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INTRODUCTION 

Limnological  l i t e r a t u r e  c o n t a i n s  hundreds of papers  

on numerous phases  of zooplankton b io logy .  However, a 

r a t h e r  obvious a s p e c t  whlch appears  t o  have been neg lec t ed  

i s  Informzt ion on a r t i f i t  :131 1:)lces. With t h e  t r e n d  i n  

recent; y e a r s  t o  c o n s t r u c t  more and more r e s e r v o i r s  f o r  

economic and r e c r e a t i o n a l  purposes,  a need f o r  t h e s e  

s t u d i e s  i s  appa ren t .  Some p u b l i c a t i o n s  con ta in ing  d i s -  

cus s ions  of l imno log ica l  c o n d i t i o n s  i n  a r t i f i c i a l  bod ie s  

of wa te r  a r e  t h o s e  of Ward and S e i b e r t  (1963) ,  Wright 

(1958, 1959 , 1961) , Boreckly (1956) , Pennak ( 1941, 1946, 

1949) )  Weib (1938, 1939), H a r r i s  and S i l v e y  (1940) )  and 

Juday (1906, 1907) .  

The p r e s e n t  i n v e s t i g a t i o n  i s  an a t tempt  t o  con- 

t r i b u t e  t o  our  inadequa te  knowledge of l imno log ica l  i n t e r -  

r e l a t i o n s h i p s  i n  an a r t i f i c i a l  body of wate r .  Spr ing  

Val ley  Rese rvo i r ,  a 56 a c r e  a r t i f i c i a l  l a k e ,  was s e l e c t e d  

f o r  s tudy .  F i e l d  work extended from May through November, 

1964, but  c e r t a i n  phases  of t h e  l a b o r a t o r y  work were n o t  

completed u n t i l  March, 1965. 

P a r t i c u l a r  a t t e n t i o n  h a s  been g iven  t o  v e r t i c a l  

and seasona l  v a r i a t i o n s  of zooplankton popu la t ions  i n  

r e f e r e n c e  t o  s e l e c t e d  environmental  f a c t o r s  such a s  tem- 

p e r a t u r e ,  t r anspa rency ,  d i s s o l v e d  oxygen, f r e e  carbon 
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d iox ide ,  t o t a l  and calcium hardness ,  a l k a l i n i t y ,  n i t r o g e n ,  

and phospllorus. I n  aciciit 1-on, emphasis has  been g iven  t o  

t h e  mean summer s t  anding c~.op of  zooplankt on. 

Although limnology Ilas been recognized  a s  a d i s t i n c t  

branch of s c i ence  f o r  l e s s  t han  70 y e a r s  (welch, 1952) ,  

much h a s  been done t o  provide an unders tanding of l ake  

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

t i v i t y .  Many l n v e s t i g a t l o n s  have been conducted i n  an 

a t tempt  t o  determine c h a r a c t e r i s t i c s  w i th  which t o  c l a s s i f y  

t h e  p r o d u c t i v i t y  of l a k e s .  A s  a  r e s u l t ,  many phys i ca l ,  

chemical,  and b i o l o g i c a l  measures of p r o d u c t i v i t y  have 

evolved and a r e  now used wi th  vary ing  degrees  of success .  

,5or11e of t l lese  l imno log ica l  methods have been inc luded  i n  

t h e  p re sen t  investigation. 



DESCRIPTION OF STUDY AREA - 

Spring Val ley  Rese rvo i r  ( ~ i g u r e  1) i s  l o c a t e d  i n  

Latah County nea r  Troy, Idaho.  It was impounded i n  1961 

by t h e  Idaho F i s h  and Game Department a s  a  r e c r e a t i o n a l  

s i t e .  The dam was placcd below t h e  conf luence of two 

in tc l -ml t tcn t  streamo, wh.i.c:l~ IIOW form t h e  two arms of t h e  

r e s e r v o i r .  The on ly  o u t l c t  i s  a  sp i l lwayJ  e f f e c t i v e  only 

during t h e  s p r i n g .  The r e s e r v o i r  h a s  a s u r f a c e  a r e a  of 

21.04 h e c t a r e s .  Maximum depth i s  s l i g h t l y  more t h a n  9 .0  

metere. 

Most of t h e  sou thern  s h o r e l i n e  i s  wooded wi th  mixed 

c o n i f e r s .  Abies g r a n d i s ,  Pinus ponderosa, Pinus  mont ico laJ  

Pinus cont o r t a  L a r i x  o c c i d e l ~ t a l i s ,  and Pseudot suga 

menz ie s i i  form most of t h e  canopy whi le  a few Prunus and 

Thuja a r e  s c a t t e r e d  through t h e  a r e a .  Vege ta t ion  border ing  

t h e  northwest  c o n s i s t s  most ly  of g r a s s e s  and a few shrubs  

whi le  t h e  remainder of t h e  s h o r e l i n e  i s  bordered by a 

wheat f i e l d .  There i s  a swampy a r e a  a t  t h e  north-west  

i n l e t  t h a t  i s  i n t e r m i t t e n t l y  wet du r ing  t h e  sp r ing .  The 

o r i g i n a l  l ake  b a s i n  con~ i :~ i ; cc l  of a  logged-off  a r e a  and 

g ra s sy  meadow land .  





METI IOI!.", AND MATERIALS -- 

Phys ica l ,  chemical ,  and b i o l o g i c a l  d a t a  were 

c o l l e c t e d  from t h r e e  s t a t i o n s  e s t a b l i s h e d  i n  t h e  open 

waters  of Spr ing Val ley  Rese rvo i r  ( ~ i g u r e  1, page 4 ) .  

Normal water  dep ths  a t  sampling s t a t i o n s  were: 4 . 5  meters  

a t  S t a t i o n  I; 5 .0  meters  a t  S t a t i o n  11; and 9 .0  meters  

a t  S t a t i o n  111. Bimonthly v i s i t s  were made f o r  t h e  pe r iod  

of May 6, 1964, through November 11, 1964. 

A v e r t i c a l  s e r i e s  of temperature  r ead ings  and 

zooplankton samples were talcen a t  one meter  i n t e r v a l 3  from 

each s t a t i o n .  Secchi  d i s c  r ead ings  were t aken  dur ing  each 

v i s i t .  Dissolved oxygen and f r e e  carbon d iox ide  samples 

were taken  a t  one meter  i n t e r v a l s  a t  S t a t i o n  111. Water 

samples used f o r  ana lyses  of t o t a l  and calc ium hardness ,  

a l k a l i n i t y ,  t o t a l  i r o n ,  t o t a l  and or thophosphate ,  n i t r i t e  

and n i t r a t e  n i t r o g e n ,  a.nd pH were t aken  a t  s u r f a c e ,  mid- 

depth, and near-bottom a t  S t a t i o n  111. A l l  wa te r  samples 

were c o l l e c t e d  wi th  t h e  a l d  of a Kemmerer wate r  sampler.  

Water f o r  d i s s o l v e d  oxygen and f r e e  carbon d iox ide  a n a l y s e s  

were t r a n s f e r r e d  from t h e  sampler i n t o  300 m l .  g l a s s -  

s toppered b o t t l e s ,  u s ing  customary p recau t ions .  Water 

samples f o r  o t h e r  chemical  de t e rmina t ions  were p laced  i n  

polyethylene b o t t l e s  and r e t u r n e d  t o  t h e  l a b o r a t o r y  f o r  

a n a l y s i s .  A l l  determinal;.i.on; were made on t h e  same day of 
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thermometer was employed t o  r eco rd  tempera tures .  

