i k e l y  due t o  heavy metal  p o l l u t i o n  from mine was tes .  Conductl-  

v i t y  measurements recorded du r ing  t h i s  survey were s i m i l a r  t o  t h o s e  found by 

El l i s  (1932) and were cons idered  low a s  compared t o  s e a  water  and o t h e r  

Eodies  of f r e s h  wate r .  

Reduced t r anspa rency  i n  t h e  Coeur d7Alene  Rlver i s  due t o  s l l t  which 

i s  p r e s e n t l y  be ing  d i scharged  i n t o  t h e  South Fork of t h e  Coeur d lAlene  

River  and from sediments  depos i t ed  a long t h e  South Fork and main r i v e r  from 

p a s t  mining o p e r a t i o n s .  

Reid (1961) s t a t e s  t h a t  no t r u e  o r  d i s t i n c t i v e  p lankton  community 

e x i s t s  i n  r i v e r s ,  a l though they  f r e q u e n t l y  con t a in  an abundant tychoplankton 

(organisms d i s lodged  f ~ o m  t h e  bottom o r  submerged o b j e c t s ) .  P ive r  plankton 

i s  a l s o  s u b j e c t  t o  extreme f l u c t u a t i o n s  i n  q u a n t i t y  and s p e c i e s  composltlon; 

t h e r e f o r e ,  d a t a  concerning plankton produc t ion  i n  d i f f e r e n t  r i v e r s  a r e  

comparable on ly  when obse rva t i ons  a r e  made over  a long pe r lod  of t ime .  

Severa l  l a t e r a l  l akes  ad j acen t  and t r i b u t a r y  t o  t he  lower reaches  of  

t h e  Coeur d lAlene  River  appa ren t l y  c o n t r i b u t e  a  considerable amount of 

a l loch thonous  matter, i nc lud ing  p l ank ton ,  t o  t h e  r i v e r  a t  va r ious  t imes dur ing  

t h e  yea r .  The degree  t o  which t h e  s t and ing  c rop  i s  a f f e c t e d  from t h e s e  l a t e r a l  

l akes  i s  d i f f i c u l t  t o  a s s e s s  bu t  may he s u b s t a n t l a l  dur ing  and s h o r t l y  a f t e r  

sp r ing  run-off  and t h e  f a l l  r a i n y  p e r i o d .  
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E l l i s  (1932j found ample ( s i c )  plankton fauna In  same or  t h e  tributary 

l akes  and a  s p a r s e  plankton popula t ion  In  Coeur d 'Alene Lake He a r s J  ndted 

a  p a r t i c u l a r l y  poor ( s i c )  plankton fauna In  t h e  sou thern  end of t h e  rake and 

none n e a r  t h e  mouth o r  i n  t h a t  p o r t i o n  of t h e  Coeur d'A1ene River ca r ry lng  

mine was tes .  Kemmerer e t  a l .  (1923) found s l m l l a r  r e s u l t s  I n  t h e i r  s tudy 

of t h e  l a k e  and r i v e r  dur ing  1911 dnd noted r h a t  pkanktdn ~ o u n t s  i n  t h e  

v i c i n i t y  o f  t h e  r i v e r  mouth n e a r  Har r i son  were lower than elsewhere i n  t he  

l a k e .  A t  t h a t  tune ,  Kemmerer e t  a l .  r epo r t ed  t h a t  t he  suspended m a t t e r  

c a r r i e d  by t h e  wate rs  of t h e  Coeur d 'Alene River could be t r aced  wel l  ou t  

i n t o  t h e  l a k e ,  The h lgher  p lankton  counts  recorded dur lng  t h l s  investigation 

a r e  be l i eved  t o  be p a r t i a l l y  brought about by t he  dec rea se  i n  s i l t  load 

c a r r i e d  by t h e  Coeur d fAlene  Rlver s i n c e  t h e  i n s t a l l a t i o n  of s e t t l l n g  ponds.  

