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World production of food from aquatic sources reached a plateau l u r ing  

' t he  1970's. Total y ie lds  o f  fi;hery products approximated 70 mill ion tons,  

including about 10 million from f resh  water. Aquaculture production ac- 

counted f o r  almost 10 percent o f  t he  t o t a l .  United S ta tes  production from 

c o m r c i a l  f i s h e r i e s  is cur ren t ly  only about 3 million tons. 

Capacity f o r  fu ture  expansion o f  production from aquat ic  sources ex i s t s ,  

but  f i s h e r i e s  on natural  populations will.be dependent on well-nanaged but 

l imi ted  stocks of " t rad i t iona l"  species ,  and on increased u t i l i z a t i o n  of 

"non-traditional" species.  Greatest  expansion potential  i s  i n  aquaculture, 

pa r t i cu l a r ly  i n  es tuar ine/coasta l  waters, but t o  some extent  i n  f resh water 

as well. The next two decades should s ee  t h e  para l le l  development of cul ture  

of  herbivores and omnivores y i e ld ing  low-cost animal prote in ,  and high tech- 

nology intensive cu l tu r e  y i e ld ing  high u n i t  value products. 

Effect ive  environmental iMnagement will be a key t o  continued o r  

increased production o f  prote in  food from aquat ic  sources. Coastal/estuarine 
- -  

pol lut ion is a c r i t i c a l  present problem, espec ia l ly  near high dens i t i es  of 

human population. I t  is a problem. amenable t o  solut ion,  i f  national and 

world p r i o r i t i e s  f o r  food-production so d i c t a t e .  
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INTRODUCTION 

Whenever t he  i n t e r r e l a t ed  subjec ts  of world popglation and world protein 

production a r e  discussed, t h e  conversation ult imately gets around t o  the  role 

t h a t  aquatic animals can, and undoubtedly will, play i n  meeting fu tu re  human 

nut r i t iona l  needs.. I t  seems important, therefore  t o  assess as  object ively 

and candidly a s  possible,  t he  present and potential  contributions from the 

.aquatic environment t o  t h e  protein food supply -- t o  s o r t  out  t he  myths from 
. . 

t he  ' r ea l i t i es .  The so r t i ng  process can be a sobering experience, par t icular ly  . . 

fo r ' t hose  who fee l  t h a t  somehow, if famine s t a l k s  t h e  land, the seas  will  

provide. 

Since over 70% of t ho  ea r th ' s  surface is covered by water, and s ince an 

enormous amount of  plant and animal.production goes on in  t he  world's oceans 

and fresh water, it should be reasonable t o  expect a g rea te r  food y i e ld  than 

we have had so f a r .  The anlount of increase tha t  is possible is a subject  of 

much discussion and extensive misunderstanding.. I t  seems evident,  though, tha t  
. . 



any increased y i e ld  from the oceans will not be food of plant  o r ig in ,  since 

the predominant plant production there  is i n  t he  form of microscopic algae 

not e a s i l y  harvested o r  utilized. by humans. The importance of  t he  ocean 

now and in  the  foreseeable future  i s  and will be a s  a source of animal 

protein ( a t  present about 13% of the  world's animal protein is derived 

from aquat ic  sources).  

Rea l i s t i c  appraisals  o f  the productive potential  o f  t he  oceans have 

been made recently.  I t  has become c l e a r  t h a t  i n  the  sea ,  j u s t  as on land, 

there  a r e  great  areas  of  very low productivity.  Most o f  t h e  r e a l l y  pro- 

ductive areas  huddle c lose t o  shore, over t he  continental shelves and in 

t h e  es tuar ies ,  o r  follow t h e  grea t  current  systems o f  t h e  oceans. Ninety 

percent of t h e  world's catch of  f i s h  is taken on the continental  shelves, 

but l e s s  than 10 percent of the  ocean surface is over t h e  shelves. Further- 

m r e ,  we s t i l l  'do not "harvest" most species i n  the  real  sense, because we 

. have no control over plant ing or. surv iva l ,  nor do we f u l l y  understand the 

extent  of the standing crop o r  the-dynamics of i t s  production. The marine 

f j she r i e s  s t i l l  e x i s t  l a rge ly  a t  a hunting economy level  (o r  a t  best  a 

primitive range management l e v e l ) ,  except f o r  slow inroads being made by 

l ega l ly  const i tuted national and internat ional  f i she r i e s  management bodies, . 
and by the ha l t ing  emergence of aquaculture a s  a s ign i f i can t  f ac to r  i n  aquatic 

- ,  ' 

food production. 

There is a l a rge  amount of current a c t i v i t y  i n  t h e  United S ta t e s  and 

elsewhere concerned with managercent of natural  populations of f i s h  and shell-  

f i s h ,  as  well as  aquaculture development. blith.the enactinent of t he  Fisheries 

Conservation and Management Act of 1976, the  United States  assumed f i sher ies  



. 
ju r i sd ic t ion  on i ts  continental  shelves. and i s  now in the ear ly  and painful . 
throes of attempting rat ional  conservative management of fi,sh stocks.  some 

o f  which had been heavily expl'oited and depleted by e f f i c i e n t  foreign 

distant-water f l e e t s  s ince  the  e a r l y  1960's. Other nations have extended 

t h e i r  f i she r i e s  j u r i sd i c t ions ,  and there  a r e  numerous e f f o r t s  -- national 

and international -- t o  manage f i sh  stocks to 'ensure  sustained y ie lds  of 
- 

" t rad i t iona l"  species.  There a r e  a l so  continuing e f f o r t s  t o  expand f i she r i e s  

, to  underutilizect o r  unut i l ized "non-traditional" species wherever they e x i s t  

i n  adequate concentrations i n  t h e  world oceans. 

