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SUMMARY .- 

i!orld production of food from aquatic sources leveled off during 

the 1979's a f t e r  two decades of continuous increase.  Total y ie lds  of 

f ishery products approximated 73 million tons in 1977, including about 

10 mil 1 ion from f resh  water. Aquaculture production accounted fo r  l e s s  

than 10 percent of the t o t a l .  United S ta tes  production from commercial 

f i she r i e s  i s  current ly  only about 3 mill ion tons ,  and from aquaculture 

onl'y 65 thousand tons. 

Capacity f o r  fu ture  expansion of production from aquatic sources 

ex i s t s ,  b u t  f i she r i e s  on natural populations will be dependent on well- 

managed b u t  l imited stocks of " t rad i t iona l"  species ,  and on increased 

u t i l i z a t i on  of "non-traditional" species. Greatest  expansion potential 

i s  i n  aquaculture, par t icular ly  i n  estuarine/coastal  waters, b u t  t o  some 

extent in f resh water as well. The next decade should see the paral le l  

development of cul ture  of herbivores and omnivores yie ldin@ low-cost 

animal protein,  and hiqh technology intensive cu l tu r e  yieldinq hiqh unit  
(~ 

value products. 

Effective environmental management will be a key t o  continued o r  

increased production of protein food from aquatic sources. Coastal/ 
f. 

estuar ine  pollution i s  a c r i t i c a l  present problem, especially near high 

densi t ies  of human population. I t  i s  a prablem amenable t o  solut ion,  

i f  national and world p r io r i t i e s  fo r  food production so. d ic ta te .  
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INTRODUCTION 

Whenever the interrelated subjects of world population and world 

protein production are discussed, the conversation ultimately gets 

around to the role that aquatic animals can, and undoubtedly will, play 

in meeting future human nutritional needs. It seems important, therefore, 

to assess as objectively and candidly as possible, the present and potential 

contributions from the aquatic environment to the protein food supply -- 
to sort out the myths from the realities. The sorting process can be a 

sobering experience, particularly for those who feel that somehow, if 

famine stalks the land, the seas will provide. 

Since over 70% of the earth's surface is covered by water, and since 

an enormous amount of plant and animal production goes on in the world's 

oceans and fresh water, it should be reasonable to expect a greater food 

yield than we have had so far. The amount of increase that is possible 

is a subject of much discussion and extensive misunderstanding. It seems 



evident,  tbo~tgh, t h a t  any increased y i e l d  froin the  oceans w i l l  be s t i l c t l l  

as f a r  as food o f  p l a n t  o r i q i n  i s  concerned, s ince  the predori~inant plc3nt 

product ion the re  i s  i n  the form o f  microscopic a lgae no t  e a s i l y  harvested 

o r  u t i l i z e d  by humans. The importance o f  the  ocean now and i n  the  fore- 

seeable f u t u r e  i s  and w i l l  be as a  source o f  animal p r o t e i n  ( a t  present 

about 14% o f  the  wor ld ' s  an i va l  p r o t e i n  i s  de r i ved  from aquat ic  sources).  

R e a l i s t i c  appra isa ls  o f  the  product ive  p o t e n t i a l  o f  the oceans have 

been made recen t l y .  It has become c l e a r  t h a t  i n  t h e  sea, j u s t  as on land,  

t he re  are  great  areas o f  very low product ion.  Most o f  the  r e a l l y  pro-  

duc t i ve  areas a r e  c lose t o  shore, over the  c o n t i n e n t a l  shelves and i n  the  

estuar ies,  o r  ' f o l  low ina the  g rea t  c u r r e n t  systelils o f  the  oceans. Over n i n e t y  

percent o f  t h e  wor ld ' s  ca tch  0.f f i s h  i s  taken over  t h e  con t i nen ta l  shelves, 

but  l e s s  than 10 percent  o f  the ocean sur face i s  ove r  t h e  shelves. Fur ther -  

more, we s t i l l  do n o t  "harvest" most species i n  t h e  r e a l  sense, because we 

have no c o n t r o l  over p l a n t i n g  o r  s u r v i v a l ,  nor  do we f u l l y  understand the  

ex ten t  o f  the  standing crop o r  t h e  dynamics o f  i t s  product ion.  The marine 

f i s h e r i e s  s t i l l  e x i s t  l a r q e l y  a t  a  hun t i nq  economy l e v e l  ( o r  a t  best a  

p r i m i t i v e  range manaaement l e v e l ) ,  except f o r  slow inroads being made by 

l e g a l l y  c o n s t i t u t e d  na t i ona l  and i n t e r n a t i o n a l  f i s h e r i e s  management bodies, 

and by t h e  slow emerqence o f  aquacul ture as a  s i g n i f i c a n t  f a c t o r  i n  aquat ic  

food product ion.  

There i s  a  l a r g e  amount o f  c u r r e n t  a c t i v i t y  i n  the  Un i ted  States and 

elsewhere concerned w i t h  manaqement o f  n a t u r a l  popu la t ions  o f  f i s h  and 

s h e l l f i s h ,  as we l l  as aquaculture development. Wi th  t h e  enactment o f  the 

F isher ies  Conservat ion and Management Act  o f  1976, t h e  Un i ted  States assulned 



f i s h e r i e s  j u r i s d i c t i o n  on i t s  con t i nen ta l  shelves (exc lus i ve  o f  waters 

c o n t r o l l e d  by the  s ta tes ) ,  and i s  now i n  the  e a r l y  and p a i n f u l  throes 

o f  a t tempt ing  r a t i o n a l  management o f  f i s h  stocks, some o f  which had 

been h e a v i l y  exp lo i t ed  and depleted by e f f i c i e n t  f o r e i g n  d i s tan t -wa te r  

f l e e t s  s ince  the  e a r l y  1960's. Other na t ions  have extended t h e i r  

f i s h e r i e s  j u r i s d i c t i o n s ,  and there  are  numerous e f f o r t s  -- na t i ona l  and 

i n t e r n a t i o n a l  -- t o  manage f i s h  stocks t o  ensure susta ined y i e l d s  o f  

" t r a d i t i o n a l  " species. These e f f o r t s  suggest a  major and p o s i t i v e  change 

i n  a t t i t u d e  toward c o n t r o l l e d  e x p l o i t a t i o n  o f  marine populat ions,  even if 

the success o f  such combined e f f o r t s  cannot y e t  be est imated. There are  

a l s o  cont inuin; e f f o r t s  t o  eipand f i s h e r i e s  t o  u n d e r u t i l i z e d  o r  u n u t i l i z e d  

" n o n - t r a d i t i o n a l "  species wherever they e x i s t  i n  adequate concentrat ions 

i n  t h e  wor ld  oceans. A  s i g n i f i c a n t  unanswered quest ion about harvest  o f  

such "underu t i l i zed "  species i s  t h a t  they may serve as p a r t  of t h e  suppor t ing  

food base f o r  the  " t r a d i t i o n a l "  species, and t h e i r  harvest  by man cou ld  

reduce t h a t  food base, and hence reduce abundance o f  the t r a d i t i o n a l  species. 

