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The National Research Council was established by the 
National Academy of Sciences in 1916 to associate the 
broad community of science and technology with the 
Academy's purposes of furthering knowledge and of 
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Preface 

Changes in the regime of the oceans in recent years 
has focused attention on investigation and management of 
marine resources. Having recently extended their mari
time boundaries, both developed and developing coastal 
countries are exercising new responsibilities over the 
exploitation of renewable and nonrenewable marine 
resources. This has come about in part from advances in 
ocean science and technology. In many cases, however, 
efficient management and exploitation of these resources 
and protection of the marine environment will require 
increased understanding of ocean phenomena and 
strengthening of marine sciences in developing countries. 

In many developing countries, fisheries are an 
important part of the national economy. They provide 
widespread employment, generate foreign exchange, and 
supply significant amounts of high-quality protein. Yet 
in numerous countries, the marine sector receives 
relatively little governmental attention compared with 
agriculture and l and-based industry. Moreover, develop
ment funds have rarely been used effectively to promote 
the growth of new markets for marine resources or to 
apply new marine technologies. 

The adoption of a 200-mile exclusive economic zone 
by most coastal nations provides an incentive for 
assessing the resources of near-shore waters, their 
economic potential and need for management, the training 
and research implications, and the possibilities for 
regional cooperation. The newly asserted "sovereignty" 
over these zones also lays new responsibilities on 
coastal nations, which become intermediate trustees for 
the judicious use of these areas. Obvious targets for 
development include more rational and productive fishing 
regimes and management for sustained yield, reduction of 
postharvest fishing losses and the waste associated with 
fish by-catch, arid the development of aquaculture, 

iii 
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offshore mining, ocean thermal energy conversion (OTEC), 
and coastal zone protection. 

BACKGROUND OF THE REPORT 

In 198 1 ,  a conference on international cooperation 
in marine technology, science, and fisheries, and the 
future U.S. role in development was held in La Jolla, 
Cal ifornia. Sponsored by the U.S. Agency for Inter
national Development (USAID), the National Oceanic and 
Atmospheric Administration (NOAA), the U.S. Department 
of the Navy, and the U.S. Department of State, this 
conference was attended by scientists from both developed 
and developing countries. The proceedings of the con
ference were published in 1981 by the National Research 
Council.* The volume contains the reports and recommen-� 
dations of four regional working groups--Africa, Latin 
America and the Caribbean, the Near East and India, and 
Southeast As ia and Oceania--as well as a set of papers 
prepared by participants on various aspects of the marine 
sciences, with an emphasis on fisheries development (see 
Appendix B). 

This report is based on these papers and on infor
mation assembled for that conference. It is intended, 
however, to acquaint a broader audience, particularly 
nonspecialist decision makers and planners in developing 
countries, with opportunities in the marine sciences and 
ways in which they can contribute to economic and social 
devel opment. Future applications of marine science and 
technology, limitations of various technologies, and 
research and training needs are al so discussed. 

This report was drafted by Kim Devonald, NRC fellow, 
and edited by Sherry Snyder and Sabra Bissette Ledent. 
Cheryl Hailey assisted with the references and illustra
tions, and Irene Martinez typed various drafts. The 
final report was edited and prepared for publication by 
F.R. Ruskin. 

National Research Council Staff 

Michael McDonal d Dow, Associate Director/Studies, BOSTID 
F.R. Ruskin, BOSTID Editor 
Irene Martinez, Text Processor 

*National Research Council. 198 1 .  International 
Cooperation in Marine Technology, Science, and 
Fisheries: The Future u.s. Role in Development. 
National Academy Press, Washington, D.C., USA. 
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1 Introduction 

The i nte rnat ional ocean reg ime eme rg i ng f rom the 
p rot racted negot iat ions of the United Nat ions conference 
on the Law of the Sea ( ONCLO S ) assi gns new r ights and 
respons i bi l i t ies to coastal count r i es .  With o r  without 
a unive r sal l y  rati f i ed ONCLOS t reaty, the establ i s hment 
of  20 0 -m i le exc lusi ve econom ic zones has g reat ly 
augmented the quant i t ies of l i vi ng and nonl i vi ng ma r i ne 
resou rces within  each coastal nat ion ' s  j u r i sd i c t i on . I f  
t hese nat ions a re able to develop the approp r i ate assess
ment and ut i l i zat ion capab i l i t ies , these resou rces wi l l  
yield i nc r eased suppl ies of food , minera l s ,  ene rgy, and 
the assoc i ated soc ial  and econom ic bene f it s  f rom expanded 
resou rce base s .  

These extended zones wi l l  mean benef its f o r  the 
develop i ng nat ions i n  pa rt icular : i nc reased oppo rtun i
t ies for  the exploitat i on of f i sh , shel l f i sh ,  and ot her 
l i v i ng resou rces ; ext ract ion of foss i l  fuels and othe r 
minera l s ; resou rces for tou r i sm; ocean ene rgy sou rces ; 
and the cons t r uct ion of fac i l i t ies to suppo rt ocean 
commerce . Howeve r ,  it shou ld be clea r l y  recogni zed that 
full  benefit  can be deri ved f rom the exc lus i ve j u ri s 
diction only by nat ions that can use and apply the f i nd
i ngs of ma r i ne science to management and ext ract ion of 
the l i v i ng and nonl i vi ng ma r i ne resou rces and apply 
mode rn technology and ma rket i ng s k i l ls to the i r  ut i l i za
t ion or  sa le . I nexpe rt exp loitation undertaken wit hout 
a wel l -thought-out management plan can lead to rap id 
deplet ion of a ta rget resou rce , to ineff icient recove ry,  
and even to maj o r  changes i n  the ma r i ne ecosystem ,  wh ich 
cause mass i ve dest ruct ion of biological resources , 
physical changes i n  coast l i ne s ,  and damage to coastal 
enterp r i ses such as tou r i sm or rec reat iona l ocean use . 
It i s  important , .therefore,  to recogni ze the key roles 
played by the va ri ous branches of ocean science in  unde r-

- 1 -
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stand i ng ma r i ne envi ronments and how scient i f ic knowledge 
can be applied in resou rce management . 

To manage and exploit the i r  nat u ral ma r i ne resou rce s 
eff i c i ent ly,  deve lop ing coun t r i es must enhance thei r own 
sc ient i f ic capabi l i t ie s .  Du r i ng the ea r ly stages ,  this  
may requ i re see k i ng scient i f ic capab i l i t ies f rom abroad . 
Howeve r ,  he re should be a rap id development of i n-count ry 
capab i l i t y  by nat i ona ls through nat iona l or reg iona l 
t ra i n i ng and i nst i tut ional development . Instruct i on and 
resea rch institut ions shou ld be developed local l y  so that 
expe rimental t r a i ni ng w i l l  be immedi ately relevant and 
scient i f i c  inves t igation wi l l  add ress problems of local 
impo rtanc e .  

I n  ident ifying the ma r i ne techn ical capab i l i t i es a 
country requi re s ,  it i s  impo rtant to recogn i ze that each 
a rea of app l i ed science depends on informat i on about 
oceanic cond i t ions and processes that only bas i c  resea rch 
can provide . Basic ma r i ne resea rch i s  commonl y  catego
r i zed acco rding to four scient i f ic d i sc ipl i nes : 
chemistry,  geology , phys i c s ,  and biology . Although t h i s  
catego r i zat ion i s  espec i a l ly useful in  desc r i bi ng o r  
plann i ng prog rams in  ma r i ne educat ion or  techn ical 
t raining,  any obj ect of ma r i ne resea rch i s  affected by 
all fou r  scient i f ic a reas , wh ich a re out li ned in 
Append i x  A. 

App l i ed and soc ial sc ience discipl i nes al so cont r i 
bute t o  the day-to-day management and exploitat ion o f  
ma r i ne resou rces . The p r i nc i pal app l i ed sc ience d i sc i 
p l i nes a re ocean eng i nee r i ng and naval a rchitect u re , 
f i she r i es management and ma riculture ,  and san itary 
eng i nee ring for sewage and waste management . In the 
soc ial sciences, there is a need to evaluate the 
economic , lega l ,  admini st rat ive, and cultu ral aspects of 
the use of ma r i ne resou rces , so that nat iona l priorit ies 
can be set for the i r  development . Method s,  cu r rent 
concerns , and new capabi l i t ies found in a number of these 
f ields a re desc r i bed in late r chapters of this  report . 
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2 Coastal Zone Development 
and Management 

IMPORTANCE OF COASTAL DEVELOPMENT PLANNING 

A l a rge part of a coastal na t ion ' s  valuable natu ral 
resou rce s ,  f rom the ex t ractable pet roleum and othe r 
m i ne ra l  rese rves of the con t i nental shelves to the 
ha rvests of f i sh and shel l f i sh , a re found in  its coastal 
l ands and wate r s .  Coastal land s a re also valuable for 
the i r  accessi bi l i ty to wate rbo rne t ransport , the i r  use 
a s  waste re lease and coo l i ng-water sites for  i ndust ry,  
and the i r  spec ial att r act i veness for res idence , 
recreat i onal use , or  tou r i sm development .  Unless proper 
precautions a re taken , howeve r ,  developi ng coun t r ies may 
f i nd ,  as have many i ndust r i a l i zed nat i ons , that ve ry 
d i ff icult problems can a r i se f rom the use of the i r  
coastal resou rces . As populat ions grow and development 
p r oceed s ,  demands on limited coastal a reas i ncrease,  and 
se r i ous con f l icts  may a r i se among d i fferent use r s .  

The impact o f  rapid and gene r a l l y  unplanned coastal 
development has created problems f o r  i ndust r i a l i zed 
coastal count r ies for decade s .  Unplanned development ca n 
lead to health haza rd s ,  env i ronmental problems such as 
e r os ion and pol lution,  and dec l i nes i n  lucrat ive f i sh i ng 
and tou r i st indus t r i es . I ndust r i al and u rban waste and 
pol lut ion f rom po rts and ha rbors may contami nate coastal 
waters  to the poi nt that beaches must be closed to the 
publ i c ,  or reg ional f i sh and shellf i sh a re banned as 
unsafe for human consumption . Coastal ea rth-movi ng and 
bui ldi ng act i vit ies ( d redg i ng ,  land f i ll i ng ,  and wet la nd 
rec lamation ) can have ma jor  effect s on suspended si lt 
levels i n  coastal wat e r s ,  coral reef survi val,  or e rosion 
of beaches ,  embankmen t s ,  and coa stal prope rt i es . 

The many uses of unpolluted , une roded coastal land s  
can help suppo rt the ba s i c  need s o f  its  res i dent s and it s 
economic development . If a nation ' s  chief object i ves i n  
t he use o f  its coastal reg i ons a re set out ea r l y  i n  the 

- 3 -
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cou rse of development , dec i s ions can be made on how best  
to  al locate the  limited coastal space , time , and  money 
among the va rious types of land use . Ea r l y ,  coo rd i nated 
plann i ng of coastal deve lopment wi l l  al low time to 
ident i fy economic opportun i t ies and min imi ze the soc ia l  
and env i ronmental problems that cou ld resu lt  f rom 
land�use conf l i c t s ,  e rosion,  o r  pol lut ion . 

Con f l icts li kely to occ u r  du r i ng coastal deve lopment 
can be antic ipated by cons ide r i ng the potential u ses of 
the sho re l i ne .  These include : 

o Po rts and ha rbors 
o sewage and indus t r i a l  out f a l l s  
o Powe r plants or other i ndust r i a l  plants with 

cooli ng-wate r intakes 
o Fishi ng po rts and process i ng plants 
o Human habitat ion 
o Rec reat iona l beaches , ma r i na s ,  and coastal pa rks  
o Comme rcial act i v i t ies 
o Ag r i cult u re and ma ricultu re 
o Ocean mi n i ng fac i l it ie s .  

Coastal nat i ons need individua l s  w i t h  techn ical 
expe rti se and manage rial  competence and autho r i ty to 
ident i fy and reso lve the potential  conf licts  among uses 
of the coastal zone and to encou rage and plan new k i nd s  
o f  deve lopment . T o  these end s ,  planne rs must ana lyze the 
economic and soc ial costs and bene f i t s  of  d i ffe rent use s. 
In thi s sense , coastal plann i ng is as much a legal and 
pol i t ical capabi l i ty as it is a scienc e .  Management 
dec i s i ons may have to be made am idst pol it ical oppos i t i on 
f rom va r i ous groups , each of which wi shes to obtain a 
max imum amount of coastal land for its  own pa rticular  
needs . Planne rs in  a l l  count r ies can benefit f rom 
exchangi ng ideas , techn ical info rmat ion ,  and expe ri ence 
in  manag i ng coastal problems . 

