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INTRODUCTION 

Most l i m n o l o g i c a l  s t u d i e s  of l a k e s  a r e  based on d a t a  c o l l e c t e d  

o n l y  d u r i n g  t h e  summer months. I n  t h i s  t h e s i s  I have compared s e l e c t e d  

l i m n o l o g i c a l  f e a t u r e s  o f  two r e s e r v o i r s  based on y e a r  around sampling.  

Deep Creek and Crowthers R e s e r v o i r s  l o c a t e d  n e a r  Malad, Idaho 

were s e l e c t e d  f o r  t h e  s tudy .  They a r e  s i t u a t e d  w i t h i n  s i x  m i l e s  of 

each o t h e r  b u t  have d i f f e r e n t  d r a i n a g e  a r e a s .  

The s t u d y  was conducted f o r  a  one y e a r  pe r iod  from A p r i l ,  1965 

t o  A p r i l ,  1966. P e r i o d i c  sampl ing of b o t h  r e s e r v o i r s  was under taken  t o  

de te rmine  t h e  phys ica l -chemica l  a s p e c t s  of t h e  w a t e r ,  zooplahkton 

c o n c e n t r a t i o n ,  and pr imary p r o d u c t i v i t y  of nannoplankton.  An i n v e s t i g a -  

t i o n  of f i s h  p r o d u c t i o n  i n  t h e  two r e s e r v o i r s  i s  c o n t a i n e d  i n  a  s e p a r a t e  

r e p o r t  ( i n  p r e s s ) .  

The i n f o r m a t i o n  o b t a i n e d  shou ld  a i d  i n  f i s h e r y  management of t h e  

two w a t e r s  and should add t o  t h e  knowledge of t h e  s t r u c t u r e  and f u n c t i o n  

of f l u c t u a t i n g  r e s e r v o i r s  a s  ecosystems.  



Some Limnolog ica l  a s p e c t E  of two s m a l l  s o u t h e a s t e r n  Idaho 

r e s e r v o i r s  were s t u d i e d  f o r  one y e a r .  The r e s e r v o i r s  s e l e c t e d  were 

Deep Creek R e s e r v o i r  and C r o x t h e r s  B e s e r v o i r ,  b o t h  l o c a t e d  n e a r  

Y~?.ed,  Idaho.  

The s t u d y  i n v o l v e d  a compar ison o f  t h e  two r e s e r v o i r s  a s  t o  

t h e i r  chemica l  and p h y s i c a l  f e e t u r e s ,  s t ~ n d i n g  c r o p  of  n e t  zoop lank ton ,  

and t h e  p r imary  p r o d u c t i o n  r a t e s  of  nan~ .opkank ton  u s i n g  Carbon-14 

i s o t o p e .  

A  w e l l  d e f i n e d  the rmoc l ine  d i d  n o t  form I n  e i t h e r  r e s e r v o i r .  

2 Annual h e a t  b u d g e t s  of  15 ,233  and 15,544 c a l / c m  r e s p e c t i v e l y  were 

found  f o r  Deep Creek and Crowthers  B e s e r v o i r s .  

D i s s o l v e d  oxygen remained r e l a t i v e l y  h i g h  i n  b o t h  r e s e r v o i r s  

e x c e p t  on t h e  bot tom where c o x e n t r a t k o n s  dropped t o  two ppm d u r i n g  

t h e  summer. T o t a l  a1ka lFnFty  was r e l a t i r e b y  h i g h  i n  b o t h  r e s e r v o i r s  

(140-170 ppm i n  Beep Creek R e s e r v o i r  2nd 175-650 ppm I n  Crowthers  

R e s e r v o i r ) .  Both r e s e r v o i r s  were slknline w i t h  t h e  pH r a n g i n g  from 

7 .5  t o  8.5.  

The mean p r imary  p r o d u c t i o n  r a t e s  o f  nannoplankton u s i n g  

3 Carbon-14 were 9 .9  mg ~ / m ~ / h r  f o r  C r o u ~ t h e r s  R e s e r v o i r  and 6 . 7  mg C / m  / h r  

f o r  Deep Creek R e s e r v o i r .  

S t a n d i n g  c r o p  o f  Gladocere  f o r  t he  y e a r  ave raged  18 .7  p e r  l i t e r  



i n  Deep Creek Reservoir c o q a r e d  t o  b1,7 per l i t e r  i n  Crowthers 

Reservoir. Copepoda standing crop zveraged 70 per l i t e r  i n  Deep 

Creek Reservoir coiir-pared t o  36 per l i t e r  i n  Cro~khers  Reservoir. 

30- t i fera  averaged. 3& per l-lta? ic Deep Creek Fteservoir coapared t o  

4 ?er  l i t e r  I n  Cm:dhers 2cse~voir, 



DESCRIPTION OF STUDY AREA 

A. General  D e s c r i p t i o n  

Deep Creek and Crowthers R e s e r v o i r s  a r e  l o c a t e d  nea r  Malad, Idaho 

i n  Oneida County (F igure  1 ) .  Malad C i t y  i s  s i t u a t e d  i n  t h e  s o u t h e a s t e r n  

r e g i o n  of  t h e  S t a t e ,  15  m i l e s  n o r t h  of t h e  Utah-Idaho bor t ler .  Deep Creek 

R e s e r v o i r ,  e l e v a t i o n  5 ,210 f e e t ,  l i e s  6  m i l e s  e a s t  of Malad. Crowthers  

R e s e r v o i r ,  e l e v a t i o n  5 ,100  f e e t ,  i s  l o c a t e d  a d j a c e n t  t o  t h e  n o r t h e r n  edge 

of  t h e  Malad c i t y  l i m i t s .  

V e g e t a t i o n  i n  t h e  a r e a  c o n s i s t s  p r i n c i p a l l y  of  g r a s s e s  such a s  

Agropyron c r i s t a t u m  (Cres ted  wheat g r a s s ) ,  Elymus c i n e r e u s  (Giant  w i l d  

r y e ) ,  and sagebrush ,  A r t e m i s i a  a b s i n t h i u m .  J u n i p e r u s  s p .  ( J u n i p e r ) ,  and 

Abies  s p .  ( F i r )  a r e  s c a t t e r e d  a t  h i g h e r  e l e v a t i o n s .  Dry-land wheat 

i s  t h e  p r i n c i p a l  farm c r o p  i n  t h e  a r e a ,  b u t  some bot tom land  i s  i r r i g a t e d  

from numerous r e s e r v o i r s  around Malad. 

Oneida County i s  c o n s i d e r e d  s e m i - a r i d ,  hav ing  a  mean annua l  p r e c i p -  

i t a t i o n  of  14  i n c h e s  (F igure  2 ) .  The a i r  t e m p e r a t u r e  ext remes d u r i n g  1966 

a t  Malad C i t y  were 95 F  and - 4  F  (U.S. Dept.  of  Commerce, 1966) .  

Deep Creek R e s e r v o i r  was c o n s t r u c t e d  i n  1952 f o r  t h e  purpose  of 

s t o r i n g  w a t e r  f o r  i r r i g a t i o n .  The dam i s  e a r t h  f i l l e d  and a b o u t  100 f e e t  

h i g h .  Water i s  r e l e a s e d  th rough  one o u t l e t  l o c a t e d  a t  t h e  bot tom of  t h e  

r e s e r v o i r .  An overf low i s  l o c a t e d  a t  t h e  s o u t h e r n  edge of t h e  dam. Water 

e n t e r s  t h e  r e s e r v o i r  v i a  t h r e e  s m a l l  t r i b u t a r i e s  which d r a i n  a n  a r e a  of  

abou t  30 s q u a r e  m i l e s  of s c a t t e r e d  f o r e s t ,  undeveloped sagebrush  l a n d  and 



Elkhorn Peak 

0 2 4 6  

Figure 1. Loca l i ty  map i n d i c a t i n g  drainage a reas  of Deep Creek and 
Crowthers Reservoirs .  



F i g u r e  2.  Averaee monthly a i r  t e m p e r a t u r e  and p r e c t p i t a t i o n  a t  Malad, 
Idaho d u r i n g  s t u d y  p e r i o d  of 1965 and 1966. S o l i d  l i n e  
r e p r e s e n t s  observed v a l u e s  and broken l i n e  r e p r e s e n t s  30 
y e a r  mean v a l u e s .  



w i n t e r  wheat  farms.  Discharge  from t h e  r e s e r v o i r  e n t e r s  t h e  Malad River  

which d r a i n s  i n t o  t h e  Bear R iver  and i n t o  Grea t  S a l t  Lake. 

Crowthers R e s e r v o i r  was c o n s t r u c t e d  i n  1948 f o r  t h e  purpose  of 

s u p p l y i n g  w a t e r  power f o r  a  f l o u r  m i l l .  It i s  a l s o  e a r t h  f i l l e d  and 

abou t  100 f e e t  h i g h .  Water i s  r e l e a s e d  from t h e  bot tom of t h e  r e s e r v o i r  

w i t h  a n  overf low p i p e  l o c a t e d  nea r  t h e  t o p  of t h e  dam. Water e n t e r s  

Crowthers R e s e r v o i r  th rough  Devi l  Creek which d r a i n s  a n  a r e a  of abou t  20 

s q u a r e  m i l e s .  Organic  m a t t e r  i s  added t o  t h e  r e s e r v o i r  by t h r e e  c a t t l e  

f e e d  l o t s  a d j a c e n t  t o  t h e  mouth of t h e  i n f l u e n t .  The e f f l u e n t  f lows  i n t o  

t h e  Malad River .  