Dissolved oxygen was determined by t h e  A l s t e r b e r g  

modi f ica t ion  of t h e  Standard Winkler Method. A new r e a g e n t J  

Phenylarsene Oxide ( P A O ) ,  was used i n  p l ace  of sodium 

t h i o s u l f a t e  accord ing  t o  mcthods of t h e  Hach Chemical 

Company, h e s ,  Iowa. Phcny l .arsene oxide perf  o m s  iden-  

t i c a l l y  w:j.th sodium thio:;!.~!.fnte, but  1 3  complete ly  s t a b l e  

thus  r e q u l r l n g  no s t a n d a r d i z a t i o n .  F ree  carbon d iox ide  

de te rmina t ions  were ob ta ined  by t i t r a t i n g  100 m l .  of wate r  

sample w i th  N/44 sodium hydroxide us ing  phenolphtha le in  

as  an  i n d i c a t o r .  According t o  Pennalc (1949) t h e  l a t t e r  

method i s  s u f f i c i e n t l y  a c c u r a t e  f o r  l imno log ica l  purposes.  

Phenolphthale in  and bromcresol  green-methyl r e d  a l k a l i n i t y  

were determined by t i t r a t i n g  w i t h  s t a n d a r d  s u l f u r i c  a c i d  

( ~ / . 0 2 ) .  T o t a l  hardness  wa3 determined by t h e  Man Ver 

Hardness T e s t .  Calcium hardness  was determined us ing  

Cal Ver I1 i n d i c a t o r  powder t l t r a t e d  w i t h  s t anda rd  Hexa 

Ver s o l u t i o n .  

T o t a l  i r o n ,  t o t a l  and or thophosphate  n i t r i t e  and 

n i t r a t e  n i t r o g e n  were determined co lo r i r r l e t r i ca l ly  u s ing  a 

Bausch and Lomb Spec t ron ic  20 co lo r ime te r .  A Leeds and 

Northrup pH meter  was used t o  measure t h e  hydrogen i o n  

concen t r a t  i on .  
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Q u a n t i t a t i v e  zooplankton samples  were c o l l e c t e d  w i t h  

a t e n - l i t e r  Juday  p l a n k t o n  t r a p .  Samples were washed from 

t h e  bucket  of t h e  t r a p  i n t o  v i a l s  and p r e s e r v e d  i n  95s 

a l c o h o l .  I n  t h e  L a b o r a t o r y ,  t h e y  were b rough t  t o  s u i t a b l e  

volumes by d e c a n t i n g  t h e  s u p e r n a t a n t  w a t e r  from t h e  s e t t l e d  

sample, o r  by a d d i n g  plani:t;o~?-free w a t e r .  A 1 . 0  m l .  

a l i q u o t  of t h e  sample was p l a c e d  i n  a  Sedgewick-Raf ter  

c e l l J  and c o u n t s  made. A p p r o p r i a t e  c a l c u l a t i o n s  were 

made t o  d e t e r m i n e  t h e  number of  i n d i v i d u a l s  p e r  l i t e r .  

Zooplankton organisms were i d e n t i f i e d  t o  s p e c i e s  o n l y  when 

c l e a r l y  d e f i n e d .  A l l  o t h e r s  were i d e n t i f i e d  t o  genus .  

I d e n t i f i c a t i o n  was c a r r i e d  o u t  w i t h  t h e  a i d  of keys  found 

i n  Pennak (1953) and Ward and Whipple (1959) .  



RESUIJTS AND DISCUSSION 

PHYSICAL CONDITIONS 

Seasonal  temperature  changes recorded  a t  S t a t i o n  

I11 a r c  shown i n  F igu re  2 .  Tercperature curves  f o r  S t  a t  i o n s  

1 a.n(; I1 :).re no t  i nc luded ,  a3 tempera tures  recorded a t  

;;he- ,c . s t a t i o n s  were fountj k o  bc  s i m i l a r  t o  r eco rds  ob ta ined  

f o r  S t a t i o n  111. S o l i d  l i n e s  on t h e  graph i n d i c a t e  p e r i o d s  

of warming t o  t h e  maximum surnrner t empera ture ,  and broken 

l i n e s  i n d i c a t e  pe r iods  of coo l ing  from t h e  summer maximum. 

Each curve i s  l a b e l e d  as t o  month and day. 

Lakes of s u f f i c i e n t  depth  almost  i n v a r i a b l y  undergo 

a  per iod  of t empera ture  s t r a t ; i f i c a t i o n  du r ing  t h e  summer 

months, r e s u l t i n g  i n  t h e  .;'ormat ion of t empera ture  zones. 

I n  c l a s s i c  limnology t h e s e  zones have been named as 

i'ollows: The upper r e g i o n  of' more o r  l e s s  uniformly warm, 
I 

c i r c u l a t i n g ,  and f a i r l y  t u r b u l e n t  wa te r  i s  termed t h e  

epi l imnlon.  Below t h e  ep i l imnion  a zone of r a p i d  drop  i n  

temperature occurs  w i t h  dep th .  T h i s  zone h a s  been des ig-  

nated a s  t h e  thermocl ine .  Rowever, i n  modern l imno log ica l  

l i t e r a t u r e  t h e  thermocl ine  1 3  de f ined  as " t h e  p lane  of 

maximum r a t e  of dec rease  i n  temperature ' '  ( ~ e e d ,  1961).  

Below t h e  thermocl ine  i s  a co ld ,  r e l a t i v e l y  und i s tu rbed  

r eg ion  termed t h e  hypolimnion. Many l imno log ica l  i n v e s t i -  
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g a t o r s  now des igna t e  t h e  tiicrmocline and a  g r a d i e n t  on 

e i t h e r  s i d e  of i t  a s  t h e  r i~~~tnl . Imnion.  The l a t t e r  termin-  

ology w i l l  be employed Jn i;hc fo l lowing  d i s c u s s i o n  of 

temperature .  

The h i g h e s t  s u r f a c e  temperature  recorded dur ing  t h e  

s tudy occurred on J u l y  29 (23.5' C .  ) and t h e  lowest  

(7.1' C.) on two occas ions ,  May 6 and November 14.  

Presumably, s p r i n c  ovc r tu rn  was occu r r ing  a t  t h e  

i n i t i a t i o n  of t h i s  s tudy  on May 6,  and had te rmina ted  by 

May 24. I n  e a r l y  June subsequent h e a t  i n t a k e  a t  t h e  

surf  ace  induced s t ra t i f  i cak ion  and t h e  development of a 

d i s t i n c t  metalimnion.  The depth of t h e  ep i l imnion  e a r l y  

i n  t h e  season v a r i e d  from 2 . 0  t o  4 . 0  meters .  During June,  

Ju ly ,  and e a r l y  August, stratification i n t e n s i f i e d  and 

summer s t a g n a t i o n  as desc r ibed  by Welch (1952) developed. 

Beginning i n  l a t e  August t h e  ep i l imnion  deepened and by 

e a r l y  October i t  had d i sappeared .  

Once t h e  metalimnion developed it underwent a 

:;rzdusl change a s  t h e  s e x o n  progressed .  During June,  

,Jujy, and e a r l y  August t k ~ c  rnc:ta limnion extended about 5 . 0  

meters  i n  dep th .  I n  l a t e  August t h e  s u r f a c e  wa te r  began 

t o  coo l  caus ing  t h e  metalimnion t o  s i n k  and complete ly  

d i sappear  by t h e  l a t t e r  p a r t  of September. 

The curve f o r  October 5 i n d i c a t e s  t h e  format ion  of 

a  s u r f a c e  thermocl ine ,  a phcnomenon t h a t  occur red  only  once 



11 

dur ing  t h e  s tudy .  The temperature  dropped from 1 6 . 4 O  t o  

12.6', a d i f f e r e n c e  of 3.3' i n  t h e  s u r f a c e  meter  of wa te r .  

Prom 1 . 0  meter  t o  t h e  bottom t h e  temperature  dropped l e s e  

than 2.0'. A 3  t h e  day was sunny and windless  and as t h e  

measurements were made i n  l a t e  a f t e rnoon ,  t h e  su r f ace  

warmed s u f f i c i e n t l y  t o  cause  a s u r f a c e  thermocl ine .  

The f i rs t  i n d i c a t i o n  of a f a l l  ove r tu rn  appeared 

on October 5 when s u r f a c e  t o  bottom tempera tures  were 

near1 y honlothermous . By October 18 tempera tures  were 

uniform throughout t h e  ci-ltlrc wate r  column. T h i s  homo- 

thermous c o n d i t i o n  was s t i l l  ev iden t  a t  t h e  c l o s e  of t h e  

s tudy.  

