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INTRODUCTION 

Accelerated eutrophication ha s become a problem of major 

dimension in  Idaho and  other par ts  of the  United S ta tes  during the  

pa s t  two d e c a d e s .  Associated with a n  acce le ra ted  r a t e ,  eutrophica- 

tion h a s  come a n  increased emphasis  on understanding t h o s e  fac tors  

which contribute t o  inc reased  productivity in  aqua t i c  habi ta ts .  A 

very important part of t h i s  emphasis  h a s  involved numerous a t tempts  

to  e lucidate  the speci f ic  nutrient requirements of a variety of a lga l  

forms. These  s tud ies  have  involved,  for t h e  most par t ,  one  of two 

genera l  approaches .  First ,  a la rge  number of laboratory invest igat ions 

have been conducted for the  purpose of determining spec i f i c  nutrient 

requirements of a part icular  a lga l  s p e c i e s  with the  determination 

b a s e d  upon maintaining that  s p e c i e s  under s t r ic t ly  control led laboratory 

condit ions.  Secondly,  invest igat ion h a s  involved f ie ld  s tud ies  with 

the  object ive  being t o  determine changes  in  ambient concentrat ions 

of a variety of growth promoting s u b s t a n c e s  in  relat ion to  changes  

in a lga l  populat ions espec ia l ly  during t h e  summer months. In addi- 

t ion  there have been other s tud ies  more limited in number in  which a 

combination of t h e s e  two  broad types  of inves t igat ion have been  

at tempted.  This project which is a n  example of the  combined approach 

was  undertaken in t h e  attempt t o  asce r ta in  t h e  re la t ive  contribution or 

stimulatory effect  of s e l e c t e d  nutr ients  which might promote t h e  growth 

of indigenous a lga l  s p e c i e s  in  American Fa l l s  Reservoir. 
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In t h i s  s tudy polyethylene t u b e s  were employed t o  follow changes  

in  abundance  of natural ly occuring a l g a l  s p e c i e s  exposed  t o  different 

concentra t ions  of organic carbon and phosphorus.  The experimental  

appara tus  w a s  posi t ioned i n  a smal l  bay on t h e  north shore of American 

Fa l l s  Reservoir approximately 5 miles north of the  town of American 

F a l l s ,  Idaho (Figure 1 ) .  Field s t u d i e s  were conducted during t h e  

summer, 1971 ,  in  a n  a t tempt  t o  learn  the  re la t ive  contr ibutions of 

t h e s e  nutr ients  i n  the  st imulat ion of a lga l  growth i n  the  polyethylene 

t u b e s ,  a s  well  a s  t o  follow ambient concentra t ions  of s imilar  nut r ients  

and physica l  f ac to r s  i n  severa l  b a y s  of the  reservoi r .  Original ly,  the  

spec i f i c  ob jec t ives  included: 1)  developing a s e r i e s  of techniques  

for f ie ld  a n a l y s i s  of the  r e l a t ive  importance of d i s so lved  o rgan ics ,  

phosphorus and n i t rogen,  i n  the  st imulat ion of a l g a l  growth i n  t h e  

reservoir ;  and 2) t e s t ing  the  des ign  and  feas ib i l i ty  of la rge  suspended 

polyethylene tubes  a s  cul ture  chambers for i n  s i tu  nutrient s t u d i e s  

in  reservoi rs  or  l a k e s  . Ancillary ob jec t ives  included: 1) f ield t e s t ing  

a technique  (Fitzgerald 1968) for ext rac t ive  and enzymat ic  a n a l y s i s  

for  de tec t ion  of surplus  phosphorus i n  a lgae ;  2) es t imat ion  of primary 

production (due t o  phytoplankton ac t iv i ty)  both before and  during con- 

d i t ions  of a n  a l g a l  bloom us ing a combination of d i s so lved  oxygen and  

pH techniques  (Verduin 1956 a .  b . , 1957); and 3)  a measurement of 

ni trate  nitrogen w a s  t o  b e  at tempted using a spec i f i c  ion probe. 