Anot he r ob j ec t i ve of planni ng is .  to prese rve po rt i ons 
of some c r i t ical envi ronments in the i r  natu ral or rela
t i vely natural  states --for example , coastal wet land s ,  
mang rove forest s ,  salt ma rshe s ,  and coral reefs . These 
a reas a re val uable as nu rse r i es for f i sh and she l l f i sh ,  
and they protect coast l i nes f rom eros ion by reta i n i ng 
so i l  or  bu ffe r i ng water movement s .  The goa l i s  not to 
keep an ent i re coast l i ne i n  pri s t i ne cond it ion but rather 
to set as i de ce rta i n  areas as pa rks , prese rves , or 
low-impact zones . Coastal prese rvat ion has two benef i t s: 
( 1 )  it provides saf e ,  clean breed ing a reas to ensu re the 
conti nuat ion of impo rtant f i sh species ( Figure 2 - 1 ) , and 
( 2 )  it provides coastal pa rks for tou r i sm and rec reat ion, 
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F I GURE 2- 1 Coa s t a l  es t ua r i es and ma r s hes a re r i ch i n  

nut r ie nt s  a nd plank t o ni c f ood o rgani sms , 

ma k i ng t hem exce pt i o na l l y good loc a t i ons f o r  

t he g r o wth of many ma r i ne a ni ma l s .  Nume rous 

fi sh and shr i mp s pec i es of ope n  coas t a l  

wat ers come i nto s helt ered , s ha l l o w  a reas 

l i ke t hese to spaw n. (U . S .  Nat i ona l  Ocea ni c 

a nd At mo s pher i c  Admi ni s t r a t i o n) 

f o r es t  conse rva t i on, wat e r fowl and wi ldl i f e pre s ervat i on,  

and t he mai nt ena nce of nonde s t r u ct i ve , t r ad i t i o na l  

cu l t u ra l  pu r su i t s  su ch as col lect i ng w i l d  pla nt s for 

dome s t i c  pu rposes or s mall -s ca le ,  nea r s hore fi s hi ng . 

several avai l abl e re f e r ence wo rks and pr a ct i cal 

ma nua ls a r e  s peci fi ca l ly d es i g ned to meet t he need s of 

coa s ta l  ma na g e me nt pla nne r s in de ve l o pi ng count r i es .  

wo r k s ho ps o n  coa stal ma nag eme nt a nd deve l o pme nt i s sues 

hav e  bee n he ld fo r As i a  and t he Pa ci fi c (As i a n  De ve l o p

me nt Cou nci l 1978, Va le ncia a nd N euma n 1979) a nd t he 

ca r i bbea n  regi o n  (I nte rgover nme nt a l  O cea no g r a phi c 

Commi s s i o n  1979). A deta i l ed review of coa s t a l  i s s u es 

is i ncl ud ed i n  a r ece nt co l le ct i o n  of art i cles on sou t h

eas t  A s i a n  d eve lopme nt ne ed s  (Chia a nd Ma cAnd r ews 1982). 

The Na t i ona l  Resea r ch cou nci l (1982) re cently repo r ted 
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on the p r i ncipal coastal resou rce management and develop
ment needs of develop i ng count r i e s ,  and a guide to 
establ i sh i ng coastal zone management programs in tropical 
develop i ng count r i es i s  pa rt of  a recent gene ral wo rk on 
nat u ral systems and development ( Ma ragos et al . 198 3 ) .  

EROSION AND WATERSHED MANAGEMENT 

The t ransport of sed iment along coast l i nes is a ve ry 
se r i ous problem. Pine s i l t s  and muds suspended by d redg
i ng or released by deforestat ion can smother and k i l l  
coral reefs and d r i ve away f i sh a long downsho re coast s .  
Furthe rmore , sand can be st r i pped away f rom beaches when 
dams , ha rbo r s ,  or  groins a re bui lt in the wrong places 
on ad j acent r i vers  or coast l i nes . one short-term measu re 
that he lps a l leviate beach e rosion i� the use of bu l l 
doze rs to spread new sand on eroded beaches . When 
e ros ional cond itions ex i s t , howeve r ,  new sand wi l l  also 
be washed away in a few months unless autho r i t ies unde r 
take la rge-scale coastal eng i nee r i ng proj ect s ,  such a s  
sand d i versions a t  nea rby harbo r  mouths ( wh ich a c t  as 
sand traps ) or prope r ly located protect ive groi n s .  sand 
also creates major  problems when it accumulates unexpec t 
ed ly in  imprope rly  designed ma r i nas and harbo r s .  

Coastal eng i nee r i ng projects o f  al l k i nds--d redg i ng , 
ha rbor const r uct ion,  ma rsh or estua ry drai n i ng ,  land
f i l l i ng ,  st ream d i vers ions , or  the dammi ng of r i ve r s -
have major effects on the transpo rt of coastal sed iment . 
Alte red transport , eros i on ,  and depos it ion rates often 
pr oduce changes qu ite d i fferent f rom those o r i g i na l ly 
ant icipated . Coa stal planne rs must ensu re that the 
necessa ry sed iment t ranspo rt stabili zi ng and • buf f e r i n g • 
propert ies of some shore l i ne featu res such as mang rove s  
and ma rsh vegetat ion a re not elimi nated by excessive 
dest ruct ion ( Fi g u re 2-2 ) .  Two reports have focused on 
problems resu l t i ng f rom excess i ve mangrove des t r uct ion 
( UNESCO 1979, I nte rnat ional Union for  the conse rvation 
o f  Natu re and Natural  Resou rces 1 981). 

Along • h igh-ene rgy • ( exposed to heavy su rf ) t ropical  
coastli nes , coral  reefs often funct ion as the p r i nc i pa l  
ero s i on bu ffers . The i r  dest ruct ion by coral m i n i ng ,  
channel dredg i ng ,  or dynam ite f i shi ng can resu lt i n  t h e  
loss o f  ad j acent beaches and inc reased sa l twate r 
contami nat ion of brac k i sh and f resh waters nea r the 
shore . A desc ription of the effects of ce rta i n  wide
spread t rop ical envi ronmental problems on the hea lth and  
su rvival of co ra l reefs is  g i ven by Johannes in  a volume 
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F I GURE 2- 2 Ma ng ro ve t rees he l p  pre ve nt e ro s i o n .  

E xt e ns i ve ma ng rove destruct ion for l and 

cle a r a nce o r ,  in some f ue l-poor a rea s ,  

s imply f o r  f i rewood , often resu l ts i n  a 

ma jo r reced i ng of t he sho r e l i ne a nd t he 

washi ng out of so i ls i nto coa s t a l  wa ters .  

(U . S . Nat i o na l  Ocea ni c and Atmo sphe ri c 

Ad mi ni s t rat i on) 

summa r i z i ng a number of t ro pi cal pol lut i on problems (Wood 

and Jo ha nnes 1978). 

The coa st l i ne s  of la rge la ke s ,  such a s  t he Great 

La kes o f  No rth Ame r i ca or La ke Malawi in Af ri c a , a re 

sim i la r  i n  ma ny res pect s  to ocean coas t s  and a re sub ject 

to s im i l a r  e r o s i o n  problems . The U n i t ed St ates recog

ni zes t he compa rabi l i t y  of lake and ocean ma na gement 

need s ,  a nd s tates w i th e xt e nded la ke s ho res a re i nc l uded 

i n  t he na t i ona l coas t a l  manageme nt program . One met hod 

of s ho re l i ne s t a b i l i zat ion t hat ha s proved e f f e ct ive 

along the G r eat Lakes i s  pla nt i ng s pec i a l l y  se lec ted , 

fa s t -g rowi ng g rasses u nd e r  t he au spi ces of t he coa s t a l 

zo ne mana geme nt program s of i nd i v i du a l  s tates. 

POLLUTION CONTROL AND MONITORI NG 

Planne r s  mus t kee p  i n  m i nd t he •e xt e rna l i t i e s •  (f ac 

tors out s ide t he bas i c  econom i c  prof i t -and-loss c a l c u l a 

ti o ns) like ly t o  b e  produ ced by some k i nd s  of coa s t a l  

zone use , pa rt icula rly t he i nd u s t r i a l  po l lut ion of nea r

sho re and estuari ne wa te rs . 
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FIGURE 2-3 Blights, such as this polluted salt marsh 
(above) and this detergent-filled estuary 
(opposite page) whose populations of fish, 
shellfish, or wildl ife are being destroyed, 
can sometimes be prevented or reversed if 
nearby industries are required to moderate 
their releases of organic wastes into rivers 
and estuaries or to divert their discharges 
into better-flushed coastal waters. (U.S. 
Environmental Protection Agency) 
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Of the principal k i nds of pol lutants found in  the 
ocean,  some , i nc ludi ng o rganic pol lutants ( such as 
pa r t i a l l y  t reated domestic sewage or dete rgents ) and 
ag ro-i ndus t r i al wastes ( f rom brewe r i e s ,  canne ries , suga r 
refine ri es ,  etc . ) ,  a re harmful to ma r i ne organi sms 
because they upset ecolog ical balances and produce ha rm
ful cond it ions such as oxygen deplet ion or  excessi ve 
a lgal g rowth and decay ( Figu re 2-3 ) . Although o rga n i c  
pol lutant s a re not highly tox ic t o  humans , they can k i l l  
f i sh and shel l f i sh and ma ke beaches unpleasant for 
rec reat iona l use . Thei r release i nto the ocean should  
be mon ito red , and d i spe rs ion methods should be deve loped 
to prevent the i r bu i ldup to ha rmful levels . Other k i nd s  
of pol lutant s ,  i nc l ud i ng va r ious chemicals and some fo rms 
of d i sease-causing microorgan i sms,  a re d i rectl y  tox ic to 
humans . The i r  release i nto ma r i ne envi ronments mu st be 
ca ref ully control led to prevent poison i ng ,  sickness , 
bi rth defect s ,  or other health problems . 

Tox ic wastes 

The dangers posed by chemical contaminants re leased 
into the ocean f rom indus t r i a l  or  ag r icul tu ral pest con
t rol sou rces a re in  ma ny cases not yet wel l  desc r i bed . 
I t  is poss ible that a numbe r of chemicals that appea r to 
have ha rmf ul biolog ical effects in  laborato ry tests a re 
not li kely to bu i ld up to dange rous levels i n  ocean 
waters once plant effluents have been d i sper sed th rough 
wel l -designed ocean di sposal systems . 

Many substances a re much mo re highly concentrated i n  
the t i s sues o f  ma r i ne an ima l s  and plants than in  
su r round i ng wate r s .  For example ,  some ha rmful chemical s 
become inc reas i ngly concent rated in an imals at succes
s i vely h igher leve ls i n  the food chai n ,  so  that the 
largest f i sh ,  f i sh-eat ing bi rds , sea mammals , and humans 
a re found to have higher levels of the chemicals in  their 
bod i es than are found in lowe r animal s .  Some of these 
chemica ls have not , in  fact , been shown to be ha rmful t o  
people . The pestic ide DDT , for example , may cause 
imprope r eggshel l  product ion in pe l i cans ,  but it has no 
p roven effects on mammal s  or people . But ce rta i n  ot her 
i ndust r i a l  chemicals and pestic ides that po llute coastal 
wate rs have proved capable of causing se r i ous health 
p�oblems and , in  a few case s ,  have been documented as 
cau s i ng i l lness , bi rth defect s ,  and death i n  humans who 
ate f i sh or shellf ish f rom the pol luted wate r .  Tox ic 
heavy metal s ,  mercu ry , and lead , for example , used i n  a 
number of i ndust r i a l  processes ,  are of ten re leased i n  
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h igh concentrat ions in i ndust rial ef f luent s .  The mos t  
widely known case o f  human morta l i t y  f rom ma r i ne pol lu
t ion--the • M i namata Bay i nc ident • i n  Japan i n  the ea r l y  
1 9 5 0s - - i nvolved b i r t h  defect s ,  i l lness , and deaths among 
people who had eaten f i s h  f rom a bay pol luted by mercu ry 
f rom a local chemical plant . Pes t i c i des , wh ich a re used 
in ve ry la rge quant i t ies i n  many develop i ng count r i e s ,  
a re ca r r i ed in  r i vers and groundwate r systems or even by 
ai r ( dust bo rne ) to coastal wat e r s , whe re sc ient i f ic 
stud i es f i nd them concent rated in the t i ssues of she l l 
f i sh and f i sh ( Nat iona l Re sea rch Counc il 198 2 ) . 

Wh i le resea rch on the tox icity of many of these 
chemicals to h i gher animals and man has typical ly not 
been comp let ed or fai ls  to be conclus i ve ,  ce rta i n  
pes t i c ides u sed extens i vely th roughout the wo r ld have 
been proved to cause cancer or be ha rmf ul i n  ot her ways . 
One of the best s t ud i ed of these i s  toxaphene,  a 
cancer -caus i ng pest ic ide sprayed on catt le and used for 
other ag r icultu ral pu rposes in  dozens of coun t r ies . The 
bu i l dup of t h i s  and ot her pes t ic ides in nea r sho re ocean 
wate rs is a se r i ous contami nat ion problem because these 
substances can be ha rmful in even very t i ny amount s ,  and 
they a re detectable in ma r i ne animals only when tech
nically ad vanced chemical assays a re made ( Goldbe rg 
1 9 8 1 ) . Thus the effects of tox ic chemical pol lut ion a re 
not immed i ately ident ifiable , unl i ke the obvious envi ron
mental effects of eut rophication ( a lgal overproduction ) 
assoc i ated with simple organic pol lution .  