Transparency 

S ince  l i g h t  e x e r t s  a profound i n f l u e n c e  upon a 

whole s e r i e s  of b i o l o g i c a l  phenomena i n  wate r  (welch 1952) ,  

some measurement of l i g h t  p e n e t r a t i o n  i s  of va lue .  Water 

t ransparency  provides  a r e l a t i v e  index  of l i g h t  pene t r a -  

t i o n ,  and t h i s  method was used t o  determine seasona l  and 

i n t e r - s t a t i o n  d i f f e r e n c e s  i n  l i g h t .  Although Secchi  d i s c  

~neasurements provide t h e  most p r a c t i c a l  means of measuring 

t ransparency ,  it must be po in ted  out  t h a t  accuracy of 

read ings  depend t o  a l a r g c  c:ctent on weather  c o n d i t i o n s  and 

time of day.  

A s  shown i n  F igurc  I;, t h e  wa te r s  of Spr ing  Va l l ey  





13 

iicsclvoirB showed low tllr?iL:;~);rcl~cies. A maximum Secchi  

d l s c  read ing  of 4 .0  meters  was recorded a t  S t a t i o n  I11 on 

J u l y  15, 1964. Transparency r ead ings  from t h e  t h r e e  

sampling s t a t i o n s  e x h i b i t e d  very  l i t t l e  v a r i a t i o n  du r ing  

t h e  s tudy pe r iod .  Thus, cons ide r ing  S t a t i o n  I11 as being 

t y p i c a l ,  t h e  c a l c u l a t e d  mean was 1 . 9  meters  and t h e  median 

2 .0  meters .  

Viewing t h e  curves  i n  F igu re  3, page 12,  as a group,  

it can be seen t h a t  t h e r e  was a g radua l  c l e a r i n g  from e a r l y  

May t o  mid-July.  Beginning i n  l a t e  J u l y  a g e n e r a l  decrease  

i n  t ransparency  occurred u n t i l  e a r l y  September. For t h e  

rernalnder of t h e  s tudy  pe r iod  t r a n s p a r e n c i e s  v a r i e d  over  

a range of approximately  1 . 0  meter .  Lowest t r a n s p a r e n c i e s  

were noted du r ing  spri : ,g : I L I  1'311 ove r tu rns .  T h i s  marked 

decrease i n  t r anspa rency  ,A : r ing ove r tu rn  pe r iods ,  when t h e  
I 

water  mass t a k e s  on a uniform c h a r a c t e r  i n  a l l  of i t s  
I 
1 va r ious  s t ra ta ,  i s  t y p i c a l  of r e s e r v o i r  environments w i th  
I 

i 
I 

high r a t e s  of sedimentat  i on  o r  d e t r i t a l  f o m a t  i on .  

CHEMICAL CONDITIONS 

Oxygen 

A s  shown i n  F i g u r e s  4 and 5, d i s s o l v e d  oxygen i n  t h e  

surface  wate r  of Spr ing  Val ley  Reservoi r  v a r i e d  from a  h igh  

of 10.7 p.p.m. on May 6 t o  a low of 7 . 2  p.p.m. on November 

I .  1 4 .  Oxygen con ten t  i n  t h c  lowermost wate r  v a r i e d  from a 
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h igh  of 10.7 p.p.m. on M2.y 6 t o  t o t a l  d e p l e t i o n  du r ing  

the  months of J u l y ,  A u g u z > ,  and t h e  c a r l y  p a r t  of September. 

Cl;;:,y:, n s t - > a t i f i c a t i o n  w:~: 1-::( ; :11 1J.shed by May 24, and con- 

ti11113 11 U i l  ,il t h e  e a r l y  p- , , of October.  

Ba:;ed on t h e  Oxyci ,I c , ~ r b c ; ,  f o r  June 3, a l l  of J u l y ,  

August, and t h e  f i rs t  parL of Scpternber, i t  i s  apparen t  

t h a t  h i g h e s t  c o n c e n t r a t i o n s  occurred a t  2 .0  meters .  T h i s  

condi t ion  was undoubtedly d u e  t o  e p i l i m n e t i c  photoayn- 

t h e s i s .  On June 16, t h e  hfighest oxygen c o n c e n t r a t i o n s  

occurred a t  t h e  s u r f a c e  and a t  3 .0  meters .  T h i s  c o n d i t i o n  

could i n d i c a t e  two p h o t o s y n t j ~ c t i c  zones o r  a c o n c e n t r a t i o n  

of zoopla;llcton ( a s  sugger tc:d by F i g u r e s  6, 7, and 8) i n  

the  1 . 0  and 2 .0  meter  s t r a t a .  

A s  summer progresscci,  a  zone of oxygen d e p l e t i o n  

developed i n  t h e  lowermost p o r t i o n  of t h e  hypolimnion. 

Probably t h e  most important  f a c t o r s  c o n t r i b u t  i n g  t o  oxygen 

d e p l e t i o n  were decomposit ion of o rgan ic  m a t t e r  and t h e  

presence of i r o n .  According t o  Welch (1952) ,  i n  l a k e s  

which c o n t a i n  i r o n  t h e  ox ida t ion  of s o l u b l e  i r o n  compounds 

t o  i n s o l u b l e  f e r r i c  hyd ra t e  p l ays  an impor tan t  r o l e  i n  

t h e  exhaus t ion  of d i s s o l v e d  oxygen. 

A f a l l  o v e r t u r n  e l imina t ed  oxygen s t r a t i f  i c a t i o n  

by October 5. 



Carbon Dioxide 

V e r t i c a l  and sear;onnl. va . r i a t i ons  of f r e e  carbon 

con ten t  Rese rvo i r  a r e  

Tablc I .  The f r e e  cal-bo;.~ (.io:t-i clc v a r i e d  from a summer low 

of 0 . 1  p.p.m. i n  t h e  suri 'ace wa.ter t o  a maximum of 33.0 

a t  8.0 mete r s  p r i o r  t o  t h e  f a l l  ove r tu rn .  S i z a b l e  

seasonal  and depth v a r i a t i o n s  were no ted .  For  example, t h e  . 
seasonal  range i n  f r e e  carbon d iox ide  i n  t h e  bottom wa te r  

ranged from compared t o  a range of 0.1 

t o  4.5 p.p.m. i n  t h e  s u r f a c e  wa te r .  The g r e a t e s t  s u r f a c e  

t o  bottom range f o r  any one day occur red  on August 26 when 

a d i f f e r e n c e  of 29.0 p.p.m. was noted .  The s m a l l e s t  

range occurred on October 18, aga in  due t o  t h e  f a l l  ove r tu rn .  

During summer s t r a t i f i c a t i o n  cons ide rab le  decomposi- 

t i o n  t a k e s  p l ace  i n  t h e  hypolimnLon. A l l g e i e r ,  Pe te rson ,  

Juday , and Bi rge  ( 1932) hc~ve  shown t h a t  under l a b o r a t o r y  

cona i t i ons ,  carbon clio;.:iu~ c7nn be a s  h igh  as 30% of t h e  

I t o t a l  gas evolved from det:.:onlposition. R e s p i r a t i o n  and a 

high decomposit ion r a t e ,  coupled wi th  much reduced c i r c u -  

l a t i o n  i n  t h e  hypolimnion could  have been an important  con- 

t r i b u t i n g  f a c t o r  t o  t h e  hlgh carbon d iox ide  conten t  t h a t  

occurred i n  t h e  bottom w a t e r s .  

No exp lana t ion ,  otl-ler t h a n  perhaps e r r o r ,  i s  apparen t  

f o r  t h e  lower t h a n  average carbon d iox ide  conten t  t h a t  was 

noted on J u l y  29. It cannot be a t t r i b u t e d  t o  h i g h  photo- 
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syn thes i s ,  a s  p lankton samples i n d i c a t e d  a popula t ion  low 

i n  phytoplankton,  

Active photosynthes i s  never  dep le t ed  carbon d iox ide  

i n  t h e  wate r  of Spr ing  Val ley  Reservoi r .  I n  c o n t r a s t ,  

t he re  was always an excess  of t h i s  gas .  