B. Geology 

Malad Va l ley  i s  su r rounded  by t h e  Bannock Range of mounta ins  and 

t h e i r  s p u r ,  t h e  Malad Range, which a t t a i n  e l e v a t i o n s  of over  9000 f e e t  a t  

M t .  Oxford and Elkhorn Peak. The o l d e s t  r o c k  of t h e  su r round ing  mounta ins  

i s  from t h e  Cambrian P e r i o d  which shows up p r i n c i p a l l y  a s  d a r k  g ray  l ime- 

s t o n e  c o n t a i n i n g  ye l low sandy s t r e a k s .  Rock from t h e  T e r t i a r y - Q u a r t e r -  

na ry  P e r i o d s  shows up a s  v a r i o u s  t y p e s  of cong lomera tes ,  m a r l s  and l ime- 

s t o n e  which produce a  p r e v a i l i n g  w h i t e  s o i l .  These beds u n d e r l i e  most of  

t h e  Malad V a l l e y ,  s l o p i n g  up t o  t h e  mountains ( P i p e r ,  1924). 

C. Morphometry 

Deep Creek R e s e r v o i r  i s  l o c a t e d  i n  a  canyon t h a t  i s  s t e e p  on t h e  



s o u t h  s l o p e  and g e n t l y  i n c l i n e d  on t h e  n o r t h  and e a s t  s l o p e s  (F igure  3 ) .  

Crowthers  R e s e r v o i r  i s  s i t u a t e d  i n  a  narrow r a v i n e  enc losed  on b o t h  s i d e s  

by s t e e p  s l o p e s  (F igure  4 ) .  Both r e s e r v o i r s  have wide ly  f l u c t u a t i n g  

w a t e r  l e v e l s ,  Dur ing t h e  s t u d y  pe r iod  t h e  w a t e r  l e v e l  dropped 32 f e e t  

i n  Deep Creek R e s e r v o i r  and 50 f e e t  i n  Crowthers  R e s e r v o i r .  

Methods f o r  de te rming  morphometric f e a t u r e s  (Table 1 )  were o b t a i n e d  

from Welch (1948). 





Scale 

Feet 

C R O W T H E R S  RESERVOIR 

Hydrographic M a p  

Contour I n t e r v a l  
20 Feet  

F i g u r e  4.  Hydrograph ic  map o f  C r o w t h e r s  R e s e r v o i r .  
Roman numera l s  i n d i c a t e  Carbon- 14 s t a -  
t i o n s .  A r a b i c  numbers i n d i c a t e  c h e m i c a l  
and p i a n k t o n  s t a t i o n s .  



Table 1. Morphometric features of Deep Creek and Crowthers Reservoirs. 

FEATURE DEEP CREEK CROWTHERS 
RESERVOIR RESERVOIR 

ELEVATION 
Feet 
Meters 

MAXIMUM VOLUME 
Acre Feet 
Cubic Meters 

MAXIMUM AREA 
Acres 
Hectares 

MAX1MI.M DEPTH 
Feet 
Meters 

MEAN DEPTH 
Feet 
Meters 

MAXIMUM LENGTH 
Feet 
Meters 

MAXIMUM WIDTH 
Feet 
Meters 

SHORE DEVELOPMENT 

MEAN SLOPE OF BASIN 5 .O% 8,8% 



MATERIALS AND METHODS 

A. Sampling Schedule  

L imnolog ica l  f e a t u r e s  of Deep Creek and Crowthers R e s e r v o i r s  were 

s t u d i e d  from A p r i l ,  1965 t o  A p r i l ,  1966. Samples were c o l l e c t e d  weekly 

e x c e p t  f o r  A p r i l  and May of 1965 and from December, 1965 t o  A p r i l ,  1966 

when samples were t a k e n  monthly. Primary p r o d u c t i o n  was measured b i -  

monthly from May t h r o u g h  August. 

I c o l l e c t e d  p l a n k t o n  from s i x  s t a t i o n s  i n  Deep Creek R e s e r v o i r  and 

f o u r  i n  Crowthers  R e s e r v o i r .  S e l e c t i o n  of  s t a t i o n s  was based on d e p t h ,  

which ranged from s i x  f e e t  i n  l i t t o r a l  a r e a s  t o  60 f e e t  n e a r  t h e  dams. 

Samples f o r  chemical  a n a l y s i s  were t a k e n  o n l y  from s t a t i o n  No. 1. Two 

s t a t i o n s  were s e l e c t e d  i n  t h e  l i t t o r a l  a r e a  of each r e s e r v o i r  f o r  

measur ing pr imary p r o d u c t i o n .  

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

a l t e r n a t i n g  between r e s e r v o i r s  each week. Sampling was done from an 

ou tboard  motor b o a t  w i t h  t h e  a i d  of  a hand o p e r a t e d  winch. During 

w i n t e r  h o l e s  were d r i l l e d  th rough  t h e  i c e  w i t h  a  hand o p e r a t e d  auger .  

B. Chemical and P h y s i c a l  Methods 

I c o l l e c t e d  w a t e r  samples f o r  chemical  a n a l y s i s  from t h e  s u r f a c e ,  

midway, and n e a r  t h e  bot tom t o  r e p r e s e n t  t h e  e p i l i m n i o n ,  meta l imnion and 

hypolimnion.  A two l i t e r  p l a s t i c  Van Doren sampl ing b o t t l e  was used,  and 



t h e  c o n t e n t s  t r a n s f e r r e d  t o  250 m l  pyrex g l a s s  b o t t l e s .  Disso lved  oxygen 

was de te rmined  by t h e  unmodified Winkler  method a s  d e s c r i b e d  by Welch 

(1948).  The oxygen was "f ixed"  immediate ly  a f t e r  c o l l e c t i o n .  T i t r a t i o n  

was completed s e v e r a l  hours  l a t e r  i n  t h e  l a b o r a t o r y .  A l k a l i n i t y  and 

f r e e  ca rbon  d i o x i d e  were determined by t i t r a t i n g  w i t h  ~ / 4 4  sodium hydroxide  

and N/50 s u l f u r i c  a c i d ,  u s i n g  p h e n o l p h t h a l e i n  and methyl  o range  a s  

i n d i c a t o r s  (Needham and Needham, 1962) .  The pH was determined by u s i n g  

a  H e l l i g e  c o l o r  compara to r .  C o n d u c t i v i t y  was measured w i t h  a  conduc t iv -  

i t y  b r i d g e  and t h e  s p e c i f i c  conductance  c a l c u l a t e d  by t h e  method' shown 

i n  S tandard  Methods (1965). 

I determined t r a n s p a r e n c y  by lower ing  a n  e i g h t  i n c h  b l a c k  and 

w h i t e  s e c h i i  d i s c ,  r e c o r d i n g  t h e  average  d e p t h  a t  which i t  d i s a p p e a r e d  

and reappeared .  Temperatures  were recorded  a t  two f o o t  i n t e r v a l s  w i t h  

a n  A l l i e d  E l e c t r o n i c  Thermometer. Water l e v e l  f l u c t u a t i o n  was observed 

by p l a c i n g  marked p o l e s  i n  t h e  w a t e r .  

The h e a t  c o n t e n t  p e r  u n i t  s u r f a c e  a r e a  a t  any one t ime  was d e t e r -  

mined by t o t a l i n g  t h e  p roduc t  of  t e m p e r a t u r e  t imes  volume f o r  d e c l a r e d  

d e p t h  i n t e r v a l s ,  t h e n  d i v i d i n g  by t h e  s u r f a c e  a r e a  of :the l a k e  and 

2 
e x p r e s s i n g  t h e  r e s u l t s  i n  ca l / cm . The t r u e  mean t e m p e r a t u r e  of  

t h e  l a k e s  was o b t a i n e d  by d i v i d i n g  t h e  h e a t  c o n t e n t  by t h e  volume. 

Summer h e a t  income was a r r i v e d  a t  by s u b t r a c t i n g  t h e  h e a t  c o n t e n t  of  a  

t h e o r e t i c a l l y  homothermous 4  C s t a t e  from t h e  maximum h e a t  c o n t e n t  

d u r i n g  t h e  summer. The annua l  h e a t  budget  was o b t a i n e d  by s u b s t i t u t i n g  

t h e  l o w e s t  h e a t  c o n t e n t  o b t a i n e d  d u r i n g  t h e  w i n t e r  f o r  t h e  homothermous 



4 C s t a t e  ( R u t t n e r ,  1963; Reid ,  1961).  

C. P l a n k t o n  Methods 

I de te rmined  s t a n d i n g  c rop  of n e t  zoop lank ton  by c o l l e c t i n g  w a t e r  

sgmples from s u r f a c e  t o  bottom a t  two meter  i n t e r v a l s  w i t h  a  two l i t e r  

Van Doren sampler .  I chose  t h e  Van Doren sampler  because  t h e r e  may be 

l e s s  avoidance r e a c t i o n  by t h e  zoop lank ton  t o  a  c l e a r  p l a s t i c  c o n t a i n e r  

t h a n  t o  a  me ta l  c o n t a i n e r  such a s  a  Kemmerer sampler .  Also ,  S t r i c k l a n d  

(1960) s t a t e s  t h a t  some organisms may be  s o  s e n s i t i v e  t o  meta l  i o n s  t h a t  

t h e y  d i s r u p t  w i t h  t h e  l o s s  of body f l u i d s  b e f o r e  t h e y  a r e  p rocessed .  