Concerning'aquaculture, a federal  interagency committee is a t  present 

d ra f t ing  a 'ational aquaculture plan f o r  t he  United S ta tes ,  and aquaculture 

.development b i l l s  have been introduced yearly (without success so f a r )  s ince  

1977. The National Oceanic and Atmospheric Administration (NOAA) supports 

aquaculture research and development programs a t  several  of i t s  National 

Marine Fisheries Service labora tor ies  and through grants  t o  univers i t ies  

f r b m  its Office of Sea Grant. The Department of In t e r io r  i s  responsible f o r  

'fresh-water aquaculture, and o the r  federal  agencies a r e  involved i n  l esser  ways. 

The Department of  Agriculture was named lead agency f o r  aquaculture i n  t he  

Food and ~ a r i c u l t u r e  Act_-of 1977. . In te rna t iona l ly ,  FA0 haf an act ive program 

of f i shery  development i n  many nations,  . . with aquaculture one of  t he  foci. 

The International Council . fo r  t h e  Exploration of the  Sea has taken new i n t e r e s t  

i n  marine aquaculture s ince 1977, and has a number of working groups involved 

i n  areas  such a s  pathology, fntroductions of non-indigenous species ,  and 

genetics.  Additionally, there  a r e  numerous b i l a t e r a l  a c t i v i t i e s  around the  

.world, such a s  t he  United States-Japan Natural Resources Panels on Aquaculture 
' 

(WNR) , encouraging j o i n t  projects  and exchange of technology. 



This paper a t t e ~ p t s  to look broadly a t  food production from aquatic . 
sources, with emphasis on marine contr ibut ions  -- present and potent ia l .  

The emerging ro l e  of aquaculture,  despi te  s i gn i f i can t  cons t ra in t s ,  i s  also 

considered against  a background o f  continued production from f i s h e r i e s  on 

natural  stocks. 

FISHERIES ON NATURAL STOCKS 

Despite t he  l im i t a t i ons  of our vis ion,  t he re  i s  cause f o r  reasoned 

optimism when considering food production from t h e  world's oceans. 

During the  period 1950 t o  1970 harvests from f i s h e r i e s  on natural  popu- 

l a t i o n s  of marine animals t r i p l e d ,  w i t h  an averace annual increase i n  

landings of about s i x  percent,  from eighteen mill ion tons i n  1950 t o  60 

mill ion tons i n  1970. (The catch from fresh water i n  1970 was estimated 

a t  j u s t  over 10 mil l ion tons ,  making a grand t o t a l  from aquat ic  sources 

of about 70 mil l ion tons) .  Beginning i n  the 1960Bs ,  f i s h e r i e s  on natural 

stocks were dominated by highly e f f i c i en t  f l e e t s  of "odirn f i sh ing  vessels,  

p r inc ipa l ly  from the  European s o c i a l i s t  countries (Figure 1 ) .  Production 

peaked i n  1970, then leveled o f f  and even declined s l i g h t l y  during the  

cur ren t  decade, due i n  par t '  t o  a reduction i n  herr ing and ~ e r u v i a n  anchovy 

catches a n d  t o  the  very r e i e n t  r e s t r i c t i o n  of f i s h e r i e s  r e su l t i ng  from . . 
extension of f i s h e r i e s  j u r i sd i c t i on  out on t he  coptinental  shelves by a 

number of nations,  including t h e  United States .  

Constraints on increases ' jn  food production from marine f ishery sources 

a r e  severe. A number of s tocks  of " t rad i t iona l"  food species ,  such a s  cod, 

haddock, ce r t a in  f lounders,  l obs t e r s  and redf ish,  a r e  f u l l y  exploited,  and 

have been in  s o k  instances oveCcxploited; landings in  recent years have, 



Figure 1 .  .Soviet  factory trawler of'2500 tons photographed on Georges Bank 
i n  t h e  Northwest Atlant ic  in  1969. 



been sustained by development of f i she r i c s  f o r  non-tradit ional species. 

Costs associated with f i sh ing  -- par t icu la r ly  fuel  costs  -- have escalated 
.. 

.alarmingly, and concern has b e ~ n  .&pressed about inpacts of coastal pol- 

lu t ion on f i she r i e s .  

. . .  Despite these cons t ra in t s ,  e s t i r a t e d  production from lfnited States  

. - comer;ial f i s h e r i e s  i n  1978 was a record 3 mill ion tons, with an ex- 

vessel value of $1 - 8  b i l l i o n  ( the  previous'record was 1962 with 2.7 million 
. . 

tons).  Leading species  i n  1978 were ( i n  quant i ty)  menhaden, crabs,  shrimp 

and salmon) and ( i n  value) shrimp, crabs, salmon and tuna). These a r e  a l l  

. . food specfes w i t h  -high uni t  value, except f o r  menhadenwhich is processed 

f o r  f i s h  meal and o i l .  This record catch s t i l l  cons t i tu tes  only about 5 

.percent of t he  world t o t a l ,  despi te  t he  f a c t  t h a t  the  continental shelves 

'of  t he  United S ta t e s  a r e  among t h e  most productive in  t he  e n t i r e  world. 

(By comparison, t h e  estimated harvests by Japan and USSR were each in  excess 

; . of 10 mill ion tons).  

Many knowledgeable f ishery s c $ e n t i s t s  have accepted an annual global 

-production of rouqhly TOO million tons of t rad i t iona l  f i sh  species as  a 

maximum expected y i e l d  from the oceans, with an uncomfortably l a rge  range -- 
from 21 mill ion tons t o  two b i l l i on  tons (and with one e s t i m t e  by Graham and 

c- - 
Edwards (1962) a t  60 mill ion tons) .  More recent ly  this f igure  of 100 million 

tons has been revised downward (~ennemuth, 1979); and the  present catch 

of 60 mill ion tons of  t r ad i t i ona l  species seems more plausible on a sustained 

basis.  ( I t  should be recognized. though, t ha t  t h i s  estimate would be con- - 
sidered very conservative by some au tho r i t i e s ,  who cl ing t o  the  100 million 

ton o r  higher sustained y i e ld  estimate. Also, the e s t i m t e  does not take 
. . 

in to  account changes i n  marine climate, which may a f f ec t  future  y ie lds  of  

. important species).  