Methods f o r  p revent i ng and mon i to r i ng tox ic wa ste 
pol lut ion must be app l i ed systemat ical l y ,  based on the 
best technical i nfo rmat ion avai lable to hea lth of f ic i a l s  
a n d  coastal managers . Tox ic waste management involves 
seve ral steps . F i rst , sou rces a re ident i f i ed by ana lyz
i ng wate r ,  sed iment , o r  animal t i ssue f rom coastal or  
e stua r i ne wate r ,  and f rom f acto ry-release poi nts or 
p r i nc ipal f a rm runo f f  sites . Second , for espec ially 
da ngerous substances ,  regulations a re app l i ed to reduce 
t heir release to the env i ronment by pu r i fying was tewa t e r  
o r  t ransfo rmi ng sol id waste i nto mo re manageable ( or at 
least ret r i evabl y sto red ) forms . F i na l l y ,  in  cases whe re 
coastal oceanog raphers and health experts agree that 
p roper env ironmental di spe r sa l  w i l l  produce concent ra
t ions low e nough so as not to ha rm humans a nd impo rtant 
mari ne ani mals , di lut ion and re lease met hods calculated 
to max imi ze di spe rsion are applied . When cons t r u ct i ng 
c oastal waste re lease systems , it  is ext remely impo rtant 
t hat i nfo rmat ion on nea rsho re c u r rent patterns and ocean 
f lush i ng rates be avai labl e .  Simply plac i ng an indus 
t r ial  or sewage outfall  pipe at an alternat i ve s i t e ,  or 
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extend i ng it  farther of fsho re i nto bette r f lushed waters, 
can resu lt in great l y  dec reased concent rations of pol 
l utants in  wate r  along the sho re ( Maragos et al . 1 9 8 3 ) .  

Sewage 

Of the contami nants contai ned in dome s t ic sewag e ,  
t h e  va r i ous d i sease-causing microo rgani sms can p resent 
the most d i r ect th reat to human hea l th . In developed 
count r i es ,  ef fect i ve methods for sewage treatment , 
mon ito r i ng ,  and safe release i nto the envi ronme nt a r e  
known and widely used . Wh i le eut rophicat ion s t i l l  
causes substantial d i ff icult ies i n  developed count ries, 
the spread of di sease f rom treated sewage is  gene ra l l y  
not a maj o r  problem . In mo s t  develop i ng count r ie s ,  
howeve r ,  sewage t reatment ( o r i t s  absence ) remai ns a 
p r ima ry health conce r n .  

When waste is  released into the ma r i ne envi ronment , 
san ita ry eng i nee rs fami l i a r  with ma r i ne hyd rog raph ic 
patte rns and impact stud i es can be of great ass i stance 
in  develop i ng cost-effect i ve systems of sewage re lease. 
For example , the san i t a ry eng i nee rs  and sc ient i s t s  
af f i l iated wi th major  i ns t i t ut ions o f  coastal 
eng i nee r i ng and related p r i vate f i rms could  help with 
such an effort . Chemical or biochemical t reatment 
methods found commonly in developed coun t r i es a re qui t e  
elabo rate , but effect i ve ,  less expens i ve systems can be 
used in deve loping nat ions . conside rable money can be 

saved by advance plann i ng and se lect ion of release s ites.  

Oil  Spi l l s  

A s  the volume o f  o i l  t ranspo rted b y  sea bas 
inc reased , pol lut ion of oceans and coast l i nes is  v i ewed 
with g rowi ng conce rn a rou nd the wor ld . The r i s ks of 
l a rge spi l l s  grow with the inc rease in numbe r s  of la rge 
supe rtanke r s .  

Oi l spi l l  cont i ngency plans have been developed i n  
many reg ions , and det a i l ed i nfo rmat ion on how to prepa r e  
for o i l  spi l l  eme rgenc ies i s  avai lable f rom several  
i nternat ional organi zat ions and assi stance p rog rams such 
as the Regiona l Seas Programmes of the United Nat ions 
Envi ronment Prog ramme ( UNEP ) , the Oi l Spi l l  cont i ngency 
Planning reports of the u . s .  Agency for Inte rnat iona l 
Development , and othe r s  ( see • se lected Read i ngs • ) .  
Informat i on i s  not yet complete on the dangers to ma r i ne 
animals and plants ( o r  to people who eat seafood ) cau sed 
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by ch ronic o r  catast roph ic ma r i ne o i l  pol lut ion . 
Howe ve r ,  it appea rs that the p r i nc i pal dangers to food 
chains a re cau sed by certain chemi cal components of oi l 
( that is , by ce rtain  of the pet roleum hyd roca rbons -
PHCs ) , so that oils of d i f fe rent PHC compo s i t ions may 
have di ffe rent effect s .  I n  add it ion , many o f  the 
detergents used to di spe r se sp i l ls a re at least as 
ha rmfu l  to ma r i ne l i fe in  the water o r  on the sea f loo r 
as the oi l i t se l f .  One se r i ous consequence of an oi l 
spi l l  in t ropical reg ions --espec i a l ly in  a reas whe re 
reefs a re impo rtant f i s h i ng g rou nd s ,  or whe re tou r i sm 
assoc i ated with  deep-sea d i vi ng and beach use i s  a ma j o r  
i ndust ry-- i s  that a s l ick might d r ift onto a c o r a l  reef, 
smothe r i ng and damag i ng the t i ny co ral polyps and often 
k i lli ng the ent i re r eef . 

Pol lutant Moni to ring 

Ocean pol l u t i on is most se r ious i n  pa r t i a l ly enc losed 
seas su r r ounded by heav i ly populated o r  i ndust r i a l i zed 
land a reas such as the Med iter ranea n ,  the Ba l t i c ,  the 
ca r i bbean and the Gulf of Mex ico , the No rth Sea , the 
Pe r s ian Gul f ,  a nd the a rch ipelagos of East Asi a .  I n  a l l  
these areas , the bo rder i ng count r i es ( encou raged by the 
un ited Nat ions Env i ronment Prog ramme ) have entered i nto 
reg iona l ag reements to cooperate in  monito r i ng and i f  
poss i b le i n  mit igat i ng pol l u t i on .  

Off the coasts o f  the United states , I ndones i a ,  and 
a numbe r of other coun t r ies , the •mussel watch,• 
i ni t iated at the sc r i pps Inst itut ion of Oceanog raphy 
( Goldberg 1 9 7 5 ) , has proved to be an effect i ve dev i ce f o r  
pol lutant mon i to r i ng .  These f i lte r-feed i ng o rgani sms 
ext ract and concentrate heavy metal s ,  chemica l s ,  a nd 
infectious o rgani sms i n  the seawa te r .  A s imila r •oyste r 
watch • has been recommended i n  East Asian waters ( Inte r 
g overnmental Ocea nog raph ic commiss i on 1 9 7 6 ) . 

Safe rad i oact i ve waste d i sposal p resents a sepa rate 
p r oblem of det e rmi n i ng whether sa fe d i sposal a reas i n  the 
ocean even ex i s t ,  for example , the tectonically i nact i ve 
centers  of oceanic  crustal p lates whe re these was tes 
m ight rema i n  undi stu rbed for  millenia  (Frosch et a l .  
1 9 78 ) . The i ssue o f  nuc lea r waste di sposa l i s  very d i f 
f icu l t ,  a nd the best i nterim solut ion seems to be u se of  
ret r i evable sto rage modes wh i le alternat i ve f i nal dis
posal methods a re eva luated . 

Gene ral  informat i on on pr i nc ipal t ropi cal ma r i ne 
pollut ion problems and thei r causes i s  prov ided i n  a 
review ed ited by Wood and Johanne s ( 1 97 8 ) . The detai ls 
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of a cooperat i ve inte rna t i ona l ma r i ne pol lut ion mon i to r 
i ng program suitable f o r  all  coun t r i e s ,  based o n  the 
regular collec t ion of shel l f i sh samples for e i t her local  
ana lys i s  or sh ippi ng ab road to better equipped analyt i c  
fac i l i t ies , a re g i ven in  the 1 9 8 0  National Resea rch 
Counc i l  repo r t ,  The Inte rnat iona l Musse l watch , and i n  
Goldbe rg ( 1 9 78 ) . The Pood and Ag r i cultu re Organi zat ion 
( PAO ) of the United Nations publishes guides for mon i tor
i ng shel l f i sh and f i nf i sh contam i nat ion and , th rough a 
special i nte rnat ional g roup of expe rts fo rmed to study 
wo rldwide ma r i ne pol lut ion problems , has publ i shed a 
se r i es of repo rts on va r i ous scient i f ic aspects of ma r i ne 
pol lut ion ( Group of Expe rts on the Scient ific Aspects of 
Ma r i ne Pol lut ion 1 9 7 1 , 1 9 7 7 ,  1 9 8 0 ) .  Mo re spec i f ic po l 
lut ion management refe rences a re g i ven i n  • selected 
Readi ngs . •  

PROTECTION PROM NATURAL HAZARDS 

Protect ion f rom c'l i mat ic and ocean phenomena i s  
needed for both the inhabitants and the a rt i f icial  and 
natu ral s t r uctu res of the coastal zone . Res idents and 
the i r  bu i ld i ngs must be protected against catast rophes 
such as t sunami s ,  hu r r icane s ,  f lood s ,  and erosion 
Pigure 2 -4 ) .  Revi ews of natu ra l haza rd protection 
methods for coastal count r ies a re g i ven i n  Wh ite et al. 
( 1 978 ) and M itche l l  ( 1 97 9 ) . 

I n  the late 1 9 6 0s ,  a giant storm su rge caused by a 
hu r r icane i n  the Bay of Bengal k i l led 50 0 , 000  people i n  
low-l ying land nea r the coast o f  Bangladesh . I n  sub
sequent yea r s ,  s imi lar monst rous waves claimed many l i ves 
on the no rtheastern coast of India . To prevent such 
catast rophes ,  a wa rni ng system and places of refuge a r e  
needed , recogn i z i ng the eno rmous problems o f  wa rning a 
d i spe r sed rural populat ion without modern communicat ions. 
An unde rstand i ng of how storm su rges a re gene rated i n  
pa rt icular locat ions ( i n relat ion t o  the mot ion and 
i ntensi t y  of hu r r i canes ove r the nea rby ocean ) ,  as wel l  
a s  the development of fo recasti ng methods based on 
sate l l i te and othe r weathe r  data a re also requ i red .  
Oceanog raphe rs and meteo rolog i sts a re t ry i ng to develop 
analyt ic hyd rodynam ic  capab i l i t i es for  these tasks , and 
thei r wo rk should be i ncorpo rated i nto coastal management 
planni ng programs . F i na l ly ,  reset t lement programs nea r 
coastal a reas must cons ide r the poss i ble dange rs of 
catast roph ic f lood ing or  storm damage in  new sett lement 
a reas .  
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F I GURE 2-4 S t r u ct u res bu i l t on sea cl i f f s  may be subje ct 

to hu r r i cane wi nd s  a nd t he resu l t i ng e ros i on. 

Improved wea t he r  pred i ct io n  ca pa b i l i t ie s  a re 

a va i labl e , but good communi cat i o ns systems 

a nd eme rge ncy prepa red ness pla ns a re a l so 

needed so t ha t  ea r l y  wa r ni ng systems ca n 

a l low coa stal i nhab i t a nts t o  evacuate da nge r 

zo ne s i n  t i me .  (U.s. Na t i ona l  ocea ni c and 

Atmo s phe r i c  Admi ni s t r a t i o n) 

HARBOR AND PORT DEVELOPMENT 

Cos t-ef f e ct i ve co ns t r u ct ion and mai ntena nce of po r t  

a n d  ha rbo r f a ci l it i es mus t  t a k e  i nto a ccou nt a broad 

ra nge of phys i ca l ,  e co nomi c, admi nis t r at i ve ,  a nd 

pol i t i ca l  f a cto r s ,  pa r t i cu l a r l y un i que hyd rodynam i c  

t r a i ts a nd sed i me nt - t r a ppi ng cha r a ct e r i st i cs .  Ce rta i n  

gene ra l i za t i o ns ca n be made about t he o cea n pro cesse s 

t ha t  a f f e ct ha rbo r s  a nd somet imes damage or eve n  d e s t roy 

t he i r  u se f u l ne s s  and about t he e f f e ct s  of ha rbo r s  o n  

ne i g hbo r i ng reg i ons . 

Probl ems of ho w to encou rage f lushi ng by t id a l  a nd 

ot he r  cu r re nt s ,  d imi ni sh s i l t a t i o n, a nd pro v ide wa vea nd 

s t o rm-s u rge protect i o n  a re cha r a cte r i s t i c  of ma ny po r t s . 

For  exampl e , su rges f r om t he Adr i a t i c  Sea i nto t he 
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l agoons of venice f requent ly f lood the Piazza san Ma rco . 
After world war I I ,  a violent storm su rge came i nto the 
estua r ies of the Sche ldt , the Rhi ne ,  a nd the Meuse , 
k i l l i ng many people and cau s i ng g reat property damage . 
B r i stol , Eng land , and ost i a , Italy,  a re ha rbors that once 
we re thr i v i ng centers of commerce , but they have si lted 
up a nd a re now useless for shippi ng • . A s im i l a r  fate may 
ove rcome the port of ca lcutta in eas te rn India . Flood i ng 
of the po rt of London i s  prevented only by enormous 
man-made ba r r i e r s  on the Thames R i ve r .  Anothe r hyd ro
dynamic problem is that la rge stand i ng wa ve s ,  ref lect i ng 
and be i ng reinfo rced by ha rbo r  wal l s , can occ u r  i f  a 
ha rbor i s  bui lt with pa rt icular relat ionships between 
harbo r  d imensi ons and i ncom i ng wa ve f requenc ies . 