Sampling l e v e l s  were a l t e r n a t e d  between s t a t i o n s  t o  r e p r e s e n t  v e r t i c a l  

d i s t r i b u t i o n  i n  t h e  r e s e r v o i r s .  The w a t e r  was t h e n  f i l t e r e d  th rough  a  

Wisconsin  p lank ton  n e t  c o n t a i n i n g  No, 20 b o l t i n g  c l o t h .  The organisms 

were washed ou t  of t h e  d e t a c h a b l e  bucke t  w i t h  a  s q u i r t  b o t t l e  c o n t a i n i n g  

3% f o r m a l i n  and c o l l e c t e d  i n  v i a l s  f o r  enumera t ion  l a t e r .  A d d i t i o n a l  

samples were t a k e n  f o r  q u a l i t a t i v e  a n a l y s i s .  

I counted zoop lank ton  u s i n g  t h e  modi f i ed  Brodski i -Baskakov 

method d e s c r i b e d  by Mednikov (1961). By t h i s  procedure  t h e  r a t i o  of t h e  

f i e l d  a r e a  of  a  d i s s e c t i n g  scope  t o  t h e  a r e a  of  a  p e t r i  d i s h  was 

de te rmined .  The p l a n k t o n  were t h e n  d i s t r i b u t e d  a s  even ly  a s  p o s s i b l e  i n  

t h e  p e t r i  d i s h  and t h e  organisms counted i n  e i g h t  random f i e l d s .  The 

mean count  was m u l t i p l i e d  by t h e  c o r r e s p o n d i n g  r a t i o  and d i v i d e d  by t h e  

number of l i t e r s  i n  t h e  sample t o  g i v e  t h e  number of  organisms pe r  l i t e r .  

Organic  weight  of n e t  p l a n k t o n  was determined by a l l o w i n g  t h e  



p l a n k t o n  t o  s e t t l e  i n  c r u c i b l e s .  Excess w a t e r  was drawn o f f  and t h e  

c r u c i b l e s  were p laced  i n  a  d r y i n g  oven.  The samples  were t h e n  coo led  

and weighed on a  M e t t l e r  b a l a n c e .  The c r u c i b l e s  were p laced  i n  a  m u f f l e  

f u r n a c e  and ashed a t  800 C f o r  f i v e  m i n u t e s ,  t h e n  coo led  and reweighed.  

The d i f f e r e n c e  between t h e  a s h  weight  and d r y  we igh t  gave t h e  o r g a n i c  . 

weigh t  of  t h e  sample. 

Zooplankton were i d e n t i f i e d  u s i n g  keys  and t e c h n i q u e s  d e s c r i b e d  

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

D. Primary Produc t ion  Methods 

Primary p r o d u c t i v i t y  of  nannoplankton (phy top lank ton  smal l  enough 

t o  p a s s  th rough  No. 20 b o l t i n g  c l o t h )  was measured u s i n g  Carbon-14 

i s o t o p e  a s  d e s c r i b e d  by Steeman-Nielsen (1952) and Goldman (1963). 

Water was drawn from a  medium d e p t h  of  1 8  i n c h e s  w i t h  a  p l a s t i c  Van 

Doren sampler and f i l t e r e d  th rough  t h e  d e t a c h a b l e  bucke t  of  a  Wisconsin  

p l a n k t o n  n e t .  A Van Doren sampler  was s e l e c t e d  because  of  t h e  p o s s i -  

b i l i t y  of i n c r e a s e d  ca rbon  f i x a t i o n  caused by a  b r a s s  Kemmerer b o t t l e  

(Goldman, 1963).  The f i l t r a t e  was poured i n t o  two 250 m l  pyrex g l a s s  

s t o p p e r e d  b o t t l e s .  One was t r a n s p a r e n t  and t h e  o t h e r  made opaque w i t h  

b l a c k  t a p e  and p a i n t .  One m l  (5 m i c r o c u r i e s )  of  c14 i n  t h e  form of  

1 4  
Na2 C 0 3  was i n t r o d u c e d  i n t o  each b o t t l e  w i t h  a  g l a s s  s y r i n g e .  The 

b o t t l e s  were t h e n  a t t a c h e d  by h a r n e s s  snaps  t o  a  c o r d  and suspended a t  

a  d e p t h  of 18 i n c h e s  from c r o s s  b a r s  on a n  i n n e r  t u b e .  The b o t t l e s  

were exposed d u r i n g  mid-day f o r  abou t  f i v e  hours .  A f t e r  t h e  r e q u i r e d  



exposure time the bottles were withdrawn and filtered through type 

HA 47 rnm Millipore filters with a pore size of 0.5 microns. The filters 

were washed with distilled water to remove any unfixed c14 present, placed 

in plastic planchets and stored in a dessicator until they could be 

counted. The c14 uptake was counted st the University of Utah in an 

FD2 Flow Counter of a Tracermatic SD-75 Auto/Matic, utilizing an FDW2 

window. The radioactivity of each sample was expressed in disintegra- 

tions per second. The following formula by Knight (unpublished) was used 

to determine the c12 assimilated. 

12 12 
1. C assimilated = (c14 assimilated) (C available) (1.06) 

(c14 available) 

2. c12 available = (ml H2S04) (1000) (0.12) 

(ml of sample) 

14 
3. C assimilated = (dps LB - dps j3&)- - (dps DB - dps Bg) (7.4) (sample size) 

(sub- sample size) 

4 4. c14 available = (5 microcuries) (3.7 X 10 dps) 

1.06 = Constant correction factor which accounts for the presumed 
slower uptake of the heavier cL4. 

ml W2S04 = Amount of N/50 acid-used in the titration for total 
alkalinity. 

dps LB = Disintegrations per second of light bottle sample. 

dps DB = Disintegrations per second of dark bottle, 

dps Bg = Disintegrations per second of background count. 

7.4 = Constant correction factor to account for the inefficiency 
of the counter. 



Formula No. 1 y i e l d s  c12 i n  mg C / l i t e r .  To o b t a i n  t h e  answer 

3 
i n  mg C / m  / h r  t h e  answer was m u l t i p l i e d  by 1000/hrs  i n c u b a t i o n .  



RESULTS 

A. P h y s i c a l  F e a t u r e s  

1. Transparency 

Water i n  bo th  r e s e r v o i r s  was most t r a n s p a r e n t  d u r i n g  June and 

J u l y  (18 f e e t  i n  Deep Creek R e s e r v o i r  and 14 f e e t  i n  Crowthers) .  The 

r e s e r v o i r s  were l e a s t  t r a n s p a r e n t  d u r i n g  t h e  s p r i n g  and l a t e  summer 

and f a l l  months when p lank ton  p o p u l a t i o n s  were h i g h e s t  (F igure  5-A). 

Both r e s e r v o i r s  were i c e  covered from December t o  A p r i l .  Maximum i c e  

d e p t h  was 12 i n c h e s ,  w i t h  up t o  e i g h t  i n c h e s  of snow cover .  

2. Water Level  I 

Both r e s e r v o i r s  had wide ly  f l u c t u a t i n g  w a t e r  l e v e l s  (F igure  5-B). 

The a r e a  and volume of  Deep Creek R e s e r v o i r  d e c r e a s e d  s lowly  from A p r i l  

t o  J u l y ,  t h e n  dropped r a p i d l y  t o  r e a c h  a  minimum a r e a  of 100 a c r e s  and 

volume of 1800 a c r e  f e e t  d u r i n g  l a t e  September (F igure  6 ) .  Water l e v e l  

t h e n  i n c r e a s e d  s t e a d i l y ,  r e a c h i n g  maximum c a p a c i t y  i n  A p r i l ,  1966. 

Water l e v e l  i n  Crowthers R e s e r v o i r  d e c r e a s e d  s t e a d i l y  from April,  t o  

e a r l y  November, r e a c h i n g  a minimum a r e a  of s i x  a c r e s  and volume of 120 

a c r e  f e e t .  Water l e v e l  t h e n  i n c r e a s e d  r a p i d l y ,  a t t a i n i n g  maximum 

c a p a c i t y  d u r i n g  February,  1966 (F igure  6 ) .  

3.  Temperature and Heat Content 

A w e l l  d e f i n e d  the rmocl ine  d i d  not  form i n  e i t h e r  r e s e r v o i r ,  

a l t h o u g h  a  d e f i n i t e  t empera tu re  g r a d i e n t  was p r e s e n t .  Both w a t e r s  
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F i g u r e  5. P h y s i c a l  f e a t u r e s  of Deep Creek and Crowthers R e s e r v o i r s  
from May, 1965 t o  A p r i l ,  1966. S o l i d  l i n e  r e p r e s e n t s  
Deep Creek R e s e r v o i r .  Broken l i n e  r e p r e s e n t s  Crowthers 
R e s e r v o i r .  



Figure  6.  Area and volume f l u c t u a t i o n s  i n  Deep Creek and Crowthers 
Reservoi rs  from A p r i l ,  1965 t o  Apr i l ,  1966. Broken l i n e  
r e p r e s e n t s  Deep Creek Reservoi r  and s o l i d  l i n e  r ep re sen t s  
Crowthers Reservoi r .  



remained stratified until about August 24, followed by the fall over- 

turn which produced homothermous temperatures hntil the formation of 

1 ice. Inverse stratification occurred during the winter months. Sur- 

I face water temperature of both reservoirs ranged from 1 C in the 

I winter to near 25 C during the middle of August. The mean reservoir 

temperature varied from 2 C to 21 C, reaching maximum values in 

August (Figures 5-C, 7, 8). 
I 
I Heat content varied from 1,800 to 17,000 cal/cm2 in Deep Creek 

I Reservoir and from 2,000 to 18,000 cal/cm2 in Crowthers. The highest 

heat content in both reservoirs occurred in August and the lowest 

during March (FigureL5-D). I found the annual heat budget to be 15,233 

cal/cm2 in Deep Creek Reservoir and 15,544 cal/cm2 in Crowthers. 

