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1.0 Background 

U s e  o f  thermal  e f f l u e n t s  f o r  a q u a c u l t u r e  h a s  r e c e i v e d  i n c r e a s i n g  

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

i n d u s t r y  f o r  p r o d u c t i v e l y  e x p l o i t i n g  energy r i c h  was te  streams. Many 

p r o j e c t s  have i n v e s t i g a t e d  t h e  commercial p o t e n t i a l  f o r  was te  h e a t  

a q u a c u l t u r e  (McConnell and hdelman 1978; TVA 1978) ;  however, t h e  c u l t u r e  

of f i s h  d i r e c t l y  i n  geothermal  water i s  a n  emerging f i e l d  (Oregon S t a t e  

U n i v e r s i t y  1978). 

Geothermal d i s c h a r g e s  r e p r e s e n t  a l a r g e  thermal  energy s o u r c e  

f o r  c o n t i n u o u s l y  m a i n t a i n i n g  t h e  tempera ture  of  c u l t u r e  f l u i d s  w h i l e  

p r o v i d i n g  a c o n s t a n t  s o u r c e  of water f o r  year-round i n t e n s i v e  c u l t u r e  
3 

of  w a r m w a t e r  f i s h  s p e c i e s .  

3 

d 

B e n e f i t s  o f  geothermal  a q u a c u l t u r e  i n c l u d e :  (1) enhanced 

growth ra tes  as  a f u n c t i o n  of c o n t r o l l i n g  water  t e m p e r a t u r e s  w i t h i n  a 

narrow range;  ( 2 )  improved food c o n v e r s i o n  e f f i c i e n c y  i n  r e s p o n s e  t o  

a c c u r a t e  tempera ture  c o n t r o l ;  and ( 3 )  t h e  i n t r o d u c t i o n  of a w a r m w a t e r  

f i s h e r y  i n d u s t r y  i n t o  t h e  geothermal  r i c h  P a c i f i c  Northwest ,  c u r r e n t l y  

l i m i t e d  t o  t h e  c u l t u r e  of co ldwater  s p e c i e s .  By d i r e c t l y  u s i n g  low- 

t e m p e r a t u r e  r e s o u r c e s  o r  s p e n t  f l u i d s  from o t h e r  p r o c e s s e s ,  geothermal  

a q u a c u l t u r e  can  c o n s e r v e . e n e r g y ,  r e d u c e  t h e  amount of  waste h e a t  r e l e a s e d  

i n t o  t h e  environment ,  and produce a v a l u a b l e  h i g h - q u a l i t y  product .  

The commercial p o t e n t i a l  f o r  goethermal  a q u a c u l t u r e  w a s  e v a l u a t e d  

f o r  2 y e a r s  a t  t h e  Department of Energy ' s  R a f t  River geothermal  s i t e  i n  

S o u t h c e n t r a l  Idaho. Common c a r p  (Cyprinus c a r p i o )  and c h a n n e l  c a t f i s h  

( I c t a l u r u s  p u n c t a t u s )  were s e l e c t e d  a s  c u l t u r e  s p e c i e s .  Carp have been 

c u l t u r e d  i n  a v a r i e t y  of  environments  f o r  thousands of y e a r s  and a r e  

recognized  a s  a pr ime s o u r c e  of h i g h  q u a l i t y  p r o t e i n  (Dardach 1 9 7 2 ) .  

Very hardy  organisms,  c a r p  e x h i b i t  r a p i d  growth r a t e s ,  a r e  omnivorous,  
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and e f f i c i e n t l y  c o n v e r t  low g r a d e  food s o u r c e s  i n t o  h i g h  q u a l i t y  p r o t e i n .  

Channel c a t f i s h  are t h e  most wide ly  c u l t u r e d  f i s h  i n  t h e  U.S . ,  w i t h  a h i g h l y  

va lued  f l e s h  and a w e l l  e s t a b l i s h e d  market .  H i s t o r i c a l l y  l i m i t e d  t o  

e x t e n s i v e  c u l t u r e ,  channel  c a t f i s h  a r e  i d e a l l y  s u i t e d  f o r  i n t e n s i v e  

geothermal  c u l t u r e .  

2 .0  O b j e c t i v e s  

O b j e c t i v e s  of t h e  2 y e a r  s t u d y  inc luded  i n v e s t i g a t i o n  o f :  ( 1 )  growth 

rates;  ( 2 )  n u t r i t i o n  t r i a l s ;  ( 3 )  h i s t o l o g i c a l  and p h y s i o l o g i c a l  parameters ;  

( 4 )  bioaccumula t ion  of heavy metals; and (5)  r e p r o d u c t i v e  c a p a c i t y .  The 

second y e a r  p r o j e c t  e f f o r t s  were p r i m a r i l y  s t u d y i n g  t h e  e f f e c t s  of  geothermal  

water on t h e  r e p r o d u c t i v e  c a p a c i t y  of  common c a r p  by: (1)  de te rmining  t h e  

e f f e c t s  of  geothermal  water on gonadal  development of common ca rp  and; ( 2 )  

d e t e r m i n i n g  t h e  e f f e c t s  of geothermal  water on common c a r p  embryogenesis.  

3.0 I n t r o d u c t i o n  

Common c a r p  (Cyprinus c a r p i o  L.) have been c u l t u r e d  i n  a v a r i e t y  of  

environments  f o r  thousands of y e a r s .  These f i s h ,  recognized  throughout  t h e  

world as a pr ime s o u r c e  of h i g h  q u a l i t y  p r o t e i n ,  e x h i b i t  e x c e l l e n t  growth i n  

a wide range  of c o n d i t i o n s  (Huet 1970, H i c k l i n g  1971, Bardach e t  a l .  1972).  

However, because  of  a poor market  due  t o  t h e  p e r c e i v e d  poor o r g a n o l e p t i c  

q u a l i t y  of  c a r p ,  l i t t l e  work h a s  been done i n  t h e  Uni ted  S t a t e s  on t h e  

development of  i n t e n s i v e  c u l t u r e  methods f o r  t h i s  f i s h .  

F i s h  c u l t u r e  developments i n  t h e  Uni ted  States have i n s t e a d  

c o n c e n t r a t e d  on t h e  rainbow t r o u t  and channel  c a t f i s h .  I n t e n s i v e  c u l t u r e  

of  t h e  rainbow t r o u t ,  e s p e c i a l l y  i n  t h e  Snake River  V a l l e y  of  s o u t h e r n  Idaho,  

t h r i v e s  because  of  a h i g h  q u a l i t y  w a t e r  s o u r c e  and a c o n s t a n t  y e a r  round 
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water tempera ture .  The s o u t h e r n  United S t a t e s  i s  known f o r  i t s  e x t e n s i v e  

c u l t u r e  of t h e  channel  c a t f i s h .  This  a r e a  i s  provided  w i t h  a l o n g  enough 

growing season  t o  i n s u r e  economic v i a b i l i t y  of c u l t u r i n g  t h i s  w a r m w a t e r  

s p e c i e s .  A s  i n  o t h e r  tempera te  a r e a s  o f  t h e  world,  t h e  c a p a b i l i t y  t o  

ra ise  f i s h  economical ly  i n  t h e  United States  i s  dependent p r i m a r i l y  upon 

a q u a l i t y  water supply  and water  tempera ture .  

I n t e n s i v e  f i s h  c u l t u r e  i n  tempera te  climates h a s  been h i n d e r e d  by 

t h e  s e a s o n a l i t y  of  water tempera ture .  Due t o  t h e  p o i k i l o t h e r m a l  n a t u r e  of  

f i s h ,  t h e i r  metabol ism and t h u s  t h e i r  growth i s  governed by water tempera- 

t u r e .  Every f i s h  h a s  a n  optimum p h y s i o l o g i c a l  tempera ture  a t  which growth, 

food c o n v e r s i o n ,  and r e s i s t a n c e  t o  disease are  maximized. I n  tempera te  

climates, a problem o f  i n t e n s i v e  f i s h  c u l t u r e  h a s  been how t o  r e g u l a t e  t h e  

water tempera ture  a t  a n  optimum l e v e l  f o r  growth of  t h e  d e s i r e d  species. 

One way t o  a c h i e v e  t h i s  tempera ture  r e g u l a t i o n  i s  through t h e  u s e  o f  thermal  

e f f l u e n t s  from steam e l e c t r i c a l  s t a t i o n s  ( S E S ' s )  o r  from n a t u r a l  (geothermal )  

s o u r c e s .  

a 

# 

The e f f e c t s  of  thermal  e f f l u e n t s  from S E S ' s  on p o p u l a t i o n s  of f i s h  

i n  n a t u r a l  h a b i t a t s  have been a m a j o r  concern  of f i s h  b i o l o g i s t s .  Many 

s t u d i e s  have been done t o  e v a l u a t e  t h e  d e t r i m e n t a l  e f f e c t s  of  c a l e f a c t i o n  

on i n d i g e n o u s  p o p u l a t i o n s  o f  f i s h  ( A l a b a s t e r  1963, Gibbons 1974) .  The n e t  

r e s u l t  i s  t h a t  f i s h  grow f a s t e r  i n  t h e  warmed water,  and are a b l e  t o  avoid  

l e t h a l  h e a t  plumes, as t h e s e  thermal  plumes becorne l o c a l i z e d  i n  t h e  n a t u r a l  

environment of  c o o l e r  water t e m p e r a t u r e s .  