Concerning aquaculture, a  fede ra l  J o i n t  Subcommittee on Aquaculture i s  

a t  present  d r a f t i n g  a  n a t i o n a l  aquacul ture p lan  f o r  t h e  Un i ted  States, and 

aquaculture development b i l l  s have been int roduced y e a r l y  (w i thout  success 

so f a r )  s i nce  1976. The Nat ional  Oceanic and Gtmospheric Admin i s t ra t i on  

(NOAA) supports aquacul ture research and development programs a t  several 

o f  i t s  Nat iona l  Marine F isher ies  Serv ice l a b o r a t o r i e s  and through grants  

t o  u n i v e r s i t i e s  from i t s  O f f i c e  o f  Sea Grant. The Department of I n t e r i o r  

i s  respons ib le  f o r  fresh-water aquacul ture ( p r i m a r i l y  rec rea t i ona l  species) ,  

and o t h e r  federal agencies are  invo lved i n  l e s s e r  ways. The Department o f  



A g r i c u l t u r e  has inves tn~cnts  i n  the  developruent o f  farm pond cu l  tlrl-e. 

I n t e r n a t i o n a l l y ,  FA0 has an a c t i v e  program o f  f i s h e r y  developnierit i n  

many nat ions,  w i t h  aquacul ture one o f  t h e  f o c i .  The I n t e r n a t i o n a l  

Council f o r  the Exp lora t ion  o f  t h e  Sea (ICES) has taken new i n t e r e s t  

i n  marine aquaculture s ince  1377, and has a  number o f  working groups 

involved i n  areas such as patholoqy, i n t r o d u c t i o n s  o f  non-indigenous 

species, and genet ics. A d d i t i o n a l l y ,  t h e r e  a r e  numerous b i l a t e r a l  

I . a c t i v i t i e s  around t h e  world, such as t h e  Un i ted  States-Japan Natura l  

Resources Panels on Aquaculture (UJHR), encouraging j o i n t  p r o j e c t s  and 

exchange o f  technology. Recent agreements w i t h  t h e  Peoples Republ ic 

o f  China inc luded aquacul ture as one major coopera t ive  e f f o r t .  

This paper attempts t o  look  broad ly  a t  food product ion  from aquat ic  

sources, w i t h  emphasis on marine c o n t r i b u t i o n s  -- present  and p o t e n t i a l .  

The emerging r o l e  o f  aquaculture, desp i te  s i g n i f i c a n t  cons t ra in t s ,  i s  a lso  

considered aga ins t  a  background o f  cont inued product ion  from f i s h e r i e s  on 

.natural  stocks. 

Despite the  l i m i t a t i o n s  o f  our  v i s i on ,  t h e r e  i s  cause f o r  guarded 

[ optimism when cons ider ing  food product ion  f rom the  wor ld ' s  oceans. During 

the  pe r iod  1950 t o  1970 harvests from f i s h e r i e s  on n a t u r a l  popu la t ions  o f  

marine animals t r i p l e d ,  w i t h  an average annual inc rease i n  landings o f  

i about s i x  percent, from 18 m i l l i o n  tons i n  1950 t o  62 m i l l i o n  tons i n  1970 

(F igure 1) .  (The ca tch  from f resh  water i n  1970 was est imated a t  8.4 m i l l i o n  



MILLIONS OF TONS 

Figure 1 .  Annual world f i s h  catches 1950-1977. 



tons, making a grand t o t a l  from aquat ic  sources o f  about 70 m i l l i o r l  t o n s ) .  

Beginning i n  t h e  1960's. f i s h e r i e s  on n a t u r a l  s tocks were don~ i r~a ted I-iy 

h i g h l y  e f f i c i e n t  f l e e t s  o f  modern d i s t a n t - w a t e r  f i s h i n g  vessels, p r i n -  

c i p a l l y  from the  USSR and Japan. Product ion increased u n t i l  1970, then 

l eve led  o f f  a t  s l i g h t l y  h igher  than t h e  1970 t o t a l  dur ina  the  decade o f  

t h e  19701s, due i n  p a r t  t o  a reduc t i on  i n  Peruvian anchovy catches ( t ! ie  

Peruvian anchovy catch, f o r  example, was fo rmer l y  about 20% o f  t h e  wor ld  
( 

' t o t a l  catch,  bu t  dropped p r e c i p i t o u s l y  t o  l e s s  than one-tenth o f  t h a t  

amount), and t o  t h e  very recent  r e s t r i c t i o n  o f  f i s h e r i e s  r e s u l t i n g  from 

extension o f  j u r i s d i c t i o n s  out on t h e  c o n t i n e n t a l  shelves by a number of 

na t ions ,  i n c l u d i n g  t h e  Uni ted States*. 

Const ra in ts  on increases i n  food product ion  from marine f i s h e r y  

sources a r e  severe. A number o f  s tocks o f  " t r a d i t i o n a l "  food species, 

such as cod, haddock, c e r t a i n  f lounders,  l o b s t e r s  and r e d f i s h ,  a r e  f u l l y  

exp lo i ted ,  and have been i n  some instances overexp lo i ted ;  1 andings i n  

recent  years have been sustained by development o f  f i s h e r i e s  f o r  non- 

t r a d i t i o n a l  species. Costs associated w i t h  f i s h i n g  -- p a r t i c u l a r l y  f u e l  

costs -- have escalated a larmingly ,  and concern has been expressed about 

impacts o f  coas ta l  p o l l u t i o n  on f i s h e r i e s .  

* The marine ca tch  exc lus ive  o f  anchovies increased 28% and the  f resh -  

water  ca tch  increased 17% i n  t h e  1970's. To ta l  est imated catches i n  

1977 were 63 m i l l i o n  tons (marine) and 10 m i l l  i o n  tons ( f r e s h  water ) ,  

f o r  a combined product ion o f  73 m i l l i o n  tons. The average 1970-1977 anntlal 

t o t a l  marine ca tch  was 61.3 m i l l i o n  tons and t h e  average combined 

marine and fresh-water annual ca tch  was 70.9 m i l l i o n  tons. 



Despi te these cons t ra in t s .  which apply q loba l  l y ,  estinia t e d  p r o d i ~ c t i o n  

from Uni ted States conmercial f i s h e r i e s  i n  1978 was a  record  3 m i l l  i o r ~  

tons, w i t h  an ex-vessel value o f  91.85 b i l l i o n  ( t h e  previous record  was 

1962 w i t h  2.7 m i l l i o n  tons) .  The 1378 ca tch  a l s o  represented an increase 

o f  nea r l y  a  h a l f  m i l l i o n  tons f rom t h e  1977 t o t a l .  Leadinq species i n  

1970 were ( i n  q u a n t i t y )  menhaden, crabs, shrimp, and tuna and ( i n  va lue)  

shrimp, crabs, salmon, and tuna. These are  a l l  food species w i t h  h iqh  

( u n i t  value, except f o r  menhaden which a r e  processed f o r  f i s h  meal and o i l .  

This record  catch s t i l l  c o n s t i t u t e s  o n l y  about 5 percent  o f  t h e  wor ld  

t o t a l ,  desp i te  t h e  f a c t  t h a t  the  c o n t i n e n t a l  shelves o f  the  Uni ted States 

are  among the most p roduct ive  i n  t h e  e n t i r e  wor ld.  I t  should be noted 

tbough t h a t  i f  the  1978 f o r e i g n  ca tch  i n  Un i ted  States c o n t i n e n t a l  s h e l f  

waters i s  added t o  the  U. S. t o t a l ,  then t h e  combined f i g u r e  i s  4.6 m i l -  

l i o n  m e t r i c  tons, o r  about 8 percent  o f  t h e  wor ld  t o t a l .  For  comparison 

w i t h  U. S. f i g u r e s ,  the  est imated t o t a l  harvests f rom a l l  oceans by t h e  

.USSR and Japan were about 10 m i l l i o n  tons each ( w i t h  p a r t  o f  t h e  catches 

C der ived from Uni ted  States c o n t i n e n t a l  s h e l f  waters ) .  