Highest  phytoplankton and zooplankton counts  I n  t h e  Coeur d'A1ene 

River  were dur ing  May and June  and aga in  dur ing  e a r l y  f a l l .  Phytoplankton 

d e n s i t y  was low, but  d i v e r s i t y  was relatively hlqh  when compared wlth t h a t  

of t h e  S t .  J o e  River .  This  s t r o n g l y  sugges t s  t h a t  t he  l a t e r a l  l akes  

i n f l u e n c e  t h e  p lankton  community I n  t he  Coeur d fAlene  Rlver s l n e e  few 

i f  any r eaches  of t h e  r l v e r  below t h e  mlnlng operations dye s u l t a b l e  

h a b i t a t  f o r  p lankton  production, 

The i n s t a l l a t i o n  of s e t t l i n g  ponds dur lng  1968-69 along t h e  South 

Fork of t h e  Coeur d tA lene  River has  g r e a t l y  increased t h e  t ransparency  of 

t h e  r i v e r  waters  by r educ t i on  of  suspended s o l i d s  and showed a  definite 

b e n e f i c i a l  e f f e c t  on t h e  water  q u a l l t y  (Mlnk, Nl l l i ams ,  and Wallace, 1971) .  

However, c e r t a i n  heavy me ta l s ,  mainly z lnc  and cadmium, remaln a  major 

l i m i t i n g  f a c t o r  t o  much of t h e  b i o t a  ( E l l i s ,  1932) .  
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Bioassay s t a t i c t e s t s b S a p p l n g t ~ n  (1969), uslng North Fork water ,  

found n a t i v e  c u t t h r o a t  t r o u t  24-, 48-, and 96-hour median to lenerance  l i m l t  

va lues  of 0.62, 0 .27 ,  and 0.09 m g l l i t e r  z inc ,  r e s p e c t i v e l y .  Mink e t  a l .  

(1971) r e p o r t s  a s  high a s  21 m g l l i t e r  z inc  In t h e  South Fork of t h e  r l v e r  

and n e a r l y  3 m g / l i t e r  i n  t h e  lowerslackrzraters during low flow. Savage 

C1970) performed a  spec ies  diversity study on benth ic  macroinvertebrates  

i n  t h e  North Fork, South Fork, and main stem of the  Coeur dtAlene River 

be fo re  and a f t e r  t he  s e t t l i n g  ponds were e s t a b l i s h e d .  Her f indings  suggest 

t h a t  s i l t a t i o n  was a  major f a c t o r  i n  preventing the  colonization of r l f f l e s  

i n  the  South Fork and main stem of  t h e  r i v e r .  Observations In 1969 indica ted  

a  s l i g h t  t rend  toward i n s e c t  r eco lon iza t ion  of t h e  Coeur dlAlene River 

system. Rabe (personal  communication) be l i eves  t h a t  t he  g r e a t e r  t ransparency 

of t h e  r i v e r  water t oge the r  with optimum n u t r i e n t  i n f l u x  from sewage has been 

respons ib le  f o r  t h e  high biomass of a lgae  on the  rocks i n  t h e  South Fork 

and near  t h e  confluence. These a lgae  provlde nou~ishment  and a  h a b i t a t  f o r  

co loniza t ion  of some i n s e c t s  capable of t o l e ~ a t l n g  high heavy metal 

concent ra t ions .  

Several  i n v e s t i g a t o r s  have observed t h a t  plankton f n  r i v e r s  i s  

dependent mainly on cu r ren t  v e l o c i t y  and age of t h e  water (Hutchlnson, 1967; 

rushing ,  1964). Hynes (1966) s t a t e s  t h a t  a lgae  communities of  r l v e r s  a r e  

e s s e n t i a l l y  s e s s i l e  although those forms t h a t  ape p lanktonic  a r e  not  

indigenous and cannot maintain themselves a s  can lake plankton.  Current i s  

r e l a t e d  t o  plankton production i n  both t h e  Coeur d7Alene and S t .  Joe  Rivers 

by r e s t r i c t i n g  the  length of time f o r  plankton development. Rapidly movlng 

waters h inder  plankton development by decreasing t h e  length of t ime t h a t  

organisms can remain i n  t h e i r  l o t i c  h a b i t a t .  As mentioned previously, the  
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l a t e r a l  lakes  ad jacent  t o  the  lower reaches of t h e  Coeur dlAlene Rlver may 

inf luence  the  plankton community. Few lakes  and ponds a r e  assoc ia ted  wlth 

the  lower reaches of t h e  S t .  Joe  River above s t a t l o n  7 .  