In genera l ,  t he  primary ob jec t ives  were accompl ished s a t i s -  

factori ly within the  l imitat ions of t ime and funding a l lo t ted  t o  the  pro- 

ject. However, anci l la ry  objec t ives  were not  accompl ished,  primarily 

a s  a r e su l t  of the  inavailabi l i ty of proper equipment a t  a time when 
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measurements could be  made. Notwithstanding, the  investigators have 

a s e n s e  of considerable accomplishment both in terms of data  col lec ted 

and in terms of t he  experience gained.  I t  should be  noted tha t  neither 

investigator received compensation for the considerable  time they spen t  

both i n  preparation and in the  ac tua l  f ield work. It is our belief 

tha t  t h i s  preliminary study shows addit ional  work using polyethylene 

t u b e s  is warranted and  tha t  with cer ta in  refinements the  methods 

indeed show considerable promise for t he  investigation of those  factors  

which regulateor promote a lga l  growth in standing bodies  of water. A s  

a r esu l t  of the experience gained in  t h i s  s tudy,  a s e r i e s  of recommenda- 

t i ons  can  now be  made for addit ional  work of th i s  type.  

METHODS 

The polyethylene tubes  which served a s  culture chambers for 

in  s i tu  nutrient s tud ies  employed in th i s  study were constructed by -- 

hea t  seal ing the  margins of polyethylene sheeting.  The tubes  were s o  

constructed that  e ach  tube had a diameter of 30 centimeters and a 

length of 4 meters. Some difficulty was  encountered in  the seal ing 

procedure and  was  overcome after  considerable experimentation. After 

t e s t ing  for l e aks  the  tubes  were transported t o  the reservoir  where 

measured amounts of the se lec ted  nutrients  were introduced or enough 

dis t i l led  water added t o  achieve des i red concentrat ions.  Each column 

was then seeded  with organisms using reservoir  water. The columns 

were placed in  posit ion a t tached t o  flotation co l la r s  and were 



serviced;  and samples  were col lec ted  using a mobile f1,oating platform 

which had been const ructed  using styrofoam f loats  and a planked metal 

framework. 

Plankton coun t s  were obtained by microscopic a n a l y s i s  using 

a Sedgewick Rafter cell. In some i n s t a n c e s  it w a s  necessa ry  t o  sub- 

j ec t  the  raw samples  t o  centrifugation in  order tha t  a concentrat ion 

of organisms w a s  obtained which would yie ld  re l i ab le  counting da ta .  

In addi t ion ,  water samples  were col lec ted  from various bays  of the 

American Fal ls  Reservoir and  a n  abundance of plankton organisms were 

determined in  the same way. Sherri Nanninga, a s tudent ,  helped in  

preparation of samples  and i n  the  a c t u a l  counting. 

Total and soluble  phosphorus and  to ta l  and  soluble  orthosphosphate 

were measured according t o  procedures descr ibed in  t h e  manual, 

"Analytical Techniques for the  National Eutrophication Research Program" 

(Kra wczyk 19 69).  A corrected equation: corrected absorbance  x 

standard x dilution factor  w a s  used  in  p lace  of the 
absorbance  of s tandard 

published one.  Results  a r e  expressed  a s mg/l phosphorus. 

Analyses for nitrogen were carried out  us ing reagents  prepared 

by the  Hach Chemical Company (Ammonium-N by di rec t  Ness ler iza t ion 

method; Nitrite-N by diazotizat ion method; Nitrate-N by cadmium reduc- 

tion method) and a Bausch & Lomb "Spectronic 2 0 ' h o l o r i m e t e r .  Re- 

s u l t s  a r e  expressed  a s  mg/l nitrogen. 

Particular and  d i s so lved  organic carbon were mea sured by 

quant i ta t ive  dichromate oxidation (Maciolek 19 62; Strickland and Parsons 

1968).  Oxygen consumed (mg) was  converted to  ca lo r ies  us ing a co- 

ef f ic ient  of 3.4.  Results  a r e  reported a s  c a l / l  . Spectsophotometric 
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determination of chlorophyll 2 w a s  carr ied out  according t o  the methods 

o f  Strickland and Parsons  (1968) employing Lorenzen 's  method t o  

correc t  for inac t ive  chlorophyll degradation products .  The a l g a e  were 

col lec ted  on g l a s s  f iber  f i l t e r s  prior to  ext rac t ion .  

Total d i s so lved  s o l i d s  were es t imated  from spec i f i c  conductance  

measurements (Am. Publ.  Health A s  s o c .  1965) by multiplying the  factor  

0 .65  (+0.1) (Rainwater and Thatcher 1960).  A l l  chemica l  a n a l y s e s  

were performed by James Terch and Tom Jasmon performed the  chlorophyll 

a n a l y s e s .  