Many knowledgeable f i s h e r y  s c i e n t i s t s  have accepted an annual sus ta in -  

able g loba l  product ion o f  rouqh ly  100 m i l l i o n  tons o f  t r a d i t i o n a l  f i s h  

snecies as a  maximum expected susta ined y i e l d  f rom t h e  oceans, w i t h  an - 
uncomfortably l a r g e  range -- from 50 m i l l i o n  tons t o  two b i l l i o n  tons (and 

w i t h  one est imate by Graham and Edwards (1962) a t  60 m i l l i o n  tons) .  More 

I recen t l y  t h i s  f i g u r e  o f  100 m i l l i o n  tons has been rev i sed  downward 

(Hennemuth, 1979), and the  present ca tch  o f  about 60 m i l l i o n  tons o f  t r a d i -  

t i o n a l  species seems more p l a u s i b l e  on a  susta ined basis .  ( I t  should be 



recognized, thougl!, t h a t  t h i s  est imate krould be considered very conser- 

v a t i v e  by some a u t h o r i t i e s ,  who p r e f e r  the  100 m i l l i o n  to11 o r  h igher  

sustained y i e l d  est imate.  P,lso, the est in late does n o t  take i n t o  account 

changes i n  marine c l imate ,  which may a f f e c t  f u t u r e  y i e l d s  o f  important  

species).  

Fur ther  increase i n  wor ld  food product ion  f rom the  sea i s  poss ib le ,  

bu t  i t w i l l  depend more and more on u t i l i z a t i o n  o f  n a t u r a l  stocks o f  non- 

t r a d i t i o n a l  species now underharvested (such as squids, A n t a r c t i c  k r i l l ,  

and some o f  the  small h e r r i n g - l i k e  f i s h e s )  o r  n o t  harvested (such as 

l a n t e r n  f i shes) ;  on techno log ica l  advances t h a t  inc rease t h e  e f f i c i e n c y  

o f  capture; on b e t t e r  u t i l i z a t i o n  o f  f i s h  t h a t  - a r e  harvested (a g rea te r  

percentage o f  t 3 e  ca tch  used f o r  d i r e c t  human consumption, r a t h e r  than 

f o r  f i s h  meal and o i l ) ;  and on s o l u t i o n  o f  economic, environmental and 

i n s t i t u t i o n a l  problems which now suppress expansion o f  marine aquaculture. 

World food product ion  f rom aquaculture now c o n s t i t u t e s  about t en  percent  

o f  t o t a l  f i s h e r i e s  product ion ,  and the re  have been subs tan t i a l  advances 

( 
i n  the  techno log ica l  base f o r  aquacul ture,  f o r  marine as w e l l  as f resh -  

water species. 

I n  examining wor ld  f i s h  catch s t a t i s t i c s ,  i t  i s  important  t o  no te  

t h a t  one t h i r d  o f  t h e  t o t a l  i s  n o t  used d i r e c t l y  as human food, but  i s  

processed i n t o  f i s h  meal and o i l  and t h e  meal i s  f e d  t o  domesticated 

animals i n  those few coun t r i es  t h a t  can a f f o r d  such expensive animal 

p ro te in .  Thus t h e  f i s h  become food f o r  humans, b u t  i n  a soniewhat i n -  

e T f i c i e n t  way, cons ider ing  t h e  l oss  du r ing  convers ion o f  f i s h  p r o t e i n  



t o  p i g  o r  ch icken p r o t e i n  (a l oss  o f  60 t o  7U:).  The i n e f f i c i e n c y  becomes 
.- 

much less  s i g n i f i c a n t ,  however, when f i s h  which a r e  considered i n e d i b l e  o r  

undesi rable as food f o r  people are  turned i n t o  pork o r  chicken. Despi te 

t h i s ,  t h e r e  i s  s t i l l  a chal lenge t o  f i n d  ways i n  which f i s h  p r o t e i n  now 

fed t o  domestic animals can be prepared i n  forms acceptable f o r  d i r e c t  

human consumption, t o  avo id  the  i n e v i t a b l e  l oss  i n  conversion. 

AQUACULTURE 

Aquaculture, de f i ned  as t h e  human-control led c u l t i v a t i o n  and harvest  o f  

aquat ic  organisms, y i e l d e d  an estimate.? s i x  m i l l i o n  me t r i c  tons o f  food i n  

1975 -- less  than t e n  percent o f  t h e  wor ld  p roduc t i on  o f  f i s h e r y  products*. 

Y ie lds from aquacul ture had doubled i n  t h e  p e r i o d  1970 t o  1975, accord ing t o  

FA0 s t a t i s t i c s ;  much o f  the  increase was i n  h igh -un i t - va lue  specie: i n  

developed coun t r i es .  Some count r ies  now depend on aquacul ture f o r  a s i q -  

n i f i c a n t  p a r t  o f  f i s h  and s h e l l f i s h  product ion .  Japanese aquacul ture pro- 

duc t i on  increased f i v e f o l d  ( t o  500,000 m e t r i c  t ons )  i n  the  per iod  i 970  t o  

1975 and has increased f u r t h e r  s ince  1975, w h i l e  I s r a e l  now der ives  almost 

h a l f  i t s  f i n f i s h  product ion  from aquacul ture.  A d d i t i o n a l l y ,  t he re  has been 

expansion o f  t r a d i t i o n a l  pond c u l t u r e  p r a c t i c e s  f o r  carp, m i l k f i s h ,  t i l a p i a ,  

and o the r  species i n  many count r ies ,  p a r t i c u l a r l y  i n  Asia. 

* This may be an underestimate. One informed observer  (Ryther,  1979) r e c e n t l y  

C est imated aquacul ture product ion f rom f r e s h  waters o f  the Psoples Republic 

o f  China t o  be as much as 17.5 m i l l i o n  tons, which i s  w e l l  above the  

recen t l y  est imated t o t a l  world f resh-water  product ion,  and f a r  beyond the  

FA0 est imate  o f  2.5 m i l l  i o n  tons (FAO, 1977). Some o the r  observers d i s -  

agree w i t h  Ryther 's  est imate. 



Aquaculture i n  the l l n i  ted - States 

Uni ted States aquaculture product ion  i n  1975 was est imated a t  or l ly 

65,000 m e t r i c  tons -- s l i g h t l y  more than two percent o f  U. S. f i s h  and 

s h e l l f i s h  landings and about one hundredth o f  est imated wor ld  aquaculture 

product ion.  Even t h i s  l i m i t e d  amount s t i l l  c o n s t i t u t e d  ( i n  1975) n e a r l y  

a l l  o f  o u r  t r o u t  product ion,  about a  q u a r t e r  o f  our  salmon product ion ,  

about t w o - f i f t h s  o f  our  oys te r  product ion,  and about h a l f  o f  our  c a t f i s h  

( and c rawf i sh  product ion.  