Hardne cs  

T o t a l  hardness  and t h e  p o r t i o n  of hardness  due t o  

calcium a r e  g iven  i n  Table:: I1 2nd 111. It can be seen  

iih3.t therc: was a seasonal :!.r; v ~ c l l  a s  a v e r t i c a l  i n c r e a s e  

i n  t o t a l  a.nd calcrlum h a r t i ~ ~ o s n  u n t i l  t h e  f a l l  ove r tu rn  

per iod.  T o t a l  hardness  exhLbited a seasona l  range from a 

minimum of 16 p.p,m. i n  tile s u r f a c e  wate r  t o  a maximum of 

44 p.p.m. i n  t h e  bottom water .  The g r e a t e s t  v e r t i c a l  

range was no ted  i n  September and l a t e  August w i th  a s u r f a c e  

t o  bottom range of 14 p.p.m. Seasonal  and v e r t i c a l  com- 

par i sons  f o r  calc ium hardness  a r e  no t  g iven  due t o  a l a c k  

of va lues  f o r  hypol imnet ic  wate r .  Samples taken from 

water i n  t h e  hypolimnion du r ing  a l l  of J u l y ,  August, and 

September, were imposs ib le  t o  ana lyze  f o r  calcium hardness  

with t h e  proceedure used.  Apparently,  s t agnan t  wate r  i n  

t h e  hypolimnion conta ined  some s u b s t a n c e ( s )  which i n t e r f e r e d  

with t h e  i n d i c a t o r s .  

A l k a l i n i t y  

A l k a l i n i t y  of wa te r  i s  a r e s u l t  of t h e  presence of 
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b icarbona tes ,  ca rbona tcz ,  z.nd hydroxides  of calcium, 

magncsiurn, and o t h e r  met:;%;;. A l k a l i n i t y  h a s  l i t t l e  o r  no 
I 

i 
! 

r e l a t i o n  t o  pH of wa te r :  i t  l l c fe rs  t o  t h e  a c i d  n e u t r a l -  

I 
I i z i n g  c a p a c i t y  of t h e  wa tc r .  
I 

A s  can be seen i n  Table  I V ,  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 te  w i t h  t h e  excep t ion  of a  smal l  

) amount of ca rbona te  p re sen t  i n  t h e  s u r f a c e  wa te r s  on J u l y  

i 
i 29, 1964. The g r e a t e s t  v a r i a t i o n  i n  t h e  concen t r a t i on  of 
! 
i 
! bicarbonate  was i n d i c a t e d  dur ing  August, 1964, when b i c a r -  
i 
I 
I 

bonate c o n c e n t r a t i o n  rangcd from a  maximum of 50.0 p.p.m. 

I a t  8 .0  meters  on August 26 t o  11.0 p.p.m. minimum a t  t h e  

i surfncc oil August 12.  Thc t o t a l  b i ca rbona te  conten t  a t  

1 211  ~;,e:!.sui-ed dep ths  was h i g h e s t  du r ing  t h e  f a l l  pe r iod  and 

lowest i n  t h e  summer. AvcL1age a l k a l i n i t y  va lues  a t  s u r f a c e ,  

I 
t 

mid-depth, and bottom wcrc 19.5,  20.4 ,  and 29.9 p.p.m., 

r e s p e c t i v e l y .  

i 
Bicarbonate  seasona l  v a r i a t i o n  i n  t h e  bottom water  

I was n e a r l y  t h r e e  t imes  t h a t  of t h e  s u r f a c e  wa te r .  Sur face  

) and mid-depth wa te r s  e x h i b i t e d  a much more homogeneous 

) seasonal  v a r i a t i o n  than  t h a t  of t h e  bottom water .  With 

I the  except ion  of August 1'2, seasona l  v a r i a t i o n  i n  s u r f a c e  

bicarbonate  c o n c e n t r a t i o n  raanged from 16.0 t o  26.0 p.p.m., 

ivhercas t h e  bottom water  ~ r n g c d  from 18.0 t o  50.0 p.p.m. 

A comparison of average a l k a l i n i t i e s  from v a r i o u s  

i depths of t h e  r e s e r v o i r  i n d i c a t e d  on ly  minor d i f f e r e n c e  i 
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between s u r f a c e  and mid-dc9th. However, t h e  average a l k a -  

l i n i t y  of bottom wa te r  la;;-;; con r ide rab ly  h ighe r  t h a n  t h o s e  

f or1 r:ul>facc and mid-dey1t!-, . IIon;ogcneous a l k a l i n i t i e s  a t  

all .  cicpthn occurred dur ln- :  s p r i n g  and f a l l  ove r tu rn  pe r iods .  

A s ca sona l  r e l a t i o n s h l p  appeared t o  e x i s t  between 

hardness and t o t a l  a l k a l i n i t y .  A s  t h e  wa te r  became pro- 

g r e s s i v e l y  h a r d e r ,  t h e r e  was an i n c r e a s e  i n  t o t a l  a l k a l i n -  

i t y ,  a  r e l a t i o n s h i p  t h a t  was a l s o  observed by Tucker (1958) .  

Nitrogen 

Nitrogen occurs  i n  l a k e  wate r  a s  a gas ,  i n  o rgan ic  

compounds, and i n  t h e  form of i no rgan ic  n i t r o g e n  compounds 

such a s  ammonia, n i t r i t e ,  and n i t r a t e .  According t o  Reed 

(1961) a l l  o rganic  forms of n i t r o g e n  can be u t i l i z e d  by 

most g reen  p l a n t s ,  p a r t i c u l a r l y  by v a r i o u s  a l g a e  i n  t h e i r  

r o l e  of primary producers  of enery-conta in ing  mass that  

can e n t e r  t h e  a q u a t i c  food web. 

N i t r i t e .  T h i s  form of i no rgan ic  n i t r o g e n  occurs  i n  

very minute q u a n t i t i e s ,  i f  a t  a l l ,  i n  unpo l lu t ed  wa te r s .  

The water  of Spr ing  Val ley  Rese rvo i r  proved t o  be no excep- 

t i on .  A s  can be seen  i n  Table  V, n i t r i t e  con ten t  was low, 

ranging from an a b s o l u t e  minimum of z e r o  on s e v e r a l  occa- 

s ions  t o  a maximum of 0.024 p.p.m. i n  t h e  s u r f a c e  wa te r  on 

May 6 .  It i s  g e n e r a l l y  h c l d  t h a t  t h e  s easona l  v a r i a t i o n  i n  

i n  concen t r a t i on  of n i t r i t e  n i t r o g e n  somewhat fo l lows  tha t  
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of n i t r a t e  from which t h c  n i t r i t e  i s  probably  formed ( ~ e e d ,  

1961 and Hutchinson,  195'1). IIorvever, v a r i a t i o n  i n  n i t r i t e  

concen t r a t i ons  i n  t h e  water1  of Spr ing  Va l l ey  Rese rvo i r  

appeared t o  have no corrc-: l :~t ion t o  v a r i a t i o n s  i n  n i t r a t e  

concen t r a t i ons .  

N i t r a t e .  N i t r a t e  n i t r o g e n  occurs  i n  r e l a t i v e l y  

small c o n c e n t r a t i o n s  i n  u ~ ~ p o . l l . u t e d  w a t e r s .  N i t r a t e  i s  one 

of t h e  nu t i - i t l ve  substa.ncc,:; neces sa ry  f o r  t h e  p roduc t ion  

of ch lo rophy l l ,  and accor1(12.ni; t o  Rodhe (1948) format  i o n  

of ch lo rophy l l  c e a s e s  ve1.y quiclcly i n  t h e  p resence  of 

n i t r a t e  d e f i c i e n c y .  