The experimental  portion of the  study was  des igned t o  u t i l i ze  

two s e t s  of tubes  cons i s t ing  of 6 t u b e s  e a c h  (Figure 2 ) .  Both s e t s  

were t o  conta in  iden t i ca l  s e r i e s  of orthophosphate (K HPO ) concen- 
2 4 

t r a t ions  and o n e  set w a s  a l s o  t o  have  2 mg/l g lucose  (C H 0 ) added 6 12 6 

to  e a c h  tube .  The planned orthosphosphate concentra t ions  were 0 .05 ,  

0 . 1 ,  0 . 6 ,  1 .2  and 2 .4  p lus  a control  of reservoir  water .  However,  

t h e  original  phosphate  content  of t h e  make-up water was  in i t ia l ly  

miscalcula ted  due  to  a n  error in  the  published procedures.  Consequent ly ,  

the  a c t u a l  (ca lcula ted)  orthophosphate concentra t ions  were 0 .005,  0 .01 ,  

0 .46 ,  1 .06  and 2 . 2 6 ,  r e spec t ive ly ,  b a s e d  on a n  assumed value of 

0.016 mg/l for t h e  reservoi r  water .  Water  samples  from t h e  tubes  

were  taken a t  0.5 m dep ths .  

RESULTS 

This inves t iga t ion  involved the  documentat ion of water  qual i ty  

condit ions a t  f ive  s e l e c t e d  s i t e s  throughout American Fa l l s  Reservoir 



Figure  2 .  Dinzrarn of p o l v e t 1 1 ) ' l ~ n ~  t u 1 ) e s  a t t a c h e d  t o  f l o t a t i o n  device.  
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and t he  manipulation of potential  a lga l  nutrients  in  experimental tubes  

located in a n  unnamed bay on the  northwest s i de  of the  reservoir .  

Conditions in  American Falls  Reservoir 

Measurements of to ta l  d issolved so l i d s ,  nitrogen (ni t ra te ,  

ni tr i te ,  ammonia) and phosphorus,  were made a t  f ive s ta t ions  in the  

reservoir  during the period of 2 6 May through 2 7 July: 19 7 1 . Organic 

carbon,  chlorophyll a and to ta l  number of c e l l s  were determined on 

3 or 4 occas ions  beginning the  end of June.  In addi t ion,  a s ingle  

complete s e t  of determinations was  made for samples  taken a t  the  

mouth of the  Portneuf River on 27 July. 

There was  a general  decrease  in  to ta l  d issolved so l ids  during 

the  study period (Table 1 ) .  Values were consis tent ly  lowest  a t  Big 

Hole and generally higher a t  Bannock Creek ,  Unnamed Bay and Little 

Hole. Nitrate values  were highest  in  May (the f i rs t  sampling da te )  

a t  Bannock Creek,  Big Hole and Little Hole and on 30 June in  Unnamed 

Bay and Sea Gull Bay; lowest  va lues  were recorded on 13 July a t  

a l l  s t a t ions  except  Sea Gul l  Bay. High ammonium-nitrogen values  

were recorded a t  the  outse t  (26 May) a t  a l l  s t a t ions  except  B i g  Hole; 

lowest  concentrat ions were measured in  June for a l l  except  Bannock 

Creek.  Most  of the  orthophosphate w a s  in  the soluble form, but a 

fair proportion of the  to ta l  phosphate frequently was  i n  the  part iculate 

form. A d iscrepancy is evident  in the  values  for 30 June when the to ta l  

soluble  phosphate va lues  exceeded the  to ta l  phosphate l eve l s  a t  a l l  

s t a t ions  except  Bannock Creek.  Phosphate concentrat ions gradually 

declined during the  study period with soluble orthophosphate reaching 



T a b l e  1. Phosphorus ,  n i t r o g e n ,  and t o t a l  d i s s o l v e d  s o l i d s  c o n c e n t r a t i o n s  a t  s e l e c t e d l o c a t i o n s  i r .  h c r i c a n  
F a l l s  R e s c r v c i r ,  Idah? d u r i n g  sam3:cr 1971.  A i l  values e x p r e s s e d  as ng/l. 

S o l c b l r  T o t a l  T o t a l  T o t a l - F  K i t r i t e - X  N i t r s t e - N  Ax~onia -K TDS 
Or tho-? Ortho-? So ln5 le -P  - 

Bannock Creek 
5-26 
6-12 
6- 30 
7-13 
7-27 

Big Hole 
5-26 
6-12 
6-30 
7-13 
7-27 

L i t t l e  Hole 
5-26 - 
6-12 . 0 1  
6-30 .02 

. 7-13 .02 
7-27 - 0 0  

Sea G u l l  Bay 
5-26 - 
6-12 - 0 2  
6-30 .02 
7-13 .02 
7-27 - 



a negligible l eve l  by 27 July. The trend in  reduction of p h o s p h w l ~ s  

genera l ly  was  more c o n s i s t a n t  than tha t  for nitrogen and i s  more l ike ly  

t o  have  reached limiting l eve l s  by 27 July.  

