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CHANNEL CATFISH ( ICTALURUS PUNCTATUS) PRODUCTION I N  GEOTHERMAL WATER 

Leo Ray 

F i sh  Breeders o f  Idaho 
1 .  Buhl I I D  

ABSTRACT 

Fish Breeders have been r a i s i n g  Channel Ca t f i sh  
( I c ta lu rus  punctatus) i n  geothermal f a c i  1 i t i e s  f o r  
s i x  years. ine product produced i s  super ior  t o  
other c a t f i s h  on the market. 

Concrete f a c i l i t i e s  and 6,000,000 gal lons per  minute 
o f  water al low densi t ies o f  f i v e  t o  ten  pounds per 
cubic f o o t  o f  space and 10,000 pounds per second 
f o o t  o f  water. Oxygen and ammonia are the  p r i n c i -  
p l e  factors  l i m i t i n g  production. Disease i s  re la -  
t ed  t o  these factors .  

I d e n t i f y i n g  the  resource, f a c i l i t y  design, f inan- 
cing, construct ion,  production, processing, market- 
i n g  and d i s t r i b u t i o n  are the main problem areas 
preventing expansion o f  geothermal f i s h  farming. 

Fish Breeders o f  Idaho, Inc. has been r a i s i n g  chan- 
ne l  c a t f i s h  ( I c ta lu rus  punctatus) i n  h igh densi ty 
concrete raceways fo r  s i x  years. The water i s  sup- 
p l i e d  by a r tes ian  geothermal wel ls.  The t o t a l  f low 
i s  6,000 gpm a t  90°F. Cold water from springs and 
streams i s  used t o  cool the h o t  water t o  80°F t o  
85"F., the i dea l  production temperature. 

The q u a l i t y  o f  ch,annel c a t f i s h  produced i n  the  clean 
water i s  f a r  super ior  t o  any other  c a t f i s h  on the 
market. A f i s h  i s  l i k e  a sponge; i t  tastes l i k e  the 
water i n  which i t  i s  raised. The geothermal water 
produces a q u a l i t y  t h a t  has allowed Fish Breeders t o  
introduce c a t f i s h  i n t o  the  gourmet markets and ob- 
t a i n  high pr ices f o r  cat f ish.  

FAC I L I T  I ES 

Fish Breeders i s  located i n  the  Snake River  Canyon 
near Buhl, Idaho. The e levat ion i s  3,000 feet .  
Yearly temperatures are from -10°F t o  105°F. 
ent  water temperature seldom exceeds 7 5 " ~ .  The 
cl imate i s  too co ld  and the growing season too sho r t  
t o  grow c a t f i s h  commercially wi thout  h o t  water. 
Geothermal water changes a non-commercial area t o  a 
365 day optimum growing season. 

Ambi- 

The f i s h  farm i s  located on a h i l l .  Approximately 
80 f e e t  o f  e levat ion i s  used i n  the farm. This i s  
very important i n  ae r ia t i ng  and reusing water. 

The production f a c i l i t i e s  are concrete. Each sec- 
t i o n  i s  24 f e e t  long, 10 fee t  wide and 4 feet deep. 
The space u t i l i z e d  by the  f i s h  i s  770 cu. feet. 
The sections are arranged fou r  i n  a ser ies w i t h  a 
2 foo t  drop between each section. The raceways are 
i n  pai rs  w i th  a common center wa l l .  The water passes 
~ h r o u g h  four sets  o f  raceways, each raceway having 
f o u r  sections (16 sect ion t o t a l ) ,  from the  top of 
t h e  h i l l  t o  the bottom. The upper 2nd o f  the farm 
i s  used f o r  c a t f i s h  production. The lower end o f  
t he  farm i s  used f o r  T i l a p i a  production. 