A s  shown i n  Table  V I ,  n i t r a t e  n i t r o g e n  v a r i e d  from 

a maximum of 1.3 p.p.m. t o  a  low of 0 .0  p.p.m. The 

seasonal  range of n i t r a t e  i n  t h e  s u r f a c e  wa te r  v a r i e d  from 

0.0 t o  1.3 p.p.m., a t  mid-depth O..O t o  0 . 6  p.p.m., and i n  

t he  bottom wa te r  0 .06 t o  0 . 9  p.p.m. There  i s  no evidence 

of n i t r a t e  s t r a t i f i c a t i o n .  However, n i t r a t e  con ten t  of 

nid-depth wa te r  was o f t e n  2ess '!;ban t h a t  of t h e  s u r f a c e  

:t.nd. L ~ t t o n ~  w a t e r s .  T h i s  :Lci61c!r ~ ~ l t r a t e  con ten t  of mid-depth 

could be uue i n  p a r t  t o  z i;ighe:? a s s i m i l a t i o n  of n i t r a t e  

by p l ank ton ic  organisms which u s u a l l y  occur red  i n  g r e a t e r  

numbers i n  t h i s  s t r a t m o f  wa te r  t h a n  i n  e i t h e r  s u r f a c e  o r  

bottom w a t e r s .  
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1 Phosphorus 

I 
i I n  e c o l o g i c a l  thinjcing phosphorus i o  o f t e n  consid-  

L ered t h e  most c r i t i c a l  s i n g l e  f a c t o r  i n  t h e  maintenance 

I of biogcochemical c y c l e s  (,iced, 1961 and Hutchinson,  1957). 
I 
i Orthophosphate i n  t h e  t l ~ o p l i o g e ~ ~ i c  zone of l a k e s  i s  con t in -  

I u a l l y  taken up and r e l eazcd  by plankton,  t h e  t u r n o v e r  t ime 

I of t h i s  f r a c t i o n  being as s h o r t  as 3.6 minutes  ( R i g l e r ,  

1956 and 1964) . Theref o r e ,  a  d e f i c i e n c y  i n  phosphorus i s  

more l i k e l y  t o  l i m i t  t h e  p r o d u c t i v i t y  of a b i o l o g i c a l  

system. 

Both t o t a l  and or thosphosphate  de t e rmina t ions  were 

taken dur ing  t h e  s tudy .  However, s i n c e  t o t a l  phosphate i s  

a measure of both  s o l u b l e  and organic  phosphate and t h e  

f a c t  t h a t  s o l u b l e  phosphorus occurs  i n  t h e  i no rgan ic  form 

ss  orthophosphate, only  orthophosphate r e s u l t s  a r e  d i s -  

;uzsc~d .  

A s  can be seen i n  '2;lble 411 ,  or thophosphate  was 

detected i n  q u a n t i t i e s  g r e a t e r  than 1 p.p.m. only  i n  

samples talcen on September 9 and 21. A l l  remaining samples 

talcen dur ing  t h e  i n v e s t i g a t i o n  conta ined  l e s s  t h a n  1 p.p.m. 

The seasona l  d i s t r i b u t i o n  of or thophosphate  v a r i e d  w i t h  a 

mean of 0 .29  p.p.m. and a range of 0.04 t o  1.10 p.p.m. 

Nuch g r e a t e r  v a r i a t i o n  was c x h i b l t e d  by t h e  wa te r  of t h e  

hypolimnion t h a n  e i t h e r  tl:c :;urface o r  mid-depth. During 

the surnmeln s t a g n a t i o n  pc r> lod ,  or thophosphate  c o n c e n t r a t i o n  





/ I n  t he  hypolimnion inc reased .  T h i s  i n c r e a s e  i n  phosphorus 

I 
t 

content i n  t h e  hypolimnion h a s  amply been i l l u s t r a t e d  i n  
f 

I other  l a k e s  s t u d i c s  by Mortimer (1941 and 1942) ,  Hutchinson 

(1941), and R i g l e r  (1964) .  T h i s  i n c r e a s e  du r ing  t h e  s t a g -  

I nat ion  per iod  could be due i n  p a r t  t o  t h e  i r o n  conten t  

and t h e  absence of oxygen. I n v e s t i g a t i o n  h a s  shown t h a t  

phosphorus can be r e l e a s e d  from a f e r r i c  i r o n  phosphorus 

I complex which i s  i n s o l u b l e  i n  t h e  presence of oxygen (Reed, 

! 1961). However, i n  t h e  absence of oxygen t h e  f e r r i c  compound 

i s  reduced t o  a  s o l u b l e  f e r r o u s  form, t h u s  l i b e r a t i n g  

phosphorus. 

Total  I r o n  -- 
A s  shown i n  Table V I I I ,  i r o n  was p re sen t  i n  t h e  

water of Spr ing  Val ley  Reservoi r  throughout t h e  e n t i r e  

period of i n v e s t i g a t i o n .  Tot a1 i r o n  ranged from a low of 

0.03 p .p .n .  i n  t h e  sur i 'ace  wate r  t o  a  maximum of 9.96 p.p.m. 

i n  t h e  bottom w a t e r .  There w a s  a cons t an t  i n c r e a s e  i n  t h e  

concent ra t ion  of t o t a l  i r o n  i n  t h e  hypolimnion du r ing  t h e  

period of s m e r  s t r a t i f i c a t i o n .  The g r e a t e s t  s u r f a c e  t o  

1 bottom range was noted  on August 26 wi th  a range of 9 .90  
I / p.p.m On two occas ions ,  du r ing  s p r i n g  and f a l l  over turn ,  

t h e  wate rs  e x h i b i t e d  homogeneous i r o n  conten t  from s u r f a c e  

t o  bottom. 

According t o  Reed (1961) t h e  i r o n  cen ten t  i n  
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c p i l i m n e t i c  r eg ions  i s  o r d i n a r i l y  q u i t e  low, u s u a l l y  l e s s  

than  0 . 2  p.p.rn. The epS.I:iri:netic water  of Spr ing Val ley  

Reservoi r  had an average i r o n  conten t  of 0.36 p.p.m., 

somewhat above t h e  avcra.r:c Ind ica t ed  by Reed. 

I r o n  concentra t lon: ;  i n  t h e  hypolimnion appeared t o  

vary wi th  oxygen c o n t e n t .  As cxygen conten t  decreased 

i r o n  conten t  i nc reased .  I ~ o n  i s  more s o l u b l e  under 

anaerobic  c o n d i t i o n s ,  t h u s  an i n c r e a s e  i n  i r o n  conten t  

w i t h i n  t h e  hypolimnion would not  be unusua l ,  

' According t o  Ru t tne r  (1953) cond i t ions  which pro- 

mote h igh  amounts of d i s so lved  i r o n  a r e :  (1 )  water  t h a t  

i s  f r e e  of oxygen, ( 2 )  adequate amounts of carbon d ioxide ,  

( 3 )  a pH t h a t  i s  under 7 . 5 ,  and ( 4 )  t h e  presence of o rganic  

subs tances  a r i s i n g  from dccomposit lon.  A l l  t h e s e  condi- 

tion:; werc? p re sen t  i n  t h e  hypollmnion and c e r t a i n l y  c o n t r i b -  

l t c . c i  Lo tile h igh  i r o n  conbcni; of t h e s e  wa te r s .  

l i y d r o ~ e n - l o n  Concentratio.1 

A s  i l l u s t r a t e d  i n  Table  I X ,  t h e  hydrogen-ion concen- 

t r a t i o n  i n  t h e  wa te r s  of Spr ing Val ley  Reservoi r  remained 

w i t h i n  a pH range of 6.30 t o  7 .20 dur ing  t h e  per iod  of 

s tudy .  A s u r f a c e  maximwrl of 7 .20 occurred on J u l y  29 and 

a minimum of 6.30 occurrcd on October 5. A t  8.0 meters  pH 

va lucs  were s l i g h t l y  lowcr than  at  t h e  s u r f a c e  throughout 

t h e  per iod  of thermal  s t r : : t , i ; ' i c :~ t ion .  A t  mid-depth and 
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b o t t o n ,  pl-I r e a d i n g s  r exa incd  r e l a t i v e l y  more uni form t h a n  

t h o s c  of t h e  s u r f a c e  w n t c i > : ; .  