B. Chemical Features 

1. Nitrate and Phosphate 

One water sample from each reservoir was sent to,the U.S. Geo- 

logical Survey for complete chemical analysis (Table 2). Especially 

important are the values for nitrate (1.2 ppm for Deep Creek Reservoir 

and 9.2 ppm for Crowthers) and phosphate (0.07 ppm for Deep Creek 

Reservoir and 0.37 ppm for Crowthers). 

2. Dissolved Oxygen 

Dissolved oxygen in the surface water ranged from 4.5 to 12.0 

ppm in Deep Creek Reservoir and 5.6 to 10.2 ppm in Crowthers 



Figure 7. Water temperature profiles from selected dates in Deep 
Creek Reservoir. 



Figure 8. Water temperature profiles from selected dat6s in Crowthers 
Reservoir. 



2 
Table  2. Chemical a n a l y s i s  o f  Deep Creek and Crowthers  R e s e r v o i r s .  

Determined by t h e  U.S. Geo log ica l  Survey,  Water Q u a l i t y  Board. 

FEATURE DEEP CREEK CROWTHERS 
RESERVOIR RESERVOIR 

Calcium (pprn) 

Magnesium (pprn) 

Po tass ium (ppm) 

S i l i c a  (pprn) 

Sodium (ppm) ' 

B i c a r b o n a t e  (pprn) 

Carbonate  (pprn) 

C h l o r i d e  (pprn) 

F l u o r i d e  (pprn) 

N i t r a t e  (pprn) 

Phosphate (pprn) 

S u l f a t e  (ppm) 

Disso lved  S o l i d s  (ppm) 

Hardness a s  CaC03 (pprn) 
Noncarbonate (pprn) 

pH 

S p e c i f i c  Conductance (micromhos) 

" C o l l e c t e d  May 15,  1965 a t  d e p t h  o f  one meter .  



D i s s o l v e d  O x y g e n  (p.p.m.1 

F i g u r e  9. Disso lved  oxygen p r o f i l e s  from s e l e c t e d  d a t e s  f o r  Deep 
Creek R e s e r v o i r .  



D i s s o l v e d  O x y g e n  (p.p.rn.1 

Figure 10. Dissolved oxygen profiles from selected dates for Crowthers 
Reservoir. 



(F igures  9 ,  10) .  Values near  t h e  bottom v a r i e d  from 2.0  t o  9.5 pprn 

i n  Deep Creek Rese rvo i r  and from 2.5 t o  10.2  pprn i n  Crowthers.  D i s -  

so lved  oxygen became i n c r e a s i n g l y  s t r a t i f i e d  i n  bo th  r e s e r v o i r s  from 

May t o  August. Maximum s t r a t i f i c a t i o n  occurred about August 17 ,  when 

oxygen con t en t  ranged from 12 t o  2 pprn ( su r f ace  and bottom respec-  

t i v e l y )  i n  Deep Creek Reservo i r  and from 10  t o  2 .5  pprn i n  Crowthers.  

During t h e  fo l l owing  week t h e  f a l l  o v e r t u r n  caused nea r  homogeneous 

oxygen con t en t  i n  bo th  wa t e r s .  A s l i g h t  amount of oxygen s t r a t i f i c a -  

t i o n  occur red  i n  t h e  w i n t e r .  Pe r cen t  s a t u r a t i o n  of d i s s o l v e d  oxygen 

ranged from near  120% a t  t h e  s u r f a c e  t o  20% a t  t h e  bottom i n  each 

r e s e r v o i r .  Both h igh  and low v a l u e s  occurred d u r i n g  August.  

3.  A l k a l i n i t y  and S p e c i f i c  Conductance 

T o t a l  a l k a l i n i t y  ranged from 140 t o  170 pprn i n  Deep Creek 

Rese rvo i r  and from 175 t o  650 pprn i n  Crowthers (F igures  1 1 - D  and 12-D). 

Sur face  ca rbona t e s  reached peaks i n  J u l y ,  October and February 

(F igures  1 1 - B  and 12-B). Bottom pahnolph tha le in  a l k a l i n i t y  r e ad ings  

were nonex i s t an t  except  f o r  a s h o r t  pe r i od  i n  May and du r ing  t h e  f a l l  

months. 

S p e c i f i c  c o n d u c t i v i t y  r e ad ings  were h i g h e s t  i n  Crowthers Rese rvo i r  

(380-650 micromhos a t  25 C). Readings i n  Deep Creek Reservo i r  ranged 

from 325 t o  430 micromhos a t  25 C .  Peaks were reached d u r i n g  October 

i n  Crowthers and January i n  Deep Creek Rese rvo i r  (Figures  11-E and 12-E). 

There was l i t t l e  v a r i a n c e  w i t h  dep th .  



F i g u r e  11. S e l e c t e d  chemical  f e a t u r e s  i n  Deep Creek R e s e r v o i r  d u r i n g  
s t u d y  p e r i o d .  S o l i d  l i n e  r e p r e s e n t s  s u r f a c e  samples ,  broken 
l i n e  r e p r e s e n t s  midway samples and d o t t e d  l i n e  r e p r e s e n t s  
bot tom samples .  Samples were averaged  f o r  a l k a l i n i t y  and 
c o n d u c t i v i t y  v a l u e s .  



+I 
F i g u r e  12. S e l e c t e d  chemical  f e a t u r e s  i n  Crowthers R e s e r v o i r  d u r i n g  s t u d y  

p e r i o d .  S o l i d  l i n e s  r e p r e s e n t  s u r f a c e  samples ,  broken l i n e s  
r e p r e s e n t  midway samples and d o t t e d  l i n e s  r e p r e s e n t  bottom 
samples.  Samples were averaged f o r  a l k a l i n i t y  and c o n d u c t i v i t y  
v a l u e s .  



4. Carbon Dioxide  and Hydrogen I o n  C o n c e n t r a t i o n  

Carbon d i o x i d e  was p r e s e n t  a t  t h e  s u r f a c e  o n l y  f o r  a  s h o r t  

p e r i o d  d u r i n g  t h e  f i r s t  p a r t  of September.  It reached  peaks a t  t h e  

bot tom d u r i n g  August and a g a i n  d u r i n g  t h e  w i n t e r  months ( F i g u r e s  1 1 - C  

and 12-C). 

Highes t  pH r e a d i n g s  occur red  d u r i n g  t h e  e a r l y  summer months 

( F i g u r e s  1 1 - A  and 12-A). The pH ranged from 7.7 t o  8 .9  i n  Crowthers  

and from 7.5 t o  8 .9  i n  Deep Creek R e s e r v o i r .  Values  were g e n e r a l l y  

h i g h e r  a t  t h e  s u r f a c e  t h a n  t h e  bottom. 

C .  Primary P r o d u c t i o n  

The mean p r imary  p r o d u c t i o n  r a t e s  of nannoplankton u s i n g  

3  3  Carbon-14 were 9.9 mg C / m  / h r  f o r  Crowthers  and 6.7 mg C / m  / h r  f o r  

Deep Creek R e s e r v o i r  (Table  3 ) .  Values  ranged from 1 . 9  t o  10.2 i n  

Deep Creek R e s e r v o i r  and from 1 . 8  t o  22.6 i n  Crowthers .  

D. Zooplankton and Organic  Weight 

1. Cladocera  

Cladoceran  s p e c i e s  found i n  Deep Creek R e s e r v o i r  were Daphnia 

p u l e x  and Daphnia r o s e a .  2. p u l e x  was predominant .  D. r o s e a  appeared  

o n l y  d u r i n g  t h e  summer months.  2. p u l e x  was t h e  on ly  c l a d o c e r a n  

p r e s e n t  i n  Crowthers .  

P o p u l a t i o n  peaks of  C ladocera  o c c u r r e d  s e v e r a l  t i m e s  i n  b o t h  





r e s e r v o i r s  d u r i n g  t h e  summer and f a l l  months (F igure  13-A and T a b l e  4 ) .  

Counts were g r e a t e s t  i n  Deep Creek R e s e r v o i r  d u r i n g  November (65 p e r  

l i t e r ) .  The g r e a t e s t  c o n c e n t r a t i o n  i n  Crowthers R e s e r v o i r  o c c u r r e d  

d u r i n g  August (45 p e r  l i t e r ) .  Mean annua l  c o u n t s  were h i g h e s t  i n  

Deep Creek R e s e r v o i r ,  18.7 p e r  l i t e r ,  compared t o  11.7 pe r  l i t e r  i n  

Crowthers .  

2. Copepoda and N a u p l i i  

Cyclops b i c u s p i d a t u s  thomasi  and Diaptomus t y r e l l i  were t h e  

copepod s p e c i e s  found i n  Deep Creek R e s e r v o i r .  C. b i c u s p i d a t u s  thom- 

a s i  was most abundan t .  2 .  t y r e l l i  was p r e s e n t  i n  t h e  samples o n l y  - 
d u r i n g  t h e  summer. C. b i c u s p i d a t u s  thomasi  and Diaptomus co lo rad-  

e n s i s  were found i n  Crowthers R e s e r v o i r .  2. c o l o r a d e n s i s  was t h e  - 
dominant s p e c i e s  th roughout  t h e  y e a r .  