Maximum numbers of plankton In the S t .  Joe  River occurred in  August 

during t h i s  i n v e s t i g a t i o n .  However, t h e  per iod  durlng peak discharge was not  

sampled and could not  be compared wlth t h a t  of t he  Coeur d l ~ l e n e  Rnver, 

navis  (1961) renor ted  a  June nhytonlankton peak occurred In the  lower reaches 

of t he  S t .  Joe  River and a t t r i b u t e d  t h l s  t o  the  ouerflow of plankton-rnch 

waters  from ponds and lakes  assoc ia ted  with the  backwaters.  This peak 

occurred where t h e  lakes  a t  t he  southern end of Coeur dfAlene  Lake a f f e c t  

t h e  S t .  Joe  River during f lood s t a g e .  In a d d i t i o n ,  raw sewage from the  town 

of S t .  Maries i s  dumped I n t o  the  S t .  Joe  Riversiackwater ,  The fertilizing 

e f f e c t  of t h i s  sewage should favor  zooplankton and phytoplankton production 

i n  the  lower s lackwater .  

The h igher  plankton counts recorded durnng thns  investigation i n  t h e  

lower S t .  Joe  River a s  compared t o  the  lower Coeur dlAlene River may a l s o  

be a t t r i b u t e d  t o  the  more vegetated shore l ine  whlch e x i s t s  along t h e  S t  

Joe  River and serves  an allochthonous source of energy. 

Davis c1961) a t t r i b u t e d  t h e  low plankton numbers i n  the  S t .  Joe  

River t o  s o f t  water ,  c u r r e n t ,  water age, lack of a s soc ia t ed  l e n t i s  environ- 

ments, and f l u c t u a t i o n s  of hydrographic condi t ions .  As a l l  of t hese  f a c t o r s  

a l s o  a c t  on the  lower Coeur dfAlene  River,  with t h e  exceptnon of t h e  lack 

of assoc ia ted  l e n t i c  environments, i t  i s  understandable why r l v e r  plankton 

a r e  sub jec t  t o  extreme fluctuations, In the  case  of t h e  Coeur dlAlene 

River,  t h e  added t o x i c  e f f e c t s  of heavy metals  on plankton and fnsh  a s  found 

by E l l i s  (1932) may remain the major l imitnng f a c t o r  on t h e  b io t a  of t h a t  

po r t ion  of t h e  r i v e r  car ry lng  mlne wastes .  



Measurements OF n h y s l c a l ,  chemical,  and b lo log lca l  f e a t u r e s  l n d l c a t e  

a  change From o l l g o t r o p h i c  t o  mesotrophic condl t lons  In some Ray a r e a s .  

The extreme southern p o r t l o n  of t he  lake 1s  eutrophic due t o  t he  shallow 

condi t ions  and increased  human a c t l v l t y .  Thls 1s  substantiated by var lous  

plankton i n d i c a t o r s  (Pawson, 1956: Telling, 1955),  lahe depth ,  relatively 

high temperatures  during the  summer, decreasing oxygen content  near  t h e  bottom, 

and a  q u a n t i t a t i v e l y  high populat ion OF phytonlankton comprised mostly of 

diatoms. The lake  apparent ly  has a  h igher  populat ion of phytoplankton i n  

comparison t o  o the r  l a r g e  lakes  i n  t he  northwest s tud ied  by Kemmerer e t  a l .  

(1923). 

Since t h e  phytoplankton i n  Coeur dlAlene a r e  mainly diatoms, t h e  

abundance of t he  popula t ion  w i l l  depend l a rge ly  on f a c t o r s  ~ n f l u e n c i n g  

diatom ~ r o d u c t i o n  (Ricker ,  1938)-  I t  has been shown by Chandler (1940) i n  

Lake E r i e ,  however, t h a t  o the r  a l g a l  groups may become abundant when diatoms 

a r e  l imi t ed .  This  was evident  i n  Coeur dtAlene Lake when f i lamentous greens 

(Ulo thr ix ,  ~ ~ o u g e o t i a j  and b lue  greens (Anabaena, O s c i l l a t o r i a ]  became 

abundant during l a t e  summer when water temperatures were optimum f o r  these  

forms. 