An energy s o u r c e  r e l a t e d  t o  t h e  SES t h e r m a l  e f f l u e n t  i s  geothermal  

d i s c h a r g e .  I n  c o n t r a s t  t o  t h e  s u r f a c e  c a l e f a c t i o n  of  SES e f f l u e n t s ,  

geothermal  water i s  a n  a q u i f e r  s u p e r h e a t e d  w i t h i n  t h e  e a r t h ' s  c r u s t .  Because 

of t h e  i n c r e a s e d  tempera ture  and p r e s s u r e  p r e s e n t  w i t h i n  t h e  e a r t h ,  geothermal  

water o f t e n  c o n t a i n s  s u p e r s a t u r a t e d  g a s e s  and h i g h  leve ls  of  d i s s o l v e d  s o l i d s .  
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The u t i l i z a t i o n  of  thermal  e f f l u e n t s  i n  a q u a c u l t u r e  i s  a r e c e n t  

development.  T h i s  concept  o f  i n t e n s i v e  thermal  a q u a c u l t u r e  o f f e r s  g r e a t  

p o t e n t i a l  t o  f i s h  c u l t u r e ,  a l l o w i n g  t h e  maintenance of water a t  a n  optimum 

growing tempera ture  f o r  t h e  d e s i r e d  species,  t h u s  comple te ly  e l i m i n a t i n g  

t h e  s e a s o n a l i t y  of  growing w a r m w a t e r  f i s h  i n  tempera te  climates.  F i s h  

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

new p u b l i c  awareness  concern ing  w i s e  u s e  of  a l l  forms o f  energy.  However, 

v i r t u a l l y  no work h a s  been done on i n t e n s i v e  c u l t u r e  of  f i s h  d i r e c t l y  i n  

geothermal  w a t e r ,  n o r  h a s  any work been done on e v a l u a t i n g  t h e  r e p r o d u c t i v e  

p a r a m e t e r s  of f i s h  r e a r e d  d i r e c t l y  i n  geothermal  water (Sea  Grant  1978) .  

I n  1978, t h e  Department of  Energy (DOE)  and EG&G, Idaho,  c o n t r a c t e d  

t h e  U n i v e r s i t y  of  Idaho t o  assess t h e  economic f e a s i b i l i t y  of  r e a r i n g  f i n f i s h  

d i r e c t l y  i n  geothermal  water. 

and d i s e a s e  assessment ,  d e t e r m i n a t i o n  of  t h e  bioaccurnulat ion of  heavy m e t a l s  

i n  the e d i b l e  p o r t i o n  of  t h e  f i s h ,  p h y s i o l o g i c a l  ( h e m a t o l o g i c a l ,  s e r o l o g i c a l ,  

h i s t o l o g i c a l  and oxygen uptake)  e v a l u a t i o n ,  and r e p r o d u c t i v e  e v a l u a t i o n  of 

common c a r p  r e a r e d  d i r e c t l y  i n  geothermal  water. The p r e l i m i n a r y  r e s u l t s  

o f  t h i s  s t u d y  i n d i c a t e d  t h a t  growth w a s  e x c e l l e n t  i n  geothermal w a t e r ,  f a r  

exceeding  t h a t  of t h e  c o n t r o l  i n  nongeothermal water. There were no 

The o b j e c t i v e s  of t h i s  s t u d y  i n c l u d e d  growth 

c l i n i c a l  s i g n s  whatsoever  of any i n f e c t i o u s  o r  n o n i n f e c t i o u s  d i s e a s e s  p r e s e n t  

d u r i n g  t h e  year- long c u l t u r e  p e r i o d .  In  t h e  p h y s i o l o g i c a l  tests performed, 

t h e r e  were no measurable  d i f f e r e n c e s  n o t e d  between tes t  f i s h  i n  geothermal  

water and c o n t r o l  f i s h  i n  nongeothermal water. Bioaccumulat ion of  some 

heavy metals ( i . e . ,  Pb, Hg, Zn) i n  t h e  e d i b l e  p o r t i o n  of t h e  f i s h  f l e s h  

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

f o r  human consumption (Beleau e t  a l .  1979) .  

I n  t h e  s p r i n g  of  1979, t h e  RRGS c a r p  r e a r e d  i n  geothermal  w a t e r  

e x h i b i t e d  matur ing  gonads, as d e s c r i b e d  by A l i k u n h i  (1966) and H u e t  (1970) . 
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During t h e  summer of  1979, two groups of  t h e s e  f i s h  were induced t o  spawn 

w i t h i n  a t i m e  span  of  seven weeks. The r e s u l t a n t  eggs from b o t h  groups 

were t e s t e d  f o r  ra te  of embryogenesis and p e r c e n t  s u r v i v a l  i n  t h r e e  

environments  of d i f f e r i n g  i o n i c  c o n t e n t ,  i n  t r i p l i c a t e :  u n d i l u t e d  

geothermal  water (3500 umhos c m  ) ,  d e i o n i z e d  i n t e r m e d i a t e  tes t  w a t e r  

(2250 umhos c m  ) ,  and d e i o n i z e d  c o n t r o l  w a t e r  (1000 unthos c m  ) .  

Complete m o r t a l i t y  of a l l  embryos o c c u r r e d  between 80 and 125 h o u r s  pos t -  

f e r t i l i z a t i o n ,  i n  s a t u r a t e d  oxygen l e v e l s  and c o n s t a n t  tempera tures ,  

r e g a r d l e s s  of  t h e  i o n i c  c o n t e n t  of  t h e  i n c u b a t i n g  water (Beleau e t  a l .  1979) .  

-1 

-1 -1 

During t h e  f i r s t  y e a r  o f  c u l t u r e ,  t h e  common c a r p  were r e a r e d  i n  a 

c o n s t a n t  27 C geothermal  environment.  T h i s  i s  s i g n i f i c a n t l y  warmer than  

t h e  optimum p h y s i o l o g i c a l  tempera ture  ( o r  s t a n d a r d  envi ronmenta l  t empera ture  

(SET)) of  25 C r e p o r t e d  by Beamish (1964) .  Although no i n f o r m a t i o n  i s  

a v a i l a b l e  as  t o  t h e  e f f e c t s  of  a c o n s t a n t  t e m p e r a t u r e  w a r m e r  t h a n  SET on 

t h e  gonadal  development of t h e  common c a r p ,  K h i e t  (1970) r e p o r t e d  t h a t  

t e m p e r a t u r e s  c o n s i s t e n t l y  h i g h e r  t h a n  t h e  !SET o c c u r r i n g  w i t h  n a t u r a l  

p h o t o p e r i o d s  r e s u l t e d  i n  poor gonadal  growth and reduced r e p r o d u c t i v e  

v a i a b i l i t y  i n  t h e  Japanese  c y p r i n i d  honmoroko (Gnathologon e l o n g a t u s ) .  

Since t h e  honmoroko and common c a r p  are b o t h  s p r i n g ,  asynchronous spawners 

(Khie t  1979, Yamamoto and Yamazaki.1961),  t h e  c o n c l u s i o n  was drawn t h a t  

t h e r e  e x i s t e d  t h e  p o s s i b i l i t y  of  an a d v e r s e  e f f e c t  o f  c o n s t a n t  h i g h  

t e m p e r a t u r e s  on t h e  r e p r o d u c t i v e  c a p a c i t y  o f  t h e  common c a r p .  T h i s  s t u d y  

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

tempera ture  regimens of  geothermal  water. 

T o t a l  serum p r o t e i n  (TSP) levels w e r e  u t i l i z e d  a s  a n  i n d i c a t o r  of  

gonadal  m a t u r a t i o n  f o r  female c a r p  reared i n  geothermal  water. Borchard 

(1978) r e p o r t e d  t h a t  t h e  TSP l e v e l s  o f  t h e  female rainbow t r o u t  were 

e l e v a t e d  s i g n i f i c a n t l y  above t h o s e  of t h e  male d u r i n g  t h e  p r o c e s s  of 
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v i t e l l o g e n e s i s .  

i n s i g h t  i n t o  t h e  gonadal  m a t u r a t i o n  of t h e  rainbow t r o u t .  

He n o t e d  t h a t  TSP leve ls  o f f e r  a means of p r e d i c t i o n ;  a n  

Although no i# 

work h a s  been  done on t h e  e v a l u a t i o n  of serum p r o t e i n s  t o g e t h e r  w i t h  t h e  

gonadal  m a t u r a t i o n  of commoii carp,  t h i s  f i s h  as w e l l  as  a l l  t e l e o s t s  undergo 

t h e  y o l k  accumula t ion  p r o c e s s  of  v i t e l l o g e n e s i s .  

t h e  c i r c u l a t o r y  system f o r  t h e  t r a n s f e r  of  t h i s  l i p o p h o s p h o p r o t e i n  from t h e  

h e p a t i c  s y n t h e s i s  s i t e  t o  t h e  o v a r i a n  a b s o r p t i o n  s i te .  During t h i s  p r o c e s s  

of v i t e l l o g e n e s i s ,  t h e  females  are expec ted  t o  e x h i b i t  a n  e l e v a t e d  leve l  

o f  serum p r o t e i n s  due t o  t h e  s y n t h e s i s  and t r a n s p o r t  of v i t e l l o g e n i n  

(Thurs ton  1967).  Thus, t h i s  s t u d y  i n c l u d e d  t h e  u t i l i z a t i o n  of t o t a l  serum 

p r o t e i n  l eve ls  as  a n  i n d i c a t o r  of  gonadal  m a t u r a t i o n .  

T h i s  p r o c e s s  u t i l i z e s  B 

Many female c a r p  a t  t h e  RRGS were n o t  spawned i n  1979, a l t h o u g h  they 

e x h i b i t e d e x t e r n a l s i g n s  of r i p e n e s s ,  as r e p o r t e d  by Huet (1970) and A l i k u n h i  

(1966) .  B i e n i a r z  and E p l e r  (1976) r e p o r t e d  t h a t  i f  a c a r p  h a s  o o c y t e s  ready  

t o  b e  e x p e l l e d  d u r i n g  t h e  spawning season ,  b u t  does n o t  spawn, t h e  mature  

o o c y t e s  w i l l  undergo a v e r y  s low p r o c e s s  of r e s o r p t i o n  which may exceed two 

y e a r s .  During t h i s  p e r i o d  o f  r e s o r p t i o n ,  t h e y  n o t e  t h a t  t h e  female is  

i n f e r t i l e .  A t es t  w a s  des igned  t o  de te rmine  t h e  v i a b i l i t y  of  females  t h a t  

d i d  not  spawn i n  t h e  1979 s e a s o n ,  compared w i t h  t h e  v i a b i l i t y  of  females  

t h a t  d i d  spawn i n  1979. 