Highest  d i s so lved  organic carbon l e v e l s  co able 2) were regis tered  

a t  Big Hole and Lit t le  Hole.  High par t icula te  organic carbon and 

chlorophyll 2 va lues  in  e x c e s s  of 1 mg/l were recorded a t  l e a s t  o n c e  

a t  a l l  s t a t ions .  In g e n e r a l ,  va lues  for t h e s e  parameters  a s  wel l  a s  for  

t o t a l  cell coun t s  were g rea tes t  on the  l a s t  d a t e  co l l ec t ions  were made 

(14 August) .  

Temperature da ta  was  co l l ec ted  a t  f ive  loca t ions  in  s e v e r a l  b a y s  

around American Fa l l s  Reservoir.  These  data  a r e  summarized in t h e  

f ive  f igures  included in  Appendix I .  General ly there  w a s  a n  inc rease  

0 i n  surface  temperatures from approximately 15 or 2 5 ' ~ .  during the  

period 26 May t o  12 August 1971. Temperatures a t  the  3 meter and 

5 meter dep ths  were routinely 2 t o  7 d e g r e e s  cooler  than a t  the  su r face  

but exhibi ted the  same overal l  i nc rease  with time. 

C e l l  coun t s  of planktonic organisms were made from samples  

col lec ted  in three  b a y s  of American Fa l l s  Reservoir.  These  data  a r e  

summarized in Figure 3 and indica te  tha t  a n  overa l l  i nc rease  in  plank- 

tonic  organisms occurred from t h e  period 26 May t o  12 August 1971. 

At the  time of the  l a t e  June sampling the re  w a s  a s l ight  d e c r e a s e  in  

t h e  to ta l  cell count  a t  a l l  s t a t ions .  This change  corresponds with a 

dec l ine  i n  surface  water  temperatures a s s o c i a t e d  with mixing of surface  

waters  af ter  a period of windy weather .  At t h e  time of t h e  l a s t  

sampling to ta l  cell coun t s  i n  a l l  b a y s  exceeded  1 , 0 0 0  cel ls /ml.  
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T a b l e  2. Organ ic  ca rbon ,  c h l o r o p h y l l  - a ,  and t o t a l  n d e r  o f  a l g a e  a t  s e l e c t e d  l o c a t i o n s  
i n .  Aner ican  F a l l s  R e s e r v o i r ,  Idaho d u r i n g  sum,er  1971. 

Bannock B i g  Unnamed L i t t l e  S e a  G u l l  P o r t n e u f  
Creek Hole  Bay Hole Bay R i v e r  

O r g a n i c  CarSon ( c a l / l )  

D i s s o l v e d  
30 J u n e  4.26 
1 3  J u l y  9.42 
27 J u l y  5.74 

P a r t i c u l a t e  
30 J u n e  9 .94 
1 3  J u l y  2.14 
27 J u l y  14.84 

C h l o r o p h y l l  a (mg/rn3) 
3 9 J u n e  0.21 0.43 0.37 0.53 
1 3  J u l y  1 . 1 2  0.32 0.21 0.27 
27 J u l y  0.37 0.59 1 .39 0 .00 
1 4  August  0 .00 1 .17 2.14 1 . 0 7  

T o t a l  C e l l s  ( x l ~ ~ / m ~ ) ~ *  

29 J u n e  
1 3  J u l y  
29 J u l y  
1 2  August  

1. Expressed  a s  t o t a l s  o f  i n d i v i d u a l s  o f  F l e l o s i r a  and F r a g i l l a r i a  and c o l o n i e s  o f  Aphanizomenon. 

FI = m i s s i n g  
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Experimental Tubes 

Essent ia l ly  a l l  of t h e  orthophosphate present  was  in  t h e  

soluble  form (Table 3 ) .  Therefore, only t h i s  da ta  is i l lus t ra ted  

(Figure 4) even  though to ta l  orthophosphate w a s  a l s o  measured.  The 

amounts p resen t  in  t h e  control t u b e s  and  t h o s e  in t h e  two lowest  con- 

cent ra t ions  were too  smal l  t o  b e  de tec ted  by the  procedures u s e d .  