The problems of design and mod i f ication of ha rbo r s  
a re con t i nu i ng ones , as new structu res , each with  
i nd i v idual hyd rog raphic and t e r res t r ial cha racte r i s t i c s ,  
a re bu i lt i n  response to chang i ng econom ic need s .  Tech
nical i nformat ion and guidel i nes f o r  po rt fac i l i ty d e s i gn 
and const ruct i on a re avai lable f rom the Inte rgove rnmental 
Ma r i t ime Consultat i ve Organi zat ion of the United Nat ions 
( 1 98 0a ,  1980b ) . 

The remainde r of this  sect i on d i scusses three p r i n 
c ipal categor ies o f  physical factors that must be eva l u 
ated in ha rbo r a n d  port deve lopment :  ( 1 )  site se lect i on ,  
( 2 )  design conside ration s ,  and ( 3 )  envi ronmental facto r s .  
These di scussi ons a re based on informat i on f rom the com
panion repo rt on coastal zone management in develop i ng 
count r i es ( Nationa l Research counc i l  1 9 8 2 ) . 

S ite Select ion 

A numbe r of physical facto rs affect the selection of 
s i tes for  po rt or ha rbor development . Nume rous examples 
a round the wo rld ( such as those ci ted above ) i l lust rate 
the cost ly and potent ially dange rous consequences of 
fai l u re to consider one or more of the f ol lowi ng 
elements : 

o Natu ral protection at a site . The presence of 
head lands or i nt e r i o r  bays ma kes s i t i ng much 
eas i e r .  A natu ral  bay may also provide a pa r 
ticula r ly desi rable locat ion f o r  a new fac i l i ty 
by reduc i ng the need for  costly d redg i ng and 
cons t r uct ion of protect i ve s t r uctu res . 

o Exposu re to waves . wave act i vi ty at a site d i c 
tates the extent to which protect i ve s t ructu res 
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a re necessa ry . Off sho re featu res such as sub
ma r i ne canyons and r idges can affect the waves , 
and locat i ons sepa rated by as l i t t le as a few 
k i l ometers may be unequa lly suited as ha rbo r  
s i tes . 

o Wind exposure.  Dom i nant wi nd d i rection and 
i ntens ity can affect the ut i l i ty of d i fferent 
s i tes as harbo rs and have an important impact on 
desi gn cons ide rat ions . 

o Frequency of storms and ot he r nat u ra l  haza rd s .  
The prevalence of such events a s  sto rm su rges , 
hu r r icanes , typhoons ,  tsunam i s ,  and ea rthquakes 
i nf l uences ha rbor s ite suitabi l ity.  

o T idal f lows and na vigation . Ef fects of t idal 
cu r rent s ,  wi nd s ,  and othe r factors on na vigat ion 
a re a ma jor  cons ideration in  port o r  ha rbo r site 
se lect ion . St rong cur rents can i ncrease s h ippi ng 
t imes or c reate potent ial haza rd s of col l i s ions 
or  g round i ng ,  a nd gene rally affect ease of nav i 
gat i on . 

o Ease of provid i ng deep-water access . Subst rate 
type and bottom stabi l i ty wi l l  i nf luence the 
abi l i ty to create stabl e ,  low-mai ntenance na v i 
gat ion channel s .  coral reefs or  bed rock outc rops 
can inc rease ha rbo r development cos t s .  

o Longsho re sed iment t ranspo r t . The amount of 
sed iment mov i ng along the shore w i l l  af fect ha r
bor sed iment-trappi ng behavi o r .  Ha rbor s i ltat ion 
and downd r i f t erosi on can resu l t  f rom s i t i ng 
ha rbo rs i n  a reas of excessive longsho re sand 
t ranspo rt .  Proper pos i t ion i ng and a l i g nment of 
ha rbor ent rances ,  among other des ign aspect s ,  can 
m i nim i ze si ltation and eros i on problems . 

o Local geology. The consol idat ion state of the 
su r round i ng sed iment and bed rock ( for instance , 
sandy ba r r i er beach cond i t ions as opposed to a 
roc ky head land ) w i l l  af fect both development 
costs and the upland i nf l ux of sed iment and 
transport through the ha rbo r envi rons . 
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Design and cons t r uction conside rat ions 

In add it ion to cons t r uction and e ng i nee r i ng conc e r ns ,  
geological and oceanog raphic facto r s  must be conside red , 
i nc l udi ng : 

o Local wa ve and wi nd cond it ions . Once a suit able 
s ite has been selected , spec i f ic local factors 
w i l l  dete rmine the structu ral detai l s  of des ign
i ng ha rbo r protect ion and load i ng fac i l it ies as  
wel l  as  navigat ion ; a ha rbo r ent rance should not 
be d i r ectly exposed to i ncomi ng storm wave s ,  f o r  
example . These factors  may requ i re local 
resea rch and analys i s .  

o Ha rbo r oscil lat ions . La rge-amplitude , 
low-f requency wave mot ions can be amp l i f i ed by 
resonance wit h i n  ha rbo rs . The entrance , planfo rm 
geometry,  depth ,  and s i ze must be ca ref ully 
designed to el iminate these osc i l lat ions . 

o Provi s ion for mai ntai n i ng navigat ion channe l s .  
Prevent i on o f  net inf lux and bu i ldup o f  sed iment 
i s  c r i t ical to a navigable harbo r .  Mate r i a ls 
f rom both land and sea must be prevented from 
ente r i ng the ha rbo r ,  o r  pe r iod ic d redg i ng wi l l  
be necessa ry . In add it i on ,  ce rta i n  types of 
bottom sed iments may slump or slough i nto nav i 
gat ion channe l s ,  often du r i ng t imes of storm 
act i vity.  Fai l u re of slopes to prevent accumula
t ion of sed iment may requ i re pa rt icularly costly 
and f requent mai ntenance to assure navigabi l i ty .  

o Downd r i ft  e ros i on . Provi s i ons for  bypas s i ng 
sediment need to be made to ensu re that nei ghbor 
i ng coastal regions do not su ffer  f rom a loss of  
sediment as a result of ha rbo r  cons t r uction . 
such downd r i ft sta rvation can affect coastal 
stabi l i ty and thus i ndust ry, tou r i sm ,  and 
rec reat ion . 

o cost  and avai labi l i ty of const r uct ion mate r i a l s. 
Feas i b i l i ty of ha rbor and port development i s  
affected t o  a la rge deg ree by the cos t s ,  sou rce 
locat ion s ,  and t ransportat ion costs of construc
tion material s .  

o Ha rbo r f lush i ng capacity.  As ha rbors commonl y 
t rap both pol lutants and sed iment , ca ref ul 
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cons ide rat ion must be g i ven to the natu ral  
f lushi ng potent ia l  of a new ha rbo r .  When 
necessa ry,  prov i s ions must be made to i nc rease 
f lushing and to protect wat e r  qua l i ty .  

Envi ronmental Impact s 

Po rt and harbo r  development can ha ve profound 
envi ronme ntal effect s .  The se i nclude : 

o Effects on land runo f f . Ha rbo r development can 
dec rease avai labi l i ty of f resh water in coastal 
a reas and change the quant i t ies of sed iment f low
i ng to coastal waters f rom upland sou rces . 
Inc reased sed iment concentrations can have 
delete r ious effects on a la rge pe rcentage of 
ma r i ne o rgani sms of all  k i nd s .  

o oownd r ift sta r vat ion.  Removal of sed iment f rom 
the nea rshore system through ha rbo r  development 
can affect envi ronmental or ecolog i cal  factor s  
and ma ke coastal a reas less f it f o r  human use by 
dec r easi ng or alte r i ng biolog ical habitat s ,  for  
instance , or  dec reasi ng geolog ical stabi l i ty 
th r ough e r os ion of coastal bluffs . 

o Inc reased pol lut ion . Trappi ng pol lutants such 
as sewage,  i ndust r i al waste s ,  or o i l  in po rts and 
ha rbo r s  can inc rease pol lut ion levels both i n  
ha rbo r  wate rs and adj acent reg ions . 

o Seawate r intrusion resu lting f rom lowered wate r 
tables . Lowered wate r tables due to coastal 
development can accele rate sa l twate r intrusion 
i n to freshwater aquifer s ,  reduc i ng potabi l i ty .  

o Introduction of al i en spec i es . Fore ign o rgani sms 
can be i n troduced i nto an a rea via the release 
of bi lge wate r o r  bi lge oi l s ,  creat ing s i gni f i 
cant ecolog ical problems in  some locat ions . 
Resea rch on thi s sub j ec t  is  not yet conc lus i ve ,  
but the i n troduct ion of pa rasite s ,  and competi 
tion wi t h ,  o r  p redation on , local spec i es have 
been repo r ted in some a reas .  

o Ha rbo r construct ion . Dredg i ng and f i l l i ng act i 
vit ies duri ng construct ion can impa ir water 
qua l i ty and damage organ i sms in ad jacent a reas 
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unless these act i vi t ies a re properly conducted 
and contai ned . The di sposal of excess d r edged 
mate rials  off-site can also cause damage . Dis 
posal on land o r  at sea o f  spoi ls f rom pe r i od i c  
mai ntenance dredg i ng can also have adverse 
envi ronmental eff ect s .  

OCEAN RECREATION AND TOURISM 

The coastal zones of t rop ical oceans offer a promi s 
i ng opportunity for  recreat ion . ca reful development o f  
coastal rec reat ional a reas ,  t o  prevent unhea l t hf u l  
increases in levels  of pol lutant s and mai ntai n t h e  en joy
able cha racte ri stics of the envi ronment , wi ll  i ncrease 
t he rec reat iona l opportuni t ies for local c i t i zens and 
encou rage the expansion of foreign tou r i sm ,  which can be 
a ma j o r  sou rce of fore ign exchange and of employment . 

To i nc rease the attract i veness of the i r  coastal 
reg ions as tou r i st cente r s ,  count r i es can bu i l d  onshore 
structu re s ,  improve publ ic access to the shore and nea rby 
waters , prevent pol lut ion , const r uct ma r i nas and rec rea
t ional ha rbo r s ,  and protect coral reefs against pest s ,  
suf focat ion by sed iment s  f rom nea rby land a reas , or 
i ndiscr imi nate o r  unduly destruct i ve coral ha rves t i ng .  
Loca l i t ies that want to suppo rt the i r tou r i st indus t r i es 
should provide services that wa rn and protect tou r i st s  
against poi sonous o r  haza rdous ma r i ne o rgani sms such as  
l ionf i s h ,  la rge sha r k s ,  sea u rchi n s ,  and sea sna k e s .  
They should develop such coast gua rd se rvices a s  naviga
t ional aid s ,  weather wa rni ng signal s ,  and sea rch-and
rescue operat i ons for small  sa i l i ng and powe r vesse l s .  
Fu rthe r ,  they should s t udy the locat ion, abunda nce ,  and 
l i fe cyc les of local game f i sh and take measu res that 
will  ensu re the food supply and d imi n i s h  predat ion of 
these f i sh at diffe rent stages in thei r l i fe cyc les . I n  
many place s ,  unde rwate r  pa rks and reserves can be estab
l i shed as spec ial  att ract ions . 

Scient i f ic and techn ical advice f rom ma r i ne spec i a l 
i sts i n  developed count r ies will  be useful in  conduct i ng 
these act i v i ties . Ma r i ne biolog ists  can advise on the 
protect ion and ident if ication of valuable and u nusual sea 
creatu res and the establ i shment of coastal parks , as has 
been done in costa Rica , seve ral ca r i bbean i sland s ,  and 
a numbe r of southeas t  Asi an coun t r i es . F i sheries 
managers  can advi se on the p rotect ion of game fishes . 
Assi stance al so may be ava i l able f rom agenc ies i n  
developed count r ies ( for example , t h e  u.s. coast Gua rd ) 
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t hat provide rescue serv ices and navigat ional aid to 
recreat iona l and commercial sea vesse l s . 
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of B iolog ical Mate r ia l .  PAO Fishe r ie s  Techn ical 
Pape r 1 58 .  Avai lable f rom UNIPUB , New York , New 
Yo r k , USA . 

--------------· 1 9 7 7 . Manual of Methods in Aquatic 
Envi ronment Resea rch , Pa rt 4 :  Bases for Select i ng 
Bi olog ical Tests to Eval uate Ma r i ne Po l l ut ion . FAO 
Fishe r ies  Technical Pape r 1 6 4 .  Avai lable f rom 
UNIPUB, New York , New York , USA . 

Gameson , H . , ed . 1 9 7 5 .  Di scha rge of sewage f rom sea 
OUt f a l l s . Pe rgamon Press , London , England . 

Geye r ,  R .  A .  1 98 0 .  Ma r i ne Envi ronmental Pollut ion , 
Vol .  1 :  Hyd roca rbons . Else v i e r ,  New Yo rk , New 
Yor k , USA . 

' 

--------------· 1981 . Ma r i ne Env i ronmental Pol lut ion , 
Vo l .  2 :  Dumpi ng and M i n i ng . Elsevi e r , New Yor k ,  
New York , USA . 

G i l be r t ,  J .  T .  E .  1 9 8 2 . Env i ronmental Planni ng Guideli nes 
for Offshore Oil and Gas Development . Uni ve r s i ty 
Press of Hawai i for the Bas t-West center ,  Honolulu , 
Hawai i ,  USA . 
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Group of Expe rts on the Scient i f i c  Aspects of Ma r i ne 
Po l l ut i on .  1 97 7 .  Impact of Oil  on the Mar i ne 
Envi ronment . FAO/GBSAMP Report No . 6 .  Food and 
Agr i cultu re Organi zat ion ,  Rome , I taly.  