The i n h i b i t i n g  e f f e c t  of a  l a r g e  i n f l u x  of warm tu rb id  waters from 

the Coeur d tAlene  River on phytoplankton production apparent ly  was demonstrated 

by t h e  dec l ine  i n  phytoplankton s tandlng  crop In  the  d e l t a  reglon during 

June, 1970. Another f a c t o r  which may have Influenced t h i s  decrease was the  

l a r g e  volume of plankton-poor r i v e r  waters  d i sp l ac ing  o r  d l l u t i n g  t h e  d e l t a  

waters .  S imi l a r  conditions were repor ted  by S t r o s s  (1954) during spr ing  

d ischarge  of t he  Clark Fork Rlver i n t o  Lake Pend O r e i l l e ,  Idaho, and by 

Verduin (1951) i n  western Lake E r i e .  
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The open w a t e r s  o f  t h e  d e l t a  r e g i o n  a r e  a f f e c t e d  by t h e  l n c r e a s e  o f  

s p r i n g  winds d u r i n g  and a f t e r  t h e  s p r l n g  o v e r t u r n .  I t  i s  b e r l e v e d  t h a t  open 

w a t e r s  o f  t h e  l a k e  and d e l t a  a r e  e n r l c h e d  wl th  p lank ton  from t h e  more 

p r o d u c t i v e  bays  n e a r  t h e  west  s h o r e  d u r l n g  wlndy p e r i o d s .  Durlng windy 

p e r i o d s ,  a  d i s t i n c t  c o l o r  from t h e  r l v e r  w a t e r s  cou ld  b e  observed t o  f low 

a long  t h e  e a s t  s h o r e ,  n o r t h  o f  t h e  r i v e r  mouth. The formation of  a  w e l l -  

d e f i n e d  the rmocl ine  d i d  n o t  occur  u n t l P  l a t e  August d u r i n g  1969 due t o  a  

c o o l e r  s p r i n g  and windy conditions throughout  t h e  f i r s t  2  months of summer. 

R u t t n e r  (1964) p o i n t s  o u t  t h a t  s p r i n g  winds may i n h i b i t  stratification 

u n t i l  t h e  e n t i r e  l a k e  i s  warmed. 

R o t i f e r s  a r e  g e n e r a l l y  low i n  numbers, a l t h o u g h  p lank ton  C r u s t a c e a  

a r e  abundant d u r i n g  t h e  summer months.  The s l z e  of t h e  s t a n d i n g  c r o p  o f  

phy top lank ton  v a r i e s  g r e a t l y  wl th  s e a s o n ,  Spr ing  and f a l l  p u l s e s  whlch 

occur  i n  Coeur d t A l e n e  Lake a r e  q u i t e  common i n  l a k e s  dominated by dia toms 

[Chandler, 1940; Welch, 1952) .  A comparison o f  t h e  s t a n d l n g  c r o p  I n  Coeur 

d t A l e n e  Lake w i t h  t h a t  o f  o t h e r  l a k e s  i s  d i f f i c u l t ,  however, due t o  t h e  

annua l  v a r i a b i l i t y  of t h e  p lank ton  p o p u l a t l o n s  ( R l c k e r ,  1938; Verduln,  1951) ,  

The comparison of p l a n k t o n  p o p u l a t l o n s  among l a k e s  i s  a l s o  a f f e c t e d  by 

d i f f e r e n t  c o l l e c t i n g  methods employed (Rawson, 1942; Anderson, 1971) .  

Zooplankton abundance i n  Coeur d l A l e n e  Lake may n o t  depend e n t i r e l y  

on t h e  n e t  phy top lank ton .  ~ a n n o ~ l a n k t o n  constitute a  l a r g e   ort ti on of t h e  

p r imary  p r o d u c t i v i t y  i n  l a k e s  and a r e  t h e  major food f o r  v a r l o u s  zooplankton 

( R u t t n e r ,  1964; Pennington,  1941) .  Hutchinson (1967) b e l l e v e s  t h a t  t h e  

removal of p a r t  o f  t h e  phytoplankton i s  an obvlous  p o s s i b l e  cause  o f  phyto-  

p l a n k t o n  p u l s e s ,  b u t  t h a t  i n  most c a s e s  b o t h  t h e  p l a n t  and anlmal p a r t s  o f  

t h e  community a r e  s o  d i v e r s i f i e d  and complicated t h a t  it 1s difficult t o  
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de te rmine  what t h e  e f f e c t s  o f  zooplankton g r a z i n g  d r e ,  The l a r g e  number of 

Cyclops n a u p l i i ,  which a r e  phytophagous ~ e e d e r s ,  i n  (:oeur d V A l e n e  ~ a k e  may 

indeed have a  l a r g e  g r a z l n g  e f f e c t  on t h e  nannoplankton c o r n m ~ n l t y ~  