The measured orthophosphate va lues  for both s e t s  of tubes  a r e  i n  

t h e  correc t  sequence  expected  from the  ca lcu la ted  concentra t ions .  

However,  they  a r e  not iden t i ca l  be tween s e t s  for any g iven concentra-  

t ion ,  nor a r e  they prec ise ly  the  va lues  ca lcu la ted .  These d i sc repanc ies  

a r e  d u e  t o  t h e  diff icul ty of get t ing t h e  proper volume of water in to  

e a c h  of the  t u b e s .  I t  should b e  poss ib le  t o  r educe  t h i s  variat ion with 

further exper ience .  

A l l  or thophosphate concentra t ions  were reduced by more than 

half by t h e  time t h e  experiment w a s  terminated,  but  there  was  no 

c o n s i s t e n t  pat tern a s  t o  which in i t ia l  concentrat ion was  reduced the  

most.  G r e a t e s t  reduction in  orthophosphate during the  study period 

occurred in the  1 .06  phosphorus + g lucose  tube  ( ~ i g u r e  3) which a l s o  

produced the  l a rges t  crop of a l g a e  (Table 4 ,  17 August).  In both 

s e t s  of tubes  the  0 .45  mg/l concentrat ion ended i n  a n  intermediate 

pos i t ion  re l a t ive  t o  the  o the r s .  These  differences c a n  b e  expla ined 

on the b a s i s  of variat ions in  biological  ac t iv i ty  in the  tubes .  How- 

e v e r ,  the  amount of reduction w a s  not  a lways  s t r ic t ly  proportional t o  

the  inferred bio-act ivi ty.  In the  "phosphate-only" s e r i e s  the  tube  

showing the  g rea tes t  reduction in  orthophosphate (2.26 mg/l; Figure 3) 

supported t h e  g rea tes t  s tanding crop of a l g a e  a s  indica ted  by chloro- 



Table 3. Phosphorus and n i t r o g e n  concen t ra t ions  i n  experimental  tubes ,  American 
F a l l s  Reservoir ,  Idaho dur ing  summer 1.971. 

Soluble To ta l  T o t a l  Tot al-P Nitr i te-N Nitrate-N ~mrnonia-F.( 
Ortho-P Ortho-P Soluble-P 

1. Phosphate only  con t ro l l ed  

ConT'tdl 
7-29 0.00 0.00 0.02 0.09 0.000 0.11 0.53 
8- 2 0.01 0.00 0.00 0.05 0.003 C. 08 0.37 
8-19 I 0.00 0 .01  0.08 0.07 0.001 0.14 -0 A1 
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0 0 0  0 0 0  b b N  03cnO l n - 0 3  . . .  . . .  . . .  . . .  . . .  
0 0 0  0 0 0 0 0 0  0 0 0  N N O  
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F i g u r e  4. S o l u b l e  o r t h o p h o s p h a t e  c o n c e n t r a t i o n s  i n  bo th  s e t s  o f  e x p e r i m e n t a l  

t u b e s  (P-phosphate o n l y ;  G-phosphate p l u s  g l u c o s e )  . 
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phyll  v a l u e s  (Table 5) and v ice  versa  (1.06 mg/l tube ) .  The h ighes t  

chlorophyll a content  was  a l s o  recorded in  t h e  tube showing t h e  

g rea tes t  reduction of orthophosphate (1.06 m g / l )  in  the"phosphorus  + 

g lucose"  s e r i e s ,  but  t h e  r eve r se  re la t ionships  did not hold.  

The inves t iga tors  present ly  l ack  a n  explanation a s  t o  why a l g a l  

growth d id  not i n c r e a s e  progressively with increas ing concentra t ions  of 

nutr ients .  Differential  growth and shading by a t t ached  forms growing 

on  the  s i d e s  of  the  tubes  is a poss ib le  a n s w e r ,  but t h i s  fac tor  w a s  not 

measured.  

Total phosphate  va lues  showed a lmos t  ident ica l  pa t terns  t o  t h o s e  

for  orthophosphate;  a l though,  a s  would b e  expec ted ,  they were a l w a y s  

somewhat higher (Table 3 ) .  Again, most of t h e  va lues  appeared t o  

b e  i n  the  soluble  form excep t  in  the  control  and the  two lowest  con- 

cen t ra t ions  were presumably present  mainly in  the  a l g a e .  

Nitrate and ammonium-nitrogen concentra t ions  genera l ly  varied l i t t l e  

and remained re la t ive ly  high in a l l  t ubes  through the  study (Table 3 ) .  