Inte rgove r nmenta l  oceanog raphi c  commi ssion . 1 9 8 0 . Thi rd 
IOC/WMO Workshop on Ma r i ne Pol lut ion Moni t o r i ng ,  New 
Del h i , Februa ry 1 1 -1 5 , 1 9 8 0 . IOC/UNBSCO workshop 
Report No . 2 2 .  UNESCO , Pa ri s ,  France . 

Nat ional Resea rch counc i l .  1 984 . Di sposal of Indus t r ial  
and Domestic wastes--Land and sea Alte rnat ive s .  
Nat iona l Academy Pres s ,  wash i ngton , D . C . , USA . 

Ruddle , K .  1982 . Pol lut ion in the ma r i ne coastal 
envi ronment of ASBAN count r ies . Pp .  1 36-1 7 6  i n  
sout heast Asian seas : Front iers for Deve lopment , 
Chi a  Li n S i en and c .  MacAnd rews,  ed s .  McGraw-H i l l ,  
S ingapore . 

center for ocean Management Stud ies . 1 98 2 . Impact of 
Ma r i ne Pol l ution on soc i ety . J .  F .  Be rg i n ,  south 
Had ley , Massachu set t s ,  USA . 

wor ld Health Orga n i zat ion . 1 9 8 2 .  waste Di scha rge i nto 
the Mar i ne Env i ronment : Pr i nc iples and Gu ide li nes 
for a Med iter ranean Action Plan . Pe rgamon Pres s ,  
New York , New York , USA . 
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3 Marine Mining and Drilling 

FOSSIL FUELS : DRI LLING FOR OI L AND GAS 

Resou rce Assessment 

W i th the r i s i ng prices of oil and natu ral ga s ,  the 
i mport costs for these commod i t i es have become an 
excess i vely la rge f r action of the budgets of many 
d eveloping countr i es .  As a resu l t ,  exploration for and 
exploi tation of local sou rces of these foss i l  f uels  a r e  
very important . Sma l l  quantities o f  oi l a r e  present 
th roughout much of the conti ne ntal seabed , but recove r 
able deposi ts a r e  found onl y  in ce rta i n  types of seaf loo r 
fo rmations that can concentrate the oi l and gas ( see 
F i g u re 3 -1 ) . Su l f u r  may also be assoc iated with these 
d eposits,  typical ly when a depo s i t  has been fo rmed by 
t r apping oi l in  a sa lt  dome . 

For some coastal nation s ,  s ignif icant of fsho re 
petroleum deposits are most li kely found on the rela
t i ve ly shal low conti nental she l ves and on the slopes just 
beyond these shelves . Even i f  deposi ts are too small  
( usua l ly less than 1 0 -20 mi l l ion tons of recove rable oi l 
rese rves ) to be su f f i c i ently prof itable for extraction 
by the maj o r  oil companies,  they could be of g reat help 
i n  reduc ing the foreign exchange bi l l s  of deve lop i ng 
countr ies . 

Most deve loping countr i es need ass i s tance in  us i ng 
geophysical and geolog ical expl oration techn i ques for 
off shore oi l and gas f ields ( see F i g u re 3 -2 and • Ma r i ne 
Geology • i n  Append i x  A ) . The i r  own sc ienti sts , 
eng i nee r s ,  and technical support per sonne l need to be 
trai ned as soon as possi ble i n  these techni ques and i n  
methods f o r  evaluating the data obtai ned , perhaps with 
i nternat ional assi stance , so that they can help the i r  
gove rnments i n  negotiations for leases , royal ties , and 
bonuse s .  

- 2 7  -
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F IGURE 3-1  D i fferent types of oi l traps . For s i mpl i 
c i ty ,  the rese rvo i r  bed s a re always i nd i cated 
as sands : ( a )  st ratig raph i c  t rap , ( b )  s t r uc 
t u r a l  t rap, ( c )  ant i c l i n e ,  ( d )  salt dome o r  
d i ap i r .  ( Repr i nted from Ross 1 98 2b )  

Locat i ng pet roleum depos i ts i n  coa stal she l f  reg i o n s  
i s  a n  expens i ve undertak ing .  I t  requ i res not onl y  sh i ps 
and d r i l l i ng equ ipment , but al so approp r i ate shore sup
port fac i l i t ies and ana l yt ical labo ratory faci l i t i es on 
land and at sea . Highly t r a i ned ship per sonne l and 
labo ratory techn i c i ans a re needed to wo rk  with the 
scient i st s .  These scient i sts should have a range of 
geolog ical and chemical knowledge requ i red for s ite  
se lect ion , analys i s  of  sed iment samples , and ana l ysi s of 
acoust ic geophysi cal data , as des c r i bed i n  Append i x  A .  

Unfortunately,  the seabeds off a number of coast a l  
count r i es d o  not contai n ext ractable pet roleum reserves , 
and many oi l-produci ng count r ies have extens i ve seabed 
reg i ons that lac k oi l .  Thus for econom i c  reasons i t  i s  
very impo rtant that good scient i f ic evaluat ions , wh i ch 
need not be ext remel y expens i ve ,  be done pr i or to mount
i ng expens i ve test-d r i l l i ng ope rations . The f i r st step 
i n  seek i ng oi l deposi t s  should be to gather ex i s t i ng data 
i n  the publ ic domai n  about the geophysics of a nat ion ' s  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

O p p o r t u n i t i e s  i n  M a r i n e  S c i e n c e  a n d  T e c h n o l o g y  f o r  D e v e l o p i n g  C o u n t r i e s
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F i g u re 3 -2 In acoustic surveying,  geolog ical and geo
physi cal data are col lected con t i nuously 
a long the ship ' s  c r u i se t rack . A picture i s  
thus c reated of the seaf loo r topog raphy , 
sed iment s ,  and deeper layer structu res such 
as those i n  F i g u re 3-1 . ( D .  Ros s ,  Wood s Ho le 
Oceanog raph i c  I nst itut ion ) 

seabeds : computer sea rches of the wo rld ' s  sc i ent i f i c 
l iteratu re w i l l  be usefu l .  

I f  insu f f i c i ent or no sc ient i f ic data ex ist  to deter
m i ne the l i kel i hood of offshore oi l locat ions , but know
l edge of the ma r i ne geology of ad j acent or simi la r 
r eg ions i ndicates the possi bi l i ty of cond i t ions suitable 
f o r  pet ro leum deposits , it  i s  then approp r i ate to conduct 
g eophysical surveying exped i t ions . Should the resea rch 
c ru i ses ind icate the ex i s tence of sed imentary rock 
fo rmations capable of trapp i ng pet roleum i n  extractable 
f o rm ,  the high cost of tes t -d r i l l i ng operations wou ld 
then be j u sti f i ed . Where no l i kely fo rmations ex i st ,  
h owever , publ ic  funds should , i n  mos t cases , not be used 
f o r  test d r i l l i ng .  

Mar i ne geolog i sts a t  oceanograph ic  i nsti t u t i ons i n  
d eveloped count r ies can help f i nd and eva luate rel evant 
data for a g i ven area .  Some o f  these i nstitutions have 
a l ready conducted widesp read resea rch crui ses 
( F igure 3 - 3 ) , and thei r sc i enti sts and data managers can 
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F I GURE 3-3 Ma r i ne geolog ists f rom the United S tates and 
Egypt aboa rd the u . s .  resea rch vessel 
• chai n •  exam i ne the sh ip ' s  echo sounder .  on 
th is  c r u i se , the geophysical structu re of 
the seaf loo r i n  the Ni le Del ta reg ion was 
stud i ed for the f i r st time . ( Woods Ho le 
Oceanog raph ic Institution ) 

assi st with l i terature sea rches and trai ni ng i n  data 
ana lys i s  techn i ques . 

I n  many instances , o i l  and gas exploration is  done 
mo re eff ic iently when the resu l ts of land-based geo log
ical su rveys,  for both local and ne ighbo r i ng reg i on s ,  
a re avai labl e .  These surveys dete rmi ne the ages and 
morphology of sed imenta ry and deep rock formations . 
When coup led wi th the results of conventional ma r i ne 
su rvey wo rk and prelimina ry test d r i l l i ng ,  such ana lyses 
inc rease the abi l ities of geolog i sts and geochemi sts to 
identi fy  those nea rshore ma r i ne a reas most li kely to 
contain foss i l  f uel deposits . 

Copyright © National Academy of Sciences. All rights reserved.

Opportunities in Marine Science and Technology for Developing Countries
http://www.nap.edu/catalog.php?record_id=19270

http://www.nap.edu/catalog.php?record_id=19270


- 31 -

Ex t ract i ng and Process i ng Fossi l Fue l s  

A f t e r  explo i t able pet ro leum rese rves ( • rese rvoi r 
roc k s • )  a re found , the o i l  and gas mu st be ex t racted and 
t ra nspo rted to sho re . Knowledge of the range of sea
f loo r ,  wate r ,  a nd meteo rolog i cal cond i t ions i s  nece ssa ry 
to i nstal l and operate off shore d r i l l i ng r i g s  and pipe
l i nes . The safety and secu r i ty of these d i f f icult  ope r 
at ions cannot yet be f u l l y  assu red even i n  indus t r i a l i zed 
count r i e s ,  as evi denced by the ra re but t rag ic oi l r ig 
d i saste r s . At present , the ab i l i ty to cons t ruct d r i l l i ng 
r igs and to counte ract ser ious ope rat i ng p roblems o r  
poten t i a l  d i saste rs such as blowout s st i l l l i es p r i ma r i l y  
i n  the developed count r i e s . 

For cont inental shelf  a reas less than about 1 80 
meters  deep , d r i l l i ng platforms can be e i the r f i xed to 
t he sea f loo r or  sem i f i xed , to be moved after d r i l l i ng .  
Float i ng platfo rms a re used f o r  g reater  depths .  Oi l 
d r i l l i ng at depths g r eate r than 1 , 0 0 0  meters  ( a  po r t i on 
of the way down the cont i nental slope ) i s  cur rent ly done 
only rarely by a few spec i a l l y  out f i t ted sh ips . As tech
n i cal  capabi l i t i es improve , f ut u re oi l product ion may 
extend to the con t i nental r i se a reas ( 3 , 00 0 -4 , 0 0 0  met e r s  
deep ) . The r i se s ,  with the i r  relat i ve ly t h i ck wedges o f  
bu i l t-up sed imen t s ,  a re expected t o  b e  pa r t i cula r l y  good 
pet roleum sou rce s .  

The complete transfer of ma r i ne oi l ,  gas , and su l f u r  
p r oduct ion technology to develop i ng count ries c a n  be 
accomp l i shed ove r t ime , as local sc ient i sts and tech
n i c i ans a re t ra i ned . In most case s ,  howeve r ,  a count ry 
w i l l  achi eve the ful l bene f i t s  of oi l product i on only  
when assoc i ated technolog ies ( e . g . , for  powe r product ion , 
l abo ratory ma i ntenance , t ranspo rtat ion , and se rvi c i ng 
po rt fac i l i t ies ) a re a l so deve l oped . A va r i ety of chan
ne l s  for publ i c  and pr i vate t rans f e r  of techno logy a re 
avai labl e ,  i nc l ud i ng t r a i n i ng and excha nge programs , 
j o i nt ventu res , di rect pu rchase of technology , and 
acqu i s i t ion of consul t i ng and eng i nee r i ng services . I n  
coastal nat i ons  that l a c k  re lat i vely ad vanced domes t i c  
technolog i c a l  capabi l i t ie s ,  j oi nt ventu re ope rat ions wi l l  
of ten be the on ly way that ma r i ne dr i l l i ng programs can 
be i nst i tuted . 

How can developing coun t r i es inc rease the effect i ve
ness of technology t ransf e r ?  Ef f i c ient t ransfer of 
ma r i ne m i n i ng capabi l i t ies wi l l  requ i re both short- and 
long-te rm project s .  Sho rt-te rm t rai ni ng o f  techn i c i a n s  
a n d  suppo rt pe rsonne l wi l l  al low them t o  wo rk  on dr i l l i ng 
and geochemical analys i s  i n  joint ve nture operat ions . 
Th i s  expe r i ence should be coupled with  the s imul taneous 
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but necessa r i ly longer term deve lopment of domest i c  
scient i f ic capabi l i t i e s ,  i ncludi ng the educat ion of 
mar i ne geolog i s t s ,  geochemists,  and eng inee r s ,  requ i r i ng 
2- 4 yea rs after the i nt roductory unive r s ity-leve l  mathe
mat ics and sc ience cou rses . Purther , academ i c ,  gove rn
menta l ,  or i ndust r ial re•ea rch and eng i nee r i ng fac i l it i e s  
must b e  created or expanded . I n  each·  country,  pol icy
ma ker s ,  resou rce manager s ,  and scient i f ic admi n i s t rator s  
must be prepa red to dete rmine the appropr iate investments  
in  sho r t-term and longe r t e rm pe r sonnel trai n i ng and 
equipment acqu i s i t i on .  