A s  s u r f a c e  water:; ~;:l;.?cu h e a t  t h e y  became s l i g h t l y  

more a l k a l i n e .  However, :;pa zona l  pH v a r i a t i o n  neve r  ex- 

ceeded one pH u n i t .  Most ol' t h e  pH f l u c t u a t i o n  i n  t h e  

upper w a t e r  cou ld  be a t t r i b u t e d  t o  p h o t o s y n t h e s i s  ( ~ o r e c k l y ,  

1356). Hypol imnet ic  water:; t cnded  t o  become more a c i d  

p r i o r  t o  f a l l  o v e r t u r n .  LLj3cration of l a r g e  amounts of  

f r e e  carbon d i o x i d e  i n  t l lc  l ~ y p o l i m n e t i c  w a t e r s  were probably  

r e s p o n s i b l e  f o r  t h e  lower ing  of  pH ( ~ u t c h i n s o n ,  1957). 

With t h e  o n s e t  of f a l l  o v e r t u r n  and complete c i r c u l a t i o n  of  

t h e  w a t e r ,  t h e  hydrogen- ion c o n c e n t r a t i o n  became f a i r l y  

homogeneous a t  a l l  d e p t h s .  

BIOLOGICAL CONDITIONS 

V e r t i c a l  D i s t r i b u t i o n  - of Zooplankton 

A l l  samples o b t a i n e d  f o r  t h e  p r e s e n t  s t u d y  were 

t aken  d u r i n g  d a y l i g h t  hou17s, us ' i la l ly i n  t h e  morning. A s  

r.roulu be c;:pected, t h e r e  :Jcrc c d n s i s t e n t  d i f f e r e n c e s  i n  

zoopl .mkton niunbers a t  tnc: v a r i , ) u s  d e p t h s .  Many f a c t o r s  

d e t e r n i n e  t h e  v e r t i c a l  d i ~ t r i b u k i o n  o f  zooplankton making 

it d i f f i c u l t  t o  g e n e r a l i z e  on t h e  c a u s e s  f o r  t h e s e  d i s -  

t r i b u t i o n  p a t t e r n s  as d e s c r i b e d  below. However, Armitage 

(1962) s u g g e s t s  l i g h t  as a n  impor tan t  f a c t o r .  

A s  s e en  i n  F i g u r e  6, t h e r e  i s  no obvious  s e a s o n a l  
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p a t t e r n  t o  t h e  v e r t i c a l  d i s t r i b u t i o n  of copepods. However, 

Cyclops and n a u p l i i  showcd some c o r r e l a t i o n  wi th  l i g h t  

p e n e t r a t i o n .  They were concen t r a t ed  a t  g r e a t e r  dep ths  

dur ing  J u l y  when l i g h t  p c n c t r a t i o n  was maximum. Diapt  omus 

showed a tendency t o  f a v o r  t h e  upper 3 meters  throughout 

most of t h e  s tudy .  Naup l i i  tended t o  f a v o r  t h e  upper 2 

x c t e r s  of t h e  wate r  a s  o f t e n  a s  deeper  wate r .  T h i s  would 

appear  t o  be an  excep t ion  t o  t h e  g e n e r a l  b e l i e f  t h a t  

n a u p l i i  have a tendency t o  concen t r a t e  i n  deeper  wa te r s .  

A s  shown i n  F igu rc  r(, t h e  c ladocerans  ( ~ a p h n i a )  

were present  on ly  i n  smal l  numbers a t  t h e  s u r f a c e .  They 

appeared t o  show a s l i g h t  c o r r e l a t i o n  w i t h  l i g h t  pene t ra -  

t i o n .  Daphnia were c o n c e i ~ t r a t c d  n e a r  t h e  s u r f a c e  on June 

16,  September 9, and Octobcr 18, du r ing  p e r i o d s  of low 

Secchi  d i s c  r e a d i n g s  (Fiiji.illc 3, page 1 2 ) .  

A s  seen i n  F igu re  7, t h e  r o t i f e r s  K e l l i c o t t i a  and 

P o l y a r t h r a  showed a tendency t o  f a v o r  somewhat deeper  wa te r  

du r ing  t h e  warmer summer months and t h e  s u r f a c e  wate r  du r ing  

t h e  f a l l .  The o t h e r  genera  of r o t i f e r s ,  which occurred 

s p o r a d i c a l l y  throughout  t h e  pe r iod  of s tudy ,  were no t  

c o n s t a n t l y  more abundant i n  one l a y e r  of wate r  t h a n  

ano the r .  

Cera.tium f i r s t  appearcd more concen t r a t ed  i n  t h e  

upper wa te r  bu t  from mid-July t o  mid-August t h e y  f avo red  

;,i l~~ini; f a l l  ove r tu rn ,  zooplankt on 







distribution became mom ;~~,iI 'olrn throughout v a r i o u s  depths ,  

wi th  some tendency f o r  conccntrbat ion near  t h e  su r f ace .  

T h i s  p a r t i c u l a r  p a t t e r n  of v e r t i c a l  d i s t r i b u t i o n ,  du r ing  

f a l l  ove r tu rn ,  was a l s o  noted by Armltage (1962) .  

Seasonal D l s t r f b u t i o n  of' ;?,clccl~7.nl:ton - --- 
For convenience 8 . n ~  casc  of d i scuss ion ,  zooplanlct on 

r e s u l t s  a r e  g iven  i n  f o u r  Groups: Copepoda, Cladocera,  

R o t a t o r l a ,  and Protozoa ( ~ e r a t  ium) . Populat ion va lues  f o r  

each sampling day were determined by averaging t h e  v e r t i c a l  

samples f o r  each s t a t i o n .  

Copepoda. Two genera ,  Cyclops Diaptomus 

occurred r e g u l a r l y  i n  t h e  wa te r s  of Spr ing  Val ley Reservoi r .  

General f e a t u r e s  on seasona l  v a r i a t i o n  i n  abundance of 

Copepoda a r e  shown i n  F igure  3. It i s  seen t h a t  f o r  t h e  

.nost  p a r t  copepods incr*eacc.d o. t  about t h e  same t ime 

:;hi-ou~houi; t h e  r e s e r v o i r .  '211cr ?Tore, i t  may be concluded 

t h a t  copepod d i s t r i b u t i o n  i s  of' a homogeneous.nature, a  

s i t u a t i o n  t h a t  could  be expected i n  a body of water  a s  

small as Spr ing  Val ley  Reservoi r .  

Copepod zooplankters  were presen t  i n  r e l a t i v e l y  

small numbers a t  t h e  s t a r t  of t h e  i n v e s t i g a t i o n  i n  e a r l y  

May. They inc reased  t o  w l ~ t  ap;>arent ly  was a summer pu l se  

i n  l a t e  June and e a r l y  Ju:':?, a f i ; e r  which t h e i r  numbers 

iiecrcnsed u n t i l  l a t e  aui;ur,!n. 01.1 November 14, a t  t h e  
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t e r m i n a t i o n  of t h e  s tudy ,  a second pu l se  occurred when t h e  

numbers had r i s e n  t o  t h c  n ighes t  va lue  of t h e  e n t i r e  s tudy ,  

w i th  an average of 221 ol?g,.anir,ms per  l i t e r .  T h i s  l a r g e  

number was p r i m a r i l y  due t o  t h e  q u a n t i t y  of n a u p l i i  p r e sen t  

i n  t h e  zooplankton sample;;. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  

sone;)otls rarere more abuntl,?i~t dur-ing t h e  second pu l se  and a t  

a t:l;::c wh(;n wa te r s  ruerc c o . _ ? l e s t .  

Tab le  X illustrate ::. t:lc v a r i a t i o n  i n  number of 

doninant  copepod c o n s t l t u z n t s  du r ing  sampling pe r iods .  

Since copepod numbers v a r i e d  a t  about t h e  same r a t e  a t  a l l  

sampling s t a t i o n s ,  va lues  a r e  based on an  average f o r  t h e  

v a r i o u s  sampling s t a t i o n s .  