The i o n i c  c o n t e n t  of t h e  geothermal  water w a s  t e s t e d  i n  1979 f o r  

e f f e c t s  on t h e  i n c u b a t i o n  o f  c a r p  eggs from p a r e n t s  r e a r e d  i n  geothermal  

water. U t i l i z i n g  s a t u r a t e d  oxygen levels  f o r  optimum r e s u l t s  (Kaur and Toor 

1978) and a c o n s t a n t  t e m p e r a t u r e ,  ra te  of  embryogenesis and p e r c e n t  s u r v i v a l  

were de termined  i n  t h e  two spawning groups.  The i o n i c  c o n t e n t ,  measured i n  

c o n d u c t i v i t y  (Wetzel  1975) ,  showed no e f f e c t  on t h e  i n c u b a t i o n  parameters 

t e s t e d  (Beleau  e t  a l .  1979).  The e f f e c t s  of i o n i c  c o n t e n t  were a g a i n  t e s t e d  

i n  1980, w i t h  t h e  c o n d u c t i v i t y  of t h e  c o n t r o l  reduced below t h e  1979 c o n t r o l  



l e v e l  t o  f u r t h e r  tes t  whether  i o n i c  c o n t e n t  i s  r e s p o n s i b l e  f o r  the premature 

3 

m o r t a l i t y  of t h e  c a r p  embryos. 

Gonadosomatic I n d i c e s  (GSI 's)  have been used a s  an  i n d i c a t o r  of  gonadal  

m a t u r a t i o n  of p o p u l a t i o n s  of f i . sh  (Kaya and H a s l e r  1972, Bennet t  and Gibbons 

1975) .  T h i s  parameter  a l l o w s  t h e  r e s e a r c h e r  t o  document e i t h e r  t h e  gonadal  

development throughout  t h e  y e a r ,  o r  document t h e  G S I ' s  o f  t h e  males and 

females  a t  m a t u r i t y ,  a l l o w i n g  comparisons between p o p u l a t i o n s .  Other  means 

have been u t i l i z e d  i n  e v a l u a t i n g  t h e  m a t u r i t y  o f  female common c a r p ,  i n c l u d i n g  

o v a r i a n  s t a g e s  based on o o c y t i c  development ( B i e n i a r z  e t  a l .  1978) ,  egg weight  

and egg s i z e  ( B i e n i a r z  e t  a l .  1979) ,  spawning b e h a v i o r  and e x t e r n a l  s i g n s  

( S h i e l d s  1957, A l i k u n h i  1966, Huet 1970) ,  and GSI 's  (Gupta 1975) .  G S I ' s  o f  
Y 

mature male and female carp a t  t h e  RRGS w e r e  t a k e n  i n  August,  1979, when i t  

became a p p a r e n t  from t h e  two groups spawned t h a t  summer t h a t  more i n f o r m a t i o n  

B 

w a s  needed concern ing  r e p r o d u c t i v e  parameters .  R a t h e r  t h a n  comparing t h e s e  

r e s u l t s  w i t h  r e s u l t s  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  t h e  1979 G S I ' s  and egg weight /  

body weight  from RRGS were compared w i t h  t h e  G S I ' s  and egg weight lbody w e i g h t  of 

mature  c a r p  from t h e  same g e n e t i c  s t o c k  i n  Moses Lake, Washington. 

The f o l l o w i n g  n u l l  hypotheses  were t e s t e d :  (1) t h e r e  i s  no s i g n i f i c a n t  

d i f f e r e n c e  between m a l e  and E e m a l e  t o t a l  serum p r o t e i n  levels throughout  t h e  

y e a r  a t  t h e  RRGS; ( 2 )  r e a r i n g  common c a r p  a t  a c o n s t a n t  2 7  C does n o t  a f f e c t  

spawning s u c c e s s ;  ( 3 )  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r a t e  of  embryo- 

g e n e s i s  o r  p e r c e n t  s u r v i v a l  between embryos from females  t h a t  spawned i n  1979 

and embryos from females  t h a t  d i d  n o t  spawn; ( 4 )  t h e r e  i s  no s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  ra te  of  embryogenesis o r  p e r c e n t  s u r v i v a l  between t h e  embryos 

from t h e  two groups  o f  females  i n d i c a t e d  above, due t o  t h e  i o n i c  c o n t e n t  of  

geothermal  water; (5) GSI's of mature  common c a r p  r e a r e d  i n  Moses Lake w i l l  

n o t  b e  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  G S I ' s  of mature  common c a r p  r e a r e d  i n  

geothermal  water. 

P 
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4.0 Materials and Methods 

3 

4 . 1  F a c i l i t y  D e s c r i p t i o n  

Geothermal S i t e :  Geothermal water, a t  a tempera ture  of  130 C ,  

flowed from a 1525 m w e l l  under a r t e s i a n  p r e s s u r e  t o  two c o o l i n g  ponds,  

where t h e  tempera ture  w a s  reduced t o  t h e  d e s i r e d  range  f o r  c u l t u r e  and 

r e p r o d u c t i o n .  

c o o l i n g  pond through t h e  remainder  of t h e  a q u a c u l t u r e  f a c i l i t y  and w a s  

t e m p e r a t u r e  r e g u l a t e d  a t  26.5 C (SD = 0.5 C).  Water composi t ion  i s  shown 

i n  T a b l e  1. The geothermal  water w a s  used d i r e c t l y  f o r  c u l t u r e  of  t h e  

f i s h ;  no d i l u t i o n  was made w i t h  f r e s h  water .  Water q u a l i t y  parameters  

of  t h e  c u l t u r e  u n i t s  are  l i s t e d  i n  Table  2. The indoor  e x p e r i m e n t a l  

c u l t u r e  u n i t s  c o n s i s t e d  of s i x t e e n  1 1 3 - l i t e r  (30  g a l )  g l a s s  t a n k s ,  each  

of which r e c e i v e d  a c o n s t a n t  f low of 4 l i t e r s  p e r  minute  ( 2 . 1  t u r n o v e r s 1  

h o u r ) ,  two 1 6 2 7 - l i t e r  (430 g a l ) ,  and two 2 3 8 4 - l i t e r  (630 g a l )  c i r c u l a r  

t a n k s  t h a t  r e c e i v e d  cont inuous  f lows  of 26 and 38 l i t e r l m i n u t e ,  

r e s p e c t i v e l y  ( F i g .  1 ) .  

The geothermal  water moved by g r a v i t y  f low from t h e  second 

4.2 C o n t r o l  S i t e  

A p h y s i o l o g i c a l  c o n t r o l  f a c i l i t y  was e s t a b l i s h e d  a t  t h e  U n i v e r s i t y  

o f  Idaho (U of  I ) ,  i n  Moscow, Idaho. T h i s  system u t i l i z e d  Moscow C i t y  

water i n  a c l o s e d  system, w i t h  water tempera ture  c o n t r o l l e d  by ambient  

tempera ture .  F i s h  p o p u l a t i o n s ,  c u l t u r e  u n i t s ,  f low rates, water tempera- 

t u r e ,  and d i e t  regimes w e r e  i d e n t i c a l  t o  t h o s e  a t  t h e  R a f t  River Geothermal 

S i t e  (RRGS). 

4.3 T e s t  Organisms 

Common c a r p  were e l e c t r o s h o c k e d  from Hoses Lake, Washington, i n  

September 1978. 

t h e  R a f t  R i v e r  s i t e  on October  4 and were s tocked  i n  t h e  g l a s s  c u l t u r e  u n i t s  

Half of t h e  c a r p  were randomly s e l e c t e d  and t r a n s p o r t e d  t o  
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Figure 1. Layout of Raft River Geothermal Site Aquaculture Building. 



c 
Table  1. R a f t  River  Geothermal S i t e  supply w e l l  I. 

Concen t r a t ion  Concen t r a t ion  Chemic a 1 Concen t ra t ion  
Elements  (mg 1-11 Parameter  (mg 1-11 compounds (mg 1 - l )  

Ag 
A 1  
A s  
B 
B a  
C a  
Cd 
c o  
C r  
cu  
Fe  

K 
L i  

Fln 

Hg 

F k  

N O  

N a  
N i  
P 
Pb 
S 
Sb 
S e  
S i  
Sn 
Th 

< 0.01 
< 0.1 
< 0.1 

0.18 
0.03 

48.3 
< 0.01 

0.01 
< 0.01 , 

< 0.01 
0.02 
7 1  x 

1.48 
0.06 
0.01 

75.0 

< 0.1 
435.0 

< 0.5 
0.02 

0.02 
.156 

< 0.05 
< 0.1 

56.6 
< 0.1 
< 0.1 

PH 

Conduct iv i ty  
(umhos cm-l) 

T o t a l  Dissolved 
S o l i d s  (TDS) 

Suspended 
S o l i d s  

T u r b i d i t y  (FTU) 

Hardness a s  
C a C 0 3  

3 7.05 C aCO 

B r -  3150 

c1- 
- 

F 1569 

120 

< 1 .5  

755 

6.9 

0.2 

0.036 

0.2 

< 0 .2  

0.023 T o t a l  P -1 
50.6 mg 1 A l k a l i n i t y  - as 

- HC03  - 

p04 < 1.00 
To ta l  Gas ( c c / l )  33.4 

5102 14 5 

Si(0H) 182 

63 

0.10 

H e  0 .03 

HZ 

N2 

- - 
504 30.6 

O2 T i  < 0.05 
T 1  < 0.1 

.005 

U < 0.05 A r  0.49 
v < 0.1 

1 .91  Zn 0.01 
Z r  < 0.05 c02 

I-. 
0 
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Table  2. S e l e c t e d  water q u a l i t y  c h a r a c t e r i s t i c s  of c u l t u r e  f l u i d s  a t  
t h e  RRGS and U of I f a c i l i t i e s .  (Values  expressed  as  mean w i t h  s t a n d a r d  
d e v i a t i o n  i n  p a r e n t h e s e s .  ) 

a 
RRG S u of I 

Disso lved  oxygen (mg/l  5.7 (0 .7)  4 .7  (1 .4)  

T o t a l  h a r d n e s s  (mg CaC03/1) 144.7 (6.3)  195.0 (49.8) 

T o t a l  a l k a l i n i t y  (mg C a C O  /1)  43.6 (8.6) 112 .2  (40.1) 
3 

NH3-N (mg/l> 0.5 (0.2)  0.38 (0.5) 

' pH ( u n i t s )  8 . 2  (0 .3)  7.5 (1 .6)  

26.6 (0 .6)  26.4 (1.1) 0 Temperature  ( C) 



1 2  

b 

3 a t  a mean d e n s i t y  of 4.32  kg/m . The l e n g t h  and weight  of t h e  c a r p  

averaged 11.8 c m  (SD = 1.6) and 26.7 g ,  r e s p e c t i v e l y .  