The r e l a t i v e l y  smal l  number of s p e c l e s  of p lank ton  Crus tacea  may be 

i n d i c a t i v e  o f  t h e  r a t h e r  unproduc t ive  environment whl ih  e x l s t s  i n  Coeur 

d V A l e n e  Lake. C a r l  (P940j and Anderson ( l 9 7 l j  fobnd compara t ive ly  few 

s p e c i e s  o f  C r u s t a c e a  i n  a  number o f  a l p i n e  and s u b - a l p l n e  l a k e s  i n  wes te rn  

Canada. C a r l  observed t h a t  t e m p e r a t u r e ,  food t y p e s ,  and l a k e  dep th  and a r e a  

a r e  impor tan t  i n  de te rmin ing  what s p e c i e s  would be p r e s e n t  i n  a l a k e  and t h a t  

u s u a l l y  on ly  one s p e c i e s  of each genus i s  r e p r e s e n t e d  i n  any one body of  w a t e r .  

Kemmerer e t  a l .  (1923) found s l m i l a r  r e s u l t s  i n  t h e l r  s t u d y  o r  nor thwes te rn  

l a k e s  o f  t h e  Uni ted S t a t e s .  T h e l r  i n v e s t i g a t i o n  shows Power numbers of 

p l a n k t o n  Crus tacea  I n  1911 t h a n  t h o s e  recorded  I n  t h l s  s t u d y ;  however, 

t h e i r  c o u n t s  were made o n l y  d u r i n g  J u l y  and t h e r e f o r e  may n o t  b e  comnarable 

on an  annual  b a s i s .  They r e p o r t  t h a t  b o t h  r i v e r s  were c a r r y i n g  hlgh slit 

l o a d s ,  and p l a n k t o n  samples t a k e n  n e a r  t h e  mouth of t h e  rivers were nor 

c o u n t a b l e  f o r  t h i s  r e a s o n .  T h e l r  coun ts  may have a l s o  been Idwer because 

samples were c o l l e c t e d  from t h e  d e e p e r ,  rnore o l l g o t r a p h l c  D a r t  of t h e  l a k e ,  

A t  t h e  t ime  of  t h e  s t u d y  by Kemmerer e t  a l , ,  Cyclops b l c o l o r  was t h e  

dominant copepod i n  t h e  l a k e  a l though  Cyclops b i c u s p i d a t u s  thomasl was  r e p o r t e d  

i n  Lake C h a t c o l e t  a t  t h e  s o u t h e r n  end of Coeur d V A l e n e  Lake Durlng t h l s  

i n v e s t i g a t i o n ,  - C .  b i c u s p i d a t u s  thomasi was t h e  on ly  Cyclopold copepod p r e s e n t  

i n  l a r g e  numbers. Hutchinson (1967) r e p o r t e d  t h a t  C .  b l c u s p l d a t u s  thomasl - 
o f t e n  r e p l a c e s  C .  b i c o l o r  a s  a  body of w a t e r  becomes more eutrophic. - 

I n  comparison w i t h  t h e  Copepoda and R o t i f e r a ,  t h e  Cladocera  f l u c t u a -  

t i o n s  corresponded more w i t h  t empera tu re  changes wl th  one l a r g e  p u l s e  

o c c u r r i n g  d u r i n g  August .  Leptodora occur red  more o f t e n  I n  t h e  bays t h a n  I n  
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t h e  open w a t e r s  of  t h e  d e l t a -  I t s  l a r g e  s l L e  may have brought  abou t  selective 

g r a z i n g  by p l a n k t o n - f e e d i n g  f l s h  and t h e r e f o r e  reduced t h e  numbers whlch 

normal ly  would have been t aken  i n  t h e  n e t  h a u l s ,  S t r o s s  (1954) r e p o r t s  

such  s e l e c t i o n  by t h e  kokanee (Oncorhynchus n e r k a  k e n n e r l y l ~  I n  Lake Pend 

O r e i l l e  d u r l n g  J u l y  and August when Leptodora  i s  most abundant .  The kokdnee 

i s  g e n e r a l l y  c o n s i d e r e d  t o  be a  p l a n k t o n  f e e d e r  and IS  t h e  major f l s h  t aken  

i n  Coeur d f A l e n e  Lake. 