Cyclops sp .  was t h c  most abundant c o n s t i t u e n t  of t h e  

a d u l t  c  opepod complex th;-.ouzhou t t h e  pe r iod  of i n v e s t  i ga -  

t i o n .  Cyclops comprised ?.lzost t h e  e n t i r e  number of a d u l t  

copegods dur ing  t h e  two p u l s e s .  I n  t h e s e  two pu l se s ,  

inaxima were 28 and 75 orgarlisms pe r  l i t e r ,  r e s p e c t i v e l y .  

Diaptomus sp.  occurred r e g u l a r l y  bu t  were never  

p re sen t  i n  l a r g e  numbers. The g r e a t e s t  numbers were 

recorded  on J u l y  15, w i t h  a maximum of 17 organisms p e r  

l i t e r .  

Naup l i i  were t h e  most abundant c o n s t i t u e n t  of t h e  

t o t a l  copepod zooplankton popula t ion .  A maximum of 121  

organisms pe r  l i t e r  occurred du r ing  t h e  f a l l  pu l se .  
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Claaocera .  During t h e  per iod  of i n v e s t i g a t i o n  only  

a s i n g l e  genus, Daphnia, occurred i n  Spr ing  Val ley  Reser- 

v o i r .  F u r t h e r ,  t h i s  wate r  f l e a  r a r e l y  c o n s t i t u t e d  a  l a r g e  

element of t h e  p lankton .  '4s shown i n  F igu re  10 Cladocara 

exh i i ) l t ed  a  s i n g l e  pu l sc  d1:rin:. t h e  s tudy  wi th  a  maximum 

deve! opment of 7 2  organiz;;~.;  p e r  l i t e r  recorded i n  mid-July. 

A t  t h e  t ime of maximum dcvclopment, summer phytoplankton 

popu la t ions  were a t  a rninirnurn. 

S t a t i o n s  I and I1 e x h i b i t e d  s l i g h t l y  h i g h e r  maxima 

du r ing  t h e  J u l y  p u l s e  t han  S t a t i o n  111. However, no i n t e r -  

s t a t i o n  d i f f e r e n c e s  i n  t h e  t ime of occurrence of p lankton 

pu l se  peaks were noted,  a l l  t h r e e  s t a t i o n s  a t t a i n i n g  maxima 

on t h e  same d a t e ,  J u l y  15. A f t e r  t h e  J u l y  pu l se  t h e r e  was 

a g radua l  d e c l i n e  i n  Cladoceran popula t ions .  The u s u a l  

autumn pu l se  t y p i c a l  of many Cladoceran popu la t ions  d i d  

not  develop ( ~ e n n a k ,  1946) . 

R o t a t o r i a .  Seven genera  of r o t i f e r s  were i d e n t i f i e d  

i n  Spr ing  Val ley  Reservoi r  du r ing  t h e  course  of t h i s  i n -  

v e s t i g a t i o n .  Of t h e  genera  r ep re sen ted ,  F i l i n i a  and 

Tr i choce rca  occurred on ly  f o r  a s h o r t  pe r iod  i n  e a r l y  

summer. Ascomorpha, Aspla.nchna, K e r a t e l l a ,  K e l l i c o t t i a ,  

and P o l y a r t h r a  were p re sen t  throughout t h e  e n t i r e  pe r iod  of 

s tudy .  

S i z a b l e  v a r i a t i o n s  i n  abundance of t o t a l  r o t i f e r s  
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were no ted .  F igu re  11 g l v c s  t h e  s easona l  curves  f o r  t o t a l  

R o t a t o r i a .  It can be s c : C ' i l  t h a t  f o u r  d i s t i n c t  p u l s e s  occurred 

a u r l n g  t h e  s tudy .  The pu l se  involved a  h e t e r o g e n e i t y  

of genera  wi th  K e r a t e l l a  and - X c l l i c o t t i a  c o n s t i t u t i n g  

n e a r l y  90 p e r  cen t  of t h e  popula t ion  i n  t h i s  June pu l se .  

R o t i f e r s  belonging t o  two genera ,  Po lya r th ra  and Tr ichocerca ,  

were r e s p o n s i b l e  f o r  t h e  second pu l se .  The t h i r d  pu l se ,  

occu r r ing  i n  September, involved only one predominant genus 

( ~ e l l i c o t  t i a )  a l though  most o t h e r  genera  a l s o  occurred.  

The f o u r t h  and f i n a l  pu l se  occurred i n  mid-October. Two gen- 

e r a ,  Ascomorpha and Aspla.r,c.,hna, were r e s p o n s i b l e  f o r  t h i s  

p u l s c .  However, Ascomor~i-,;I - was t h e  more important  of t h e  

c ~ o  i rcnera w i t h  a  maxlmurr. of 614 i n d i v i d u a l s  p e r  l i t e r .  

For  t h e  most p a r t ,  :>oJ6if'er numbers a t  t h e  c o l l e c t i n g  

s t a t i o n s  v a r i e d  a t  t h e  saxe t ime and had s i m i l a r  popula t ion  

peaks.  However, du r ing  t h e  October pu l se  t h e r e  were con- 

s i d e r a b l e  i n t e r - s t a t i o n  d i f f e r e n c e s  i n  numbers, e s p e c i a l l y  

between S t a t i o n s  I and 111. T h i s  d i f f e r e n c e  was p r i m a r i l y  

due t o  t h e  presence of l a r g e r  numbers of Ascomorpha a t  

S t a t i o n  111. 

Each r o t i f e r  genus i d e n t  l f i e d  i n  t h e  plankton 

aan:ples i s  d i scussed  b r i e i ' l y  i n  t h e  fo l lowing  s e c t i o n .  

idany i n d i v i d u a l s  could noL be i d e n t i f i e d  even t o  genus 

because t h e y  were s t r o n g l y  c o n t r a c t e d  and c o n t o r t e d  by 

a l c o h o l  p r e s e r v a t i v e .  
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Ascomorpha s p .  o c c u r r e d  s p o r a d i c a l l y  th roughou t  t h e  

p e r i o d  of s t u d y .  A maximum of 614 i n d i v i d u a l s  p e r  

l i t e r  o c c u r r e d  d u r i n g  t h e  Oc tober  p u l s e  and i n  some- 

what more l i m i t e d  numbers d u r i n g  t h e  June p u l s e ,  

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

and a g a i n  i n  l i m i t e d  numbers i n  t h e  Oc tober  p u l s e .  

F i l i n i a  l o n g i s e t a  r.:a:; l~c . ver8  a  v e r y  i m p o r t a n t  con- 

s t i t u e n t  of t h c  r n  : ' '?? p o p u l a t i o n .  It o c c u r r e d  

o n l y  d u r i n g  Junc  c o , l e c t i o n s  and n e v e r  i n  l a r g e  

numbers. 

K e r a t e l l a  c o c h l e a r i s  was p r e s e n t  i n  abundance o n l y  

d u r i n g  t h e  June  p u l s e  when a  maximum of 1840 i n -  

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

K e l l i c o t t a  l o n g i s p i n a  was t h e  most abundant  of a l l  

r o t i f e r s ,  c o n s t i t u t i n g  a major  p o r t i o n  of t h e  e a r l y  

June  p u l s e  and n e a r l y  a l l  of t h e  September r o t i f e r  

p o p u l a t i o n .  A ma:<ir~arn of 2230 i n d i v i d u a l s  p e r  

l i t e r  o c c u r r e d  i n  c:a..r:Ly J u n e .  

P o y a r t h r a  s p .  o c c u r r e d  r e g u l a r l y  th roughou t  t h e  p e r i o d  

of i n v e s t i g a t i o n .  T h c  g r e a t e s t  numbers were en- 

c o u n t e r e d  d u r i n g  t h e  mid-July p u l s e  when a m a x i m u m  

of 335 i n d i v i d u a l s  pep l l t e r  were r e c o r d e d .  