Channel c a t f i s h  were o b t a i n e d  from F i s h  Breeders  of  Idaho i n  Buhl,  

Idaho,  i n  October ,  1978. T h i s  p o p u l a t i o n  o f  f i s h  w a s  s p l i t ,  w i t h  h a l f  

go ing  t o  each e x p e r i m e n t a l  f a c i l i t y .  

0.23 g when o r i g i n a l l y  s tocked  i n  t h e  g l a s s  c u l t u r e  u n i t s  a t  a d e n s i t y  

of 1 .03 kg/m . 

The c a t f i s h  weighed a n  average  of 

3 

4 . 4  N u t r i t i o n a l  T r i a l s  

Growth of t h e  f i s h  w a s  a s s e s s e d  on t h r e e  d i e t s :  (1)  a commercial 

t r o u t  d i e t ;  ( 2 )  d r i e d  a c t i v a t e d  biomass m a t e r i a l ;  and ( 3 )  a b a s a l  r a t i o n .  

D i e t a r y  c o n s t i t u e n t s  of t h e  t h r e e  r a t i o n s  a r e  l i s t e d  i n  T a b l e  3. 

biomass material ,  s u p p l i e d  by J.R. Simplot  Company i n  s l u r r y  form, w a s  

d e r i v e d  from secondary  waste t r e a t m e n t  o p e r a t i o n s  and c o n s i s t e d  of a 

b a c t e r i o l o g i c a l  s i n g l e - c e l l  p r o t e i n .  The s l u r r y  w a s  d r i e d  i n  an  e x p e r i -  

m e n t a l  geothermal  f l u i d i z e d  bed d r y e r  p r i o r  t o  i s o c a l o r i c  i n c o r p o r a t i o n  

i n t o  t h e  biomass r a t i o n .  

The 

Both s p e c i e s  of f i s h  were p laced  on a programmed growth schedule ;  

f e e d i n g  ra tes  w e r e  c a l c u l a t e d  by p r e d i c t i n g  t h e  growth i n c r e a s e  f o r  

each  two-week p e r i o d  a s  f o l l o w s :  

a. D a i l y  p e r c e n t a g e  weight  g a i n  = (1 + AW/lOO)l/d - 1.0,  where 

A W  i s  t h e  p r e d i c t e d  weight  g a i n  and d i  i s  t h e  number of days  

i n  t h e  growth p e r i o d .  

b. Weight ga in /day  = (biomass of  c u l t u r e  u n i t )  ( d a i l y  p e r c e n t a g e  

weight  g a i n ) .  

c .  Food f e d l d a y  = (weight  g a i n / d a y )  ( food  c o n v e r s i o n  e f f i c i e n c y ) .  
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Tab le  3 .  Continued.  

I s o c a l o r i c  Comparison of Basal I and Basal I1 R a t i o n s  

G r a m s  per 100 Ava i l a b  1 e C a l o r i e s  c o n t r i b u t e d  
Component grams c a l o r i e s  p e r  p e r  100 grams of 

Basal I Basal I1 gram of component f eed  
Basal I1 Basa l  I 

P r o t e i n  

F a t  

CHO 

29.10 24.67 

7.06 2.77 

6.89 6.86 

3.9 

8.0 

1.6 

113.49 96.21 

56.48 22.16 

11.02 10.98 

-- 5.12 13.80 0.0 -- Ash 

HOH 51.93 51.93 0.0 

100.00 180.99 129.27 100.1 

Feeding Rate: 

Basal I = 180.99 c a l o r i e s / 1 0 0  gms 

Basal I1 = 129.27 x 1.4a = 180.99 c a l o r i e s / l 4 0  gms 

a = I n c r e a s e  f eed  ra te  by 0.4 t o  feed  e q u a l  c a l o r i e s .  
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Thus, t h e  p r e d i c t e d  i n c r e a s e  i n  f i s h  weight  w a s  u t i l i z e d  t o  de te rmine  

f e e d i n g  rates. Weight g a i n s  were determined e v e r y  two weeks by s t a n d a r d  

i n v e n t o r y  methods. 

4.5 Bioaccumulat ion 

Samples of t h e  e d i b l e  p o r t i o n  ( f i l l e t s )  o f  t h e  c a t f i s h  and c a r p  

from b o t h  t h e  geothe-mal s i te  and t h e  c o n t r o l  f a c i l i t y  w e r e  ana lyzed  

P 

9 

t o  d e t e c t  p o t e n t i a l l y  harmful  heavy metal accumulat ion.  F i l l e t s  were 

l y o p h i l i z e d  t o  remove water c o n t e n t ,  d i g e s t e d  w i t h  1: l  HNO and d e i o n i z e d  

water f o r  12 h o u r s ,  h e a t e d  t o  150 C f o r  two h o u r s  and al lowed t o  c o o l .  

The s o l u t i o n s  were f i l t e r e d  and brought  t o  volume (100 ml) w i t h  5% NH03. 

Samples w e r e  ana lyzed  d i r e c t l y  f o r  Ag, Cd, Co, Cu, Fe, Mn, N i ,  Pb and Zn 

3 

a g a i n s t  s t a n d a r d s  prepared  i n  5% IINO A 20 m l  a l i q u o t  of each s o l u t i o n  

was modif ied t o  c o n t a i n  1000 mg/ml La by t h e  a d d i t i o n  of 5 m l  of a 5000 

3 '  

mg/ml L a  s o l u t i o n  prepared  i n  5% NHO Ca, I<, Ilg and Na were determined 

i n  l a n t h a n i z e d  a l i q u o t s  by d i r e c t  comparison a g a i n s t  s t a n d a r d s  s i m i l a r l y  

3' 

a 

modif ied .  Mercury w a s  determined by t h e  methodology o f  Velghe, Camp 

and Claeys  (1978).  

4.6 P h y s i o l o g i c a l  S t u d i e s  

Monthly h i s t o l o g i c a l  and p h y s i o l o g i c a l  comparisons o f  t h e  t es t  and 

c o n t r o l  f i s h  were performed t o  d e t e c t  p o t e n t i a l  s u b t l e  changes i n  t h e  

f i s h  r e a r e d  i n  geothermal  water. Complete p o s t  mortem examinat ions  were 

performed i n c l u d i n g  h e m a t o c r i t  d e t e r m i n a t i o n s ,  r e f r a c t i v e  i n d e x  of  serum 

p r o t e i n s ,  and h i s t o l o g i c a l  examinat ion  of  a l l  major organs .  Metabol ic  

rates of t h e  c o n t r o l  and t r e a t m e n t  f i s h  were a l s o  a s s e s s e d  each month by 

measuring t h e i r  oxygen consumption. 
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4.7 Reproduct ive  E v a l u a t i o n  

I n  1979, t h e  c a r p  and c a t f i s h  were examined monthly f o r  gonadal  

m a t u r a t i o n .  The male and female c a r p  e x h i b i t e d  gonadal  development i n  

t h e  s p r i n g .  T e s t s  were des igned  t o  e v a l u a t e  t h e  i n c u b a t o r y  q u a l i t i e s  o f  

geothermal  water on common c a r p  embryogenesis,  and t o  e v a l u a t e  t h e  

development of t h e  gonads and eggs a t  t h e  t i m e  o f  spawning. Ripeness  

of t h e  females  w a s  determined u s i n g  t h e  f o l l o w i n g  c r i t e r i a :  a swol len ,  

s o f t  abdominal r e g i o n  w i t h  a swol len ,  reddened v e n t ;  and whi t i sh-ye l low,  

f u l l y  rounded eggs  w i t h  a n  e c c e n t r i c  n u c l e u s  (Al ikunhi  1966, Huet 1980).  

Run One females  responsed t o  hypophysat ion (Clemens and Sneed 1962).  Run 

Two females  responded t o  n a t u r a l  spawning s t i m u l i  of i n c r e a s e d  water 

f l o w  and submergent spawning s u b s t r a t e  (Bardach e t  a l .  1972, H i c k l i n g  1971) .  

The spawning c o n t a i n e r  was a 2.0 meter d i a m e t e r  c i r c u l a r  f i b e r g l a s s  

t a n k  w i t h  a d e p t h  of  0.6 meter. The tank  conta ined  a c e n t r a l l y  l o c a t e d  

d r a i n  and a s t a n d p i p e  w i t h i n  a v e n t u r i  p i p e  f o r  a d j u s t i n g  t h e  water t o  

t h e  d e s i r e d  d e p t h .  The p r e f e r r e d  d e p t h  f o r  spawning i s  j u s t  enough water 

t o  c o m p l e t e l y  cover  t h e  d o r s a l  f i n s  of t h e  f i s h  (Huet 1970) .  The i n f l o w  

of geothermal  water i n t o  t h e  spawning t a n k  w a s  i n c r e a s e d  t o  25 l i t e r s  p e r  

minute ,  and sprayed across t h e  s u r f a c e  of t h e  water t o  b r e a k  s u r f a c e  

t e n s i o n  and s i m u l a t e  r a i n  (Wu and Chung 1964).  

The spawning s u b s t r a t e  s i m u l a t e d  t h e  r o o t s  of f l o a t i n g  macrophytes.  

Each s u b s t r a t e  o r  "kakaban" was c o n s t r u c t e d  u s i n g  a 1 x 2 x 12" board 

which suppor ted  a h a l f  s k e i n  of y a r n  a t t a c h e d  a t  t h r e e  p o i n t s  t o  t h e  board.  

These kakabans were t h e n  submerged i n  t h e  spawning t a n k s  f o r  c o l l e c t i o n  

of t h e  a d h e s i v e  eggs.  