WATER SUPPLY 

Four ar tes ian geothermal wel ls supply 6,000 gpm o f  
90°F water. This water i s  mixed w i th  c o l d  water 
t h a t  var ies from 32°F t o  74°F t o  obta in  a tempera- 
t u r e  o f  80°F t o  85OF. The geothermal water i s  used 
d i rec t .  No heat exchangers are u t i l i z e d .  The wel ls  
were d r i l l e d  by Fish Breeders and are approximately 
700 fee t  deep. The water f lows through each raceway 
a t  1,500 t o  2,900 gpm. 

STOCKING RATE 

There are two densi t ies t o  consider i t i  producing 
catfish;.pounds per cubic f o o t  o f  space and pounds 
per second f o o t  o f  water. 
b u t  the degree o f  i n te r re la t i onsh ip  i s  unknown. 
They w i l l  be considered separately i n  t h i s  repor t .  
The pounds per cubic f o o t  o f  space i s  p r imar i l y  
l i m i t e d  by soc ia l  factors .  The pounds per  second 
f o o t  o f  water i s  p r i m a r i l y  l i m i t e d  by water qua l i t y .  

Both are i n te r re la ted ,  

Channel c a t f i s h  are soc ia l  animals. I n  t h e i r  natu- 
r a l  environment they tend t o  congregate i n  groups. 
Eggs are l a i d  i n  agmass. Sac fry congregate a f t e r  
hatching. Finger1 ings , and even adul ts , spend much 
o f  t h e i r  t ime i n  schools. They do not estab l ish 
i nd i v idua l  t e r r i t o r i e s  l i k e  shrimp or  lobster .  This 
i s  one major f a c t o r  t h a t  makes them i d e a l  f o r  h igh  
densi ty production. Channel c a t f i s h  do es tab l i sh  a 
soc ia l  pecking order. 
appears t o  i n t e r f e r e  wi th  t h i s  pecking order and 
reduces f i gh t i ng .  

Stocking a t  h igh densi t ies 

Normal stocking densi t ies are from 5 t o  10 pounds of 
f i s h  per cubic foot  o f  space. Lower densi t ies a r e  
used f o r  small f i s h .  Densi t ies up t o  20 pounds pe r  
cubic f o o t  o f  space have been tested, b u t  a t  t h i s  
t ime are not  recornended f o r  commercial production. 
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The pounds o f  f i s h  t h a t  can be produced per second 
f o o t  o f  f lowing water i s  l i m i t e d  by water qua l i t y .  
Water analysis o f  the water enter ing the  raceway, 
compared t o  water analysis o f  t he  same water leav- 
i n g  the raceway, t e l l s  what the  f i s h  have put  i n  
the  water and what the f i s h  have taken out  o f  the 
water. The factors  o f  greatest  importance are the 
oxygen removed and the carbon dioxide and ammonia 
added. 

Oxygen removed i s  the f i r s t  f a c t o r  t h a t  l i m i t s  pro- 
duction, however, oxygen i s  e a s i l y  replaced by run- 
n ing water over waterfal ls.  A t  the same time oxygen 
i s  r e p l  aced, carbon d iox ide i s  removed. Theoreti c- 
ca l l y ,  oxygen can c ~ n t i n u o u s l y  be replaced and most 
of the carbon dioxide removed. by a chain o f  water- 
fa1 1 s. A two-foot drop w i  11 rep l  ace approximately 
50% o f  the oxygen removed. 
creasing the  breakup and a e r i a t i o n  o f  the water t o  
achieve sa tu ra t i on  i n  a two-foot drop, however, 
t h i s  i s  usual ly  not  done. 