A comparison o f  zooplankton C r u s t a c e a  and t o t a l  phy top lank ton  was 

made between t h e  S t .  J o e  and Coeur d ' i i l e n e  R l v e r s  and v a r l o u s  r l v e r s  through-  

o u t  t h e  Uni ted  S t a t e s  (Tab le  1 1 ) .  The average  zooplankton d e n s l t y  of t h e  S t ,  

J o e  River  and Coeur d l A l e n e  River  was s l l g h t l y  h i g h e r  t h a n  t h e  y e a r l y  

a v e r a g e  i n  t h e  Missour i  and about  o n e - h a l f  t h a t  I n  t h e  I l l i n o l s  and 

M i s s i s s i p p i  R i v e r s .  Counts from t h e  Yellowstone and Snake R l u e r s ,  however, 

were c o n s i d e r a b l y  lower  t h a n  t h e  S t .  J o e  and Coeur d f A l e n e  R l v e r s .  

Average d e n s i t i e s  o f  phy top lank ton  f o r  t h e  summer a r e  considerably 

lower i n  t h e  Coeur d l A l e n e  and S t .  J o e  R l v e r s  I n  comparison t o  t h e  o t h e r  

r i v e r s .  The phy top lank ton  densities i n d l c a t e  low p r o d u c t l v l t y  I n  both  

r i v e r s ;  however, t h e  phy top lank ton  coun t s  l n d l c a t e  t h a t  t h e  S t .  J o e  Rlver  

i s  t h r e e  t i m e s  more p r o d u c t i v e  t h a n  t h e  Coeur d ' A l e n e  d r a i n a g e .  



TABLE 11.--Average density of zooplankton Crustacea and toral 
phytoplankton, expressed as numbers per liter, 

in various rivers in the United Srares, 

- - - 

River Zooplankton phy toplankrona 

Coeur d'Alene 

St. Joe 

snakeC 

Yellowstone C 

IllinoisC 

~issouri" 

C Mississippi 

a Phytoplankton average during June-September. 

b 
Zooplankton average durlng June-September 

C 
From Louis G .  Williams, 1963, Plankton population dynamics, Public 

Health Service Publlcation 663 (Supp1. 2 ) .  
d 
Zooplankton average during July, 1960, to July, 1961 



1. A l imnolog ica l  su rvey  of  t he  Coeur d fA lene  Klver d e l t a  and ad j acen t  l ake  

wate rs  and t h e  lower S t .  J o e  River  was begun i n  Play, 1969, and cont inued 

through November, 1970. The p r o j e c t  was under taken t o  measure seasona l  

v a r i a t i o n  i n  phys i ca l  and chemical f e a t u r e s ,  t o  de te rmine  t h e  p lank ton  

composit ion and s ea sona l  changes I n  abundance of t he  v a r l o u s  forms,  and 

t o  a t t emp t  t o  r e l a t e  t h e  f a c t o r s  i n f l u e n c i n g  p lank ton  popu l a t i ons  In  t h e  

d e l t a  r e g i o n *  

2. Seven sampling s t a t i o n s  were e s t a b l i s h e d  w i t h i n  t h e  open wate rs  and bays 

o f  t h e  d e l t a  r eg ion  and one s t a t i o n  w i t h i n  t h e  channels  of t h e  Coeur 

d rA lene  and S t .  J o e  R ive r s .  The fo l lowing  l imnolog lca l  d a t a  were 

c o l l e c t e d  a t  each s t a t i o n :  p h y s l c a l  measurements of t ransparency  and 

a i r  and wate r  t empe ra tu r e s ;  chemical f a c t o r s  including dissolved oxygen, 

hydrogen-ion c o n c e n t r a t l o n ,  methyl orange alkalinity, and e l e c t r i c a l  

c o n d u c t i v i t y ;  b i o l o g i c a l  measures of n e t  phy top lank ton ,  nannoplankton, 

and zooplankton. 

3 .  Net phytoplankton was more abundant i n  t h e  bays and open wate rs  of t h e  

l a k e  t han  n e a r  t h e  mouth of t h e  Coeur d lA lene  Rlver ,  w i th  major peaks 

occu r r i ng  du r ing  May and October .  ~ a n n o n l a n k t o n  s t and ing  c rops  were 

h i g h e s t  from May through October .  Both n e t  phytoplankton and ndnna -  

p lank ton  were dominated by t h e  diatoms Melos i ra ,  T a b e l l d r i ~ ,  A s t e r l o n e l l a ,  

and Synedra.  
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4 .  Zooplankton abundance was d l r e c c l y  r e l a t e d  ta wdtel t empera tures ,  wl th  

a 1  1 taxonomic groups (Copepoda,   la doc era, and Ro t l f e r a j  havlng peaks 

du r ing  t h e  summer and e a ~ l y  f a l l .  