Further increase in world food production from the  sea is feas ib le ,  

but it  will depend more and more on u t i l i za t ion  of natural stocks of non- 

" t r ad i t i ona l  species now underharveited (such a s  squids, ~ n t a r c t i c  k r i l l ,  

and some of the  small herr ing- l ike f i shes)  o r  not harvested (such as  

, lantern f i shes ) ;  on technological advances t h a t  increase the eff ic iency 

of capture; on b e t t e r  u t i l i z a t i o n  of  f i sh  t h a t  - a r e  harvested ( a  greater  

percentage of  t he  catch used f o r  d i r ec t  human consumption, ra ther  than 

f o r  f i sh  meal and o i l ) ;  and on solution of  economic, environmntal and 

in s t i t u t i ona l  problem which now suppreSs expansion of  marine aquaculture. 

: . ' 

Glorld food production from aquaculture now cons t i tu tes  about ten percent 
. . 

of t o t a l  f i she r i e s  production, and the re  have been substant ia l  advances 

i n  t h e  technological base f o r  aquaculture, f o r  marine as well as  f resh-  
. .  . 

.water species. ~. .~ - -  -~ .. --. - .. ~ . - ~ .~ ~. - .  . - ~. .. . -~ . . ~ .  - ~. . .~ .~ - . - -  ~ 

. 

In examining world f i s h  c a t c h _ s t a t i s t i c s .  i t  is important  to-note ~. . . . - .. -. ~ ~~ -... ~ ~ 

.. . 

. . t h a t  over one t h i r d  of t he  tota1:is  not used d i r ec t ly  as  human food, but 
. . !.. . . . . ~  . . 

is processed i n t o  fish meal and o i l  a n d   the^ meal. is fed. t o  domeiticated 
. - ~ ~ 

~ .~ 

ariinials in  those few countr ies  that:can afford such expensive animal protein. 
--,-... ~ -,- - -. . ~ ~~ 

. ~ .. ~ .. .~. .. - -~ - ~- -~ 
t'. . -~ . - 

~ 

Thus the f i s h  become food f o r  humans, b u t  i n  a somewhat i ne f f i c i en t  way, 
~ . .  - ~ -. . - 

, . .~. . . . . . . . ~. . . .  

considering ttie l o s s  during conversion of f i s h  protein t o  pig o r  chicken 
" 

protein  .. (a l o s s  of 60 t o  -70%). . The ineffi-ciency be comes^ much l e s s  s ig -  . ~. . .~ 

n i f i can t ,  however, when . .. f i s h  which' are  _c.onsi.dered: i ned ib l e  o r  ,undesirable 
.~ ~ 

a s  food' f o r  people a r e  turned in to  pork o r  chicken.. Despite t h i s ,  there  
-. . ~ 

~ - ~~ .. . 
~ 

. . - -  - -  

i s  s t i l l  a challenge t o  f ind ways-in which fish proteins 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  avoid the  inev i tab le  l o s s  i n  conversion. 
. - *. .-.:- . ~ .~ ~ . . ~ - 

, - . . . .  ~ . 



AQUACULTURE 

Aquaculture, defined a s  the  cu l tu re  o r  husbandry of aquatic organists 

i n  f r e sh  o r  s a l t  water, yielded an estimated s i x  mill ion metric tons of  

food i n  1975 -- l e s s  than ten  percent of the  world production o f  f ishery 

products*. Yields from aquaculture doubled i n  t h e  period 1970 to  1975, 

. according t o  FA0 s t a t i s t i c s ;  much .o f  t he  increase  was i n  high-unit-value 
. . 

.: species  i n  developed countr ies .  Some countries now depend on aquaculture 
. . 

f o r  a s i gn i f i can t  pa r t  o f  f i s h  and s h e l i f i s h  production. Japanese aqua- 

. culture production increased f ivefo ld  ( t o  500,000 metric, tons)  i n  t he  

period 1970 to-1975 ( F i g r e  2), while Israel  now derives almost half  i t s  

f i n f i s h  production from aquaculture. Additionally, t he re  has been expansion 

o f  t r ad i t i ona l  cu l tu r e  pra;tices f o r  carp, milkf ish ,  t i l a p i a ,  and o the r  

spec ies  i n  many countr ies ,  pa r t i cu l a r ly  i n  Asia. 

.. Aquaculture i n  t he  United S ta tes  

.. United s t a t e s  aquaculture production i n  1975 was estimated a t  only 

65,000 metric tons -- s l i g h t l y  more than two percent o f  U. S. f i s h  and shel l -  

f i s h  landings and about one hundredth o f  estimated world aquaculture production. 

Even t h i s  l imited amount s t i l l  const i tu ted ( i n  1975) about a quar te r  of our 
i 

salmon production, about two-fif th of our oys te r  production, and about h a l f  

of our ca t f i sh  and crawfish production. 

*This may be an underestimate, i n  t h a t  estimated aquaculture production from 

f resh  waters o f  the  People 's  ~ e ~ u b l i c  of China has recent ly  been revised 

upward by some informed observers (Ryther, 1979), t o  be i n  excess of 

,10 million tons. 
. . 





Aquaculture in  t h e  Llnited S ta tes  must look t o  fresh water for  i t s  p ~ s t  - 

successes. Aquaculture of t r o u t ,  salmon, and c a t f i s h  in fresh . . water is 

. well established. Trout a n d s a l i n n  cul ture  began ear ly  in  the century to  

be an important f a c t o r  i n  spor t  f ishery production and stream rehabil i ta-  

r t ion ;  ca t f i sh  cu l tu re  in  the  southeastern s t a t e s  has been a viable and 

expanding industry f o r  over a decade. 'Recent exc i t ing  developaents in 

f r e sh  water include t h e  successful expansion of  introduced populations of 

salmon i n  t h e  Great Lakes, p i lo t - sca le  polyculture of fish i n  ponds, and 

t h e  c o m r c i a l  success of  crayf ish and minnow cul ture  in  t he  southeastern 

s t a t e s .  