A few (quest ionable)  except ions  were noted for ammonia in  the  1.06 

and  2.26 mg/l phosphate-only and in  t h e  phosphorus + g lucose  control 

and  0 .45 mg/l tubes  on 2 August. 

Ce l l  count  da ta  was  obtained from a l l  of the  experimental  t u b e s .  

However, only tha t  da ta  from the  control  t u b e s ,  the  0 .45  mg/l phos-  

phorus and phosphorus + g lucose  enriched t u b e s  and  t h e  2 .26  mg/l 

phosphorus and phosphorus + g lucose  tubes  is reported here .  Growth 

of plankton i n  both control  t u b e s  decl ined during the  experimental  

period during August 1971  excep t  for one  s ing le  exception (Figure 5 

and 6 ) .  The except ion  t o  t h i s  s tatement involved t h e  growth of 





-. - Dinobryon 

Figurc 5. Cc-11 cou~:ts  f o r  three  dominant phytoplankters i n  the g l u c o s e  
c o n t r o l  tube. 



- Ap!hani zomenon 

- , F'ragilnria 

- . - . \ : o i~s i ; . j  

Date Samples Collectcd 

P ~ & E  6. Cell counto for three dominant phytaplanktere i n  the phoophorus 
control tubeo. 



Aphanizomenon f los-aquae which increased s l ight ly  in  the  g lucose-  

control  tube and f luctuated widely in the  phosphorus control  tube .  

Changes  in  numbers of planktonic organisms in both control  t u b e s  pre- 

s e n t  the  same kind of pat tern with a decl ine  in  number; occuring during 

t h e  f i r s t  week of the  experiment. Spec ies  composit ion of the  plankton 

i n  the  two control t u b e s  d i f fered  only in  that  Dinobryon w a s  in i t ia l ly  

one  of the  more abundant  forms in  the  glucose-control  t u b e ,  while i t s  

counterpart i n  the  phosphorus control  tube  was  t h e  f i lamentous diatom 

Melosira . 
In both experimental  tubes  with intermediate nutrient concentrat ion 

(0.45 mg/l) , plankton organisms were of grea ter  abundance  throughout 

the  experimental  period than in control  tubes  (Figure 7 and 8 ) ;  and 

the re  was  cons iderably  more variat ion in numbers of organisms a t  

various sampling d a t e s .  Dominant osgarlisms included Aphanizomensn, 

Anabena , Fragilaria and Dinobryon. 

In the  experimental  tubes  rece iv ing the  high@ s t  concentrat ion of 

added nutr ients  (2.26 mg/l phosphorus and phosphorus + g l u c o s e ) ,  

growth of planktonic organisms achieved the i r  h ighes t  l e v e l s  (Figure 9 

and 1 0 ) .  Moreover,  in  t h e  phosphorus enriched tube  both Aphanizsmenon 

and Anabena exceeded 10 ,000  eelks/mk during the  period 9 August t o  

19 August 1971. Both of t h e s e  organisms a r e  bluegreen a l g a e  and routinely 

cons t i tu te  the  more common nu i sance  forms of a l g a e  a s s o c i a t e d  with 

eutrophic bod ies  of water ,  In addit ion t o  the  bluegreen a l g a e  

Fragilaria a l s o  occurred in both tubes  containing t h e  h ighes t  amounts of 

added nutr ients  and Dinobryon was  present  i n  the  phosphorus enriched 

tube  during the  ear ly  portion of the  experimental period. 



Date Sa:aplcs Coll ected 

Figure 7 .  C e l l  counts f o r  four dominant phytoplanktcrs i n  the i n t e r n r d i a t e  
phospliate + glucose  tube (3 .45  ppm) . 



-.- Aphonizoncnon 
F r s g i l a r i a  - - - -  Anabaena 
Dinobryon 

Dates Samples C o l l ~ c t - 3  

Figure 8 .  Cell  counts  f o r  four dominant phytoplankters  i n  the  in termediate  
phosphate tube ( 0 . 4 5  ppm). 



Dates Snmples Col lec ted 

~ i y r e  9. C e l l  counts for t h r e e  d o l n i ~ n t  phytoplnnktcrs in t he  high concentra t ion 
phosphate + glucose tube (2.26 ppm). 
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Ditc S v n l e s  C o l l ~ c t ~ d  

Figure 10. Cell count, for f0i11. rlnminant phytoplanktcrs in the high concentration 
phosphate tubs (2.26 ppm) .  