Except p o s s i b l y  f o r  oys te r  p roduct ion ,  aquacul ture i n  t h e  Un i ted  

States must l ook  t o  f resh  water f o r  i t s  pas t  successes. Aquaculture o f  

t r o u t ,  salmon, and c a t f i s h  i n  f r e s h  water  i s  w e l l  establ ished.  Trout  and 

salmon c u l t u r e  began e a r l y  i n  the century  t o  be an important  f a c t o r  i n  

rec rea t i ona l  f i s h e r y  product ion and stream r e h a b i l i t a t i o n ;  c a t f i s h  c u l t u r e  

i n  t h e  southeastern s ta tes  has been a  v i a b l e  i n d u s t r y  f o r  over a  decade. 

Recent developments i n  f r e s h  water  i nc lude  the  successful  expansion of 

in t roduced popu la t ions  o f  salmon i n  t h e  Great Lakes, p i l o t - s c a l e  po l y -  

c u l t u r e  o f  f i s h  i n  ponds, and the  commercial success o f  c r a y f i s h  and 

minnow c u l t u r e  i n  the  southeastern s t a t e s .  

Future expansion o f  Uni ted States aquacu l tu re  should be i n  es tua r ine  

and coas ta l  waters, w i t h  salmon, shrimp, and b i v a l v e  mol luscs l e a d i n g  

candidates (Kaul and Sindermann, 1978). The h i s t o r y  o f  salmon product ion  

on t h e  west coast  o f  t h e  Uni ted States inc ludes  a  number o f  dramatic 

changes -- h i g h  l e v e l s  o f  na tu ra l  p roduc t i on  i n  t h e  e a r l y  days o f  t h e  20th 

century; d r a s t i c  dec l i ne  due t o  o v e r f i s h i n g ,  b u i l d i n g  o f  dams and 



i nc reas ing  i n d u s t r i a l i z a t i o n ;  p a r t i a l  r e b u i l d i n g  o f  s tocks w i t h  t h e  

development o f  a system o f  p u b l i c  hatcher ies;  and most recent ly ,  t h e  

e x p l o r a t i o n  o f  pen c u l t u r e  i n  sea water  and t h e  beginnings o f  p r i v a t e  

ocean ranching o f  s a l m n . i n  the  P a c i f i c  Northwest. 

Shrimp product ion  i n  t h e  Un i ted  Sta tes  has l o n g  been dominated by 

t h e  G u l f  o f  Mexico f i s h e r y  on penaeid species. Recent developments 

i nc lude  expansion o f  shrimp f i s h e r i e s  elsewhere i n  t h e  Un i ted  States, 

. gradual b u t  s i g n i f i c a n t  annual increases i n  impor ts  o f  shrimps, and 

i n i t i a l  a t tempts a t  commercial c u l t u r e  o f  penaeids as w e l l  as f resh-water  

prawns o f  t h e  genus Macrobrachiurn. 

Molluscan s h e l l f i s h  product ion i s  s t i l l  dominated by landings from 

f i s h e r i e s  on n a t u r a l  stocks. Oyster p roduc t i on  methods have long employed 

simple c u l t u r e  techniques, bu t  t h e  development o f  commercial ha tcher ies  as 

a source o f  seed i s  becoming an impor tan t  method o f  augmenting product ion.  

Aquaculture i s  a l o g i c a l  aqua t i c  counterpar t  o f  a g r i c u l t u r e .  A reason- 

' ab le  assumption would be t h a t  t h e  development o f  t h e  animal husbandry 

component o f  aquacul ture i n  the  Un i ted  Sta tes  and elsewhere cou ld  f o l l o w  

t h e  same sequence o f  steps as d i d  modern a g r i c u l t u r e  ( s e l e c t i v e  breeding, 

disease c o n t r o l ,  d i e t  fo rmula t ion ,  automation, e tc . ) .  Unfor tunate ly ,  

t h e r e  are  fundamental d i f f e rences  which emerge when comparing a g r i c u l t u r e  

and aquaculture. A g r i c u l t u r e  development met a s p e c i f i c  20th cen tu ry  need 

f o r  increased food product ion; i t was b u i l t  on a c o r e  o f  already-domesti-  

cated species; and i t  was supported by  r e l a t i v e l y  generous fund ing  f o r  

both a p p l i e d a n d  fundamental research. Few i f  any o f  these f a c t o r s  have 

ex i s ted  o r  now e x i s t  f o r  aquaculture. 



Attempts t o  find para l le l s  between agr icul ture  and aquaculture must 

e be careful ly  circumscribed, since it i s  highly unlikely tha t  aquaculture 

will ever replace f i sher ies  on natural populations t o  the  extent tha t  

t e r r e s t r i a l  animal husbandry has replaced hunting as a protein food source. 

< Aquaculture production i n  es tuar ine and near-shore waters could i n  the  

long term conceivably surpass landings from wild stocks of the  continental 

shelves and open ocean. However, open continental shelf  waters a r e  un-  

( l ike ly  candidates for  the e f fec t ive  environmental control required for  

aquaculture, and will probably remain f o r  the  foreseeable future  as a 

source of food only from fishing. Other than fresh water, only es tuar ies  

C and protected coastal waters a r e  amenable t o  the manipulations required 

f o r  aquaculture, and even these environments a r e  often r e s i s t an t  t o  man's 

attempts a t  control .  Despite such res is tance,  these margins of the  sea 

are where s ignif icant  protein food should be produced by aquaculture in 

the decades ahead. The extent of potential  production can be only roughly 

estimated, b u t  i s  substantial .  

A recent well-researched report  (1978) by the National Academy of 

Sciences, t i t l e d  "Aquaculture in  the  United S ta tes"  offered a number of 

perceptions about the  future of aquaculture i n  the  United States .  Sig- 

n i f ican t  among the conclusions reached were these: 

".. .in the United States,  aquaculture will  have only a minor impact 

on food production in the near term, i n  comparison w i t h  other food 

production systems". 



" . . . i n  the long term, aquaculture w i l l  be a means o f  i n c r e ~ s i n q  

p r o t e i n  suppl i es " .  

" . . .aquac!~ l tu re  has the  p o t e n t i a l  t o  c o n t r i b u t e  t o  increased food 

product ion.  I f  t h i s  p o t e n t i a l  i s  t o  be tes ted ,  expenditures f o r  

c u r r e n t  programs and f o r  research and development niust be increased". 

"Const ra in ts  on o r d e r l y  development o f  aquacul ture tend t o  be p o l i t i c a l  

and admin i s t ra t i ve ,  r a t h e r  than s c i e n t i f i c  and techno log i ca l " .  

"Aquaculture i n  the  Uni ted States has lacked coherent  support and 

d i r e c t i o n  from t h e  Federal Government. Poor coo rd ina t i on ,  l ack  o f  

leadership,  and inadequate f i n a n c i a l  support have t r a d i t i o n a l l y  

charac ter ized programs r e l a t i n g  t o  aquacul ture" .  