Future expansion o f  United S ta tes  aquaculture should be i n  estuarine 

and coastal  waters, w i t h  salmon, shrimps, and bivalve moll uscs leading 

candidates (Kaul and Sindermann, 1973). The his tory of salmon production 

on the  west coast  of t h e  United States  includes a number of  d r a m t i c  

changes -- high l e v e l s  of natural  production i n  t he  ear ly  days of the 20th 

century; d r a s t i c  decl ine due t o  overfishing, buildinq of dam and increasing 

indus t r ia l iza t ion ;  pa r t i a l  rebuilding of stocks w i t h  t he  development of a 

system of public hatcher ies ;  and most recently,  the  exploration of pen 

cu l ture  i n  sea water and the  beginnings of p r iva te  ocean ranching of salmon 

i n  t h e  Pac i f ic  Korthwest. . . 
Shrimp production in  the  united S ta tes  has long been dominated by the 

Gulf o f  Mexico f i shery  on penaeid species. Recent developments include 

expansion of shrimp f i she r i e s  elsewhere i n  the  United S ta tes ,  gradual b u t  

s i gn i f i can t  annual increases i n  imports of shrimp, and i n i t i a l  attempts a t  

c o m r c i a l  cu l ture  of penaeids as  well a s  fresh-water shrimps of the genus 

~acrobrachium. 



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

f i she r i e s  on natural  s tocks,  par t icu la r ly  from At lan t ic  sui-f -clam popu- 

la t ions .  Oyster production methods have long employed simple cul ture  

techniques, b u t  the  development of comerc i a l .  hatcheries a s  a source of 

seed i s  becoming an important method of augmenting production. 

Aquaculture i s  a logical  aquatic counterpart of agr icul ture .  A reason- 

able  assumption would be t h a t  the'development of the animal husbandry com- 

ponent of aquaculture i n  t he  United States  and elsewhere could follow the 

same sequence o f  s t eps  a s  did  modern agr icu l ture  ( se lec t ive  breeding, 
. . 

. disease control ,  d i e t  formulation, automation, e tc . ) .  Unfortunately, t he re  

a r e  fundamental di f ferences  which emerge when comparing agr icu l ture  and 
. . 

- aquaculture. Agriculture development met a s p e c i f i c  20th century need f o r  

increased .food production; i t  was b u i l t  on a core of already-domesticated 

species;  and i t  was supported by r e l a t i ve ly  generous funding f o r  both 

applied and fundamental research. None of these f ac to r s  have.existed or 

now e x i s t '  f o r  aquaculture. 

Attempts t o  f i nd  p a r a l l e l s w i t h  agr icu l ture  must be careful1 y circum- 

scribed, s ince it is highly unlikely t h a t  aquaculture wil l  ever replace 

f i she r i e s  on natural  populations t o  the  extent  t h a t  t e r r e s t r i a l  anirml 

husbandry has replaced hunting as a protein food source. Aquaculture pro- 

duction in  es tuar ine  and near-shore waters could~conceivably surpass pro- 

duction from wild s tocks 'pf  the  continental shelves and open ocean, b u t  such 

offshore areas a r e  unlikely t ipd ida tes  for '  t h e  e f f ec t ive  environmental 

control required f o r  aquaculture and will probably remain f o r  the fore- 

seeable future  as  a source of food only from f ishing.  Only es tuar ies  and 



- 
protected coastal  waters a r e  amenable t o  the  manipulations required fo r  aqua- . 
cul tu re ,  and even these environments a r e  of ten r e s i s t a n t  t o  man's attempts a t  

control. Despite such res i s tance ,  these  margins o f  t he  sea a r e  where s ig -  

n i f i can t  protein food should be produced by aquaculture i n  t he  decades ahead. - 
The extent  of potent ia l  production can be perceived only dimly, b u t  i s  sub- 

s t a n t i a l .  

A recent well-researched repor t  (1978) by the  National ~cade; o f  

Sciences, t i t l e d  "Aquaculture i n  t he  United States"  offered a n u d e r  of 

perceptions about t he  fu tu re  of aquaculture i n  t he  united S ta tes .  Sig- 

. n i f i can t  -.- ~ anong . the  conclusions ~ .~ reached were these: 

"...in t h e  un i t ed  S t a t e s ,  aquaculture w i l l  hive only a minor impact 

. . ' . % ~ .  .. - . . - on .~ . food.production . . .  in t h e  near . term, . ~~ . . in cbnparisbn with o ther  food 

------production systems". . .  . - . .~ . . 
. II - .  .~ . ... in the  long term, aquaculture will  be a means of increasing 

: - -. protein  supplies". w .  - . -. - . 

?- -  . . . ~ I'.,..aquacul.ture ~. .. . has the  po ten t ia l  t o  contribute t o  increased food pro- 

.duction. -.. I f  t h i s  potent i ,a l  i~ t o  b e t e s t e d ,  expenditures f o r  current 

--- ,,, ~. ,-,programs_and fot- research and development m u s t  be increased". 
~. .. . . - . . . - . . . . 

- "Constraints on order ly  development of aquaculture tend t o  be po l i t i ca l  
. . .  - 

- - and adn~in is t ra t ive ,  ra ther  than   scientific and technological ". ~. .. 

.... . "Aquaculture in  the  United s t a t e s  ~ ~ has lacked coherent support and 

, : ~ .  . direct ion from ~ . . .  t he  .. Federal Government. Poor coordination, lack of 
~ ~ 

.I;;lLi?eadership, and inadequate .- financial:..support ~ -~ - .  have t r a d i t i o n a l l y  

- characterized program re l a t i ng  t o  aquaculture", 



Horld Aquaculture -- Projection . . 
From an internat ional  perspective, there  is cause f o r  reasoned optimism 

when considering increased fodd production from aquaculture. Despite ins t i -  

t u t i ona l ,  economic, environmental, and technological constra ints ,  global 

yie lds ,  a r e  increasing. Intensive cu l tu re  of high-unit-value species ,  such 

a s  pen-rearing of  yel lowtai l  in  Japan, is  now the  basis , fo r  a l a rge  and 

economically-viable industry;  sal-t-water rearing of salmon is approaching 

t h e  point of economic f e a s i b i l i t y ;  and pond and raceway cu l tu re  of shrimp is 

now i n  p i lo t - sca le  production. Additionally, extensive cu l ture  of animals 

which u t i l i z e  very shor t  food chains -- such as oysters,  mussels and mullet -- 
has t h e  potential  f o r  enormous expansion w i t h  exis t ing technology. The 

.recent (1976) FA0 Technical Conference on Aquaculture reported encouraging 

progress i n  aquaculture in  t he  past  decade; r e a l i s t i c  estimates place future 

y i e lds  a t  twice the  current  (1976) level (6 mill ion tons) by 1985, and five 

times the current  level  by the year  2000 "if the necessary s c i e n t i f i c ,  f inancial .  

and organizational support becomes available".  