There are ways o f  i n -  

Ammonia i s  not  e a s i l y  removed by wa te r fa l l s  and w i l l  
continue t o  accumulate u n t i l  i t  becomes the p r i n c i -  
p l e  l i m i t i q  f a c t o r  i n  raceway production. The 
a ~ n i a  can be i n  an i o n i c  s t a t e  o r  a gaseous state.  
The gaseous s t a t e  i s  very t o x i c  t o  f i s h  and can be 
p a r t i a l l y  aer ia ted out of the water. The i o n i c  
s t a t e  i s  less tox i c ,  remains i n  the  water and chan- 
ges t o  n i t ra tes .  The amount o f  ammonia t h a t  w i l l  
be i n  the gaseous s ta te  i s  re la ted  t o  pH, temper- 
a ture and water chemistry. The amount of ammonia 
t h a t  f i s h  can t o l e r a t e  i s  dependent on these same 
factors  plus the  oxygen and carbon d iox ide levels.  
The higher the oxygen level ,  the more ammonia f i s h  
can to le ra te .  The leve l  o f  ammonia t h a t  f i s h  can 
t o l e r a t e  i s  between .5 ppm and 2.0 ppm. 

The amount o f  oxygen removed, carbon dioxide pro- 
duced and ammonia produced i s  dependent on the 
amount o f  food fed  i n  the  raceway, not  t he  amount 
o f  f i s h  i n  the raceway. 
be fed 1% body weight (50 pounds o f  feed), and the 
amnonia, carbon d iox ide and oxygen leve ls  would be 
bas i ca l l y  t he  same as i f  2,500 Pounds o f  f i s h  were 

5,000 pounds o f  f i s h  could 

water. 
f ou r  times the carry ing capacity. 

Yearly production w i l l  usual ly  be three t o  

Disease i s  usual ly  a major concern i n  f i s h  produc- 
t i on .  It should not  be. 99% o f  a l l  diseases are 
secondary expressions o f  poor water qual i ty  , poor 
feed q u a l i t y  and poor management ( the  human e le-  
ment). I f  good water q u a l i t y  i s  maintained, good 
feed i s  used and labor  handles f i s h  proper ly,  d is-  
ease should not  be a problem. 

I n  order f o r  a commercial hatchery t o  obta in  maxi- 
mum p r o f i t ,  p ~ o d u c t i o n  must be pressed t o  the l i m i t .  
This means carry ing inventory w i l l  be increased t o  
the p o i n t  disease w i l l  develop because of overload- 
ing.  
capaci ty t o  water qual i ty  and stay below the  po in t  
where disease i s  a problem. 

It i s  management's j o b  t o  balance carry ing 

Here i s  summarized the problems expected i n  s t a r t -  
i n g  a geothermal f i s h  farm. These factors  have 
prevented a fas te r  growth r a t e  i n  geothermal f i s h  
farming. 

I d e n t i f y i n g  the Resource. 
thermal s i t e s  considered f o r  f i s h  production have 

The extent o f  most geo- 

not  been i d e n t i f i e d .  Surface springs show a poten- 
t i a l  bu t  do not  t e l l  the complete s tory .  kdells nust 
be d r i  1 l e d  before the volume, temperature and water 
chemistry i s  determinable. These must be known be- 
f o r e  a production po ten t i a l  can be analyzed. Con- 
s iderable money must be spent before a decis ion can 
be made recommending a s i t e  f o r  geothermal f i s h  
farming. The person w i t h  a geothermal resource 
must f i r s t  i d e n t i f y  t h a t  resource, and then see i f  
i t  i s  su i tab le  f o r  f i s h  production. 

F a c i l i t y  Design. 
f i s h  farms usual l v  examine sovernment hatcheries 

People in terested i n  bu i l d ing  

f o r  models t o  COG. This ii a poor place t o  study 
a good design. Poorly designed commercial farms go 
broke and disappear. Poorly designed govern~ent  
f i s h  farms continue t o  operate i n d e f i n i t e l y ,  con- 
suming tax  dol  1 ars . 
An engineer's dream i s  too o f t e n  a f i s h  c u l t u r i s t ' s  
nightmare. The KISS rule is the only rule to 
fo l low.  KEEP I T  SIMPLE STUIPD. There has been 
l i t t l e  communication between f i s h  c u l t u r i s t s  and 
engineers. This lack o f  communication has resul ted 

fed  2% body weight (50 pounds).. The l i m i t i n g  fac- 
t o r  i s  the same amount of feed can be fed per second 
f o o t  o f  water, and the amount of f i s h  t h a t  can be 
stocked i s  dependent on the  percent body weight 
t h a t  i s  fed. 