Large  p u l s e s  of copepods o c c u r r e d  d u r i n g  May, October  and No- 

vember i n  Deep Creek R e s e r v o i r  (F igure  13-B and T a b l e  4 ) .  Numbers 

r eached  500 p e r  l i t e r  d u r i n g  Oc tober .  Smal le r  p u l s e s  were recorded  

d u r i n g  May and August i n  Crowthers R e s e r v o i r  (100 p e r  l i t e r  and 75 p e r  

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

Numbers of n a u p l i i  were c o n s i s t a n t l y  h i g h e r  i n  Deep Creek Res- 

e r v o i r  w i t h  p u l s e s  of  abou t  200 p e r  l i t e r  i n  May and 350 pe r  l i t e r  

d u r i n g  August (F igure  13-C and T a b l e  4 ) .  S m a l l e r  p u l s e s  occur red  i n  

Crowthers R e s e r v o i r ,  w i t h  a maximum of 75 p e r  l i t e r  i n  J u l y .  



Figure 13. Zooplankton standing crop and organic weight i n  Deep Creek 
and Crowthers Reservoirs during study period. Solid l ine  
represents Crowthers Keservoir. Broken l ine  represents 
Deep Creek Reservoir. 



3 .  R o t i f e r a  

R o t i f e r a  s p e c i e s  found i n  Deep Creek R e s e r v o i r  were K e r a t e l l a  

g u a d r a t a ,  K e r a t e l l a  c o c h l e a r i s ,  Asplancha p r i o d o n t a  and P o l y a r t h r a  s p .  

I found o n l y  &. q u a d r a t a  and A. p r i o d o n t a  i n  Crowthers  R e s e r v o i r .  

A  p u l s e  of  approx imate ly  200 r o t i f e r s  p e r  l i t e r  (mostly Poly- 

a r t h r a  s p . )  was observed d u r i n g  August i n  Deep Creek R e s e r v o i r .  Another  

p u l s e  of  100 p e r  l i t e r  (most ly  Asplancha s p . )  was recorded  d u r i n g  Oc tober .  

R o t i f e r a  were found i n  fewer numbers (5-10 p e r  l i t e r )  i n  Crowthers Res- 

e r v o i r .  

4 .  Organic  Weight 

Net o r g a n i c  we igh t  i n c l u d e d  a l l  o r g a n i c  m a t e r i a l  c o l l e c t e d  w i t h  

a  No. 20 p l a n k t o n  n e t .  T h i s  i n c l u d e d  d e t r i t u s  and l a r g e r  a l g a e  c e l l s  

t o g e t h e r  w i t h  t h e  zoop lank ton .  A l g a l  blooms were  observed i n  b o t h  

r e s e r v o i r s  d u r i n g  t h e  summer. A  b l o  f l o s - a q u a e  

i n  Deep Creek R e s e r v o i r  abou t  J u l y  

27 and l a s t e d  u n t i l  September 15. A  bloom of M i c r o c y s t i s  f l o s - a q u a e , " ;  

and M i c r o c y s t i s  a e r u g i n o s a  o c c u r r e d  i n  Crowthers  R e s e r v o i r  d u r i n g  t h e  

same p e r i o d .  Peaks of  o r g a n i c  weight  o c c u r r e d  d u r i n g  May and August 

i n  Deep Creek R e s e r v o i r ,  r e a c h i n g  a  maximum of  3.5 mg p e r  l i t e r  d u r i n g  

August (F igure  13-E and Table  4 ) .  Values f o r  Crowthers  R e s e r v o i r  

remained r e l a t i v e l y  c o n s t a n t  d u r i n g  t h e  summer, r e a c h i n g  a  maximum of  

abou t  1 mg p e r  l i t e r  d u r i n g  t h e  middle  of J u l y .  



Table 4. Monthly and annual average zooplankton and organic weight per l i t e r  i n  Deep Creek and 
rl. 

Crowthers Reservoirs." 

May 1965 5 5 177 79 181 5 2 4 2 5.60 .42 

r 
I June 2 7 2 6 17 23 25 2 3 7 17 1.40 .40 
1 

I J u l y  3 1 18 47 4 2 75 6 0 57 3 .88 .43 

I Aug . 27 2 1 36 69 276 22 118 7 2. QO .87 
I 

CLADOCERA 

I 

Sept. 3 1 17 50 6 9 8 8 18 11 9 3 1.00 .55 

Deep C r .  
Res. 

COPEPODA 

, I 
Oct. 21 9 24 1 58 90 10 4 0 3 .76 .46 

ORGANIC WT. 
Crowthers 
Res . Deep C r .  

Res . 
NAUPLI I 

I Nov. 3 8 10 169 20 26 2 2 2 3 .99 .76 
1 

Dec. 6 3 17 6 8 2 4 1 .61 .46 

Deep C r .  
Res. 

ROTIFERA 
Crowthers 
Res . Deep C r .  

Res . 

Jan. 1966 3 5 10 5 2 0 1 3 .55 .51 

I 
Feb. 7 4 8 7 1 0 2 1 .55 .31 

Mar. 5 5 7 6 1 0 0 0 .48 .26 

Crowthers 
Res. 

Deep C r .  
Res . Crowthers 

Res . 

Apr . 11 9 8 16 1 0 1 2 .68 .32 

Crowthers 
Res. 

Average 18.7 11.7 69.9 35.8 69.6 17.0 33.7 4.0 .84 .48 

>k Zooplankton expressed a s  number per l i t e r .  Organic weight expressed a s  mg. per l i t e r .  



DISCUSSION 

Deep Creek and Crowthers  R e s e r v o i r s  have w i d e l y  f l u c t u a t i n g  

w a t e r  l e v e l s ,  t y p i c a l  of s m a l l  r e s e r v o i r s  i n  t h i s  a r e a .  A f t e r  f i l l i n g  

d u r i n g  t h e  w i n t e r  months t h e y  a r e  d r a i n e d  i n  t h e  summer a s  demand f o r  

i r r i g a t i o n  w a t e r  i s  i n c r e a s e d .  Extreme drawdown of w a t e r  l e v e l  d u r i n g  

t h e  l a t e  summer no doubt  a f f e c t s  t h e  s p a t i a l  r e l a t i o n s h i p s  of a q u a t i c  

organisms.  R e s u l t s  of  t h e  drawdown may produce e r roneous  c o n c l u s i o n s  

i n  terms of  p r o d u c t i v i t y .  For example, i n c r e a s e  i n  s t a n d i n g  c r o p  

d u r i n g  l a t e  summer may be due i n  p a r t  t o  c o n c e n t r a t i o n  of organisms 

r a t h e r  t h a n  i n c r e a s e d  p r o d u c t i o n  r a t e .  The d e g r e e  t o  which s t a n d i n g  

c r o p  i s  a f f e c t e d  by w a t e r  l e v e l  f l u c t u a t i o n  a p p e a r s  d i f f i c u l t  t o  

a s s e s s ,  b u t  may be s u b s t a n t i a l .  

Both r e s e r v o i r s  e x h i b i t  s e a s o n a l  t h e r m a l  c h a r a c t e r i s t i c s  which 

would c l a s s i f y  them a s  d i m e c t i c  l a k e s ,  which have s p r i n g  and f a l l  

t u r n o v e r s  t y p i c a l  of t h e  t empera te  zone (Hutchinson,  1957). They 

cou ld  a l s o  be termed e u t r o p h i c  l a k e s ,  which a r e  c h a r a c t e r i z e d  by b e i n g  

r i c h  i n  n u t r i e n t s ,  e x h i b i t i n g  a  h y p o l i m n e t i c  l o s s  of  oxygen d u r i n g  t h e  

summer and hav ing  low t r a n s p a r e n c y  d u r i n g  t h e  summer and f a l l  (Reid ,  

1961). 

Temperature p r o f i l e s  i n d i c a t e  o n l y  weak the rmal  s t r a t i f i c a t i o n  

d u r i n g  t h e  summer. A d e f i n i t e  t e m p e r a t u r e  g r a d i e n t  d i d  e x i s t ,  b u t  t h e  

c l a s s i c  zones  ( e p i l i m n i o n ,  meta l imnion and hypolimnion) were n o t  c l e a r l y  

d e f i n e d .  T h i s  may have been caused by a  combina t ion  of two f a c t o r s .  



F i r s t ,  o c c a s i o n a l l y  s t r o n g  wind, t y p i c a l  of t h e  r eg ion ,  may tend t o  

p reven t  s t r a t i f i c a t i o n  from forming by c o n t i n u a l l y  mixing t h e  wate r .  

Ru t t ne r  (1964) p o i n t s  ou t  t h a t  s p r i n g  winds may i n h i b i t  s t r a t i f i c a -  

t i o n  u n t i l  t h e  e n t i r e  l ake  i s  warmed. Secondly,  t h e  c o n t i n u a l  d i s -  

charge  of water  from t h e  hypolimnion t ends  t o  lower t h e  metalimnion 

a s  co ld  water  i s  withdrawn from t h e  bottom. This  r e s u l t s  i n  con t in -  

u a l l y  warmer water  on t h e  bottom which may weaken t h e  thermal  s t r a t i -  

f i c a t i o n .  

Temperature p r o f i l e s  t aken  d u r i n g  t h e  summer i n  smal l  f l u c t u -  

a t i n g  r e s e r v o i r s  may be mis lead ing  i f  they  a r e  t o  r e p r e s e n t  c l a s s i c  

summer s t r a t i f i c a t i o n .  Enough water  was withdrawn from t h e  hypo- 

l imnion i n  Deep Creek and Crowthers Rese rvo i r s  t o  a f f e c t  thermal  s t r a t i -  

f i c a t i o n ,  bu t  decomposi t ion on t h e  bottom was g r e a t  enough t o  con t i n -  

u a l l y  d e p l e t e  t h e  wate r  of oxygen, r e s u l t i n g  i n  a  pe r i od  of "summer 

s tagna t ion" .  