T r i c h o c e r c a  c y l i n d r i c n  - c o n s t i t u t e d  a  ma jor  p o r t i o n  of 

t h e  r o t i f e r  popu1al;lon o;?ly d u r i n g  J u l y .  The 

g r e a t e s t  a v e r a g e  number a t t a i n e d  was 372 i n d i v i d u a l s  



pe r  l i t e r  recordcd cn J u l y  15. 

Protozoa.  Altho~::i-. t h e  wa te r s  of Spr ing Va l l ey  

3 e s c r v o i r  undoubtedly con tn ln  nany plankton protozoa,  t h e  

only  protozoan of suf f i c  ir:rll;  s i z e  t o  be taken  wi th  t h e  

samp:linz ?;lethod used was :I:(. r?tjuin h i r u n d i n e l l a .  Seasonal  .---.- 

and i n t e r - s t a t i o n  v a r i a t i o r l  of C e r a t i m  a r e  shown i n  

F igu re  12.  Ceratiwn was by f a r  t h e  most abundant of a l l  

zooplankte rs ,  w i t h  a high of 6795 organisms pe r  l i t e r  

recorded  from S t a t i o n  I on J u l y  29. It can be seen t h a t  

t h e r e  was a  g radua l  i n c r e a s e  i n  Ceratium, from a minimum 

of 3 organisms pe r  l i t e r  of May 6 ,  t o  a pu l se  of 1297 

organisms pe r  l i t e r  recorded a t  S t a t i o n  I on June 

T h i s  pu l se  was fol lowed by a  much more pronounced pu lse  

on J u l y  29 when a m a x i m u m  of 6795 organisms p e r  l i t e r  were 

J.-ecor,dcd :).t S t a t i o n  I. 

Evtn though Cer? t ; -- ;.A Inc  leased a t  about t h e  same 

t2;ie throughout t h e  r e s e r y ~ o i r . ,  .lua.nt i t a t i v e l y  t h e r e  were 

cons ide rab le  i n t e r - s t a t i o n  d i f f e r e n c e s  i n  t o t a l  numbers 

du r ing  t h e  l a t e  J u l y  p u l s e .  D i f f e r ences  between t h e  two 

extremes were: 6795 organisms pe r  l i t e r  a t  S t a t i o n  I and 

4041 organisms p e r  l i t e r  a t  S t a t i o n  111. Thi s  r e p r e s e n t s  

a  d i f f e r e n c e  of 2754 o r g ~ n i s m s  pe r  l i t e r .  

Cerat  iwn decreased  n:nlvlce~ily a f t e r  t h e  l a t e  J u l y  

y j u l s ~ .  By l a t e  September Lkcy ]lad almost  d i sappeared  from 
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t h e  p l ank ton  p o p u l a t i o n s .  



THE STANDING CROP 

The average sumiicr s t and ing  c rop  of zooplankton 

f o r  Spr ing  Va l l ey  Reservoi r  was a r r i v e d  a t  by averag ing  

a l l  v e r t i c a l  samples f o r  crLch s t a t i o n  independent ly ,  and 

conb.i.ning and avera[:i;?n, t h e s e  t o t a l s  f o r  an o v e r - a l l  

Ja  r8x scason average f o r  i. c n t  ire r e s e r v o i r .  The mean 

l :31c~t la tcu  summer s t a n u i r ~  . ;:lop of t o t a l  zooplankton was 

505 orgarlj.sms pe r  l i t e r .  

S tanding  c rop  represents an in s t an t aneous  q u a n t i t y  

of organisms,  and i s  v i s i b l e  evidence of t h e  degree  of 

succes s  of t h e  n u t r i t i o n a l  cha in  concerned (welch, 1952) .  

One of t h e  b e s t  s t u d i e s  i n  this f i e l d  i s  t h a t  of Juday 

(1942) on t h e  s t and ing  c rop  of f o u r  Wisconsin l a k e s .  

flowevzr, his r e s u l t s  were cct-ennined g r a v i m e t r i c a l l y ,  

t h ~ s  no  comparison^ betwccr: t h e  two s t u d i e s  can be made a s  

s i m i l a r  data a r e  no t  a ~ a i : ~ . k l . e  on Spr ing  Val ley  Reservoi r .  

Buscemi (1964) h a s  expressed  zooplankton abundance 

a s  average number of orgznisms pe r  l i t e r  f o r  t h r e e  Idaho 

l a k e s .  Pennak (1949) e x t e n s i v e l y  s t u d i e d  seven n o r t h e r n  

Colorado r e s e r v o i r s ,  computing t h e  mean annual  s t and ing  

c rop  f o r  each.  T r e s s l e r ,  T i f f a n y ,  and Spencer (1940) 

have expressed  zooplankton abundance a s  average number of 

organisms per  l i t e r  f o r  Buckeye Lake, Ohio. Chandler (1940) 

and Davis (1962) have publ i shed  comparable d a t a  on zoo- 



plankton  f o r  two d i f f e r e n t  a r c a s  i n  Lake E r i e .  S t r o s s  

(1954) e x t e n s i v e l y  s t u u i e d  Lake Pend O r e i l l e  i n  n o r t h e r n  

Idaho  and r e p o r t e d  h i s  r c s ~ l t s  as  average number of o r -  

ganicrns pe r  l i t e r .  Young (1935) publ i shed  comparable d a t a  

f o r  F l a thead  Lake, Montana. 

Fo r  purposes  of c o ~ p a r i s o n ,  d i f f e r e n c e s  i n  s m e r  

s t and ing  c rop  from t h e  above mentioned s t u d i e s J  except  

t h a t  of Juday,  have been c a l c u l a t e d  from r e s p e c t i v e  t a b l e s  

and graphs  and p re sen ted  a long  wi th  similar d a t a  f o r  

Sp r ing  Va l l ey  Rese rvo i r .  It should be noted t h a t  a l l  

c a l c u l a t i o n s  r e p r e s e n t  t h e  average s t and ing  c rop  from 

approximately  June 1 t o  Septenber  15 u n l e s s  o therwise  

i n d i c a t e d .  

A s  seen  i n  Table  X I  r a t h e r  h igh  numbers of R o t a t o r i a  

were found i n  Sp r ing  Val ley  Iies'>l-voir when compared wi th  

;,t ;-l i, l a k e s .  Spr ing  Val icy  , i es :? rvo i r  w i t h  an average of 

773 organisms pe r  l i t e r  wa:; exceeded on ly  by Gaynor Lake, 

Colorado, w i t h  1772 i n d i v i d u a l s  per  l i t e r .  However, s e v e r a l  

of t h e  compared l a k e s  exceeded t h e  numbers of copepod and 

c ladocerans  found i n  s p r i n g  Va l l ey  Reservoi r .  Cerat  i u m ,  

t h e  only  protozoan of suf l " ic ien t  s i z e  t o  be t aken  w i t h  t h e  

c o l l e c t i n g  method used,  averaged 1224 p e r  l i t e r ,  whi le  

t h i s  protozoan averaged 7,1.33 pe r  l i t e r  i n  Buckeye Lake, 

Ohio. 

Sp r ing  Va l l ey  R e s e r v o i r ' s  s t and ing  c rop  ranged 
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cons ide rab ly  h ighe r  i n  q u a n t i t y  t h a n  most of t h e  l a k e s  

compared i n  Table  X I ,  but s e v e r a l  of t h e  Colorado l a k e s  

exceeded t h a t  of Spr ing  Va1.ley Rcsel-voir. Hotrever, i t  

must be remembered t h a t  s t and lng  c rop  r e p r e s e n t s  an i n -  

stant;ancoils q u a n t i t y  oi' c~l~r;zni:;n~s but  does no t  i nc lude  t h e  

tic;? ( ? a t e )  f a c t o r  concci.,;~zd r.rlth t h e  development of t h e  

cl3o,7. According t o  Rec:d ( ; i5Gi) ,  a h igh  s t and ing  c rop  

does not  n e c e s s a r i l y  me22 !;hat t h e  ecosystem has  a h igh  

r a t e  of p roduc t ion .  
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