MARI NB MI NBRALS OP TH B CONTI NENTAL MARGINS 

As desc r i bed i n  Append i x  A ,  the shal low shelves and 
bo rder i ng slope and r i se areas of the cont inental ma rg i n  
su r round a l l  major land masses but va ry g reat ly i n  width 
f rom one reg ion to anot he r .  Pac i f ic ocean ma rg i ns are 
a lmost always relat i ve ly na r row and often d rop off 
rapidly into deep-sea trenches wit h i n  a few hundred mi le s 
of shore . At lantic coast l i ne s ,  much of the Indian ocea n , 
and semienc losed seas a re ,  in cont rast , typ ically bo r 
de red by wide,  gent ly slop i ng she l ves . In these shal low 
areas , types of minerals d i f fe rent from those located i n  
the deep sea a re found , and mi n i ng is much less d i f f i c u l t  
techn ical ly than in deep wate r .  

Va l uable pet r oleum a nd  s u l f u r  deposits are typica l l y  
found i n  cont inental marg i n  areas , although t h i s  may 
i nc l ude the deep slope and r i se zone s ( f rom 200 to as 
many as 3 , 500 mete rs deep ) . Al though ext remely va luable , 
pet roleum i s  only one of the ma ny mate rials that can be 
prof itably taken f rom continental sea f loo r s .  I n  fact , 
most substa nces that can be mi ned on land are present i n  
ext ractable form i n  some por t i ons of the wo rld ' s  sha l l ow 
oceans . These substances include coa l ; t i n ,  i ro n ,  and 
othe r i ndust r i a l  metals ; certa i n  types of chem ical ly 
enr iched rocks such as a ragonite and phospho r i tes ; and  
prec i ous  metal s ,  inc l ud i ng gold . 

Nea rshore Metals and coa l 

The locat ion of ma r i ne mine rals i s  often indicated 
by the i r  presence in nea rby land a reas . coal and t i n  
mines , for example , have been extended successfully i n  
some regions i nto adj acent coastal water s ,  whe re the 
mine ral seams cont inue beneat h the laye rs of su rf ace 
sed iment--for example,  tin mi n i ng in Thai land . These 
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nea rshore mi n i ng operat ions can be ve ry prof i tabl e ,  and 
t he sea rch for sim i l a r  resou rces may be a val uable unde r
tak i ng for develop i ng coun t r ies w i th extens i ve ,  shal low 
coastal wate r s .  Howeve r ,  because se r i ous envi ronmental 
p roblems can result if uncont rol led m i n i ng pol l utes 
wat e r s ,  beaches ,  and f i sh i ng ground s ,  approp r iate preven
t i ve steps should be planned before extens i ve mi n i ng 
beg i ns .  ( See Chapter 2 ,  on coastal management , for a 
d i scussion of ways to reconc i le compet i ng uses of coastal  
waters . )  

For some relat i ve ly dense mine ral s--for ex ample , 
magnet i t e ,  rut i l e ,  i lmen i t e ,  z i rcon ,  plat i num, gol d ,  and 
even d i amond s ( al though mineable d i amond depos i t s  a re 
rare ) --nea rsho re su rface depo s i t s  ( place r s ) a re fo rmed 
when waves and cu r rent s so rt heavier  mate r i a l s  f r om 
su r roundi ng sands and mud s .  As w i th ma r i ne depo s i t s  of 
tin and coal , the nat u re of placer deposi t  minerals 
usually ref lects  the mineral compo s i t ion of nea rby land 
a reas . A l i st of some of the bette r-stud i ed geog raph i c  
a reas whe re va r ious types o f  ma r i ne placer and other 
m i ne ra l s  could be mi ned i s  g i ven in Table 3 - 1 . 

Ma r i ne M i ni ng for const ruct ion 
and Fert i l i ze r  Mate r i a l s  

Some mat e r i a l s  pa rt icul a r ly cha r act e r i st i c  o f  ocean 
env i ronment s  but unexp loi t ed off e r  poten t i a l  for  ma r i ne 
m i n i ng .  Notable among these a re phospho r ite s ,  depo s i t s  
r.ich i n  the phosphate mate r i a l s  wh ich , when mined on 
land , command a h igh pr ice as sou rces of ag r i c u l t u ral  
f e rt i l i ze r .  The  chemical t ransf orma t i on and depo s i t i on 
of excess phosphates , or those not taken up by the 
ocean ' s  mic roscopic plant s ,  c reate seaf loo r  phospho r i tes . 
Phospho r ite depo s i t s  a re widespread i n  upwe l l i ng a rea s-
t hose nea r shore reg ions where cold , nut r i ent- r i ch water 
r i ses and suppo rts unusua l l y  bount i f u l  f i she r ies and high 
p roduct i vi t y  of al l forms of ma r i ne l i f e .  As the demand 
for f e rt i l i zers i nc rease s ,  the costs of mi n i ng a nd t rans
por t i ng th i s  rocky mate r i al a re expected to be more than 
repaid . Thus future ma r i ne phospho r i te mi n i ng ope rations 
may be unde rtaken in both deve loped and deve lop i ng 
count r ies . 

Anothe r cont i nental shelf  mine ral  used as a sou rce 
of f e rt i l i ze r  and to p rovide l ime for cement is a rago
n i te .  Th i s  cal c i um ca rbona te-en r i ched rock ex i s t s  in 
nume rous coastal ma rg i n  a reas ; i ts deposit ion depends on 
t he seawater  chem i s t ry of the reg i on . Aragon i t e  m i n i ng 
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TABLE 3 - 1  M i ne r a l  Depos i t a  on the Sea f l oo r  of the Con t i ne n t a l  Ma r g i n  

Po s s i bl e M i neable 
M i ne ra l use Ma r i ne Area8 Val ueb ( US$ ) 

Ma r i ne p l ace r s  
Gold Jewe l ry ,  el ect ron i c s A l as k a , o regon , 3 � 0  o r  •ore/oz 

P l a t i num Jewe l r y ,  i nd u s t r y  
Magne t i t e  I r on o r e  

I lmen i t e  Sou rce of t i t a n i um 

Z i rcon sou rce of z i rco n i u m  

Ru t i l e Sou rce of t i t a n i u ll  
Cass i t e r i t e  sou r ce of t i n  

Mona z i t e  Sou rce o f  r a r e  ea r t h  
e l emen t s  

C h r om i t e  Source o f  c h r om i um 

Sand a nd g r a ve l  Cons t r uc t i on 

ca l c i um ca r bonate Cons t r u c t ion 
( a ragon i t e ) ceme n t , ag r i c u l t u re 

Ba r i um su l f a t e  D r i l l i ng mud , g l a s s ,  
pai n t  

Di amonds Jewe l r y ,  i ndu s t r y  

Phospho r i t e Fert i l i ze r  

G l a ucon i te Sou rce of pot a s s i um 
f e r t i l i ze r  

Pot ash Sou rce of pot a s s i u m  

Ca l i f o r n i a ,  
Ph i l i pp i ne s ,  
Au st r a l i a  
Alaaka �00 o r  
B l a c k  Sea , USSR , 6 - 1 1 /t 
Japa n ,  Ph i l i pp i ne s  
Ba l t i c ,  USSR , 2 � - 3 � / t  
Aust ra l i a  
B l a c k  Se a ,  Ba l t i c , 4 � / t  
Aust ra l i a  
Au s t r a l i a , USSR 1 00 / t  
M a l a ys i a ,  Tha i l and , 
I ndones i a ,  USSR , 
Aus t ra l i a ,  Eng l and , 
Au st r a l i a ,  USA 1 7 0 / t  

A u s t ra l i a  2�/t 

Moat cont i ne n t a l 
shel ves 

Rahama s ,  Ice land , 
sou t hea s t e r n  USA 

A l as k a  

Nam i b i a  

USA ,  Spa i n ,  Japa n ,  6 - 1 2/t 
Au st r a l i a ,  I nd i a ,  
Sou t h  Ame r i c a ,  
Sou t h  A f r i c a ,  Mex i c o  

Eng l a nd , A l a s k a  

8Does n o t  necessa r i l y i n c l ude a l l a reas , because i n  many local i t i e s  
exp l o r a t ion h a s  be e n  n i l o r  m i n i ma l .  

bean va ry depend i n g  o n  deg ree o f  r e f i nemen t , da t a  a re f r om va r i ou s  
sou rces a nd m a y  not ref lect c u r rent econom ic cond i t i o n s .  

SOURC E :  R o s s  ( 1 980 ) .  

110 r e/o z 
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has been successfully conducted off the Bahamas and 
several developed coun t r i es .  

sands and grave l  of va r i ous types a re of ten ove r 
looked b y  resou rce manage rs and developer s .  The d emand 
f o r  these important mate r i a l s  fo r cons truct ion of bu i l d
i ng s ,  h i ghways ,  and a i rports i nc reases rap id ly as 
development occu r s .  concu r rent ly,  land supp l i es tend to 
become both depleted and cove red over as development 
spread s .  When cons truction s i tes ex ist  c lose enough for 
economical t ransport f rom ma r i ne sand and gravel sou rce s ,  
ma r i ne aggregate mining can be deve loped prof itabl y .  
Done t o  excess or imprope r ly located , howeve r ,  th i s  
m i ni ng can cause se r i ous problems , includ i ng wat e r  pol 
lution by su spended sed iment s ,  changes in bottom 
c u r rent s ,  wh ich may then erode ad jacent beaches ,  or the 
bu r i al of she l l f ish bed s .  Neve rtheless,  equal or mo re 
se r i ous env i ronmental damage can resu lt f rom la rge-scale 
land m i n i ng or f rom the common pract ice of ta k i ng sa nd 
d i rectly f rom beaches .  Env i ronmental ly and economical l y ,  
ma r i ne mi n i ng may thus be the prefe rable sou rce o f  agg re
gate mate r i a l s . Pl ann i ng to minimi ze the ha rmful 
envi ronmental effects of whicheve r types of agg regate 
m i n i ng are used should be a part of coastal management 
pol icies . 

A numbe r of inte rna t i ona l techn ical ass i s tance 
agencies a nd scient i f ic assoc i at ions have recently 
focused attent ion on  the  deve lopment of ma r i ne aggregate 
m i n i n g .  Seve ral repo rts and wo r kshop p roceed i ngs o n  the 
subjec t  are ava i lable , and the United Nat ions In ter
gove rnmenta l Oceanog raph i c  Commi ss ion has recommended 
technical  deve lopments to member  states , unde r i t s  pro
g r am on ocean s c i ence and non l i v i ng resou rces . 

DEEP-SEA MI NERAL SOURCES 

Most of the deep-seaf loor a reas of the wor ld l i e  
beyond the 2 0 0 -m i le l i m i t  that nat i ons may claim as 
exc l u s i ve economic zones under  the Law of the sea Trea t y .  
These sed iment -poo r seabeds l a c k  most types o f  valuable 
mi ne ral deposits  found on cont i nental ma rg i ns .  Other 
f orms of deposi t s  are, howeve r ,  found onl y in the deep 
sea , p r i nc ipa l ly ma nganese nodules and the recent ly d i s
cove red polymetal l i c  su l f ides and heavy metals assoc i ated 
w i th mid-ocean r idges which might in t ime p rove to be 
suf f ic i ently  valuable to ext ract . Prof itable col lect i on 
of these minerals i s  not yet feas i ble , because of the 
eno rmous cost s  and techn i cal d i ff icult ies of wo rk ing at 
g reat depths fa r f rom sho r e .  wo r ld demand for metal s ,  
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howeve r ,  may ma ke comme rcial mi n i ng of deep-sea depos i t s  
feasi ble before the end o f  the century . 

Manganese Nodules 

These small roc kl i ke ob jec t s ,  f ound in many of the 
wor ld ' s  deepest ocean bas i n s ,  a re the subject of wide
spread techn i cal and pol i t ical cont rove r s y .  The nodules 
contain va r iable quantit ies of many i ndu s t r i a l l y  impo r 
tant meta l s ,  includ i ng coppe r ,  nickel , and coba l t  as wel l  
a s  manganese . Only a few expe rimental projects t o  
ret r i eve these nodules have been unde rta ken to date . 
Costs of mi n i ng a re qu ite high relat i ve to the value o f  
the meta l s  and a re expected t o  rema i n  so f o r  some yea r s  
s i nce a la rge po rt ion o f  the cost i s  f o r  fuel to operate 
the large mining vessels . A numbe r of pr i vate co rpor 
at ions in  the United States and othe r count r ies have 
developed prel imina ry plans for f ut u re deep-sea m i n i ng 
but do not ant ic ipate unde rta k i ng  comme rcial oper at ions 
unt i l  wo rld  metal p r i ces increase suf f i c i ent ly to jus t i f y  
t he i nvestment . 

I n  add i t ion to these pu rely econom ic cons ide ration s ,  
pol i t ical factors related t o  the provi s ions o f  the Law 
of the Sea T reaty and to the fai l u re of the Uni ted States 
to s ign i t ,  a re affect i ng corpo rate dec i s ion ma k i ng about 
deep-sea min i ng .  Under the treaty, resou rces of the 
seaf loor beyond nat ions • areas of j u r i sd ict ion may be 
harvested only  if prov i s i ons a re made to t ransfer  rele 
va nt technical k nowledge and a po rt ion of the resu l t i ng 
prof i t s  to a central  fund for d i s t r i bu t i on among a l l  
pa rt icipat i ng nat ions . ( Th i s  p rovi s ion ref lects the way 
in wh ich the t reaty assigns r i ghts  to al l na t ions to 
sha re h igh-sea resou rces , rega rdless of a nat ion ' s  cur
rent  techn ical capab i l i t ies to  ext ract or ha rvest those 
resou rces . )  Some k nowledgeable observers  feel that i f  
the Uni ted S tates con t i nues t o  remai n  out side the t reaty, 
u . s . -based co rpo rat ions wi l l  be less l i kely to r i s k  
investment in manganese nodule mining ,  because they may 
encounter substantial d i f f icult ies in obt a i n i ng bank 
loans for ventu res perce i ved as bei ng of somewhat 
unce rtain  leg i t imacy under new and yet untested a spect s 
of  interna t i onal ma r i t ime law ( Richa rdson and Rat t ne r  
1 9 8 2 ) . 