Gorman (1964) and Reimers (1955) e x p l a i n  t h a t  annual h e a t  

budgets  a r e  c o n t r o l l e d  by t h e  mean dep th  of l a k e s  i n  t h e  temperate  

zone,  r a t h e r  t h a n  by tempera ture  d i f f e r e n c e s .  Th i s  appears  t o  be on ly  

p a r t i a l l y  t r u e  i n  Deep Creek and Crowthers Reservo i r s .  Data shown 

i n  F igu re  5 i n d i c a t e  more c o r r e l a t i o n  between h e a t  c o n t e n t  and mean 

tempera ture  t h a n  between h e a t  c o n t e n t  and mean depth.  An excep t i on  

t o  t h i s  occur red  i n  November when t h e  mean dep th  i n  Crowthers Res- 

e r v o i r  dropped r a p i d l y ,  a l s o  lowering t h e  hea t  con t en t .  It was observed 

t h a t  h e a t  con t en t  v a r i e d  d i r e c t l y  w i t h  mean tempera ture ,  a f f e c t e d  



o n l y  by ext reme f l u c t u a t i o n s  i n  mean d e p t h .  

The annua l  h e a t  budge t s  f o r  b o t h  r e s e r v o i r s  were approx imate ly  

2  t h e  same, about  15,000 c a l l c m  . T h i s  compares w i t h  65,000 c a l l c m  
2  

i n  Lake B a i k a l ,  23,500 i n  Lake Mendota (Reid,  1961) ,  and 4 ,117 i n  a  

h i g h  mountain l a k e  ( F a l t e r ,  unpub l i shed) .  

Deep Creek and Crowthers R e s e r v o i r s  a r e  c o n s i d e r e d  ha rd  wa te r  

l a k e s  c o n t a i n i n g  over  40 ppm bound ca rbon  d i o x i d e  (Welch, 1952).  

T h i s  amount i s  a l s o  c o n s i d e r e d  a n  optimum c o n c e n t r a t i o n  f o r  produc- 

t i v i t y  (Moyle, 1946).  

F ree  c a r b o n  d i o x i d e  fo l lowed  t h e  c l a s s i c  p a t t e r n  i n  b o t h  r e s -  - -  - 

e r v o i r s ,  r e a c h i n g  maximum v a l u e s  on t h e  bottom d u r i n g  summer and w i n t e r .  

F ree  ca rbon  d i o x i d e  was a b s e n t  d u r i n g  t h e  f a l l  months a s  w a t e r  was 

mixed by t h e  f a l l  t u r n o v e r .  T h i s  i s  b e l i e v e d  t o  be due t o  ca rbon  

d i o x i d e  combining w i t h  w a t e r  t o  form c a r b o n i c  a c i d ,  which d i s s o c i a t e s  

t o  form b i c a r b o n a t e s  i n  t h e  p resence  o f  ca lc ium c a r b o n a t e .  

S p e c i f i c  conduc tance ,  which i n d i c a t e s  i o n  c o n c e n t r a t i o n  i n  t h e  . 

w a t e r ,  i s  r e l a t e d  t o  t o t a l  a l k a l i n i t y  (Hem, 1959).  There  i s  a  p o s i -  

t i v e  c o r r e l a t i o n  between h a r d n e s s  and c o n d u c t i v i t y  i n  bo th  r e s e r v o i r s .  

N i t r a t e  and phosphate  samples ,  a l t h o u g h  l i m i t e d ,  may g i v e  some 

i n d i c a t i o n  of  p r o d u c t i v i t y .  Moyle (1946) p o i n t s  o u t  t h a t  n i t r a t e  and 

phosphate  may be i m p o r t a n t  l i m i t i n g  f a c t o r s  i n  f r e s h  w a t e r  p r o d u c t i o n .  

Reid  (1961) found t h a t  t h e  world  a v e r a g e  of  n i t r a t e  i n  u n p o l l u t e d  

f r e s h  w a t e r  i s  0 .30 ppm. Both r e s e r v o i r s  were above t h i s  f i g u r e  (1.2 

i n  Deep Creek R e s e r v o i r  and 9.2 i n  Crowthers ) .  It h a s  been shown 



(Reid,  1961) t h a t  t h e  mean phosphate  c o n t e n t  of most l a k e s  r a n g e s  

from abou t  0.01 t o  0.03 ppm. Deep Creek R e s e r v o i r  had a  v a l u e  of 

0.07 and Crowthers R e s e r v o i r  had a n  ex t remely  h i g h  v a l u e  of  0.37 ppm. 

These h i g h  c o n c e n t r a t i o n s  of n i t r a t e  and phosphate  i n  t h e  r e s e r v o i r s  

may be e x p l a i n e d  by n o t i n g  a g r i c u l t u r a l  a c t i v i t i e s  i n  t h e  a r e a .  

N i t r a t e  and phosphate  may have been l eached  from s o i l  i n  t h e  d r a i n a g e  

a r e a s  which have been f e r t i l i z e d .  Hem (1959) p o i n t s  o u t  t h a t  f e r t i l -  

i z a t i o n  of s o i l  around l a k e s  may add l a r g e  amounts of n i t r a t e  and 

phosphate  t o  t h e  w a t e r .  The h i g h  amount of n i t r a t e  i n  Crowthers  

R e s e r v o i r  may be due i n  p a r t  t o  numerous c a t t l e  f e e d  l o t s  which d r a i n  

i n t o  t h e  i n f l u e n t .  T h i s  e u t r o p h i c a t i o n  was n o t  a p p a r e n t  i n  t h e  Deep 

Creek d r a i n a g e .  

Carbon-14 h a s  been wide ly  used a s  a  measurement of  pr imary 

p r o d u c t i v i t y  s i n c e  i t s  i n t r o d u c t i o n  by Steeman-Nielsen (1952). For 

t h i s  s t u d y  p r o d u c t i v i t y  of o n l y  nannoplankton was measured. It i s  

b e l i e v e d  t h a t  nannoplankton c o n s t i t u t e  a  l a r g e  p o r t i o n  of t h e  

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

f o r  zoop lank ton  ( R u t t n e r ,  1963). Verduin (1956) found t h a t  a f t e r  

f i l t e r i n g  l a k e  w a t e r  th rough  t h e  f i n e s t  b o l t i n g  c l o t h ,  65% of t h e  

p h o t o s y n t h e t i c  a c t i v i t y  was i n  t h e  f i l t r a t e .  Rodhe (1958) a l s o  found 

t h a t  t h e  r a t e  of p h o t o s y n t h e s i s  i n  l a k e  w a t e r  samples was more c l o s e l y  

r e l a t e d  t o  t h e  numbers of  nannoplankton t h a n  w i t h  t h e  numbers of 

p l a n k t o n  r e t a i n e d  by t h e  p l a n k t o n  n e t .  As Fogg (1965) ment ions ,  t h i s  

i s  p robab ly  because  of  t h e  h i g h  s u r f a c e  t o  volume r a t i o  i n  t h e  s m a l l e r  



forms,  a l l o w i n g  more a c t i v i t y  p e r  u n i t  mass of c e l l  m a t e r i a l  t h a n  t h e  

a l g a e  r e t a i n e d  by a  n e t .  

Mean pr imary p r o d u c t i v i t y  r a t e s  of  nannoplankton i n  Deep Creek 

3  
and Crowthers R e s e r v o i r s  f o r  t h e  summer were 6 .7  and 9.9 mg ~ / m  / h r  

r e s p e c t i v e l y .  Assuming t h a t  nannoplakkton c o n t r i b u t e  50% of  t h e  

p r imary  p r o d u c t i v i t y  of phy top lank ton  ( see  above pa ragraph) ,  ave rage  

v a l u e s  of  1 3  and 20 mg c/m3/hr i n d i c a t e  h i g h  p r o d u c t i v i t y  r a t e s  i n  

b o t h  r e s e r v o i r s .  Knight  (1962) found mean v a l u e s  r a n g i n g  from 5 . 5  t o  

3  1 5 . 0  mg,C/m / h r  i n  f o u r  ponds i n  Michigan.  He f e l t  t h a t  t h e s e  ponds 

were r e l a t i v e i y  p r o d u c t i v e .  I n  a  s t u d y  of  a  l a v a  s i n k  pond i n  sou th -  

e a s t e r n  Idaho,  Mollmer (unpub l i shed)  found v a l u e s  between 0.07 and 

1.9 f o r  nannoplankton.  F a l t e r  (unpub l i shed)  found v a l u e s  r a n g i n g  from 

2.6 t o  15.5 i n  h igh  mounta in  l a k e s  of Montana. 

The 15% d i f f e r e n c e  between t h e  two r e s e r v o i r s  may b e  on ly  s l i g h t l y  

s i g n i f i c a n t .  Goldman (1963) s t a t e s  t h a t  e x p e r i m e n t a l  e r r o r  may accoun t  

f o r  abou t  8% of t h e  d i f f e r e n c e .  Tile h i g h e r  pr imary p r o d u c t i o n  r a t e  

i n  Crowthers  R e s e r v o i r  may be due t o  i n c r e a s e d  e u t r o p h i c a t i o n  a s  ------ - 
mentioned above. 

Exper iments  by Pennington (1941) have demons t ra ted  t h a t  zoo- 

_- i - p l a n k t o n  may have s t r i k i n g  e f f e c t s  on t h e  numbers of phy top lank ton .  - -  

Although enumera t ion  of phy top lank ton  was no t  made i n  t h i s  s t u d y ,  i t  

i s  b e l i e v e d  t h a t  "grazing"  by zoop lank ton  on nannoplankton may accoun t  

f o r  a n  undetermined d i f f e r e n c e  i n  pr imary p r o d u c t i o n  r a t e s .  