World Aquaculture -- P r o j e c t i o n  

From an i n t e r n a t i o n a l  perspect ive,  t he re  i s  cause f o r  reasoned optimism 

when cons ider ing  increased food product ion  from aquacul ture.  Despite i n s t i -  , 

t u t i o n a l ,  economic, environmental, and techno log ica l  c o n s t r a i n t s ,  q loba l  

y i e l d s  from aquacul ture are increasing.  I n t e n s i v e  c u l t u r e  o f  h igh-un i t -va lue  

species, such as pen-rearing o f  y e l l o w t a i l  i n  Japan, i s  now the  basis f o r  a 

l a r g e  and economical ly-v iable indus t ry ;  sa l t -wa te r  r e a r i n g  o f  salmon i s  

approaching the  p o i n t  o f  economic f e a s i b i l i t y ;  and pond and raceway c u l t u r e  

o f  animals which u t i l i z e  very  s h o r t  food chains -- such as oysters, mussels 

and m u l l e t  -- has t h e  p o t e n t i a l  f o r  enormous expansion w i t h  e x i s t i n q  tech-  

nology. '  P r i v a t e  mussel cu l t u re ,  f o r  example, a l ready  produces some 350 

thousand m e t r i c  tons annual ly .  The 1976 FA0 Technical Conference on Aqua- 

c u l t u r e  repor ted  encouraginq progress i n  aquacu l tu re  i n  t h e  past decade; 



r e a l i s t i c  est imates p lace f u t u r e  y i e l d s  a t  t w i c e  t h e  1976 l e v e l  (which 

was 6 m i l l i o n  tons)  by 1986, and f i v e  t imes t h e  1976 l e v e l  by t h e  yea r  

2000 "if t h e  necessary s c i e n t i f i c ,  f i n a n c i a l ,  and o rgan iza t i ona l  support 

becomes ava i l ab le " .  

Th is  o p t i m i s t i c  r e p o r t  must be tempered by t h e  observat ions t h a t  the  

recent  increases i n  aquaculture pro6uct ion  may r e f l e c t  b e t t e r  s t a t i s t i c a l  

i n fo rma t ion  r a t h e r  than any r e a l  increases i n  product ion,  and t h a t  f u r t h e r  

increases w i l l  be determined l a r g e l y  by the  k i n d  and ex ten t  o f  support 

provided. The o v e r r i d i n g  f o r c e  i n  development o f  modern aquacul ture i s  

c l e a r l y  a perceived n a t i o n a l  economic and n u t r i t i o n a l  need. Those count r ies  

which have recognized such a need and developed a n a t i o n a l  aquacul ture 

p o l i c y  (Japan and I s r a e l ,  f o r  example), have moved f u r t h e s t  toward s i g -  

n i f i c a n t  product ion,  w h i l e  o ther  coun t r i es  (such as Un i ted  States), w i thout  

a recognized need o r  p o l i c y ,  have made l i t t l e  progress, except t o  increase 

the  amount o f  a v a i l a b l e  techn ica l  i n fo rma t ion .  

Development o f  energy- intensive,  high-technology c u l t u r e  o f  species 

r e q u i r i n g  h igh -p ro te in  d i e t s  w i l l  undoubtedly con t i nue  i n  t h e  nex t  decade, 

especia'l l y  i n  i n d u s t r i a l  i zed  count r ies ,  b u t  s u b s t a n t i a l  p roduct ion  o f  

herbivorous o r  omnivorous species i n  n a t u r a l  waters -- designed t o  y i e l d  

r e l a t i v e l y  low-cost animal p r o t e i n  -- should expand even more r a p i d l y ,  par-  

t i c u l a r l y  i n  developing countr ies,  and p a r t i c u l a r l y  i n  t r o p i c a l  and sub- 

t r o p i c a l  areas w i t h  year-round growing seasons. An important  r o l e  f o r  the 

i n d u s t r i a l i z e d  coun t r i es  (probably f u n c t i o n i n g  through FAO) w i l l  be t o  

improve and promote the  use o f  the  technology r e q u i r e d  f o r  ex tens ive  c u l t u r e  

product ion o f  inexpensive animal p r o t e i n  i n  less-developed p a r t s  o f  the  



wor ld (by such methods as genet ic  s e l e c t i o n  f o r  h i g h  food-conversion 

e f f i c i e n c y  and r a p i d  growth, t e s t i n g  o f  low-cost  d i e t s  from n a t u r a l  

products, t r a i n i n g  o f  technic ians,  e tc . ) .  A d d i t i o n a l l y ,  t h e r e  i s  a 

s i g n i f i c a n t  educat ional r o l e  beyond t r a i n i n g  f o r  product ion -- a r o l e  

i n  encouraging changes i n  d i e t s  and i n  encouraging acceptance o f  aqua- 

c u l t u r e  as a major occupation. The r o l e  o f  aquacu l tu re  i n  i n t e g r a t e d  

r u r a l  development, through p r o v i s i o n  o f  b e t t e r  d i e t s ,  jobs, and cash 

crops, can be s i g n i f i c a n t  i n  developing coun t r i es .  Aquaculture t h e r e  

would be p r i m a r i l y  i n  t h e  form o f  smal l-scale, low-technology, l abo r -  

i n t e n s i v e  operat ions,  conducted i n  lakes and ponds o r  i n  coasta l  

waters. 

The p o t e n t i a l  o f  ocean ranching -- n o t  o n l y  o f  anadromous species, 

bu t  a l s o  o f  coasta l -migratory species -- w i l l  be e x p l o i t e d  w i t h i n  t h e  

nex t  decade, and subs tan t i a l  increases i n  y i e l d s  (as we l l  as augmentation 

o f  f i s h e d  s tocks)  can be expected i n  p r o p o r t i o n  t o  pub l i c  and p r i v a t e  

investment i n  t h i s  e x c i t i n g  new approach t o  f i s h  product ion,  which 

invo lves  r e a r i n g  and-release o f  j u v e n i l e s  t o  fo rage  i n  n a t u r a l  h a b i t a t s .  

An important  q u a l i f y i n g  comnent here would be the  need f o r  cons idera t ion  

o f  impacts o f  in t roduced populat ions on n a t u r a l  stocks, and t h e  need t o  

determine and cons ider  t h e  t o t a l  c a r r y i n g  c a p a c i t y  o f  t h e  ocean areas 

involved.  - 

Expansion o f  food product ion through aquacu l tu re  must be a ma t te r  

o f  n a t i o n a l  p o l i c y  and na t i ona l  p r i o r i t y  -- much as t h e  expansion o f  

d i s tan t -wa te r  f i s h i n g  f l e e t s  was i n  many c o u n t r i e s  ( p a r t i c u l a r l y  Japan 

and t h e  European s o c i a l i s t  coun t r i es )  d u r i n g  t h e  decade o f  the  1960's. 



Inc luded i n  such p o l i c y  would be improvement i n  t h e  techno log ica l  base, 

development o f  l e g a l  p r o t e c t i o n  f o r  aquacul ture en terpr ises ,  c o n t r o l  

o f  coas ta l /es tuar ine  p o l l u t i o n  i n  grow-out areas, and encouragement o f  

c a p i t a l  investment. With i nc reas ins  r e s t r i c t i o n  on harvests from f i s h  

stocks i n  con t i nen ta l  s h e l f  waters of o t h e r  na t i ons  brought about by  

extended f i s h e r i e s  j u r i s d i c t i o n s ,  t h e  aquacul ture o p t i o n  should hecome 

much more a t t r a c t i v e  and compel l ing on a world-wide bas is  as a p r o t e i n  

food source. 