Oxygen required t o  metabolize 50 pounds o f  feed i s  
approximately 2 ppm from one second f o o t  o f  water. 
I n  a raceway w i t h  four sectivris and one second f o o t  
of water, the water w i l l  be aer ia ted three times, 
once between each section. 
can be fed i n  each Section- 
of 200 pounds o f  feed t h a t  can be fed i n  the e n t i r e  
raceway. Assuming 50% reoxygenation and saturat ion 
o f  8 ppm, the oxygen a t  discharge would be 3,ppm. 
This i s  an absolute minimum l e v e l  f o r  production. 

F i f t y  pounds o f  feed 
This gives a t o t a l  

i n - a  s i t u a t i o n  where there are few, i f  any, engin- 
eers who understand the management o f  f i s h  cu l tu re  
we l l  enough t o  design a c o ~ e r c i a l  f i s h  farm. I 
cannot r e c a l l  2 commercially v iab le f i s h  farm tha t  
was designed. by an engineer. 
has been d e s i y s d  and b u i l t  by the f i s h  farmers 
themselves. This does no t  mean there i s  no room 
i n  the design work f o r  engineers. 
eers a re  no t  i n  tune w i t h  the problems o f  f i s h  
c u l t u r e  and, therefore, behind the times. 

The e n t i r e  indust ry  

It means engin- 

Financing. Financing i s  d i f f i c u l t .  Geothermal i s  
considered h igh r i s k .  

A t o t a l  o f  8 ppm oxygen would be u t i l i z e d  i n  meta- 
b o l i z i n g  the 200 pounds o f  feed. F ish farmin? i s  considered 

h igh r i s k ,  and high densi ty p r o d u c t i o ~  even a high- 

expenses are even higher. An executive o f  a large 

cash consuming. 
cash consuming. 
farming. 

Approximately *2 ppm ammonia be deposited in e r  r i s k .  ("pita1 expenditure 1s high, operat ing 

pounds of 
one second f o o t  o f  water from metabolism o f  50 

second foo t  of water, the amnonia i n  the  discharge 
would be .8 ppm. 

Maximum recommended inventory f o r  commercial produc- 
t i o n  o f  channel c a t f i s h  on water a t  F ish Breeders i s  
about 10,000 t o  15,000 pounds per second foo t  o f  

Feeding 2oo pounds Of feed in one company looking a t  f i s h  farming sa id they consider 
businesses as cash generating and others as 

They considered f i s h  farming as 
It i s  a good descr ip t ion of f i sh  
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Contrary t o  common opinion, most f i s h  farms tha t  
have gone broke d i d  not  do so because of underf in- 
ancing. Those s ta r ted  underfinanced have had a high 
success r a t i o ,  wh i le  those adequately financedl 
"spent i t  l i k e  they had it" and went broke. 
many mistakes were made too f a s t ,  and the investors 
ended up very disenchanted. 
because o f  a lack of wi l l ingness, not a b i l i t y ,  t o  
ref inance and do what was necessary t o  succeed. 

Too 

Bankruptcy fol lowed 

Construction. I f  engineering fo l lows the K ISS ru le ,  
construct ion i s  simple. There i s  no subs t i t u te  f o r  
good f a c i l i t i e s .  Concrete i s  usual ly best. The 
f a c i l i t i e s  w i l l  probably be the f i r s t  f i s h  farm the  
contractor has ever bui  1 t. 

Production. Trying t o  achieve more production than 
the water q u a l i t y  w i l l  a l low causes most production 
problems. 
paper are followed, production should not be a prob- 
lem. 
and keep labor stress down. 