This op t imis t ic  report  must be tempered by the observations t h a t  the 

recent increases i n  aquaculture production 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  

col lect ion r a the r  than any real increases in  production, and t h a t  fur ther  

increases wi l l  be determined largely by the  k i n d  of support provided. The 

overriding force i n  development of sodern aquaculture i s  c l ea r ly  a perceived 

national economic need. Those countries which have recognized such a need 

and developed a national aquaculture policy (Japan and I s r ae l ,  f o r  example), 

ha-ve moved fu r thes t  toward s ign i f i can t  production, while other  countries 

(such as  United S t a t e s ) ,  without a recognized need or policy, have made l i t t l e  

progress, except t o  increase the amount of avai lable  technical information. 

' 13 



Developncnt of encrqy-intensive, high-technoloqy cul ture  of species 

requii ing high-protein d i e t s  will  undoubtedly continue in  the next two 

. decades, especial ly  i n  industr ia l ized countr ies ,  but substantial  production 

of herbivorous o r  omnivomus species i n  natural  waters -- desiqned t o  y i e ld  

r e l a t i ve ly  low-cost animal protein -- s.hould expand even nore rapidly.  

par t icu la r ly  i n  developing cozntr ies ,  and pa r t i cu l a r ly  i n  t ropical  and 

subtropical areas w i t h  year-round 'growing...seasons . An important ro le  for  the  

indus t r ia l ized  countr ies  (probably functioning throuah FAO) w i  11 be t o  

improve and promote t h e  use of t he  technology required f o r  extensive cu l ture  

: production of inekpensive animal protein i n  less-devel'oped par ts  of the world 

(by such methods as  genet ic  select ion f o r  high food-conversion efficiency 

,and rapid growth, t e s t i n g  of low-cost d i e t s  f ron  natural prolucts,  t r a in ino  
. . 

. --of t echnic ians ,  e t c . )  . ~ d d i t i o n a l l y ,  t he re  is a s ign i f i can t  educa t io rk l  r o l e  

beyond t ra in ing  f o r  production -- a ro le  i n  encouraginy changes in  die ts  and 
-. ~~ 

i n  encouraaing acceptance fl iiq&iciulture a s a  major b c c u n a t - i d n . - - ~ b e d e ~ ~ o f  

-aquaculture in  integrated rural  divelopment, through provision of be t te r  

.di 'ets , j-obs,  and cash crops,  can be x ign i f i can t  i n  developing c o u n t r i ~ s .  

'Aquaculture t he re  would be primarily in  t he  form of snal l -scale ,  low- 

technology, labor-intensive operations, conducted in  lakes and pond;-br in  . 
. . . . . . . . . . . . . . . .  ~. . - ~  . . . . . . . . . . . .  . . 

~. , 

coastal  waters. . - .. 
. .~ ~. . . . . .  ...-. . . . . . . . .  . . . .  . . . .  

T h e  potent ia l  o f  ocean ranching -- not only .of analromous -species ,  b u t  

-also of coastal-migratorj! species -- i l l  be exploited w i t h i n  the-next two 

decades, and subs tan t ia l  i n c k a s e s  in y ie lds  ( a s  well as  auqmentation o f  
-. , 

fished stocks) can be expected in proportion t o  public and'private investclent 



I ,  in t h i s  exci t ing new approach t o  f i sh  production,.which involves rearing and 

I . .  re lease  of juveniles t o  foraqe i n  natural habitats-,. An important qualifyina 
.. ~ 

. cormlent here would be t h e  need ' for  consideration of impacts of introduced . ' . ~ .~ . 

populations on natural s tocks,  and the n e e d t o  determine and consider the 
L . ~. ~ 

t o t a l  carrying capacity of t heocean  areas ~ ~ i-nvolved ._-. . A 

. . . . .  

Expansion of food production through.aquaculture must be a matter of 

I national policy and national p r i o r i t y  -- much as  the  expansion of dis tant-  

1. . -  water f ishing f l e e t s  was i n  many countries (pa r t i cu l a r ly  t he  European 

1 s o c i a l i s t  countries) during the  decade o j  the  1960's. Included i n  such policy 

would be improvement i n  t he  technological base, development - of legal protection 
-. 

] . 
for  aquaculture en te rpr i ses ,  control of coas ta l /es tuar ine  po l lu t ion  i n  prow-out 

I .... areas ,  and encouragement of cap i ta l  investment.. W i t h  increasing res t r ic t ion  

on s~ 
harvests - .  . .  from f i s h  s tocks .in continental_shelf  wate-rs. . . . . . . .  f 0th-e'r nations 
.. . .  - . ..~.- . .... i; - - . - , -  -.iT . . . .  . -  - . . . .  ~- . 

brought about byextended f i a e r i e s  -~ juri~sdictions,,. ,the . aquaculture option 
. . . .  %. ... ~ ~ 

~ ~ 

should become puch .more.attractive and  .,cp~pel.ling --..a- world-.wi.de basis as a 
, -. . . . . . . . . .  . .-. .-. . ~ ~. . --.---.-,-.---u. 

protein food source,. -.-_- _ .  -,.. ~ - -  .. .......... . .  
7 --__. . . . . . . . . .  . - . -. . . . . . . .  . .  . .  - - ~- 