Nine r e c t a n g u l a r  g l a s s  t a n k s  w i t h  a c a p a c i t y  of  113 l i t e r s  each 

were used f o r  embryo i n c u b a t i o n  f o r  each spawning run .  The i n c u b a t i o n  t e s t  
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e v a l u a t e d  rate of embryogenesis and p e r c e n t  s u r v i v a l  d u r i n g  t h r e e  prominent 

a 

3 

p e r i o d s  of embryogenesis:  eye-up, h a l f - h a t c h  and button-up. The eggs  

were i n c u b a t e d  i n  t r i p l i c a t e  i n  t h r e e  e x p e r i m e n t a l  w a t e r  mixtures :  (1) 

-1 u n d i l u t e d  geothermal  water w i t h  a c o n d u c t i v i t y  of 3000-3500 umhos c m  ; 

(2)  d e i o n i z e d  geothermal  "cont ro l l '  water w i t h  a n  a p p r o p r i a t e  volume of  

-1 u n d i l u t e d  geothermal  water added t o  y i e l d  a c o n d u c t i v i t y  of 1000 umhos c m  ; 

and ( 3 )  a n  i n t e r m e d i a t e  tes t  water w i t h  a c o n d u c t i v i t y  of 2250 umhos c m  . 
The p a r t i a l l y  d e i o n i z e d  w a t e r  (100 umhos c m  ) w a s  used as  a c o n t r o l ,  w i t h  

-1 

-1 

t h e  c o n d u c t i v i t y  based on t h a t  found i n  s u c c e s s f u l  h a t c h e r i e s  i n  Idaho 

(Klontz  and King 1975) .  

D e i o n i z a t i o n  of t h e  water c h e m i s t r y  w a s  accomplished by p a s s i n g  w a t e r  

th rough t h r e e  C u l l i g a n  r e s i n  beds: a c a t i o n  bed,  a n  a n i o n  bed,  and a unibed.  

A f t e r  passage  through t h e s e  r e s i n  beds,  t h e  water  was 99.9% f r e e  of  c a t i o n s ,  

a n i o n s  and s o l i d s  and had a c o n d u c t i v i t y  approaching  0 umhos c m  . By 

mixing geothermal  water back i n ,  t h e  d e s i r e d  c o n d u c t i v i t y  and t h u s  t h e  

-1 

d e s i r e d  i o n i c  c o n t e n t  w a s  o b t a i n e d .  

Once t h e  test and c o n t r o l  i n c u b a t i n g  t a n k s  were s e t  up, no a d d i t i o n a l  

w a t e r  f low o c c u r r e d ,  c r e a t i n g  c l o s e d  sys tems i n  each tank .  The t a n k s  were 

a e r a t e d  t o  m a i n t a i n  t h e  d i s s o l v e d  oxygen leve l  a t  s a t u r a t i o n  (Kaur and Toor 

1978) .  A f t e r  t h e  eggs  had completed water hardening ,  t h e  egg-laden kakabans 

w e r e  removed from t h e  spawning t a n k s  and randomly p laced  i n  t h e  t es t  t a n k s  

f o r  i n c u b a t i o n  and embryogenesis.  

Research i n  1980 focused on t h e  e f f e c t s  of geothermal  water on t h e  

r e p r o d u c t i o n  c a p a c i t y  of common c a r p .  Gonadosomatic i n d i c e s  (GSI 's)  were 

t a k e n  i n  1979 from mature male and female  common c a r p  a t  t h e  geothermal  

s i te ,  and i n  1980 from mature male and female common c a r p  a t  Moses Lake, 

Washington, u t i l i z i n g  t h e  methodology of Kaya and H a s l e r  (1972) .  Mean 
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3 

3 

3 

3 

egg weight  (0.0001 g) w a s  determined f o r  b o t h  p o p u l a t i o n s  of c a r p  a t  

m a t u r i t y  . 
A t e s t  was des igned  t o  d e t e r m i n e  t h e  e f E e c t s  of c o n s t a n t  27 C 

geothermal  water on t h e  spawning s u c c e s s  of common c a r p .  The p o p u l a t i o n  

of common c a r p  r e a r e d  i n  geothermal  water  a t  t h e  RRGS w a s  d i v i d e d  i n t o  
il 

two groups  of  approximate ly  t h e  same number o f  males and females .  One group 

w a s  r e a r e d  i n  geothermal  water w i t h  t h e  tempera ture  maintained a t  27 C .  

The o t h e r  group w a s  r e a r e d  i n  geothermal  water w i t h  t h e  tempera ture  f l u c t u -  

a t i n g  through a s e a s o n a l  c o l d  c y c l e  of 27 C i n i t i a l l y  t o  4 C i n  t h e  w i n t e r ,  

r e t u r n i n g  t o  21 C i n  t h e  s p r i n g .  

Female c a r p  t h a t  spawned i n  1979, f i n  c l i p p e d  f o r  i d e n t i f i c a t i o n ,  

w e r e  t e s t e d  f o r  egg v i a b i l i t y  a g a i n s t  females  of t h e  same p o p u l a t i o n  n o t  

spawned i n  1979. D i f f e r e n c e s  i n  t h e  ra te  of  embryogenesis and p e r c e n t  

s u r v i v a l  of embryos from t h e  two groups  of females  were compared a t  d i f f e r e n t  

embryogenic p e r i o d s  and between waters of  d i f f e r i n g  i o n i c  c o n t e n t .  

E v a l u a t i o n :  The S t a t i s t i c a l  A n a l y s i s  System (SAS) was u t i l i z e d  t o  

d e t e r m i n e  s i g n i f i c a n t  d i f f e r e n c e s  due  t o  t r e a t m e n t s  of i n c u b a t o r y  water a t  

t h e  d i f f e r e n t  embryogenic p e r i o d s ,  us ing  t h e  analysis of  v a r i a n c e  a t  t h e  

0.05 l e v e l  of s i g n i f i c a n c e .  

p o p u l a t i o n s  w i t h  t h e  t-test, a t  t h e  0.05 l e v e l  of s i g n i f i c a n c e .  When 

Mean egg weight  was compared between t h e  two 

found s i g n i f i c a n t  a t  t h e  0.05 level ,  a c o e f f i c i e n t  of d e t e r m i n a t i o n  w a s  

a s s e s s e d  t o  t h e  r e l a t i o n s h i p  between egg weight lbody weight ,  testes weight /  

body weight  and ovary  weight lbody weight .  
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4 . 7 . 1  T o t a l  Serum P r o t e i n  

The same p o p u l a t i o n  of common ca rp  used i n  t h e  1979 exper iments  

a t  t h e  R a f t  River Geothermal S i t e  was used i n  1980. I n  October ,  1979, 

and J a n u a r y ,  March, A p r i l  and Play, 1980, blood samples were t a k e n  from 

a t  l ea s t  f i v e  males and f i v e  females  by v e n t r a l  m i d l i n e  v e n t r i c u l a r  a 

3 

3 

b 

p u n c t u r e .  S u f f i c i e n t  blood t o  f i l l  two h e m a t o c r i t  t u b e s  w a s  removed 

p e r  sample,  u s i n g  a /I18 l!i i n c h  n e e d l e  and a 5 c c  d i s p o s a b l e  s y r i n g e .  

The two f i l l e d  unhepar in ized  h e m a t o c r i t  t u b e s  were t h e n  plugged,  numbered 

and recorded .  

When a l l  samples were taken ,  t h e  h e m a t o c r i t  t u b e s  w e r e  c e n t r i f u g e d  

f o r  f i v e  minutes .  Each t u b e  w a s  t h e n  broken a t  t h e  p o i n t  where t h e  

b u f f y  l a y e r  m e t  t h e  serum, t h e  serum c o n t e n t s  drawn o u t  on t h e  r e f r a c t o -  

meter, and t h e  r e f r a c t i v e  index  of t h e  blood serum p r o t e i n  read  and 

recorded .  Water tempera tures  w e r e  t aken  a t  t h e  t i m e  of each serum sample. 

E v a l u a t i o n :  Mean serum p r o t e i n  l e v e l s  f o r  male and female  groups  

p e r  sampling were determined.  D i f f e r e n c e s  between male and female groups 

p e r  sampling and between s a m p l e s  were determined by t h e  t - tes t ,  a t  t h e  .05 

l e v e l  of s i g n i f i c a n c e .  

4.7.2 H i s t o l o g i c a l  Examination of  Embryos 

Samples of embryos d e r i v e d  from each  s u c c e s s f u l  spawning were 

c o l l e c t e d  and preserved  i n  10% b u f f e r e d  n e u t r a l  f o r m a l i n .  The embryos 

were t h e n  processed  and s t a i n e d  u s i n g  s t a n d a r d  h i s t o l o g i c a l  t e c h n i q u e s  f o r  

examinat ion.  

5.0 R e s u l t s  

I n  1979,  two groups of  common c a r p  were induced t o  spawn. The 

f i r s t  group hormone induced t o  spawn, o b t a i n e d  a mean of 47% f e r t i l i z a t i o n .  

The second group, n a t u r a l l y  induced t o  spawn, obta ined  a mean of 65% 

a 
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f e r t i l i z a t i o n .  I n  b o t h  r u n s ,  complete  m o r t a l i t y  of t h e  embryos occurred  

a p o s t  h a t c h  between 80 and 125 hours  a f t e r  f e r t i l i z a t i o n ,  d u r i n g  t h e  per iod  

of r a p i d  y o l k  a b s o r p t i o n .  

There  w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r a t e  o f  embryogenesis 

3 ( P  = .91) o r  t h e  p e r c e n t  s u r v i v a l  ( P  = .15) between geothermal  and non- 

geothermal  water i n  t h e  f i r s t  group. The geothermal  o r  nongeothermal 

t r e a t m e n t  i n t e r a c t i o n  w i t h  t h e  eye-up o r  h a t c h  p e r i o d  d i d  n o t  s i g n i f i c a n t l y  

a f f e c t  t h e  r a t e  of embryogenesis (P = .99) o r  t h e  p e r c e n t  s u r v i v a l  (% = .38).  

There  w a s  a l s o  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r a t e  of  embryogenesis 

( P  = .16) o r  p e r c e n t  s u r v i v a l  ( P  = .09) between geothermal  and nongeothermal 

water i n  t h e  second group. The geothermal  o r  nongeothermal t r e a t m e n t  

i n t e r a c t i o n  w i t h  t h e  eye-up o r  h a t c h  p e r i o d  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  

t h e  r a t e  of embryogenesis ( P  = - 0 8 )  o r  t h e  p e r c e n t  s u r v i v a l  (P = . 9 5 ) .  

3 

a 

3 

I n  comparing t h e  two groups,  t h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  r a t e  of embryogenesis ( P  = .09) o r  t h e  p e r c e n t  s u r v i v a l  (P = .95) due 

t o  t h e  t r e a t m e n t  of geothermal  o r  nongeothermal water. Rate of  embryo- 

g e n e s i s  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P = . 33 )  between r u n s  whatsoever ,  

however, p e r c e n t  s u r v i v a l  w a s  s i g n i f i c a n t l y  h i g h e r  i n  t h e  second group 

a t  f e r t i l i z a t i o n  and eye-up and lower a t  h a t c h .  