EFFECTS OF POLLUTION 

- We must, i f  we are  t o  r e a l i z e  the  p o t e n t i a l  food product ion  o f  i n -  

shore waters, reduce t h e  massive and i n c r e a s i n g  p o l l u t i o n  load t h a t  has 

a l ready  had s i g n i f i c a n t  l o c a l  impacts on a number o f  comnercial f i s h  and 

s h e l l f i s h  species. Oestruct ion and degradat ion o f  es tua r ies  i s  o f  par-  

t i c u l a r  importance, s ince  many o f  t h e  f i s h e s  o f  t h e  con t i nen ta l  s h e l f  

a re  dependent on these inshore waters, p a r t i c u l a r l y  du r ing  the  e a r l y  p a r t  

C 
o f  t h e i r  l i v e s  (F iqure  2), and most s h e l l f i s h  a r e  harvested i n  es tua r ies  

o r  c l o s e  t o  shore. I n  these very impor tan t  es tuar ies ,  environmental 

degradat ion inc ludes  phys ica l  m o d i f i c a t i o n  by d i v e r t i n g  f r e s h  water ou t f low,  

dredging channels, and f i l l i n g  marshlands -- i n  a d d i t i o n  t o  chemical and 
I 

b i o l o g i c a l  a l t e r a t i o n s  caused by domestic and i n d u s t r i a l  p o l l u t i o n .  

Es tuar ine  populat ions o f  c o m e r c i a l  species d e c l i n e  and disappear as 

i n d u s t r i a l  p o l l u t i o n  makes cond i t i ons  f o r  l i f e  untenable -- o r  the  su r -  
t 

v i v o r s  o f  these species are l e g a l l y  excluded from markets because they 
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Figure 2. Contaminant e f f e c t s  on t h e  l i f e  cyc le  staqes o f  a bottom- 

d w e l l i n g  f ish,  the  w i n t e r  f lounder .  
-.. 



a re  contaminated and represent a danger t o  the health of human consumers. 

This process continues and accelerates  a t  the present time. For example, 

each year there i s  a net  loss  nat ional ly  of about 1.2 percent of United 

States  she l l f i sh  growing areas due t o  legal c losure  because of increasing 

coastal/estuarine pollution.  As human populations on the  rims of the  

oceans ( the  bays and es tuar ies  par t i cu la r ly )  increase ,  pressures increase 

proportionately t o  remove water areas from both production of food and 

from use a s  recreational areas, and instead s a c r i f i c e  them t o  so-called 

" industr ia l  progress". We cannot t a lk  sensibly about potential  food pro- 

duction from areas t ha t  have been abused in t h i s  way. 

In terms of pol lut ioc  impacts on abundance of natural populations of 

f i s h ,  i t  i s  important t o  make as r e a l i s t i c  an assessment as possible. This 

is d i f f i c u l t  because pollution i s  only one of many environmental factors  

t h a t  a f f ec t  survival and well-being of marine orqanisms. A t  present i t  i s  

possible t o  ident i fy  severe localized e f f ec t s  of pol lutants  on f i s h  and 

she l l f i sh  i n  bays and es tuar ies ,  and i t  i s  possible t o  demonstrate experi- 

mentally t h a t  ~ o n t a m ~ n a n t s  such a s  heavy metals, petroleum hydrocarbons and 

synthet ic  chlorinated hydrocarbons, can k i l l  o r  in jure  individual animals, 

but i t  is almost impossible t o  demonstrate general e f f ec t s  of environmental 

pollution on the  abundance of resource species. I t  may be t ha t  such e f f ec t s  

a r e  occurring, b u t  our baseline data and our monitoring programs do not ye t  
- 

provide adequate data t o  separate pollution e f f e c t s  from the "background 

noise" of effects  of natural  fac tors  on changes in  abundance of marine 

species. 



Severe l o c a l i z e d  p o l l u t i o n  problems e x i s t  i n  many bays and es tuar ies .  

which are,  o f  course, prime aquacul ture areas. Use o f  inshore  waters f o r  

food product ion  i s  abso lu te ly  incompat ib le  w i t h  t h e i r  use as waste dumping 

and d ischarge s i t e s  f o r  an expanding human popu la t ion .  There can be no 

quest ion o f  mu1 t i p l e  use o f  these waters -- we must make a f i r m  and per-  

manent commitment o f  c e r t a i n  water  areas t o  food product ion,  i f  marine 

aquacul ture i s  t o  have any f u t u r e  i n  t h e  i n d u s t r i a l i z e d  nat ions .  Water 

q u a l i t y  i s  an o v e r r i d i n g  cons idera t ion .  

An a l t e r n a t i v e  might  be c u l t u r e  o f  marine species i n  complete ly  

a r t i f i c i a l  environments -- t o t a l l y  wi thdrawing from dependence on the  

na tu ra l  envirbnment a t  any stage i n  t h e  l i f e  cyc le  o f  the  c u l t i v a t e d  

species. This  may be feas ib le ,  e s p e c i a l l y  f o r  s h e l l f i s h ,  where brood 

stocks cou ld  be mainta ined i n  t rays ,  where l a rvae  cou ld  be fed  w i t h  

c u l t u r e d  algae i n  a r t i f i c i a l  sea water ,  and where growth t o  market s i z e  

cou ld  occur on racks i n  f e r t i l i z e d  a r t i f i c i a l  ponds. A t  present  these 

c losed cyc le  a r t i f i c i a l  systems, w h i l e  poss ib l y  represent ing  a worthwhi le  

long-term goal,  a r e  we l l  ou ts ide  any c o s t - e f f e c t i v e  l e v e l ,  and, somehow, 

t h i s  r e t r e a t  t o  a r t i f i c i a l  energy demanding systems seems almost l i k e  an 

admission o f  defeat .  Surely we should be i n t e l l i g e n t  enough t o  devise 

ways t o  take  advantage o f  the  tremendous p r o d u c t i v i t y  o f  estuar ine/coasta l  

waters as a p r i n c i p a l  source o f  p r o t e i n  food f o r  t h e  human species. 

There has been much t a l k  o f  c l ean ing  up t h e  aquat ic  environment, 

and much pub1 i c i t y  g iven t o  a few f i s h  reappear ing i n  r i v e r s  t h a t  u n t i l  

r e c e n t l y  were too  f o u l  f o r  t h e i r  s u r v i v a l .  Unfor tunate ly ,  much o f  the  



ga in  i n  r i v e r s  and canals has been a t  the  expense o f  t h e  es tua r ies  and 

coas ta l  waters -- we have s imply moved much o f  t h e  p o l l u t i o n  problem 

seaward. 

Decisions made now about t h e  ex ten t  t o  which degradat ion o f  

es tuar ine /coas ta l  waters should be al lowed t o  cont inue can have a very 

important  bear ing  on aquacul ture i n  t h e  f u t u r e .  I f  t h e  edges o f  t h e  

sea are  considered important  t o  t h e  n u t r i t i o n  o f  f u t u r e  wor ld  populat ions 

(and I b e l i e v e  they should be) then ac t i ons  must be taken now n a t i o n a l l y  

and i n t e r n a t i o n a l l y  t o  ensure t h a t  such product ion  areas w i l l  be a v a i l -  

ab le  t o  meet t h e  developing need f o r  p r o t e i n  food. We cannot a f f o r d  t o  

delay f a c i n g  r ' e a l i t i e s  i n  food product ion  (as we have w i t h  wor ld  petroleum 

consumption) u n t i l  a  c r i s i s  i s  imninent.  