Glernust, i f  we a r e  t o  r e a l i z e ' t h e  potential  food production ofinshore .~ ~ . -. . ~ . .~ ... . . . . . .  . .... - 
waters, .reduce the massi;; and increasing pollution load t h a t  has already 

. ~~. . ~ 

had s ign i f i can t  local  impacts on a';number. of commercial f i s h  and she l l f i sh  

species.  Destruction and degradation of es tuar ies  d is o f  par t icu la r  i m -  
.... j . .  . . .  . --.. - . ~ . --. . - ~~ 

portance, since many of the f i shes  of the continental she l f  a r e  dependent 
. . . . . .~ .- ~- . .~ . .  ~ ~ . -. . 

on these inshore waters,  par t icu la r ly  during the .eat-!% pa-rt-of _ the i r  l i ve s ,  
. ~ ~~ ~ 

. . . . 

and most she l l f i sh  are  in es tuar ies  o r  close to  shore. In  these 



i . . - 
! , very important e s t u a r i e s ,  environmental degradation includes physical m d i -  

I 
f i ca t ion  by d iver t ing  fresh water outflow, dredging channeis, and f i l l i n g  

I marshlands -- i n  addi t ion  t o  chemical and biological  a l t e r a t ions  caused by 

domestic and indus t r i a l  pollution. Estuarine populations of  commercial 

i species decline and disappear as industr ia l  pollution makes conditions f o r  

i life untenable -- o r  t h e  survivors of these species a r e  l ega l ly  excluded 

t from markets because they are  contaminated and represent a danger t o  the 
i 
i health of  human consumers. This process continues and accelerates a t  the 

I ' 

present time. For example, each year  t he re  is a net  loss  nat ional ly  of 

I , . 
i 

. about 1.2 percent. o f  United States  s h e l l f i s h  growing areas due t o  legal 

i closure because of increasing coastal /es tuar ine pollution.  As human popu- 

I l a t i ons  on the  rims of  t h e  oceans ( the bays a id  es tuar ies  par t icu la r ly)  

increase, pressures increase proportionately t o  remove water areas  from 

both production of food and from use as recreat ional  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 l k  sensibly 

I . about potent ia l  food production from areas t h a t  have been abandoned i n  t h i s  

i .  way. 
. . 

i In terms of pol lut ion impacts on abundance of natural populations of 
I 
I f i s h ,  i t  is. important t o  make as r e a l i s t i c  an assessment as  possible. This 
I < 

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

I 
a f f e c t  survival and well-being of marine organisms. A t  present it i s  possible 

! 
t o  ident i fy  severe loca l ized  e f f e c t s  of pol lutants  on f i s h  and she l l f i sh  i n  

bays and e s tua r i e s ,  and i t  i s  possible t o  demonstrate experimentally tha t  

contaminants such a s  heavy metals, petroleum hydrocarbons and synthetic 



. - 
chlorinated hydrocarbons, can k i l l  or  in jure  individual animals, b u t  i t  i s  

almost impossible t o  demonstrate qeneral e f f e c t s  of environmntal pollution 
' 

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

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 ec t s  from the  "background 

noise" of e f f ec t s  of natural  f ac to r s  on changes i n  abundance of marine 

species. 

Severe loca l ized  pol lut ion problems e x i s t  i n  many bays and es tuar ies ,  

which a re ,  of course, prime aquaculture areas.  Use of  inshore waters f o r  

food production.fs absolutely incompatible w i t h  t h e i r  use a s  waste dumping 

and discharge s i t e s  f o r  an expanding human population. There can be no 

question of multiple use of these waters -- we must make a firm and per- 

manent comitment of  ce r t a in  water areas t o  food production, i f  marine aqua- 

cu l ture  is t o  have any fu ture  i n  t he  indus t r iz l ized  nations. k'ater qual i ty  

is an overriding consideration. ' 

' An a l t e rna t ive  might be cu l ture  of marine species i n  complete a r t i f i c i a l  

environments -- t o t a l l y  withdrawing from dependence on the  natural environ- 

ment a t  any s tage  i n  t he  l i f e  cycle of the cu l t iva ted  species.  This may 

be feas ib le ,  espec ia l ly  f o r  s h e l l f i s h ,  where brood stocks could be maintained 

i n  t rays  (Figure 3 ) ,  where larvae could be fed with cultured 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  could occur on racks in  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 closed cycle  a r t i f i c i a l  systems a re  well 

outside any cos t -e f fec t ive  l eve 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 l i k e  an admission of defeat. Surely we should 

be in t e l l i gen t  enough t o  devise ways t o  take advantage of the  tremendous 

productivity of unfouled inshore waters as  a principal source of protein 

food f o r  the  human species .  





*There has been much ta lk  of cleaning up the aquatic environccnt, and 

much publ ic i ty  given t o  a few fish'reappearing i n  r i ve r s  tha t  unt i l  recently 

. were too foul f o r  t h e i r  .survival, Unfortunately, much of t he  gain in  r ivers  

and canals has been a t  the expense of t he  es tuar ies  and coastal  waters -- 
we have simply moved much of  the  pollution problem seaward. 

. . 

Decisions made now about t he  extent  t o  which degradation of estuarine/ 

coastal  waters should be allowed t o  continue can have a .very important bearing 

on aquaculture in  t he  future .  I f  t he  edges of the  sea a r e  considered im- 

portant t o  t he  nu t r i t i on  of future  wdrld populations (and I  believe they 

should be) then ac t ions  must be taken now nat ional ly  and internat ional ly  t o  

ensure t h a t  such production a reas  will  be avai lable  t o  meet the developing 

need f o r  protein food. We cannot afford t o  delay facing r e a l i t i e s  i n  food 
. . 

production (as \\re have w i t h  world petroleum consumption) unt i l  'a c r i s i s i s  

imninent. 

As a footnote, t he re  i s  one posi t ive  aspect of what we have termed 

"ppllutants" -- which is t h a t  domestic sewage wastes . a re  made up principally 

o f  organic nu t r ien ts  which can enhance natural productivity of coastal/estuarine 

waters. I f  very carefu l ly  controlled in amounts per un i t  area of water surface,  

and i f  f r e e  of t ox i c  pol lutant  chemicals, such domestic wastes can serve as 

f e r t i l i z e r s .  Growth r a t e s  of molluscan she l l f i sh  and cer ta in  o ther  marine 

species can be increased dramati ta l ly  by such l imited addit ions of organics. 