I n  1980, two groups of common c a r p  r e a r e d  i n  geothermal  water w i t h  

a c o l d  a n n u a l  tempera ture  c y c l e  were spawned by n a t u r a l  i n d u c t i o n  methods. 

The f i r s t  group of common c a r p  t h a t  spawned w a s  comprised of  t h e  females  

t h a t  spawned i n  1979. The second group,  comprised of females  t h a t  w e r e  n o t  

spawned i n  1979, spawned 24 h o u r s  l a t e r .  P e r c e n t  s u r v i v a l  and ra te  of 

embryogenesis are graphed o v e r  t i m e  and tempera ture  i n  F i g u r e  2. Between 

80 and 170 h o u r s  p o s t  f e r t i l i z a t i o n ,  complete  m o r t a l i t y  ((0.01% s u r v i v a l )  

of t h e  embryos of b o t h  groups  occurred  

a b s o r p t i o n .  

d u r i n g  t h e  p e r i o d  of r a p i d  yolk  
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There  w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r a t e  of embryogenesis 

( P  = .94) o r  t h e  p e r c e n t  s u r v i v a l  ( P  = .80)  between geothermal  and non- 

geothermal  water i n  t h e  f i r s t  group. The geothermal  o r  nongeothermal 

t r e a t m e n t  i n t e r a c t i o n  w i t h  t h e  f e r t i l i z a t i o n ,  eye-up o r  h a t c h  p e r i o d  d i d  

n o t  s i g n i f i c a n t l y  a f f e c t  t h e  r a t e  of embryogenesis ( P  = .99)  o r  p e r c e n t  

s u r v i v a l  ( P  = . 8 0 ) .  

There  w a s  a l s o  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r a t e  of embryogenesis 

(P  = .57)  o r  p e r c e n t  s u r v i v a l  (P = .77)  between geothermal  and nongeothermal 

water i n  t h e  second group. The geothermal  o r  nongeothermal t r e a t m e n t  

i n t e r a c t i o n  w i t h  t h e  f e r t i l i z a t i o n ,  eye-up o r  h a t c h  p e r i o d  d i d  n o t  s i g n i f i -  

c a n t l y  a f f e c t  t h e  ra te  of embryogenesis (P = .84) o r  p e r c e n t  s u r v i v a l  

(P = .98) .  

I n  comparing t h e  two groups ,  t h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  r a t e  of embryogenesis ( P  = .83) o r  p e r c e n t  s u r v i v a l  ( P  = . 99 )  due t o  

t r e a t m e n t  of geothermal  o r  nongeothermal water. However, t h e  r a t e  of 

embryogenesis w a s  extended s i g n i f i c a n t l y  i n  t h e  second group ( P  = . O O l )  

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

h i g h e r  i n  t h e  second group ( P  = -01) d u r i n g  t h e  p e r i o d  of  eye-up. 

The experiment  t e s t i n g  spawning s u c c e s s  of common c a r p  r e a r e d  i n  

0 
c o n s t a n t  27 

t h e  e n t i r e  c o n t r o l  i n  February ,  1980 by a r a p i d  i n c r e a s e d  i n  water tempera- 

geothermal  water could n o t  b e  t e s t e d  due t o  t h e  m o r t a l i t y  of  

t u r e ,  exceeding  4 1  C.  

Gonadosomatic I n d i c e s  (GSI'S) w e r e  t a k e n  from t h e  RRGS common c a r p  

males and females  i n  August,  1979. The males e x h i b i t e d  a s i g n i f i c a n t  

r e l a t i o n s h i p  between testes weight  and body weight  (P = .013) w i t h  a n  R- 

s q u a r e  v a l u e  of 0.71 ( F i g u r e  3 ) .  The females  e x h i b i t e d  a s i g n i f i c a n t  

r e l a t i o n s h i p  between ovary weight  and body weight  ( P  = .0003) w i t h  a n  R- 

s q u a r e  v a l u e  of  0 . 5 2  ( F i g u r e  4 ) .  However, t h e r e  was no s i g n i f i c a n t  
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3 

r e l a t i o n s h i p  (P = .15) between egg weight  and body weight  ( F i g u r e  5 ) .  

Gonadosomatic I n d i c e s  were t a k e n  from t h e  Moses Lake common c a r p  

males and females  j u s t  p r i o r  t o  spawning on May 2,  1980. The males  

e x h i b i t e d  a s i g n i f i c a n t  r e l a t i o n s h i p  between tes tes  weight  and body 

weight  ( P  = .OOOl) w i t h  an  R-square v a l u e  of 0.78 ( F i g u r e  6 ) .  The females  

e x h i b i t e d  a s i g n i f i c a n t  r e l a t i o n s h i p  between ovary  weight  and body weight  

(P = ,0001) w i t h  a n  R-square v a l u e  of  0.92 ( F i g u r e  7 ) .  There was a l s o  a 

s i g n i f i c a n t  r e l a t i o n s h i p  between egg weight  and body weight  ( P  = . O O O l )  

w i t h  a n  R-square v a l u e  of 0.56 ( F i g u r e  8 ) .  

A comparison of G S I ' s  w a s  made between mature  common c a r p  from RRGS 

and Moses Lake. The r e g r e s s i o n  s l o p e s  between RRGS males and Moses Lake 

males were n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P = . 6 3 ) ,  i n d i c a t i n g  a s t r a i g h t -  

l i n e  r e l a t i o n s h i p  between t h e  two groups ( F i g u r e  9 ) .  However, t h e  

r e g r e s s i o n  s l o p e s  between RRGS females  and Moses Lake females  were m a r g i n a l l y  

s i g n i f i c a n t l y  d i f f e r e n t  (P = .015),  i n d i c a t i n g  t h a t  t h e r e  were two somewhat 

d i s t i n c t  g roups  t o  which r e g r e s s i o n  l i n e s  could  b e  a p p l i e d  ( F i g u r e  10) .  

There w a s  no s i g n i f i c a n t  d i f f e r e n c e  ( t  = 1.86 ,  42 d . f . 1  between t h e  mean 

egg weight  from t h e  RRGS females  and t h e  mean egg weight  from t h e  Moses Lake 

females  ( F i g u r e  11). 

T o t a l  Serum P r o t e i n  (TSP) levels  were taken  from b o t h  t h e  male and 

female common c a r p  brood s t o c k  throughout  t h e  y e a r  a t  RRGS. There were no 

s i g n i f i c a n t  d i f f e r e n c e s  between male and female TSP l e v e l s  a t  t h e  RRGS i n  

October  (t = 0.367, 12 d . f . ) ,  J a n u a r y  ( t  = 0.949, 19 d . f . ) ,  March ( t  = 0.75, 

12 d . f . ) ,  A p r i l  ( t  = 0.932, 1 2  d . f . )  o r  Play ( t  = 0.169, 9 d . f . ) .  

The TSP l e v e l s  f o r  b o t h  males and females  w e r e  combined €or  each 

sampling p e r i o d .  T h i s  combined sample mean was compared between months 

( F i g u r e 1 2 ) .  There w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  mean TSP l e v e l s  

between October  and J a n u a r y  ( t  = 1.232,  39 d . f . ) .  However, t h e r e  was a 
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significant decrease in the mean TSP levels between January and March 

4 (t = 5.113, 33 d.f.), followed by a significant increase in mean TSP 

levels between March and April (t = 5 . 8 5 6 ,  26 d.f.), with another signifi- 

cant increase between April and May (t = 4 . 0 4 6 ,  23 d.f.). 

3 Total Serum Protein levels were compared between male and female 

B 

common carp blood stock in Moses Lake just prior to spawning. The mean 

male TSP level was significantly higher than the mean female level (t = 4 . 5 3 ,  

4 8  d.f.). 

Histological examination of sample embryos from all the successful 

spawnings revealed no apparent pathology. No abnormal development was 

evident histologically through the developmental stages examined. 

6 . 0  Discussion 

In 1 9 7 9 ,  two groups of common carp reared in constant 27 C geothermal 

water were spawned seven weeks apart. The first group was hormone induced 

to spawn; the second group was naturally induced. The results indicated no 

significant differences in either the first or second group’s rate of 

embryogenesis or percent survival due to the ionic content of geothermal water. 

However, when comparing the two groups, the first group exhibited 

9 significantly higher survivals at fertilization and eye-up, and significantly 

lower survival at hatch. Group one was induced to spawn by hypophysation 

techniques, possibly hurrying the release of immature oocytes (Pickford 

4 et al. 1 9 5 7 )  and resulting in poorer fertilization and eye-up. In the second 

group, the females spawned in response to a natural increase in hormonal 

activity, resulting in more complete oocytic development and higher levels 

of fertilization and eye-up. 
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The t e c h n i q u e  f o r  e v a l u a t i n g  p e r c e n t  s u r v i v a l  a t  h a t c h  was changed 

3 from de termining  s u r v i v a l  a t  t h e  beginning  of  h a t c h  i n  t h e  f i r s t  group t o  

a more a c c u r a t e  d e t e r m i n a t i o n  of s u r v i v a l  a t  approximate ly  h a l f - h a t c h ,  

d 

u t i l i z e d  i n  t h e  second group. S i n c e  t h i s  w a s  t h e  per iod  O F  g r e a t e s t  

m o r t a l i t y  i n  b o t h  groups t h e  p e r c e n t  s u r v i v a l  w a s  s i g n i f i c a n t l y  lower i n  

group two, e v a l u a t e d  f o r  s u r v i v a l  a t  a much l a t e r  t i m e  i n  t h e  embryogenic 

development t h a n  w a s  group one. 

a 

I n  1980, t h e  two groups of common c a r p  were induced t o  spawn by 

n a t u r a l  means. Both groups o b t a i n e d  mean f e r t i l i z a t i o n  ra tes  of 8 0 4 3 % .  

I n  b o t h  groups ,comple te  m o r t a l i t y  of  t h e  embryos o c c u r r e d  (<0.01% s u r v i v a l )  

d u r i n g  and p o s t  h a t c h ,  between 80  and 170 hours  p o s t  f e r t i l i z a t i o n ,  d u r i n g  

t h e  p e r i o d  of r a p i d  yolk  a b s o r p t i o n .  