5 .  Plankton organisms p r e s e n t  i n  t h e  Cosur d lA lenz  River iol lowed slmlldr 

s ea sona l  c y c l e s  a s  those  i n  t h e  d e l t a  and open wate rs  of t h e  l a k e  but 

were cons ide r ab ly  lower I n  nomDersA 

6 .  Plankton were more d l v e r s l f l e d  and appeared I n  g r e a c e r  numbers I n  t h e  

S t ,  J o e  River  i n  comparison wl th  t h e  Zoeur d f A l e n e  River" A g r e a t e r  

c o n t r i b u t i o n  o f  a l loch thunous  materials and lack of mlnlng a c t l v l t y  

i n  t h e  S t .  J o e  d r a inage  p a r t l a i l y  account f o r  t h e s e  d l r f e r e n c e s  

7 .  Dissolved oxygen, a l k a l ~ n i t y ,  and pH werc no t  considered l l m i t l n g  t o  

p l ank ton  communities I n  any of t h e  wa t e r s  

8 .  Seve ra l  l a t e r a l  l ake s  ad j acen t  and t r i b u t a i y  t o  t h e  Idher r e a ~ h e s  o t  t h e  

Coeur d 'Alene River  a r e  thought  t o  ~ d n t r l b u t e  r o   lankt ton abundance and 

composi t ion i n  t h e  r i v e r  dur lng  t he  s p r i n g  and e a r l y  f a l l ,  

9 .  Measurements o f  p h y s i c a l ,  chemical, and h l o l o g l c a l  f e a t u r e s  I n  t h e  bay 

a r e a s  of  t h e  d e l t a  i n d l c a t e  a  change from o l l g o t r o p h l c  t d  meso t r sph l i  

c o n d i t i o n s .  
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APPENDlX 

TABLE 12.--List of phytoplankton genera In the Coeur dtAlene Lake (Pj, 
River (21, and the lower St. Joe River (3). 

Chlorophycophyta 

Genus 1 2 3 Genus P 2 3 

Ankistrodesmus X X ,  
Cerasterias X 
Chaetophora X 
Cladophora X 
Closterium X X X 
Cosmarium X . 
Desmidium X 
Docidium X X j 

Eudorina X X X 
Gleocystis X 
Hydrodictyon X I 

?!i crasterias X X 

Chrysophycophyta 

Cyanophycophyta 

Flougeot ia X X X 
PaPmodlctyon X 
Pediastrum X X 
Rhizoclonium X 
Spirogy-ra X X X 
SpondyPosium X 
Staurastrum X X 
Stigeoclonium X X 
UPothrix X X X 
Vo 1 vox X X X 
Zygnema X X 

Amphora X X 
Asterionella X X X 
Bumilleria X 
Camplodiscus X 
Ceratoneis X X X 
Chrysosphaerella X 
Cocconeis X 
Coscinodiscus X X 
Cyclotella X 
Denticula X 
Diatoma X 
Dinobryon X X X 
Fragillaria X X X 
Frustulia X X X 

Gomphonema X 
Gyros igma X X 
PlastogPola X 
Meloslra X X X 
Navlcula X X X 
Opephora X 
Rhopalodia X 
Stauronels X 
Surlrella X 
Synedra X X Y 
S ynura X X 
TabelPar ia X X X 
Tri bonema X X X 

I 

Pyrrhophycophyta 

Anabaena X X X 
Aphanizomenon X X X 
Calothrix X 
Coelospharium X 

Cerat ium X X 

P4arssoniella X 
Oscillatoria X X X 
Phormidlum X 
SpiruP ina X X X 



TABLE 13.--Abundance of net phytoplankton, expressed as units per liter, at stations 1, 2, and 3 
during the period November, 1969, to November, 1970 (bottom to surface hauls). 