DISCUSSION 

One of the  purposes of t h i s  pilot s tudy was  t o  evaluate  t h e  

ut i l i ty of severa l  techniques  a s  ind ices  of a lga l  growth. Part iculate 

organic carbon is a n  indiscriminate measure of a l l  suspended organic 

matter in the  water. It d o e s  not d is t inguish  between living and dead  

or  a lgal  and non-algal material.  At present  t h e  a n a l y s i s  of plant  

pigments is the only rapid chemical  method for est imating plant b iomass  

in the  par t icula te  organic matter of t h e  water (Strickland and Parsons 

1968). By u s e  of a correct ion for phaeophytin pigments the  standing 

crop of the  l iving fract ion a lone  c a n  b e  es t imated.  Ce l l  counts  a r e  

another means of evaluating changes  i n  a l g a l  populations and have t h e  

advantage  of providing information on the  abundance of e a c h  s p e c i e s .  

But the  method is time-consuming a s  indicated by our inabil i ty to  count 

more than half of t h e  samples  col lec ted .  

No cons i s t en t  relat ionship emerged between a n y  two of t h e  three  

parameters (Tables 4 and  5 ) .  Chlorophyll 2 appeared t o  b e  t h e  most 

promising a s  a means for rapid evaluation ~f changes  i n  plant  s tanding 

crop.  But addit ional  work is needed t o  equate  chlorophyll a concentrat ions 

t o  cell biomass rather than t o  cell numbers and t o  account for d i f ferences  

in chlorophyll content  ar is ing from differences in  a g e  of cells. Although 

t ime did not permit its evaluat ion,  t h e  gasometric a n a l y s i s  of a l g a l  

productivity s t i l l  appears  promising. 

Algae in American Fal ls  Reservoir did not r each  the  peak numbers 

i n  1971 achieved in  other y e a r s ,  although to ta l  cell counts  i n  t h o s e  

portions of the  reservoir  tha t  were sampled did inc rease  throughout t h e  

summer months. Failure of t h e  development of bloom condi t ions  may 



h a v e  been  d u e  in part  t o  unusual  water  condit ions.  Draw-down of 

t h e  reservoir  during t h e  irrigation s e a s o n  did not approach the normal 

l e v e l s .  The unusual ly  heavy snow pack which accumulated during the  

winter of 1970-71 provided a n  inc reased  runoff throughout the  summer 

months of 1971. This added flow could conceivably  have  resul ted  in  

cons iderable  di lut ion i n  nutrient concentra t ions  of t h e  water ,  al though 

data  regarding water  chemis t r ies  from other y e a r s  a r e  not ava i l ab le  for 

comparison.  

In the  experimental  tubes ,  part icularly t h o s e  receiving t h e  

h ighes t  concentra t ions  of added nutr ients  (2.26 mg/l ,  growth of planktonic 

organisms espec ia l ly  Aphanizomenon and Anabena) reached l e v e l s  10 

t imes  more numerous than in  the  ambient  water  of t h e  bay.  The r e s u l t s  

of Aphanizomenon a r e  a b i t  misleading and need addi t ional  c lar i f ica t ion .  

Aphanizomenon occurs  a s  a c lus te r  of t r ichomes joined la tera l ly  t o  one  

another  in to  smal l  macroscopic,  free-floating , feathery co lon ies .  

S ize  of individual  cells is s o  smal l  tha t  when occurring a s  a packe t  

of f i laments  or t r ichomes i n  the  colony the  counting of individual  

cells is imposs ib le .  Therefore, al though our r e s u l t s  a r e  expressed  a s  

cell c o u n t s ,  they a r e  ac tua l ly  colony coun t s  and  the  number of indivi- 

dual  cells for Aphanizomenon would b e  much greater .  For t h i s  r eason  

t h e  a n a l y s e s  of plant  pigments may b e  preferred for es t imat ing  plant  

b iomass .  A recent  technique  ut i l izing ATP content  of living cells 

h a s  been developed and might b e  incorporated in to  any  addi t ional  s tudy 

involving a l g a l  population dynamics in th i s  and  other  bod ies  of water  

(Strickland and  Parsons ,  1968).  Never the less ,  evidence  from t h e  cell 

count  da ta  makes  i t  abundantly c l e a r  tha t  addi t ional  nut r ients ,  both 



phosphorus and phosphorus + g l u c o s e ,  e l ic i ted  a dramatic r esponse  in 

terms of numbers of a l g a e .  This i s  shown most c lear ly  by data  from 

t h e  experimental tubes  receiving the  g rea tes t  amounts of added nutr ients .  