S t u d i e s  by C a r l  (1940) and Pennak (1957) g i v e  ev idence  t h a t  a  



genus of Copepoda o r  Cladocera  i s  seldom r e p r e s e n t e d  by more t h a n  one 

s p e c i e s  i n  one body of  wa te r .  Th i s  p a t t e r n  was fo l lowed  w i t h  Copepoda, 

b u t  not  w i t h  Cladocera .  Only one s p e c i e s  of Daphnia was found i n  

Crowthers  R e s e r v o i r ,  b u t  two s p e c i e s  were p r e s e n t  i n  Deep Creek Res- 

e r v o i r .  It shou ld  be noted though, t h a t  2. r o s e a  showed up o n l y  

o c c a s i o n a l l y  i n  Deep Creek Rese rvo i r .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  a  d i f f e r e n t  genus of Copepoda 

was dominant i n  e a c h  r e s e r v o i r  (Cyclops i n  Deep Creek R e s e r v o i r  and 

Diaptomus i n  Crowthers) .  T h i s  may be due t o  a  d i f f e r e n c e  i n  f e e d i n g  

h a b i t s ,  a s  Cyclops h a s  mouth p a r t s  modi f i ed  f o r  s e i z i n g  s m a l l  p l a n t s  

and an imals  and Diaptomus i s  adap ted  f o r  f i l t e r i n g  l i v i n g  and dead 

p a r t i c u l a t e  m a t e r i a l  (Pennak, 1963). Perhaps  t h e  l a r g e r  R o t i f e r a  

p o p u l a t i o n  i n  Deep Creek R e s e r v o i r  provided more a v a i l a b l e  food f o r  

Cyclops ,  whereas on ly  p a r t i c u l a t e  m a t e r i a l  was a v a i l a b l e  i n  Crowthers  

Rese rvo i r .  

The importance  of s t u d y i n g  p l a n k t o n  on a n  annua l  b a s i s  i s  

emphasized by Pennak (1949) when he s t a t e s  t h a t  i n  o r d e r  t o  g a i n  a n  

adequa te  concept  of t h e  s t a n d i n g  c r o p  of p l a n k t o n  i n  a  l a k e ,  sampl ing 

shou ld  be on a  y e a r  around b a s i s  r a t h e r  t h a n  on summer samples on ly .  

As Rawson (1953) p o i n t s  o u t ,  t h e  s t a n d i n g  c r o p  of  n e t  zooplankton may 

s t i l l  no t  be a n  adequa te  measure of p r o d u c t i o n  r a t e ,  b u t  shou ld  be 

regarded  a s  a  b a l a n c e  on hand. Although s t a n d i n g  c r o p s  may be t h e  

same i n  two bod ies  of  w a t e r ,  r a t e s  of  p r o d u c t i o n  may be d i f f e r e n t  

because  of  an  unknown amount of  p r e d a t i o n ,  and d i f f e r e n t  t u r n o v e r  



rdkes  between s p e c i e s ,  

Staoding crop of zoop lank ton  was ~elatively high  in both reser- 

v u i r s  when canbpa~ed LO athew l akes  of rs;nparalsle size, In a study of 

small. d k z s  in !di;corrsin, Pel-nnak ( 1 9 4 9 )  found m a n  annual averages of 

zooplankton to be about t h e  same as B found iii Deep Creek and Crowthers  

Reservoirs, He ~vni~Luded t h a t  these Lakes were x e l a t i v e l y  productive. 

Mean annual  crgansv, weisfit i,! Oeep Greek and 6rc)wLhenrs Beeer 

v u x r s  $ 1 . ~  s l ibhc! .y  I c s s  tl*Jzn ~ h e  lzk*: scudi<>d by Penaak. T h i s  may 

bs. dua to a d i L k t ~ ~ i [ ~ c ~  I n  p h y t o p l ~ ~ ~ t L - f l r ~ ~  and oargartic d e t ~ t t u s  which may 

c o ~ ? s t i t u t e  a pertian of the o r g d a i ~  we igh t .  Kawson (1953) 

phsirlts o u t  t h a t  datermination 03: organlFc weight is sometitries difficult 

because of large announts of al%ol;ht&aanou.s i n a t e r i a l .  The p u l s e s  o f  

o rgan ic  wefghh dt. r f ~ g  Ray snd Augkrst i n  Deep Creek Reservoir arc 

b e l i a t e d  ~3 res~tPf  o f  d e t r s t ~ t s  hnd blooms ci &'f$z~si and 

P u l s e s  of: CLadocera and Cupcpsda i n  the  fakl. months may have 

r e s u l t e d  from i nc r ea sed  n u t r i e n t s  saused by decomposikion oE algae 

blooms. Edmondssn (1957) explains that c e r t a i n  algae such as - 
+-. ? 

izsmenon i s  unsuitable as food for zooplankton but after decomposition 

of the algae blooms, the resulting debris and microbial population 

may provide ilr~~ple food, Salrnailov (1964) has found t h a t  bacteria may 

be an importaat constirnen.t in t h e  diet of zooplankton, 

Predation by f i s h  rnay have a f f e c t e d  the standing crop of zos- 

..% a - p ~ d n k t o n  in Deep Creek Reservoir. Gaibra i th  (1967) has found that 

popi3ilation.s ijf m a  nlay be drastically reduced by fish predation, 



provided t h a t  t h e  Daphnia a r e  of l a r g e  s i z e  (1.3 mm o r  more). It 

was found t h a t  t h e  average s i z e  of D. p u l e x  i n  bo th  r e s e r v o i r s  was 

above t h i s .  2. r o s e a  was found t o  average s l i g h t l y  below 1.3 mm. 

I n  a  r e l a t e d  s t udy  i nvo lv ing  t r o u t  growth and f i s h  stomach a n a l y s i s ,  

M i l l e r  and Rabe ( i n  p r e s s )  found t h a t  Cladocera  made up 93% of t h e  

stomach c o n t e n t s  of t r o u t  i n  Deep Creek Rese rvo i r ,  compared t o  15% 

i n  Crowthers Rese rvo i r .  It i s  be l i eved  t h a t  t h e  s t and ing  c rop  of 

Cladocera  i n  Deep Creek Reservo i r  would have been more i f  i t  had no t  

been preyed upon s o  e x t e n s i v e l y  by f i s h .  It was a l s o  i n t e r e s t i n g  t o  

n o t e  t h a t  no Copepoda were found i n  t h e  t r o u t  stomachs,  sugges t i ng  

t h a t  t h e  t r o u t  e i t h e r  f ed  s e l e c t i v e l y  on Cladocera  o r  t h a t  t h e  

Copepoda were t oo  sma l l  t o  be f i l t e r e d  ou t  by t h e  t r o u t .  

Although t h e  s tudy  was no t  designed t o  i n v e s t i g a t e  t r o p h i c  

l e v e l s  i n  terms of energy t r an s fo rma t ions ,  t h e  r e s e r v o i r s  a s  eco- 

systems may be b e t t e r  unders tood by app ly ing  t h e  a v a i l a b l e  informa- 

t i o n  t o  a  modif ied energy flow diagram (F igure  14,  modif ied from 

Odum, 1959; 1963). The diagram i s  no t  drawn t o  s c a l e ,  bu t  t h e  s i z e  

of t h e  t r o p h i c  l e v e l s  a r e  roughly p r o p o r t i o n a l  t o  each o the r .  

S p e c i f i c  f low d a t a  o r  energy t r a n s f e r  from one l e v e l  t o  ano ther  i s  

no t  a v a i l a b l e  bu t  i s  shown by d i r e c t i o n a l  arrows. 

The s i m p l i f i e d  diagram i n d i c a t e s  t h a t  primary p r o d u c t i v i t y  

of nannoplankton was s l i g h t l y  h ighe r  i n  Crowthers Reservo i r  (based on 

Carbon-14 d a t a ) .  Allochthonous m a t e r i a l  i s  r ep re sen t ed  by bo th  

o rgan ic  and i no rgan i c  subs tances .  It i s  be l i eved  t h a t  Crowthers 



C R O W T H E R S  R E S E R V O I R  

Nannoplankton 
Productivity = 

Material Heterotrophs 

Figure 14. A s imp l i f i ed  energy flow diagram i n d i c a t i n g  r e l a t i o n s h i p s  
of some t roph ic  l e v e l s  i n  Crowthers and Deep Creek Res- 
e rvo i r s .  Arrows show d i r e c t i o n  of energy flow. Magnitude 
of energy flow is  only r e l a t i v e l y  q u a n t i t a t i v e ,  based on 
c o l l e c t e d  da t a  and observat ions.  



R e s e r v o i r  r e c e i v e d  more m a t e r i a l  from o u t s i d e  s o u r c e s  because  of *L-'--.-, - .  

r u n o f f  from c a t t l e  f e e d  l o t s  and f e r t i l i z e d  f i e l d s .  T h i s  m a t e r i a l  

p o s s i b l y  provided n u t r i e n t s  f o r  nannoplankton and f o r  t h e  d e t r i t a l  

h e t e r o t r o p h s .  Q u a n t i t a t i v e  d a t a  (Table 4 )  i n d i c a t e s  t h a t  Deep Creek 

R e s e r v o i r  had a  h i g h e r  mean s t a n d i n g  c r o p  of zooplankton.  It i s  

assumed t h a t  more energy flowed from nannoplankton t o  zooplankton 

i n  Deep Creek R e s e r v o i r  t h a n  i n  Crowthers  R e s e r v o i r .  I n  r e a l i t y  

t h i s  would be d i f f i c u l t  t o  s u b s t a n t i a t e  because  zoop lank ton  may f e e d  

on s u b s t a n c e s  o t h e r  t h a n  nannoplankton and because  t h e  s t a n d i n g  c r o p  

of zoop lank ton  may n o t  be a  r e f l e c t i o n  of t h e  p r o d u c t i o n  r a t e ,  a s  

i n d i c a t e d  above. I b e l i e v e  t h a t  t h e  s t a n d i n g  c r o p  of  d e t r i t a l  h e t e r -  

o t r o p h s  was h i g h e s t  i n  Crowthers R e s e r v o i r .  T h i s  i s  based on t h e  

f o l l o w i n g  i n f o r m a t i o n :  1. A r e l a t e d  s t u d y  ( M i l l e r  and Rabe, i n  

p r e s s )  h a s  shown t h a t  Rainbow T r o u t  stomachs i n  Deep Creek R e s e r v o i r  

c o n t a i n e d  mos t ly  zoop lank ton  whereas  t h o s e  i n  Crowthers R e s e r v o i r  

c o n t a i n e d  m o s t l y  d e t r i t a l  h e t e r o t r o p h s  such a s  l e e c h e s  and s n a i l s .  