1970 

1-31 2-28 3/28 4/18 5/1 5/16 6/3 6/24 

17361 31645 37264 68605 147143 49658 12404 2003 
926 1365 8 19 702 5 8 5 487 266 340 

27804 20407 9364 8741 10342 13755 1021 699 
19 5 273 234 156 19 5 19 5 113 28 
0 0 0 0 0 585 340 132 
0 0 0 0 0 0 0 0 

46241 53690 47681 78204 158265 64680 14104 3202 

4381 11544 27056 59065 137385 28988 8715 3088 
819 3 57 325 260 130 283 346 236 

12308 9203 8195 7415 10538 8417 1245 472 
3 1 130 130 130 13 0 4 7 15 15 
0 0 0 0 0 3 3 1 220 126 
0 0 0 0 0 0 0 0 

17539 21234 35706 66870 148183 38066 10541 3937 

163 1718 3213 9815 8668 3088 2616 1624 
8 1 63 63 6 5 6 3 6 3 3 1 3 1 
211 173 415 4290 1229 914 283 189 
116 315 9 4 l 6 2 3 1 0 0 0 
0 0 0 0 0 3 1 63 9 4 
0 6 3 3 1 3 2 6 3 3 1 3 1 0 

571 2332 3816 14364 10054 4127 3024 1938 

Station Taxon 

1 Melosira 
Tabellaria 
Asterlonella 
Synedra 
Dinobryon 
P4isc. diatoms 

Total 

2 Melosira 
Tabellaria 
Asterionella 
S ynedra 
Dinobryon 
Misc. diatoms 

Total 

3 Melosira 
Tabellarla 
Asterionella 
Synedra 
Dlnobry on 
Mist- dlatoms 

Total 

1969 

11-15 12-20 

23375 180123 
9930 8781 
30029 53471 
1655 585 

0 0 
0 0 

64989 242960 

21626 72528 
8700 5854 

27111 48460 
882 325 
0 0 
0 0 

58319 127167 

6778 1860 
157 9 7 

2837 179 
299 416 
0 0 
0 0 

10071 2552 
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TABLE 16.--Abundanceofnannoplankton, expressed as units per milliliter, at station 7 
during the period June to September, 1970 (bottom to surface column mix). 

Frustulia 

Taxon 

Misc. diatoms 

Filamentous 

Date 

6/26 7/10 7/24 8 j7 8j 2 1 9/11 

Total 9 5 86 3 3 9 7 49 5 6 



TABLE 17.--Abundance of zooplankton, expressed as units per liter, at station 1 during the period 
November, 1969, to November, 1970 (bottom to surface hauls). 

Taxon 

Cladocera 
Leptodora 
Daphnia 
Bosmina 
Diaphanosoma 

Total 

Conepoda 
Cyclops 
Nauplii 

Total 

Rotlfera 
Polyarthra 
Kerarella 
Monosty la 

Total I 6 41 1.401 .30 2 -49 5.00 1.40 7 -06 .57 1-72 2.87 

1969 

11/15 12/20 

0 0 
0 0 
.48 "12 
.80 0 

1.28 ,12 

18.32 8.09 
36.39 19 28 

54.71 27.37 

2.48 .63 
3.93 -77 
0 0 

1970 

1/31 2/28 3/28 4/ 18 5/ 1 5/16 6/3 6/24 

0 0 0 0 0 0 0 0 
0 0 0 0 -12 0 0 .12 
1.76 1.54 "77 0 1.53 0 .44 1.28 
0 0 0 0 .76 .25 0 .57 

1.76 1,54 "77 0 2.41 2 5 .44 1.97 

2.00 10.54 1.47 14 -65 15.55 3.14 1.02 1.47 
2-32 4 69 7.32 35 -42 59 -02 15.49 14-46 21.46 

4.32 15.23 8.79 50.07 79.57 18 -63 l5,48 22.93 

.I5 1.92 4.88 1.02 6 - 29 -57 1.02 1.66 
- 15 .57 12 -38 .77 0 . 70 1.21 

0 0 0 0 0 0 0 0 
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TABLE 20,--Abundance of zooplankton, expressed as units per liter, at station 7 during the period 
June to September, 1970 (bottom to surface hauls). 

Cladocera 
Da~hnia 

Taxon 

I 
Bosmina 
EZZZios oma 

6/ 26 7/10 7/24 8/6 8/21 9/ 11 

Total 

Copepoda 
Cyclops 
Naup P i i 

Total 

Rotifera 
Polyarthra 
Keratel la 
Notholca 
Conochilus 
Brachionus 
Filina 
Asp 1 ancha 

Total PO, 90 4*42 P -59 1,91 54-23 16.66 