As a footnote,  there  i s  one p o s i t i v e  aspect o f  what we have termed 

" p o l l u t a n t s "  -- which i s  t h a t  domestic sewage wastes are  made up p r i n -  

c i p a l l y  o f  organic n u t r i e n t s  which can enhance n a t u r a l  p r o d u c t i v i t y  o f  

coas ta l /es tuar ine  waters. Such domestic wastes can serve as f e r t i l i z e r s  

i f  very c a r e f u l l y  c o n t r o l l e d  i n  amounts per  u n i t  area o f  water  surface, 

and i f  f r e e  o f  t o x i c  p o l l u t a n t  chemicals. Growth r a t e s  o f  molluscan 

s h e l l f i s h  and c e r t a i n  o the r  marine species can be increased d ramat i ca l l y  

[ 
by such l i m i t e d  add i t i ons  o f  organics.  I f  proper a t t e n t i o n  i s  given t o  

p r o t e c t i o n  o f  p u b l i c  hea l th  (poss ib l y  by depura t ion  procedures), t he re  

i s  no reason why t h e  organic n u t r i e n t  res idues cannot become a p o s i t i v e  

f a c t o r  i n  nearshore p r o d u c t i v i t y ,  j u s t  as they  have long been on land. 



PROPOSALS FOR THE FUTURE 

A concise statement o f  n a t i o n a l  qoals f o r  t h e  Un i ted  States i n  f i s h  

and s h e l l f i s h  product ion  might be (1 )  t o  understand and manage e f f e c t i v e l y  

t h e  renewable n a t u r a l  resource base, i n c l u d i n g  development and u t i l i z a t i o n  

o f  u n d e r u t i l i z e d  and u n u t i l i z e d  stocks, and (2). t o  supplement t h i s  base 

w i t h  aquacul ture product ion  where f e a s i b l e .  

F i she r ies  on Natura l  Populat ions 

The con t i nen ta l  shelves o f  t h e  wor ld w i l l  con t inue t o  produce f i s h  

and s h e l l f i s h  i n  amounts governed by b i o l o g i c a l  p r i n c i p l e s  o f  sus ta inab le  

y i e l d s ,  by act;ons o f  f i s h e r i e s  management bodies s e n s i t i v e  t o  those p r i n -  

c ip les ,  and by f i s h i n g  power o f  nat ions.  

Obviously, t o  r e a l i z e  f u l l y  t h e  p o t e n t i a l  p r o d u c t i v i t y  o f  the  oceans 

we need g rea te r  knowledge o f  the  resource popu la t ions  and t h e i r  dynamics, 

and we need b e t t e r  methods o f  l o c a t i n g  and c a t c h i n g  marine animals., e s p e c i a l l y  

those i n  t h e  lower l i n k s  o f  the food chains. ble must keep i n  mind t h a t  we 

are dea l i ng  w i t h  renewable resources t h a t  a r e  h i g h l y  mobi le,  v e r t i c a l l y  and 

h o r i z o n t a l l y  (except f o r  s h e l l f i s h ) ;  t h a t  can change i n  concent ra t ion  and 

l o c a t i o n  d a i l y  o r  seasonal ly;  and t h a t  r e a c t  t o  v a r i a t i o n s  i n  a  number o f  

environmental f a c t o r s  such as s a l i n i t y ,  temperature, and a v a i l a b i l i t y  o f  

food. We must understand t h e  popu la t ion  dynamics -- b i r t h ,  growth, repro-  

duct ion, l ongev i t y ,  death -- o f  e x p l o i t e d  species t o  permi t  proper manage- 
( 

ment, and we must a l s o  understand how marine popu la t ions  i n t e r a c t .  Only 

w i t h  such knowledge can we manage the  e n t i r e  eco log i ca l  complex e f f e c t i v e l y ,  



and p r e d i c t  d i s t r i b u t i o n ,  abundance, and popu la t i on  responses t o  human 

predat ion. The u l t i m a t e  management form f o r  n a t u r a l  s tocks must be 

" t o t a l  ecosystem management", which inc ludes  t h e  h a b i t a t  and t h e  popu- 

l a t i o n s  which a c t  as prey, predators o r  compet i tors.  Th is  l e v e l  o f  

resource management i s  a t t a i n a b l e  bu t  t h e  l e v e l  o f  understanding 

requ i red  w i l l  be d i f f i c u l t  and expensive t o  achieve. 

Wi th in  t h e  concept o f  t o t a l  ecosystem management, marine "range 

management" can be e f f e c t i v e  i n  t h e  near  term i n  areas o f  h i g h  p r o d u c t i v i t y  

on t h e  con t i nen ta l  shelves. The degree o f  c o n t r o l  i s  l a r g e l y  dependent on 

depth o f  water and t h e  c o n f i g u r a t i o n  o f  the  shore l ine .  Coves and bays may 

be fenced o r  dtked, predators o r  unwanted compet i tors ma.v be s e l e c t i v e l y  

removed, s a l i n i t i e s  may be manipulated, and f e r t i l i z e r  may be app l ied .  

These methods grade i n t o  t h e  degree o f  c o n t r o l  t h a t  i s  p r o p e r l y  c a l l e d  

aquaculture. 

I n  open waters, range management might  take  the  form o f  crop r o t a t i o n ;  

p a r t i c u l a r  f i s h i n g  grounds might  be e x p l o i t e d  f o r  a  c e r t a i n  number o f  months 

o r  years, then f i s h i n g  pressure cou ld  be sharp ly  reduced f o r  a  subsequent 

period. There i s  some concern t h a t  we are d e p l e t i n g  stocks o f  va luab le  

species on some f i s h i n g  grounds w i t h  present  s e l e c t i v e  f i s h i n g  methods and 

thereby p e r m i t t i n g  expansion o f  popu la t ions  o f  l e s s  des i rab le  species. 

Assuming t h a t  some market can be found f o r  a l l  species -- e i t h e r  as food, 

as f i s h  meal, o r  as f i s h  p r o t e i n  concentrate,  a  poss ib le  management p lan  

L could be evolved t h a t  would encourage r e t e n t i o n  and use o f  a l l  species 

and s izes  taken i n  t raw ls ,  b u t  would r e s t r i c t  f i s h i n g  t o  a  r a t h e r  r i g i d  



pattern -- t o  cer ta in  squares of a checkerboard overlay of the fishing 

grounds, or  t o  cer ta in  longitudinal t r a c t s  through the grounds. Such 

areas could be shif ted annually o r  in some longer time sequence. T h i s  

form of management involves the e n t i r e  productive ecosystem, of which 

the exploited species a r e  only a par t .  

Aquaculture 

Despite some successes i n  production of a few f i sh  species in fresh- 

water aquaculture (pr incipal ly  t rou t  and c a t f i s h )  i n  the United S ta tes ,  

we cannot claim t h a t  marine aquaculture has y e t  reached a comparable stage 

of development. A t  present marine cul ture  is a high-risk venture w i t h  a 

number of uncontrolled variables.  The necessary technolcgy i s  being 

developed, but there  i s  s t i l l  a substantial  amount of " a r t "  involved in 

rearing marine animals. With a few notable exceptions, which involve sub- 

s tan t ia l  financial comnitments by a few large companies, much o f  the  aqua- 

culture research and development in t h i s  country has been done by small 

underfinanced private ventures, or  by underfinanced government programs. 