I f  proper a t ten t ion  is  t o  protection of public heaith (possibly by 

depuration procedures), there  i s  no reason why the organic nu t r ien t  residues 

cannot become a pos i t ive  fac tor  in nearshore.productivity. 



PROPOSALS FOE TIlE FUTURE 

. . A concise statement of  national . . goals f o r  t he  United States  in f i sh  

and shel l  f i sh  production might be (1  ) t o  understand and manage effect ively 

the renewable natural  resource base, and (2 )  t o  supplement t h i s  base with 

aquaculture production where feas ib le .  

Fisheries on Natural Populations 

The continental  shelves of  t he  world w i l l  .continue t o  produce f i s h  and 

she l l f i sh  i n  amounts governed by biological pr inciples  of susta inable  yields,  

by act ions  of f i i h e i i e s  management bodies sens i t ive  t o  those pr inciples ,  and 

by f i sh ing  power of nations. 

Obviously, t o  f u l l y  r ea l i ze  t he  potential  productivity of the  oceans 

we need grea te r  knowledge of t h e  resources and t h e i r  dynamics, and we need 

b e t t e r  methods of loca t ing  and catching marine animals, especial ly  those in  

t h e  lower l i nks  of  t he  food chains (Figure 4). We must keep i n  mind t h a t  

we a re  dealing with a renewable resource t h a t  is highly mobile: ver t ica l ly  

and horizontal ly  (except f o r  s h e l l f i s h ) ;  t ha t  can change i n  concentration 

and location da i ly  o r  seasonally;  and t h a t  reacts  t o  var ia t ions  i n  a number 

o f  environmental fac tors  such a s  s a l i n i t y ,  temperature, and ava i l ab i l i t y  of - 
food. We must understand the populatjon dynamics -- b i r t h ,  qrowth, repro- 

duction, longevity,  death -- of exploited species t o  permit proper manasement, 

and we must a l so  understand h o ~  marine populations i n t e r ac t .  Only w i t h  such 

knowledge can we manage the  e n t i r e  ecological complex e f f ec t ive ly ,  and pre- 

d i c t  d i s t r ibu t ion ,  abundance, and population responses t o  human predation. 



Figure 4 .  Food chains and feeding interactions i n  the sea. 



. The ultimate rdnaae~rcnt form n~ust  be " to t a l  ecosystem nanaricmcnt", which 

includes the  hab i t a t  and the  populations which ac t  as prey. predators o r  

'competitors. This level  of re iource management i s  a t t a inab le  but the  level 

of understanding required wil l  be d i f f i c u l t  and expensive t o  achieve. 
. . 

Within the  concept of t o t a l  ecosh tem management, marine "ranoe 

manaqemnt" can be e f f ec t i ve  i n  t he  near term i n  areas of hiqh productivity 

, 
on t h e  continental  shelves. The degree b f  control is la rge ly  dependent on 

depth of water and the  configuration of t h e  shoreline.  Coves and bays may 

be fenced o r  diked, predators o r  unwanted competi tors may be s e l ec t i ve ly  

. 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 applied.  In 

open waters,  management might take t h e  form of crop rota t ion;  par t i cu la r ly  

f ishing grounds might be exploi ted f o r  a ce r t a in  number of months o r  years,  

then f i sh ing  pressure could be sharply reduced f o r  a subsequent period. 

There is some concern t h a t  we a r e  deplet ing stocks of valuable species on 

some f i sh ing  grounds w i t h  present s e l e c t i v e  f i sh ing  methods and thereby 

permitting expansion of popu1ation.s o f  l e s s  desi rable  species.  Assuming 

t h a t  some market can be found f o r  a l l  species -- either a s  food, a s  f i s h  

meal, o r  a s  f i s h  protein concentrate,  a possible management plan could be 

evolved t h a t  would encourage re tent ion and ,use of a l l  species  and s i ze s  

taken in t rawls ,  but would r e s t r i c , t , f i s h i n g  t o  a r a the r  r i g id  pat tern  -- 
t o  ce r t a in  squares of a checkerboard overlay of the f i sh ing  grounds, o r  

t o  cer ta in  longitudinal  t r a c t s  through the  grounds. Such areas could be 

sh i f t ed  annually o r  in  .some lpnger time sequence. This form of management 

involves the  e n t i r e  productive ecosystem, of which the  exploited species 

.are only a pa r t .  



Aquaculture 

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

water aquaculture (pr inc ipa l ly  t r o u t  and ca t f i sh )  in  t he  United S ta t e s ,  we 

cannot claim that  marine aquaculture has y e t  reached a remotely comparable 

' stage. A t  present marine cu l ture  i s  a high-risk venture with a nurrber of 

uncontrolled variables. The necessary teihnology i s  being developed, b u t  

- there  is  s t i l l  a substant ia l  amount of " a r t "  involved i n  iSearing marine 

animals. With a few notable exceptions, which involve substant ia l  financial 

comnitments by a few large cospanies, much of the  aquaculture research and 

. development i n  th i s .  country has been done by m a l l  underfinanced pr iva te  

ventures, o r  by underfinanced government programs. Large-scale research 

and developnent proqrams, adequately funded f o r  a nunber of years,  and 

representing jo in t  industry-university-government action,  a r e  needed f o r  each 

of  t h e  species which seem most amenable t o  culture.  Emphasis must be placed 

on development of inexpensive, chemically defined, probably pe l le t ized  food; 

on genetic se lec t ion  f o r  rapid growth, disease res is tance and su i t ab l e  market 
, . 

q u a l i t i e s  ( f lavor ,  t ex ture ,  co lo r ) ;  and on automated production systems. 

The present methods of poultry production and marketing i n  the  United States 

provide an excel lent  model and i l l u s t r a t i on -  of what might be accomplished, 

despi te  continuing economic problems of t h e  industry. 