I f  the ru les  l a i d  down e a r l i e r  i n  t h i s  

Keep good water qua l i t y ,  good feed q u a l i t y  

Experienced personnel are no t  avai 1 able .. Personnel 
must be trained. There are many degree students 
graduating, but  most do not  have any experience. 
They need experience i f  they are being h i red  t o  
run a new farm. 

Processing. A processing p l a n t  w i l l  not  be ava i l -  
able i n  most s i tua t ions .  A producer w i l l  need t o  
b u i l d  a processing plant.  
ava i lab le  f o r  processing. 
1 abor . 

Very l i t t l e  machinery i s  
Most o f  the labor  i s  hand 

Marketing. 
f i s h  are sold. 

No money i s  made r a i s i n g  f i s h  u n t i l  the 

A common misconception i s  there i s  an un l im i ted  
market f o r  f i s h  products such as channel cat f ish.  
The t r u t h  i s ,  there i s  an un l im i ted  o t e n t i a l  mar- 
k e t  f o r  channel c a t f i s h  and other g o b  The 
o t e n t i a l  i s  unl imited. The ex i s t i ng  market i s  + There i s  no room f o r  addi t ional  production 

wi thout addi t ional  marketing. Markets must be 
developed, and they cannot be developed without 
f i s h .  
can be developed. 

The f i s h  must be ra i sed  before the market 

There were approximately 150,000,000 pounds o f  cat-  
f i s h  sold i n  the U.S. i n  1978. This production 
breaks down as fo l lows: B r a z i l i a n  imports 30,000,000 
pounds ; w i l d  c a t f i  sh harvested commerci a1 l y  i n  the  
U.S., 30,000,000; channel ca t f i sh  ra ised  on farms, 
mainly i n  Miss iss ipp i  and Arkansas, 90,000,000; and 
500,000 pounds ra ised i n  high densi ty geothermal 
f a c i l i t i e s .  These c a t f i s h  f igures are l i s t e d  i n  
order according t o  q u a l i t y  and pr ice,  w i t h  the 
poorest q u a l i t y  l i s t e d  f i r s t .  
able d i f fe rence i n  q u a l i t y  o f  product and pr ice.  
The B r a z i l i a n  f i s h  s e l l  as low as 60 cents per 
pound, and the geothermal produced f i s h  s e l l  f o r  
$2.85 per pound, wholesale. 
other product, one gets what he pays for.  

There i s  a consider- 

I n  ca t f i sh ,  as i n  any 

D is t r i bu t i on .  Most geothermal resources are not 
near larqe market areas f o r  f i s h .  D is t r i bu t i on  

able on a dependable weekly basis. 
Breeders are i n  a good d i s t r i b u t i o n  area because o f  
the 25,000,000 pounds o f  t r o u t  ra ised* w i t h i n  15 mi les  
o f  the farm. 
w i l l  have t o  be viewed i n d i v i d u a l l y  t o  solve the  d i s -  
t r i b u t i o n  problem. 

I n  Idaho, Fish 

Each production and market s i t u a t i o n  

These are the main problems ines tab l i sh ing  a geother- 
mal f i s h  farm. 
w i l l  need t o  master each phase t o  be successful. 

No phase can be l e f t  out. A p ro jec t  

I N  SUM~~ARY 

If you want t o  ra i se  f i s h  t o  get r i c h ,  you w i l l  prob- 
ably go broke. I f  you want t o  r a i s e  f i s h  because you 
l i k e  the challenge o f  f i s h  cu l tu re ,  you w i l l  probably 
ge t  r i ch .  The best advice i s  t o  s t a r t  small and grow 
slow. 

can be a-major problem. The easiest  market t o  de- 
velop i s  the  f resh market. This complicates d i s t r i -  
bution, f o r  the f resh  market de l i very  must be ava i l -  
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