The spawning r e s u l t s  i n d i c a t e  t h a t  t h e  i o n i c  c o n t e n t  of geothermal  

water d u r i n g  t h e  i n c u b a t o r y  p e r i o d  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  ra te  of 

embryogenesis o r  p e r c e n t  s u r v i v a l  i n  t h e  f i r s t  o r  second run .  However, 

t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between r u n s  i n  r a t e  of embryogenesis 

and p e r c e n t  s u r v i v a l .  B i e n i a r z  and E p l e r  (1976) r e p o r t e d  t h a t  i f  a c a r p  

h a s  o o c y t e s  ready  t o  b e  e x p e l l e d  d u r i n g  t h e  spawning season  b u t  does  n o t  

spawn, t h e  mature  o o c y t e s  w i l l  undergo a v e r y  s low p r o c e s s  of r e s o r p t i o n  

which may exceed two y e a r s ,  r e n d e r i n g  t h e  f i s h  i n f e r t i l e  d u r i n g  t h a t  

p e r i o d .  Although t h e  females  t h a t  were n o t  spawned i n  1979 t o o k  an  

a d d i t i o n a l  twenty-four h o u r s  t o  spawn, t h e  r e s u l t a n t  embryos had a 

s i g n i f i c a n t l y  h i g h e r  p e r c e n t  s u r v i v a l  a t  eye-up t h a n  t h e  embryos r e s u l t i n g  

from females  t h a t  had spawned i n  1979. T h i s  r e s u l t  i n d i c a t e s  t h a t  t h e  

o o c y t e s  r e t a i n e d  by t h e  females  d u r i n g  t h e  f i r s t  spawning season  never  

reached  f i n a l  o o c y t i c  development and release from t h e  f o l l i c l e  c e l l s ,  

and d i d  n o t  s tar t  t h e  p r o c e s s  of  r e s o r p t i o n .  



$ 
36 

The 24 hour d e l a y  i n  t h e  spawning of  t h e  second run  may have been 

s i g n i f i c a n t  i n  a t t a i n i n g  a h i g h e r  p e r c e n t  s u r v i v a l  a t  eye-up. When 

checking t h e  females  i n  t h e  f i r s t  run  p r i o r  t o  spawning, one p a r t i c u l a r  

female e x h i b i t e d  a l l  e s t e r n a l  s i g n s  (Huet 1970, Al ikunhi  1966) of r i p e n e s s .  
> 

3 T h i s  female w a s  p laced  i n  a spawning t a n k  w i t h  t h e  t h r e e  o t h e r  less r i p e  

females  t h a t  had spawned i n  1979, a l o n g  w i t h  s i x  f r e e f l o w i n g  males. 

P r e d i c t a b l y ,  t h e  r i p e s t  female was spawning e a r l y  t h e  n e x t  morning, and 

so  were t h e  o t h e r  t h r e e  females ,  a p p a r e n t l y  i n  r e s p o n s e  t o  t h e  a g g r e s s i v e  

c o u r t s h i p  b e h a v i o r  of t h e  males and t h e  act ive spawning of t h e  r i p e  

female.  T h i s  may have h u r r i e d  t h e  release of t h e  o o c y t e s  of  t h e  less 

mature  females  ( P i c k f o r d  and Atz 1957) ,  r e s u l t i n g  i n  poorer  s u r v i v a l  

d u r i n g  t h e  earlier s t a g e s  of  i n c u b a t i o n .  

The f i v e  females  i n  t h e  second r u n ,  none of which showed e x t e r n a l  

s i g n s  of complete  r i p e n e s s ,  took about  f o r t y  h o u r s  o f  c o u r t s h i p  behavior  

b e f o r e  t h e y  s i m u l t a n e o u s l y  spawned w i t h  s i x  males. T h i s  l o n g e r  p e r i o d  of 

c o u r t s h i p  a l lowed a l o n g e r  hormonal r e s p o n s e  i n  t h e  females  ( d e  Vlaming 

1974) ,  which a l lowed a more g r a d u a l  r e i n i t i a t i o n  o f  m e i o s i s  and re lease 8 

3 

of t h e  o o c y t e s  from t h e  f o l l i c l e  c e l l s .  T h i s  could  account  f o r  t h e  g r e a t e r  

p e r c e n t  s u r v i v a l  of t h e  second run ,  n o t e d  e s p e c i a l l y  a t  eye-up. 

The 24 hour  d e l a y  between t h e  spawning of t h e  f i r s t  and second r u n  

gave r ise t o  a n  i n t e r e s t i n g  t es t  t h a t  w a s  n o t  o r i g i n a l l y  a n t i c i p a t e d .  

The q u e s t i o n  ar ises ,  does  t h e  g r e a t e s t  m o r t a l i t y  of embryos o c c u r  a f t e r  

a s p e c i f i c  exposure t i m e  t o  t h e  i n c u b a t i n g  water, o r  i s  t h e  m o r t a l i t y  more 

a f u n c t i o n  of t h e  embryonic s t a g e ?  The r e s u l t  i s  impor tan t :  i n  b o t h  t h e  

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

embryonic s t a g e ,  i r r e s p e c t i v e  of  t h e  f a c t  t h a t  t h e  second r u n  took 36 h o u r s  

l o n g e r  t o  r e a c h  t h i s  s t a g e .  
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The ra te  of embryogenesis f o r  t h e  second r u n  was s i g n i f i c a n t l y  

l o n g e r  t h a n  t h a t  o f  t h e  f i r s t  r u n  d u r i n g  t h e  per iod  p r i o r  t o  h a t c h i n g .  

Although t h e  tes t  w a s  designed t o  compare t h e  r a t e  of embryogenesis between 

t h e  two groups of  females ,  t h i s  tes t  l o s t  i t s  v a l i d i t y  when t h e  assumed 

c o n s t a n t  tempera ture  became a v a r i a b l e  due t o  t h e  co ld  shock r e s u l t i n g  

from a snow s torm and i t s  s t a g g e r e d  e f f e c t  on t h e  two spawning r u n s  

( F i g u r e  2 ) .  

b e  e x p l a i n e d  by t h e  d i f f e r e n c e  i n  female groups ,  i t  i s  much more p l a u s i b l e  

t o  a p p l y  t h i s  d i f f e r e n c e  t o  t h e  c o l d  shock t h e  eyed eggs  r e c e i v e d  i n  t h e  

second r u n  ( F i s h  and Burrows 1939) .  While i t  i s  t u r e  t h a t  t h e  f i r s t  r u n  

a l s o  r e c e i v e d  t h i s  c o l d  shock, i t  i s  s i g n i f i c a n t  t o  n o t e  t h a t  t h e y  r e c e i v e d  

i t  a t  a l a t e r  t i m e  i n  t h e i r  embryonic development. 

Although t h i s  d i f f e r e n c e  i n  t h e  ra te  of embryogenesis could  

The eggs  i n  group two r e c e i v e d  t h e  c o l d  shock d u r i n g  t h e  p e r i o d  of 

eye-up. The embryos o f  run  one r e c e i v e d  t h e  c o l d  shock a f t e r  t h e  i n i t i a t i o n  

of h a t c h i n g .  T h i s  p e r i o d  of  h a t c h  and pos t -ha tch  h a s  been shown t o  b e  t h e  

p e r i o d  of  g r e a t e s t  m o r t a l i t y .  By d e l a y i n g  t h i s  p e r i o d  of  m o r t a l i t y  d u r i n g  

eye-up, group two e x h i b i t e d  a l o n g e r  ra te  of  embryogenesis ,  shown i n  F i g u r e  2 .  

The a d d i t i o n a l  l e n g t h  OF t i m e  ' the second r u n  r e q u i r e d  t o  h a t c h  i s  p u t  

i n t o  p e r s p e c t i v e  by Swee and McCrimmon (1966) ,  who r e p o r t e d  t h a t  w i l d  

p o p u l a t i o n s  of common c a r p  eggs  took  from 50-144 h o u r s  f o r  h a l f  of t h e  

eggs  t o  h a t c h ,  depending on t h e  tempera ture .  Carp are eury thermic  f i s h ,  

and c a r p  eggs  are a b l e  t o  w i t h s t a n d  a wider  range  of  thermal  exposures  t h a n  

eggs  of  s t e n o t h e r m i c  f i s h .  However, Frank (1974) r e p o r t e d  t h a t  common c a r p  

go through two developmental  s t a g e s  t h a t  are p a r t i c u l a r l y  s e n s i t i v e  to 

thermal  shock: c l e a v a g e  and b l a s t o p o r e - c l o s i n g  s t a g e s .  Both o f  t h e s e  

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

second group. The c o n c l u s i o n  i s  drawn t h a t  t h e  c o l d  shock had l i t t l e  i m p a c t  

on t h e  m o r t a l i t y  of  t h e  embryos. 



The optimum p h y s i o l o g i c a l  tempera ture  (of  SET) r e p o r t e d  f o r  common 

9 c a r p  i s  25 C (Beamish 1964).  Thus t h e  envi ronmenta l  c o n d i t i o n s  f a c i n g  t h e  

common c a r p  d u r i n g  t h e  f i r s t  y e a r  i n  geothermal  water w a s  comprised of 

t e m p e r a t u r e s  c o n s i s t e n t l y  h i g h e r  t h a n  SET, w i t h  n a t u r a l l y  o c c u r r i n g  photo- 

a 

3 

B 

3 

p e r i o d s .  Khie t  (1970) r e p o r t e d  t h a t  an  environment w i t h  a c o n s i s t e n t l y  

h i g h e r  t h a n  normal SET, and n a t u r a l  day l e n g t h s  throughout  t h e  y e a r  

r e s u l t e d  i n  poor  gonadal  growth and r e p r o d u c t i v e  c a p a c i t y  of  t h e  Japanese  

c y p r i n i d  honmoroko (Gnathologon e l o n g a t u s ) .  Although no i n f o r m a t i o n  i s  

a v a i l a b l e  as  t o  t h e  gonadal  r e s p o n s e  of t h e  common c a r p  t o  t h e  envi ronmenta l  

c o n d i t i o n s  i n d i c a t e d  above, b o t h  c y p r i n i d s  honmoroko and common c a r p  are  

s p r i n g ,  asynchronous spawners (Khie t  1970, Yamamoto and Yamazaki 1961) .  