An i n t e r e s t i ng  poss ib i l i t y  i s ' t h a t  marine aquaculture may be developed 

i n  t he  United States  pr imari ly  t o  provide recreational salt-water f ishinq - -  
much as  t rou t  hatcheries were developed ear ly  in  t h i s  century t o  provide 

fresh-water angling. Cultivated marine f i s h  such as snappers and groupers 

could be used t o  stock a r G f i c i a 1  reefs;  cu l t iva ted  crabs and lobs te rs  could 



be used to  stock skin-diving areas;  and cu l t iva ted  clams could be scedcd i n  

inshore recreational areas  -- just as examples of the  possibi . l i t ies .  I t  

may be t h a t ,  as with t r o u t  hatcheries.  a s i gn i f i can t  arount of the needed 

marine research and development work could be accomplished f o r  the i n i t i a l  

purpose of supplying recreat ional  f i sh ing ,  and t h a t  in  time (again a s  with 

t r o u t  hatcher ies)  the  cu l tu r e  operations'would be economically f ea s ib l e  in 

themselves. 

There a r e  of course o ther  channels fo r  aquaculture production. Com- 

m r c i a l  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  reared beyond the  most vulnerable early 

l i f e  h i s to ry  s t a g e s  and then released i n t o  coastal  waters. Some beginnings 

a r e  being made w i t h  ocean ranching of salmon iri the  Pac i f ic  Northwest, and 
. . -- t he  Japanese a r e  attempting simiiir augmentation of coastal  m ika to ry  

species  such a s  shrimp and red sea bream. Such methods could be used as 
- -  - . - 

well i n  t h e  fu tu re  with ce r t a in  endangered o r  severely depleted species.  
. . ~ ~. ~. 

Another i n t e r e s t i n g  possibi l5ty  is t h a t  marine aquaculture on a large 
~ . . . .  

. . ~ 

. . . . -. . 
sca l e  may 'be vigor6usly supported as a po l i cy  by cer ta in  countries othei. 

~. . .. 

'than t h e  United S t a t e s  which a re  in te res ted  i n  larqe quant i t i es  of animal 

prote in .  Through de l ibera te  programs o f . p r i c e  support, subsidy, o r  massive 
. . - -  .- ~. 

~ .. , ~ . ~ .  ~~ 

government resea~rch,  development and production, some of the  marine and 

es tuar ine  animals t h a t  feed d i r e c t l y  on plant  prankton (oys te rs ,  clams, 

-- some herr ing- l ike  f i s h e s ,  and others)  could be produced i n  g rea t  quantity. 

pations with t i g h t l y  control led economies might well t rave l  t h i s  route,  i f  

f i sh ing  on natural  s tocks  decreases i n  productivity,  o r  i f  vessels a r e  

excluded from major f i sh ing  grounds because of extended national ju r i sd ic t ion .  



Keeping i n  mind t h e  many qua l i f ica t ions  and obstacles discussed i n  

previous sec t ions ,  i t  seems t h a t  a number of general statements about 

,. food production from aquatic sources can be made. 

1. The oceans wi l l  continue t o  be 'a  very important source of high 
-. 

qua l i t y  protein e s sen t i a l  f o r  h ~ ~ n  existence and well-being. A t  present, 

f i she r i e s  ( f r e sh '  water and marine) provide'an estimated 1 3  percent of the 

animal protein consumed by man. 

2. Production o f  protein food from t h e  oceans t r i p l e d  during the two 
. . . . 

decades from 1950 t o  1970, and has s t ab i l i zed  s ince then a t  about 60 mill ion 

tons. There a r e  s t i l l  stocks of underuti l ized o r  unuti l ized marine animals -- 
' pa r t i cu l a r ly  smal l .er  forms (under 6 inches) and especial ly  the  herring-1 i ke 

f ishes  - - . tha t  must  form the  basis  f o r  any substant ia l  increase i n  t o t a l  

ocean food production from natural  populations. 

3. Annual production of protein food from f resh  water has been e s t i -  

mated a t  about 10 mil l ion tons,  which may be a very conservative figure. 

A1 though some production i n  indus t r ia l ized  nat ions  is derived from high 

technoloqy cu l ture  of sa lMnids ,  most of f resh  water production is from 

carps, t i l a p i a ,  and o ther  herbivorous o r  omnivorous species,  par t icular ly  

i n  Asia. Expansion of production.'depends on avai lable  water supply. 

4 .  Aquaculture o f f e r s  exc i t ing  potential  a v k u e s  f o r  increased pro- 

duction. Though now an ins ign i f ican t  contr ibutor  ( l e s s  than 19 percent) 

t o  t o t a l  food production fromaquat ic  sources; i f  properly developed i t  

could e a s i l y  provide a much l a rge r  percentage of the t o t a l .  Coastal and 



' es tuar ine  areas  seem most su i t ab l e  f o r  expanded e f f o r t s .  For thc fore-  

seeable 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 anirdl 

protein only i f  national po l ic ies  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  hab i t a t  

degradation t h a t  has adverse a f f ec t s  on j i v i n g  resources and is a ser ious  

deterrent  t o  aquaculture. Because o f  pol lut ion abatement measures, some 

improvements have been noted in  f resh  waters,  but  pollution of coastal  and 

estuarine waters is  increasing.  Serious s teps  toward environmental manage- 

ment must be taken i f  food production from such waters is t o  be maintained 

or increased.' 

. 6. Despite decades of research, t h e  problems of understanding and 

manipulating t h e  dynamics of food production i n  t h e  sea a r e  still enormous. 

A t  present our  . knowledge . i s  supe r f i c i a l ,  and nuch of it may be~based  on mis- 

conceptions. As a noted marine b io log is t  (Walford, 1958) observed two decades 

ago, t he  oceans t r u l y  represent a f r o n t i e r ,  not only i n  the  l i t e r a l  sense, b u t  

a l so  a s  a f r o n t i e r  in  t h e  minds of men -- as  t he  boundary between knowledge 

and ignorance. 
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