2. Deep Creek R e s e r v o i r  c o n t a i n e d  l a r g e  p o p u l a t i o n s  of Suckers  and 

C u t t h r o a t  Trou t  which p robab ly  k e p t  t h e  bot tom d e p l e t e d  of d e t r i t a l  

h e t e r o t r o p h s .  T h e r e f o r e  energy flow from zoop lank ton  t o  t r o u t  was 

p robab ly  h i g h e s t  i n  Deep Creek R e s e r v o i r  and energy f low from d e t r i t a l  

f e e d i n g  organisms t o  t r o u t  was h i g h e s t  i n  Crowthers  R e s e r v o i r .  The 

t o t a l  ene rgy  flow t o  Rainbow Trou t  was b e l i e v e d  h i g h e s t  i n  Crowthers 

R e s e r v o i r  because  of t h e  h i g h e r  a s s i m i l a t i o n  r a t e  of  t r o u t  (based on 

t h e  r e l a t e d  s t u d y  by M i l l e r  and Rabe). Th i s  cou ld  l e a d  t o  e r roneous  



conc lu s ions  r ega rd ing  f i s h  p roduc t ion  though, because a l though  t h e  

growth r a t e  of Rainbow Trout  was h i g h e s t  i n  Crowthers Rese rvo i r ,  

t o t a l  f i s h  p roduc t ion  was no t  known because of  l a r g e  popula t ions  of 

Suckers and Cu t th roa t  Trout  i n  Deep Creek Rese rvo i r ,  The t o t a l  

a s s i m i l a t i o n  of o rgan i c  m a t t e r  pe r  u n i t  a r e a  by f i s h  i n  Deep Creek 

Rese rvo i r  could have exceeded t h a t  i n  Crowthers Rese rvo i r  where 

Suckers were absen t .  It i s  d i f f i c u l t  t o  determine which r e s e r v o i r  

was t h e  most "product ive"  because each r e s e r v o i r  was b e t t e r  repre -  

s en t ed  by d i f f e r e n t  t r o p h i c  l e v e l s .  



SUMMARY 

Some l imno log i ca l  a s p e c t s  of two smal l  s o u t h e a s t e r n  Idaho r e s -  

e r v o i r s  were s t u d i e d  f o r  one yea r .  The r e s e r v o i r s  s e l e c t e d  were Deep 

Creek Reservo i r  and Crowthers Rese rvo i r  which have maximum a r e a s  of 

200 and 32 a c r e s  r e s p e c t i v e l y .  

Chemical and phys i ca l  f e a t u r e s  of t h e  wate r  were determined 

u s ing  s t anda rd  l imno log i ca l  methods. S tand ing  c rop  of ne t  zooplankton 

was determined by c o l l e c t i n g  from s i x  s t a t i o n s  i n  Deep Creek Reservo i r  

and f o u r  i n  Crowthers Rese rvo i r ,  u s i ng  a  two l i t e r  Van Doren b o t t l e .  

Enumeration of zooplankton was made and organ ic  weight of ne t  p lankton 

determined.  Primary produc t ion  r a t e s  of nannoplankton was measured 

d u r i n g  one summer u s ing  Carbon-14 i so tope .  

Both r e s e r v o i r s  were found t o  have widely  f l u c t u a t i n g  water  

l e v e l s .  Deep Creek Rese rvo i r  dropped from 6,000 t o  1,800 a c r e  f e e t  

and Crowthers Reservo i r  from 880 t o  120 a c r e  f e e t .  

Sur face  wate r  t empera ture  i n  bo th  r e s e r v o i r s  v a r i e d  from 1 t o  

25 C du r ing  t h e  year .  A w e l l  de f i ned  thermocl ine  d i d  no t  form i n  

e i t h e r  r e s e r v o i r .  The f a l l  o v e r t u r n  occurred du r ing  August i n  bo th  

r e s e r v o i r s .  I c e  covered t h e  r e s e r v o i r s  from December t o  A p r i l .  

Annual h e a t  budgets  of 15,233 and 15,544 cal/cm2 r e s p e c t i v e l y  were 

found f o r  Deep Creek and Crowthers Reservo i r s .  

Dissolved oxygen remained r e l a t i v e l y  h i g h  i n  bo th  r e s e r v o i r s  

excep t  on t h e  bottom where concen t r a t i ons  dropped t o  2  ppm d u r i n g  



the  summer. Surface readings were gene ra l ly  over 8 ppm. Tota l  

a l k a l i n i t y  was r e l a t i v e l y  hjgh i n  both r e s e r v o i r s ,  but  hPghest i n  

Crowthers Reservoir .  Values ranged from 140 t o  170 ppm i n  Deep 

Creek Reservoir and 175 t o  650 ppm i n  Crowthers Reservoir .  Conduc- 

t i v i t y  readings were l ikewise  high i n  both waters  (over 300 mibcromhos 

a t  25 C). Both r e s e r v o i r s  were a l k a l i n e ,  wi th  the  pH ranging from 

7.5 t o  8.9. Phosphate and n i t r a t e  was high i n  Deep Creek Reservoir 

(0.07 and 1.2 ppm respec t ive ly )  and very high i n  Crowthers Reservoir  

(0.37 and 9.2 ppm respec t ive ly ) .  The extremely high values i n  

Crowthers Reservoir  were bel ieved due t o  runoff from f e r t i l i z e d  

f i e l d s  and drainage from c a t t l e  feed l o t s .  

The mean primary production r a t e s  of nannoplankton using 

3 Carbon-14 were 9.9 mg C/m / h r  f o r  Crowthers Reservoir and 6.7 

3  mg C/m /h r  f o r  Deep Creek Reservoir .  

Blooms of blue green a lgae  were found i n  both r e se rvo i r s  

dur ing  t h e  summer (Aphanizomenon sp .  i n  Deep Creek Reservoir and 

Microcyst is  sp.  i n  Crowthers Reservoir) .  A bloom of Ceratium sp.  

appeared wi th  t h e  a lgae  i n  Deep Creek Reservoir .  

Cladocera spec ie s  were represented by Daphnia pu lex  and Daphnia 

rosea i n  Deep Creek Reservoir  and only D. pu lex  i n  Crowthers Reser- - 
v o i r .  Standing crop of Cladocera was h ighes t  i n  Deep Creek Reser- 

v o i r  wi th  a  mean annual count of 18.7 per l i t e r ,  compared t o  11.7 per 

l i t e r  i n  Crowthers Reservoir .  

Copepoda spec ie s  i n  Deep Creek Reservoir were Cyclops b icuspi -  



d a t u s  thomasi  and Diaptomus t y r e l l i .  C. b i c u s p i d a t u s  thomasi  and - 
Diaptomus c o l o r a d e n s i s  were found i n  Crowthers R e s e r v o i r .  Cyclops s p .  

were  dominant i n  Deep Creek R e s e r v o i r  and Diaptomus s p .  i n  Crowthers Res- 

e r v o i r .  S tand ing  c r o p  of Copepoda was h i g h e s t  i n  Deep Creek R e s e r v o i r  

(annual  mean of 70 p e r  l i t e r ,  compared t o  36 p e r  l i t e r  i n  Crowthers 

R e s e r v o i r ) .  

R o t i f e r a  were b e t t e r  r e p r e s e n t e d  i n  Deep Creek R e s e r v o i r ,  

a v e r a g i n g  34 p e r  l i t e r  compared t o  4 p e r  l i t e r  i n  Crowthers R e s e r v o i r .  

S p e c i e s  compos i t ion  i n  Deep Creek R e s e r v o i r  i n c l u d e d  K e r a t e l l a  q u a d r a t a ,  

K e r a t e l l a  c o c h l e a r i s ,  Asplancha p r i o d o n t a  and P o l y a r t h r a  sp .  Crowthers 

R e s e r v o i r  c o n t a i n e d  5 .  q u a d r a t a  and _A. p r i o d o n t a .  

The a v a i l a b l e  i n f o r m a t i o n  was a p p l i e d  t o  a n  energy f low diagram 

which i n d i c a t e d  t h a t  each  r e s e r v o i r  was b e s t  r e p r e s e n t e d  by d i f f e r e n t  

t r o p h i c  l e v e l s .  Crowthers R e s e r v o i r  had a  h i g h e r  s t a n d i n g  c rop  of  

d e t r i t a l  h e t e r o t r o p h s  whereas Deep Creek R e s e r v o i r  had a  h i g h e r  s t and-  

i n g  c r o p  of  zooplankton.  Because of  t h i s  i t  was d i f f i c u l t  t o  de te rmine  

which r e s e r v o i r  was t h e  most l 'product%vell .  
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