Large-scale research and development programs, adequately funded f o r  a 

number of years,  and representing jo in t  industry-university-state-federal 

action,  a r e  needed for  each of t he  species which seem most amenable t o  

culture.  Emphasis must be placed on development of inexpensive, chemically 

defined, probably pelletized food; on genetic select ion for  rapid growth; 

disease resistance and sui table  market qua1 i t i e s  ( f lavor ,  texture ,  color)  ; 

and on automated production systems. The present methods of poultry 



product ion  and market ing i n  the Un i ted  Sta tes  prov ide  an e x c e l l e n t  model 

and i l l u s t r a t i o n  o f  what might be accomplished, desp i te  con t i nu ing  

economic problems i n  t h a t  indus t ry .  Economic v i a b i l i t y  i s  o f  course the  

f i n a l  c r i t e r i o n  o f  success. 

An i n t e r e s t i n g  p o s s i b i l i t y  i s  t h a t  marine aquacul ture may be 

developed i n  the  Un i ted  States i n  p a r t  t o  p rov ide  r e c r e a t i o n a l  sa l t -wa te r  

f i s h i n g  -- much as t r o u t  ha tcher ies  were developed e a r l y  i n  t h i s  century  

t o  p rov ide  f resh-water  angl ing. C u l t i v a t e d  marine f i s h  such as snappers 

and groupers cou ld  be used t o  s tock  a r t i f i c i a l  r ee fs ;  c u l t i v a t e d  crabs 

and l o b s t e r s  cou ld  be used t o  s tock s k i n - d i v i n g  areas; and c u l t i v a t e d  

C ciams cou ld  be seeded i n  inshore r e c r e a t i o n a l  areas -- j u s t  as examples 

o f  the  p o s s i b i l i t i e s .  It may be t h a t ,  as w i t h  t r o u t  hatcher ies,  a s i g -  

n i f i c a n t  amount o f  t h e  needed marine research and development work cou ld  

be accomplished f o r  t h e  i n i t i a l  purpose o f  supp ly ing  rec rea t i ona l  f i s h i n g ,  

and t h a t  i n  t ime (as w i t h  commercial t r o u t  p roduct ion)  t h e  c u l t u r e  

operat ions would be economically f e a s i b l e  i n  themselves. There i s  s t i l l  

C some quest ion, however, whether a "put  and take"  p o l i c y  such as t h a t  used 

t o  meet ' the needs o f  f r e s h  water ang lers  would be economical ly and ecolo-  

g i c a l l y  f e a s i b l e  i n  the  oceans. 

[ There are  o f  course o ther  methods t o  increase aquacul ture product ion.  

Comnercial catches o f  some species may be augmented by "ocean ranching" ,  

an a c t i v i t y  i n  which young animals a r e  reaped beyond the  most vu lnerab le  

e a r l y  l i f e  h i s t o r y  stages and then re leased i n t o  coas ta l  water;. Some 



beginnings a r e  being made with ocean ranching of salmon in the Pacif ic  

Northwest, and the Japanese are attempting s imilar  augmentation of 

coastal migratory species such as shrimp and red sea bream. Such 

methods could be used as well in the future  w i t h  ce r ta in  endangered or  

severely depleted species. 

Another interest ing possibi l i ty  i s  t ha t  marine aquaculture on a 

large scale may be vigorously supported as a policy by cer ta in  countries 

other than the United States  which are  interested i n  large quant i t ies  of 

animal protein. Through del iberate  programs of pr ice  support, subsidy, 

or  massive government research, development and production, some of the  

marine and estuarine animals tha t  feed d i r ec t ly  on plant plankton (oysters ,  

clams, some herring-like f i shes ,  and others)  could be produced i n  great  

quantity. Nations w i t h  t igh t ly  controlled economies might well t ravel  

t h i s  route, i f  f ishing on natural stocks decreases i n  productivity, o r  

i f  t he i r  vessels a r e  excluded from major f ishing grounds because of 

extended national jur isdict ion.  

CONCLUSIONS 

Keeping i n  m i n d  the many qual i f icat ions  and obstacles discussed i n  

previous sections,  i t  seems that  a number of general statements a b u t  

food production fron aquatic sources can be made. 

1. The oceans are  now and will continue t o  be a very important source 

of high quali ty protein essential  for  human existence and well-being. A t  

present, f i sher ies  ( f resh water and marine) provide an estimated 14 per- 

cent of the animal protein consumed by man. 



2. Production of protein food from the oceans t r ip led  during the 

two decades from 1950 t o  1970, and has s tab i l i zed  s ince then a t  about 

60 million tons. There are s t i l l  s tocks of underutilized and unutilized 

marine animals -- part icular ly  smaller forms (under 6 inches) and 

especial ly  the herring-like f i shes  -- t h a t  must form the basis fo r  any 

substantial  increase i n  t o t a l  ocean food production from natural 

populations. 

3. Annual production of protein food from fresh water has been 

estimated a t  about 10 million tons,  which may be a very conservative 

figure. Although some production i n  industr ia l ized nations i s  derived 

fron high technology cul ture  of salmonids, most of  world fresh-water 

production i s  from carps,  t i l a p i a ,  and other  herbivorous or  omnivorous 

species,  par t icular ly  in Asia. Expansion of production depends on 

avai lable  water supply. 

4.  Aquaculture offers  potential  avenues fo r  increased production. 

Though now a small contributor ( l e s s  than 10 percent)  t o  t o t a l  food 

production from aquatic sources, i f  properly developed i t  could eas i ly  

provide a much la rger  percentage of the t o t a l .  Coastal and es tuar ine  

areas seem most su i tab le  fo r  expanded e f f o r t s .  For the  foreseeable 

[ fu ture ,  however, marine aquaculture will  produce l imited quant i t i es  of 

high-priced seafood, and will become a major source of inexpensive animal 

protein only i f  national policies and needs so d i c t a t e .  



5. Multiple uses by man of f resh and s a l t  waters have led t o  

6 -- habi ta t  degradation t h a t  has adverse a f f ec t s  on l i v ing  resources and 

i s  a serious deterrent  t o  aquaculture. Because of recent pollution 

abatement measures, some improvements have been noted in fresh waters, 

f b u t  pollution of coastal and es tuar ine  waters i s  increasing. Serious 

steps toward environmental management must be taken i f  food production 

from such waters i s  t o  be maintained o r  increased. 

( , 6. Despite decades of research, the  problems of understanding and 

manipulating the  dynamics of food production in t he  sea a re  s t i l l  enormous. 

A t  present our knowledge i s  inadequate, and some of i t  may be based on 

misconceptions. As a noted marine biologis t  observed two decades ago, the  

oceans t ru ly  represent a f ron t i e r ,  not only in the  l i t e r a l  sense, b u t  a l so  

a s  a f ron t i e r  in the  minds of men -- as  the  boundary between knowledge 

and ignorance (Wal ford,  1958). 

I n  summary, there i s  some basis f o r  expecting modest increases in 

production of animal protein from aquatic sources. T h i s  will not be the  

panacea t h a t  some search f o r ,  b u t  r a ther  the  gradual potential increase 

tha t  can accompany serious attempts a t  management of w i l d  stocks, and 

national comnitments t o  aquaculture development. 
[ 
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