Because much of the ex i s t ing expert i se i n  manganese 
nodule ext ract ion res ides in u . s .  co rpo rat ions , and 
because the Uni ted states has not rat i f ied the t reaty, 
this matter may remain at a stand s t i l l  for some t ime . 
In any event , prof i t s  to be made f rom th i s  ba rely embry-
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onic indust ry a re unl i kely to be ve ry g reat in  the nea r 
f utu re . These nodu les may become a sou rce of i ndust r i a l  
met a l s  afte r a decade or  more , but th i s  w i l l  depend 
p r i nc ipal ly on land-based mi ne r al supply fact o r s ,  
espec i a l l y  o f  so-cal led st rateg ic mine ra l s  i n  the Uni ted 
states , whose pa rt icula r impo rtance l ies i n  the i r  value 
t o  the mi l i t a ry and thei r limi ted supply i n  the United 
s tates and her a l l i e s .  

Metal  Depos i t s  a t  Mid-Ocean Ridges 

As shown in Figure 3-4, each of the maj or oceans 
contains la rge subma r i ne r i dges . The ma j o r  r i dges run 
down t he center  of both Atlant ic Ocean bas i n s ,  f rom 
c ent ral Mex ico due south almost to the Antarctic reg ions , 
a nd to the south and then southeast th rough the Indian 
Ocean . sma l le r ,  related systems ex i s t  as br anches of 
t hese r i dges . A seaf loor r idge i s  produced whe rever the 
tecton i c  plates of the ea rth ' s  crust  move apa rt  f rom one 
a nothe r .  Ridges a re fo rmed by the mass i ve upwe l l i ng 
t h rough the sepa rat ing seabed of relat i vely low-den s i t y  
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FIGURE 3-4 The ea rth ' s  crust consi s t s  of uni t s  that move 
as r ig id bloc k s . The bounda r ies between the 
bloc ks take the form of r idges ( o r r i ses ) , 
t renche s ( o r  folded mountain belt s ) , or  
faul t s .  ( Gross 1 9 7 1 ) 

basa l t ic magma--molten rock f rom the ea rth ' s  mant le 
1 0 0  km or  more beneath the seaf loor . Th i s  mate r i a l  f i l l s  
the gap left as the slabs o f  the c rust separate,  movi ng 
apa rt at rates of a few cent imeters  pe r yea r .  As the new 
mate r i al cool s ,  it so l i d i f ies and adhe res to the sepa r a t 
ing plate edges , becoming i t se l f  t h e  most newly formed 
po r t i ons of the plate s .  

Phys ical and chemical react ions assoc iated with 
exposure of  the magma to seawate r ,  a nd the resu lt i ng 
hyd rothe rma l act i v i ty at r i dge cres t s ,  inc l ude mineral
i zat ion processes that produce relat i vely pu r i f i ed 
depos i t s  of metals and ot he r valuable substances . Met a l  
depos i t s  fou nd by sc ient i f ic sampli ng a long r idge c rests  
include coppe r ,  z i nc ,  i ron , s i l ve r ,  gold , nickel , 
vanad i um, lead,  ch romium, cobalt , and manganese . 

Most spread ing centers a re now old enough to be f a r  
f rom land : su r round i ng land masses have spread apa rt t o  
g reat d i stances over t ime and the inte rven i ng spaces have 
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been f i l led by a new sea f loo r .  One ma j o r  spread i ng cen
te r ,  howeve r --between the Af r ican and Ara bian plates--i s 
so young that the resu l t i ng Red sea i s  st i l l  ve ry na r row , 
a nd the cent ral r i ft a rea i s  c lose to land . Thi s i s  a 
r a re s i t uat ion i n  wh ich the exclus i ve economic zones of 
a few nat ions encompass a meta l - r i c h ,  act i ve spread i ng 
center site  • .  scient i f ic study i n  the a rea has revealed 
except ional metal depos i t s ,  i nc l ud i ng u ra n i um and me rcu ry  
i n  addi t ion to the  more commonl y  found seaf loo r metals . 
These •metal l i fe rous muds •  may be mi ned comme rc i al ly as  
ea r l y  as the  mid-1 980s . 

D i scove r i es and chemical ana lyses a re cu r rent ly be i ng 
made of met a l l ic deposits--polymeta l l ic su lf ides--f rom 
seve ral ot he r hyd rothe rma l r idge crest a reas . These 
d i scove r i es conf i rm the hypothe s i s  that va luable metal s 
a re present in recove rable  amount s  i n  many a reas a round 
t he wor l d ,  although the mi n i ng costs a re not yet known . 
I n  a numbe r of regions ot he r than the Red Sea , the 
p resence of act i ve mid-ocean r idges suggests that such 
deposi t s  may be found not too far off shore . These a reas 
can be located ve ry rough ly by consult i ng a tecton ic map . 
They include I celand ( a  land mass that s i t s  di rectly 
across a r idge crest ) ,  waters off the cent ra l  Pac i f ic and 
Gul f  of Ca l i f o rnia coasts of Mexico,  the coast of the 
Pac i f ic No rthwest of the United State s ,  and the southe r n  
Pac i f ic coast o f  canada ,  the coa s t s  o f  Yemen and oman , 
t he geophys ical ly complex reg ion nea r the Ga lapagos 
I s lands off Ecuado r ,  and possi bly the small r i se off 
southe r n  Ch i l e .  

F i na l ly ,  wh i le act i ve spread ing centers  a re now known 
to be pa rt icula r ly en r i ched in metal depo s i t s ,  it is a lso 
possi ble that ad jacent a reas of the deeper seaf loo r ,  
fo rmed a s  r idge mat e r ial sepa rates and subside s ,  wi l l  
p rove t o  ha ve deposi t s  similar  t o  those o f  r idges . 
Extens i ve sampl i ng for this type of depos it  has not been 
done and wou ld be qu i te expens i ve ,  but occas i ona l dis
cove r ies of ve ry pu re bu r i ed metal depos its d u r i ng 
scient if ic operat i ons of the i nte rna t iona l Deep-Sea 
D r i l l i ng Project suggest that this  may be the case . 
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4 fisheries Science and Management 

F I SHER I ES MANAGEMENT CONCERNS FOR DEVELOPING COUNTRI ES 

Unt i l  recent ly,  the f i she r i es off the coast s  of many 
developi ng count r i es we re thought to be u nde rexploited 
or  f i shed pr i ma r i ly by d i s tant-water  f leet s f rom 
developed count r ies . Consumpt ion of f i sh p roducts i n  the 
develop i ng wo rld  itse l f  has been limited by problems with 
t he prese r vat ion , ma r k et i ng ,  a nd d i s t r i but ion of  these 
products . With the recent establ i shment of exclus i ve 
economic zones ( EEZ s ) , howeve r ,  many develop i ng count r i e s  
have autho r i t y  and respons i b i l i t y  for  signi f icantly 
expanded f i shery resou rce s .  Deve lopment of these 
f i she r i es can gene rate a va r i ety of bene f it s ,  i nc lud i ng 
t he p rovi sion of p rotei n - r ich food , foreign excha nge 
earni ngs , inc reased employment opportuni t i es , and a 
h igher standa rd of l i vi ng for  commu n i t ies dependent on 
i ncome f rom the sea . 

I n  deve lop i ng count r i es ,  a r t i sana l ( se l f -emp loyed ) 
f i she rmen p rovide a substantial  amou nt of the protei n 
i ntake of coastal dwel l e r s ,  pa rt icula r l y  the poo r ,  yet 
these f i she rmen a re f requent ly amo ng the poo rest member s  
o f  soc iety themse l ves . The mode rni zat ion o f  thei r 
f i she r i es w i l l  substant i a l ly he lp a l l eviate unde remploy
ment as wel l  as improve local food supp l i es . To i nc rease 
the economic bene f i t s  to be d e r i ved f rom the sea , 
deve loping coun t r i es mus t acqui re the appropriate scien
t i f ic and technical capa b i l i t ies . They mu st a l so estab
l i sh ma rket i ng i n i t iat i ves to suppo rt new f i she r i es and 
new processi ng ente rpr i ses made poss i ble by technolog i c a l  
advances . 

Both technolog ical de ve lopment and f i nancial  i nvest
ment a re necessa ry to expand comme rc i al f i s h i ng i ndus
t r i es .  Pa r t i c u l a r l y  important for the • 1and side• ( post
ha r vest ) ope rat ions i s  the cons t r uct ion of process i ng 
plant s  for f i sh meal , f i l let s ,  o r  mi nced f i sh .  The types 
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of p roces s i ng unde rta ken should depend on both reg iona l 
and inte rnat i onal demand and on ma rket i ng capab i l i t i es .  
Deep-f reeze storage capac it ies shou ld also be developed . 
Whe re thi s is not techn i cal ly  or econom i c a l l y  feas i ble , 
improved p rese rvat ion and storage methods mu st be imple
mented if  the comme rc i a l  f i sh i ng i ndust r i es of deve lop i ng 
count r ies a re to compete succes s f u l ly in wor ld ma rket s . *  

Where f leet capac it i es a re too low to f u l l y  explo it  
stoc ks in  the new EEZ s for which good ma r k et potent i a l s  
e x i s t , funds  must be expended t o  buy or mode rn i ze off
s hore vessel s .  When buyi ng ships , howeve r ,  it  i s  impor 
tant to avoid dependence on ove r l y  expens i ve technolo
g ies . Th i s  problem i s  occu r ri ng in  both developed and 
develop i ng count r i es ,  whe re some f i sh i ng f leet s face 
se r ious economic problems followi ng ove rcap i t a l i zat ion 
i n  la rge , fast sh ips with h i gh f uel requ i rement s and hold 
capac it ies g reat e r  than those that can be suppo rted by 
the ava i l able f i sh resou rces . Many develop i ng count r i es 
wi ll be better se rved by a mix of l a rge,  cap i t a l - i nten
s i ve and sma l le r ,  labo r - i ntensi ve f i sh i ng capabi l i t i es . 
Th i s  combi nat ion shou ld result in the most ef f ic ient a nd 
susta i ned exp loi t at i on of f i shery resou rces in both  
<l nsl tore a nd of f s ho re reg ion s ,  at  t imes of both h i gh a nd 
l ow nd t u r c. l  f i s h abu ndance . 

New Ma r k et s  f o r  F i s h e r i es De velopmen t 

Expa m. i on of a na t i on ' s f i s h i ng i nd u s t r y  t h roug h 
h a r ve s t i n u new t ypeo of f i sh i s  l i m i t ed by t h e  f act that 
f ood cons umpt i o n  h a b i t s  a r e not e a s i l y  cha ng ed . 
Expe r i ence wi t h  t o x i c  spe� i es o r  t ho s� t r ad i t i ona ll y 

be l i eved to be poi sonous has compe l led consume r s ,  
e spec i a l l y i n  wa rm c l i m a t e s , t o  demand that f i sh rema i n  
whole to pe rmi t ident i f i c a t ion of spec i es and i n spect ion 
for f re s h ne s s . I t  h a s  a l so gene rated loc al · acceptabi l i t y  
o f  only pa r t i cu l a r  spec i e s  f o r  human consumpt ion ; spec i e s  

t h a t  a re des i rable in  one place may ,  for  a numbe r o f  
reasons , be qu i te unaccept a ble i n  othe r s . 

O f  the 20 , 0 0 0 -25 , 0 0 0  spec i es of f i sh known to ex i s t  
i n  salt a nd f resh wat e r s ,  only a few dozen spec ies a re 
used at present on any si zable sca l e , a l t hough many 
othe rs  a re used on a sma l l  scale in spec i f ic locat ion s  
( Nat i ona l Research counc i l  1 9 7 8 ) .  Patte rns of econom ic  
act i v i ty a re , howeve r ,  l i kely to re spond to  chang i ng 

*See Nat ional Resea rch  counc i l  ( 1 9 7 8 ) for a detai led 
di scuss ion of postha rvest f ood losses in  developi ng 
count r i es .  
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ma r ket cond i t ions and to techni cal imp rovements avai lable 
f o r  al ready es tabl i shed f i sh i ng i ndus t r i es .  Thus even a 
count ry wi th relat i vely low or i nelast ic d omestic dema nd s 
f o r  seaf ood may have exce l lent opportuni t i es to deve lop 
p rof i table new i ndust r i es to supply seafood for i nt e r 
nat iona l ma rket s .  Internat iona l demand is  inc reasi ng for  
certain types of ve ry h igh -qua l i ty or h i gh ly processed 
seafood , such as breaded and f rozen m i nced - f i sh p roducts 
o r  f resh tuna to be eaten raw as Japanese sash imi . With 
t he establ i shment of 2 0 0 -mi le extended econom ic zones , 
ma ny develop i ng count r i es have unexploited ma r i ne f i s h  
resou rces that cou ld provide the raw mate r i a l  f o r  such 
p rod uct s .  