Experience gained in the  u s e  of polyethelyne tubes  a s  t e s t  

chambers l e a d s  t o  t h e  conclus ion tha t  they indeed represent  a very 

promising way of approaching t h e  complex problems involved in the  re-  

la t ionship  between nutrient supply and a l g a l  growth. The pblyethelyne 

tubes  appeared t o  be  exceptionally durable over the  time period required 

for t h i s  s tudy.  Although the  tubes  used  were d iscarded a t  the  end of 

the  experimental  period,  i t  i s  poss ib le  tha t  they might be  used a second 

year  af ter  cleaning and  s torage .  However, before us ing th i s  approach,  

a c o s t  comparison should b e  made between replacement with new t u b e s  

a n d  t h e  c o s t  of cleaning a n d  s torage .  Two problems were encountered 

in  using t h e  tubes  tha t  need at tention prior t o  continued u s e  of t h i s  

technique:  The f irst  is the  need to  improve a method of suspending 

t h e  tubes  from some kind of a f lotat ion collar  such  that  carbon dioxide 

diffusion could occur unhindered; a second problem involves tes t ing  

for optimum tube s i z e .  In th i s  s tudy t h e  diameter  of the  tubes  w a s  

d ic ta ted  largely by t h e  limited avai labi l i ty  of p las t i c  shee t ing ,  and 

the re  a r e  reports  i n  the  l i terature of tubes  of much greater  diameter  

having been used  (Lund, 1971).  It was  a l s o  noticed during the  exper- 

iment tha t  considerable  growth of periphyton, largely d ia toms,  appeased 

on the  s i d e s  of the  p l a s t i c  tubes  and  thus  resul ted  i,n s o m e  shading t o  

the  column of water  contained in  the  tube.  I t  is conceivable  tha t  t h i s  

reduction in l ight  in tens i ty  could have  resul ted  i n  some depress ion i n  

growth of a l g a e  in  t h e  t u b e s .  
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One of the  problems tha t  h a s  been  pointed out  by numerous 

au thors  regarding the  measurement of  phosphorus in  re la t ion  t o  a l g a l  

growth involves  the  capaci ty  of many a l g a l  s p e c i e s  t o  accumulate  

phosphorus in  what h a s  been  termed "luxury consumption".  I t  w a s  

hoped t o  measure t h i s  luxury component of phosphorus uptake by 

enzymatic a n a l y s i s .  However,  apparent  inadequac ies  in  t h e  published 

technique  (Fitzgerald , 19 68) precluded carrying out  t h i s  portion of t h e  

work. 

It  appears  that  laboratory s tud ies  could b e  ini t iated t o  supple-  

ment the  kind of da ta  resul t ing  from the  major t echn iques  used  In th i s  

s tudy.  In the  laboratory it should b e  poss ib le  t o  determine e a s e  of 

u t i l iza t ion  of different carbon sources  by the  a l g a e  i n  ques t ion .  In 

add i t ion ,  conversion of sugar  into forms of carbon tha t  may b e  d i rec t ly  

a s s imi la ted  by p lants  was  not measured in  t h i s  s tudy and should 

rece ive  addi t ional  inves t iga t ion .  Never the less ,  t h e  u s e  of polyethylene 

t u b e s  a s  i n  s i tu  culture chambers a p p e a r s  t o  have considerable  promise 

and warrants further s t u d i e s  of t h i s  type .  To carry on a n  expanded 

program, however,  would require s ignif icantly higher funding but  could 

ultimately prove t o  b e  a valuable method for a s s e s s i n g  the  potential  

of  various waters  in  supporting or  contributing t o  nuisance  blooms of 

a l g a e .  
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5-26 6-11 6-30 7-13 7-27 8-12 

Dates o f  R e a d i n g s  

F i g u r e  A .  T e m p e r a t u r e  p r d i l e  f o r  B i z  H o l e  Bay d u r i n ;  summer of  1971. 
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Figure R. TcrnpcraLure profi le  for Sportsmans Park Ray during eurtmcr 
of 1911. 
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Figure C .  Ternperilturo p r o f i l e  for Sengull  Bay during s u m r  of 1971. 
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Figure D. Temperature prafilc for Sannock Creck 83). during summer 
of 1971. 
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F i ~ u r e  E.  Temperature prof i l e  for  Unnorued Bay durlng sunmcr o f  1971. 