The c o n t r o l  f o r  t h e  experiment  des igned  t o  test t h e  e f f e c t s  of  two tempera-  

t u r e  regimens on r e p r o d u c t i v e  c a p a c i t y  - w a s  k i l l e d  i n  February ,  1980. 

However, t h e  t es t  f i s h  w e r e  l e f t  i n t a c t  and w e r e  spawned. The r e s u l t s ,  a s  

i n d i c a t e d  above, were t h a t  100% of t h e  embryos produced from t h e  females  

r e a r e d  i n  t h e  c o l d  a n n u a l  tempera ture  regimen d i e s  b e f o r e  swim-up. Although 

t h i s  test  d i d  n o t  have a c o n t r o l ,  t h e  r e s u l t s  are i m p o r t a n t  because  t h e y  

were n e g a t i v e ,  i n d i c a t i n g  t h a t  even w i t h  a n  a n n u a l  c o l d  c y c l e  f o l l o w i n g  

t h a t  i n  P o t h o l e s  R e s e r v o i r ,  Washington, t h e  females  could  n o t  produce 

v i a b l e  o f f s p r i n g  i n  geothermal  w a t e r .  

The p o s s i b i l i t y  of  n i t r o g e n  s u p e r s a t u r a t i o n  and subsequent  gas-bubble 

d i s e a s e  w a s  a concern.  

a t  t h e  well-head (Table  l ) ,  and i n d i c a t e d  some v a l i d i t y  f o r  t h e  concern.  

The o n l y  d a t a  on d i s s o l v e d  g a s  a n a l y s e s  w e r e  t a k e n  

N i t r o g e n  s a t u r a t i o n  was r e p o r t e d  a t  a mean of  about  180%, s i g n i f i c a n t l y  

above t h e  120% t o l e r a b l e  l i m i t  of a d u l t  c a r p  ( M i l l e r  1974) .  I f  t h i s  l e v e l  

of s a t u r a t i o n  remained i n  s o l u t i o n  from t h e  well-head t o  t h e  a q u a c u l t u r e  

f a c i l i t y ,  t h e  f i s h  would have shown some c l i n i c a l  s i g n  of gas-bubble d i s e a s e  

throughout  t h e  l a s t  two y e a r s  of c u l t u r e .  A c l o s e r  look  a t  t h e  water system 



39 

a 

a 

> 
63 

3 

shows t h a t  t h e  well-head water was s p r a y e d  i n t o  t h e  a i r  i n  b o t h  c o o l i n g  

ponds b e f o r e  a r t e s i a n  f low brought  i t  t o  t h e  f a c i l i t y ,  e l i m i n a t i n g  t h e  

p r e s s u r e  t h a t  o r i g i n a l l y  s u p e r s a t u r a t e d  t h e  n i t r o g e n .  The d i s s o l v e d  oxygen 

leve l  i n c r e a s e  from ,005 mg 1 a t  t h e  well-head (Table  1) t o  4 .5 -5 .5  mg 1 

a t  t h e  a q u a c u l t u r e  f a c i l i t y ,  i n d i c a t i n g  a thorough mixing and s p r a y i n g  o f  

t h e  water i n  t h e  c o o l i n g  ponds. Although yolk-sac f r y  are  more s u s c e p t i b l e  

t o  gas-bubble d i s e a s e  t h a n  are a d u l t s  (Wood 1968) ,  no c l i n i c a l  s i g n s  o f  

gas-bubble d i s e a s e  have e v e r  been observed i n  any yolk-sac f r y  sampled a t  

t h e  RRGS. T h i s  o b s e r v a t i o n ,  t o g e t h e r  w i t h  t h e  method and volume of water 

sprayed  i n t o  t h e  a i r  f o r  c o o l i n g ,  i n d i c a t e s  t h a t  n i t r o g e n  s u p e r s a t u r a t i o n  

w a s  n o t  a problem a t  t h e  RRGS a q u a c u l t u r e  f a c i l i t y .  

-1 -1 

The r e s u l t s  of  t h e  GSI's from t h e  RRGS and Moses Lake i n d i c a t e  t h a t  

egg weight  and testes weight lbody weight  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  

between t h e  two p o p u l a t i o n s  a t  m a t u r i t y  ( F i g u r e s  9 and 11).  However, t h e  

ovary  weight lbody weight  of t h e  RRGS females  w a s  s i g n i f i c a n t l y  lower t h a n  

t h a t  of i t s  Moses Lake c o u n t e r p a r t  ( F i g u r e  10). T h i s  i s  i n  s p i t e  of t h e  

e q u a l  mean ovum weight  of  t h e  t w o  p o p u l a t i o n s  of f i s h  sampled ( F i g u r e  11). 

T h i s  a p p a r e n t  d i s c r e p a n c y  i s  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  RRGS females  

were f irst  y e a r  spawners when sampled i n  1979,  and t h e  females  sampled a t  

Moses Lake r e p r e s e n t e d  age  classes from two t o  approximate ly  f i f t e e n  y e a r s .  

The q u a l i t a t i v e  e v a l u a t i o n s  o f  t h e  gameters  ( i . e . ,  f r e e f l o w i n g  m i l t ,  shape 

o f  o o c y t e  and n u c l e u s  p o s i t i o n e d  w i t h i n  t h e  o o c y t e )  have a l l  been p o s i t i v e .  

The c o n c l u s i o n  i s  drawn t h e n ,  t h a t  gonadogenesis  w a s  complete  p r i o r  t o  

spawning. 

With such  a hardy ,  p r o l i f i c ,  a d a p t a b l e  f i s h  as  t h e  common c a r p ,  what 

c o u l d  b e  c a u s i n g  such  complete  m o r t a l i t y  a t  Chis p a r t i c u l a r  embryonic s t a g e  

of development? S e v e r a l  p o s s i b i l i t i e s  have been r u l e d  o u t  by t1ii.s s tudy:  

i o n i c  c o n t e n t  of t h e  geothermal  water € o r  i n c u b a t i o n ,  completeness  o F 
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gonadal  and embryogenic development.  Other  p o s s i b i l i t i e s  have been r u l e d  

o u t  w i t h  f u r t h e r  i n s i g h t  i n t o  t h e  d e s i g n  of t h e  RRGS a q u a c u l t u r e  system: 

photoper iod  e f f e c t s  on gonadal  development,  and gas-bubble disease a f f e c t i n g  

t h e  eggs  o r  yolk-sac f r y .  

Under t h e  d o u b t f u l  c o n t e n t i o n  t h a t  e i t h e r  t h e  y a r n  o r  t h e  wood 

compr is ing  t h e  kakabans c o n t a i n e d  t o x i c  s u b s t a n c e s ,  eggs  w e r e  l e f t  adhered 

t o  t h e  spawning t a n k s  w i t h  c o n t r o l s  o f  d e i o n i z e d  water s e t  up i n  buckets .  

These eggs  fo l lowed t h e  i d e n t i c a l  p a t t e r n  of m o r t a l i t y  a s  t h e i r  c o u n t e r p a r t s  

on kakabans i n  t h e  g l a s s  i n c u b a t i n g  a q u a r i a .  

There a re  two p o s s i b i l i t i e s  which were n o t  t e s t e d  d u r i n g  t h e  c o u r s e  

of  t h i s  s t u d y ,  and should  be t h e  f o c u s  of f u t u r e  r e s e a r c h :  t h e  e f f e c t s  o f  

d i e t  on t h e  p r o d u c t i o n  of v i a b l e  gametes,  and b ioaccumula t ion  of heavy 

metals i n  t h e  o o c y t e s .  

The common c a r p  were r e a r e d  comple te ly  on a d i e t  o f  S i l v e r  Cup t r o u t  

f e e d ,  w i t h  no supplementa l  n a t u r a l  feed  provided .  Although t h i s  d i e t  i s  

s u f f i c i e n t  t o  rear a c t i v e l y  spawning rainbow t r o u t  i n  t h e  h a t c h e r y  environ-  

ment, t h e  f a c t  t h a t  t h e  d i e t  i s  des igned  f o r  c a r n i v o r o u s  f i s h  may be 

s i g n i f i c a n t  when f e e d i n g  i t  as a s o l e  food s o u r c e  t o  t h e  omnivorous c a r p .  

Few d i e t s  have been t e s t e d  a s  a s o l e  s o u r c e  of  food f o r  c a r p ,  and none were 

found t o  have been t e s t e d  w i t h  t h e  g o a l  o f  p r o p e r  and complete  development 

of t h e  gametes ( C h e r v i n s k i  e t  a l .  1968, Hepher and C h e r v i n s k i  1965).  

I n  geothermal  w e l l s  c o n t a i n i n g  h i g h  l e v e l s  o f  d i s s o l v e d  s o l i d s ,  

t h e  p r e s e n c e  of heavy metals may b e  pronounced. Although no metal by i t s e l f  

exceeded t o l e r a b l e  l i m i t s  a t  t h e  RRGS (EPA 1976) ,  t h e  b ioaccumula t ion  work 

i n  1979 showed l i g h t  b ioaccumula t ion  of  l e a d ,  mercury and z i n c .  T h i s  

a n a l y s i s  focused o n l y  on heavy metal accumula t ion  i n  t h e  e d i b l e  p o r t i o n  o f  

t h e  f i s h  f l e s h  (Beleau e t  a l .  1979).  Visceral o r g a n s  t h a t  a l s o  accumulate  

a 
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metals and o r g a n i c  compounds w e r e  n o t  t e s t e d .  C o n c e n t r a t i o n s  of  mercury by 

f i s h  have exceeded 25,000 t i m e s  t h e  amount of mercury i n  t h e  su r round ing  

water; and c h r o n i c  tests of mercury on t h r e e  g e n e r a t i o n s  of  brook t r o u t  

showed r e p r o d u c t i v e  impairment (McKim 1976) .  I n  t h e  embryogenic development 

of t h e  common c a r p  h a t c h l i n g ,  t h e  g r e a t e s t  m o r t a l i t y  occur red  d u r i n g  t h e  

r a p i d  a b s o r p t i o n  of t h e  yolk-sac.  Any t o x i c  metal  bioaccumulated i n  t h e  

l i p i d s  o f  the y o l k  would have i t s  g r e a t e s t  impact  on t h e  f u n c t i o n s  o f  t h e  

animal d u r i n g  t h i s  p e r i o d  of  r a p i d  y o l k  a b s o r p t i o n .  
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