The re a re two ma in  obstac les t o  expans i on o f  seaf ood 
harvest i ng and process i ng i ndu s t r ies in most count r i es : 
( 1 ) a lack of awa reness of the ma rket poten t i a l  for ce r
t a i n  seafood product s ,  and  ( 2 )  pe rhaps more impo rtant , 
t he lac k of prope r sto rage , t ransport , and process i ng 
capabi l i t ies  for  these h i ghly pe r i shable prod ucts . Fo r 
example , h igh-qua l i ty f resh f i l lets  a re needed to supply 
the ex t r eme ly l uc rat i ve Japanese sash imi ma r ket . The 
a l baco re , bluef i n  tuna , and other spec ies commonly used 
a re avai lable in the of fshore waters  of ma ny t ropical 
deve lop i ng count r i es ,  but only  a few of these coun t r i es 
have establ i shed the h ighly coordi nated f i shi ng ,  f resh 
pac k i ng ,  and rap id sh ipp i ng operat i ons requi red to supply 
f i sh of the qua l i ty requ i red . ( The re is  a l so a sma l l e r  
demand in  the sash imi trade for a smoke-dr i ed form o f  
tuna used p r ima r i ly as a f lavor add i t i ve . ) The ma r k e t  
f o r  sash imi shou ld con t i nue t o  be ve ry s t rong a n d  offers  
excel lent comme rcial  oppo rtun i t i e s  for  the  mo re econom
ical ly advanced deve lop i ng count r i es with access to 
t ropical open-wate r  f i she r i es . 

Most of the inte rna t i ona l f i sh t rade i nvol ves sh ip
p i ng a la rge a r ray of processed prod uct s ,  p r ima r i l y  
f rozen but in some instances prese rved us i ng less 
e ne rgy- i ntens i ve method s .  Processi ng capabi l i t ies and 
wo rld  demand are now increa s i ng for minced - f ish products , 
i n  wh ich the bas ic mate r i al i s  processed i nto a wide 
va r i ety of f rozen , canned , and occasi ona l ly d r i ed forms . 
Many of these product s ,  wh ich employ d i f f e rent styles of  
p repa rat i on ( e . g . , bread ing and frying , shap i ng 
va r iously,  and packag i ng for use as bases for  canned o r  
homemade soups and stews ) ,  have excel lent appea l f o r  
consume rs of va r i ous cultu res . M i xed col lect ions o f  
f i sh , such as those that account for a la rge po rt ion o f  
t he catch and by-catch ( the so-ca l l ed • t ras h •  f i s h ) o f  
many t ropical  count r i es ,  a re technolog ical ly we l l  su ited 
to mi nced process i ng .  The p r i nc ipal economic d rawback 
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of mi nced-fish p r od uct ion i s  that the governments of 
ce rta i n  ma rkets ( pr i ma r i ly that of the united States ) 
requ i re detai led labe l i ng of f i sh types i n  the mi x � 

The deve lopment of process i ng technology and ma rket
i ng analyses for both standa rd a nd new f o rms of 
minced-f i sh products is  wel l  ad vanced , and the United 
States has made a number of technical cont r i butions 
through resea rch and product t r i a l s  conducted at publ i c ly 
s uppo rted sea-g rant i nst itut ions ( New Yo r k  sea Grant 
Inst itute 1 9 7 6a ,  1 97 6b , 1 9 7 7 , No rth ca rol i na s tate 
Unive r s i ty 1 9 7 5 ) . Many i nte rnat ional ma r ket analysts and 
f i shery manage rs bel i eve that as heav i ly f i shed stoc ks 
dec l i ne whi le wor ld demand f o r  f i sh products cont i nues 
to r i se ,  the ma rket i ng of f i sh previously rega rded as low 
value ( i nc l ud i ng • t ras h •  f i sh ) wi l l  p rovide a substant ial  
new sou rce of income for deve lop ing count r i es that can 
successful ly establ ish the necessa ry process i ng fac i l i 
t i es and ma rket ing coo rd i nat ion .  I n  less-developed a reas 
whe re i nexpens i ve power supp l ies do not exi st and tech
nological  capabi l i t i es a re l imited , improvements in 
methods of p repa r i ng smoked and d r i ed f i s h  prod ucts may 
st imu l ate the local f ish i ng i ndust r y .  Mayna rd ( 1 982 ) 
di scusses the i nte rnat ional ma rket i ng pote nti al of d r i ed ,  
sa lted , and smoked f i sh p roduced by deve loping coun t r i es ,  
with an emphas i s  on methods used i n  southeast  Asi a ,  a 
lead ing a rea for consumpt ion and production of these 
p roduct s .  

The expansi on o f  f i s h i ng indust r i es is  of ten a s  much 
a problem of ma rket i ng as of i nsuf f i c ient ha rvest i ng o r  
p rocess i ng capac i t y .  some new types o f  process i ng en te r - ·  
p r i ses , recent ly employed successf ul ly by several 
deve loping count r i es ( e . g . , Guyana and s r i  Lanka ) ,  demon
st rate that it is  benef icial  and pe rhaps essent i al t o  
dec ide i n  the ea rly  stages o f  commer c i a l  development 
wh ich methods a re most su i table for ma rket i ng the new 
products th rough establ i shed domestic and inte rna t i ona l 
d i st r i but ion systems . It must a l so be dete rmi ned which 
methods wi l l  create interest among vendo r s  and consumer s 
who may be unaccustomed to pu rcha s i ng the f i sh o r  f i sh 
products to be offe red . These methods might i nc lude 
v i l l age demonst rat ions or d i st r i but ions of sample s ,  pe r 
haps comp lemented by pri nted posters or  i nformat i on 
notices i f  l ite racy rates among food prepa rers  a re h i g h  
a n d  such i tems are l i kely t o  be wel l  recei ved . The 
imp roved product i v i ty poss i ble with technolog ical 
deve lopment wi l l  be more qui c k l y  conve r ted to h i gh 
economic ret u r ns when household s ,  vendor s ,  and othe r 
pu rchase rs are immmed iately made awa re of the e x i stence 
of new or  imp roved f i she ry prod uct s .  
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stoc k Est imates and Evaluat ion of Stock Dynamics 

In add i t ion to develop i ng the i r own f i sh i ng i ndust ry,  
coastal  states shou ld decide on the yea r-t o-year al loca
t ion of f i sh i ng r ights with i n  thei r economi c  zones to 
vessels of othe r count r ies . Th i s  requ i res est imates of 
s toc k s i zes and the catchabi l i ty ( i . e . , the rele vant 
d i s t r i but ion and beha vior patte rns ) of ma j o r  f i sh stoc k s ,  
a s  we l l  as the abundance o f  new f i sh yea r c lasses ( those 
about to matu re to the s i ze at which they a re caught by 
net s ) .  For migratory spec ies , nat ions may need to 
coope rate in est imat i ng total stock s i ze and rec ruitment 
( the numbe rs of young f i sh of catchabl e si ze ente r i ng the 
stock ) over a wide ocean a rea . From a s t r ict ly nat ional 
point of view ,  knowledge of l i kely va riat ions i n  stoc k 
s i ze and ava i labi l i ty over an extended pe r i od of yea rs 
i s  essen t i a l  to evaluate the poten t ia l s  for i nvestment 
in f i sh i ng vesse l s  and human cap i ta l .  Even i n  a 
wel l -managed f i shery,  inte rannual va r i at ions i n  catch may 
be ve ry large,  appa rent ly due to f l uctuat ions in the 
ocean envi ronment . 

Knowledge of ocean i c  events du r i ng the ea r ly l i fe 
stages of some comme rc i a l  f i shes may i n  t ime be used to 
pred ic t  populat i on si zes 2-3 yea r s  hence and thus to 
dete rmi ne approp r i ate changes in manageme nt st rategies . 
Howeve r ,  whe re envi ronmental cond it ions af fect the 
behavior or  avai labi l i ty of the adult f i s h ,  or whe re the 
l i fe  cyc le is sho r t , thi s lead t ime i s  not avai lable . 
For examp l e ,  the la rge yea r-to-yea r va r i at ion in the 
ava i labi l i t y  of s k i p jack tuna off Hawa i i  can be explai ned 
by the yea r-to-year va r i at ion in the f low of the north 
e�1at o r i a l  cu r rent and the su rface wind-d r i ven c u r rents 
( Sec kel 1 97 2 ) . Simi l a r ly,  yea r -to-yea r va r i at ions in  the 
forma t i on of ocean cu r rents i n  the eastern No rth Pac i f ic 
a f f ect the avai labi l i ty of albacore tuna ( Laurs and Lynn 
1 9 7 7 ) . Cl ima t ic pred ict ions se veral months in advance , 
which have recent ly become poss i ble with seasonal c l imate 
mode l i ng techni ques , wou ld al low prepa ra t i on for the 
chang i ng ava i labi l i ty of these resou rce s .  

I nte rnat iona l coope rat ion in the form of techno logy 
t ransfer a nd the exchange of i nformat ion and expe riences 
�mong count r i es can be benef ici a l , and in some i nstances 
e ssent i a l ,  i n  prov i d i ng the be st poss i ble est imates of 
s toc k si zes and rec rui tment needed to es tabl i sh pol i c i es 
f o r  opt imum sustai nable yield s .  
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STOCK ASSESSMENT METHODS 

Unt i l  recent l y  most f i sher i es management methods ,  
i nc lud i ng resou rce assessment techni que s ,  we re developed 
in high -lat i t ude ( No rthern Hemisphe re ) count r i es for 
the i r  own highly exploi ted f i she r ies . The population 
dynamics models in  use we re thus developed ma inly for 
cold-wate r ,  s i ng l e-spec ies stocks . The techn i ques 
employed rely on re lat i vely advanced f ield su rvey capa
bi l i t ies ; wel l -developed , shore-based scient i f ic suppo r t : 
and access to good stat ist ical data on land i ngs and f i sh
i ng effo r t .  New , s imp l i f i ed assessment method s ,  some of 
which al low stoc k s i ze val ues to be es t ima ted even when 
many ta rget spec ies coex i s t ,  as i n  t ropical wat e r s ,  a re 
now be i ng developed and taught th rough se veral  deve lop
ment assi stance resea rch project s .  one such project has 
been proposed and i s  in the plann i ng stages th rough 
suppo rt of the u . s .  Agency for Internat iona l Development 
( USAID ) .  S i mi lar wo rk i s  al ready unde r way th rough the 
Inte rnat iona l Cente r for L i v i ng Aquatic  Resou rce s Manage
ment ( ICLARM ) , the Uni ted Nat ions Deve lopment Programme 
( UNDP ) , and with the suppo rt of the governments of 
France , canada , Denma rk , No rway,  and the Ph i l i pp i nes . 

Imp rovements i n  the col lect ion of stati stics wi l l  
mean mo re re l i abl e estimates o f  total land ings f rom 
small -scale and a rt i sanal f ishe r ie s .  one example i s  the 
mod i f icat ion of samp l i ng proced u res used by Baz i gos 
( FAO , 1 97 4 )  for Af t ican i nland f i she ries for  poss i ble 
applicat ion to ma r i ne systems . Gul land ( 1 980 ) has shown 
how valuable i nformat ion on f i s h i ng efforts or s imi l a r  
i nd ices can be obtai ned th rough small improvements i n  
nat ional annual stat i st ical data o n  number o (  f i she rmen , 
boat s ,  gea r ,  and the l i ke ,  g i ven the reluctance of 
f ishe rmen to change the i r  pract ices ove r  t ime . In thi s 
regard , improved data col lection procedu res must  take 
i nto account soc iolog i cal problems at the f i sh i ng v i l l age 
leve l ( Munro 1 9 8 0 ) . 

sustai ned-Yi eld Management of Mu l t i spec i es F i she r i es 

The most eff ic ient long-te rm use of f i shery resou rces 
resu l t s  f rom management systems that set leve l s  of catch 
that can be sustai ned beyond the ve ry sho rt t ime pe r iod 
du r i ng wh i ch unregulated ha rves t i ng operat ions might 
othe rwi se dep lete avai lable stock s .  Ma nagement i nfo r 
mat i on needed for the long-te rm mai ntenance o f  su stain
able catches i nc l udes : 
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o B iolog ical dat a ,  especi a l l y  • l if e-hi sto ry data , • 
relat ing to fecundity and ages of reproduct ion 
of the f i sh or shel l f i sh bei ng harve st ed  

o Informat i on about changes in the level of popu
lat ions or of certain age g roups in the popula
t ions , to help dete rm i ne stoc k s i zes and f luctu
at ions 

o Informat ion about ma jor  changes in abundance of 
nonta rget spec ies,  i f  the other spec ies i nteract 
importan t l y  wi t h  commercial  spec ies as prey , 
compet itors f o r  food , or as predators on adu l t s  
o r  young of the commercial  f ish . 

As a result of the expe r iences and scient i f ic and 
p ract ical stud i es of developed coun t r i es ,  the sustai ned 
y i e ld manageme nt approach i s  fa i r ly wel l  establi s hed for 
f ishe r i es i n  wh i ch the catch i s  p r i ma ri ly  a s i ngle 
spec i es of f i sh .  Many of the wo r l d ' s  higher lat itude and 
h igh-seas f i she r i es such as those for many tuna spec ies , 
a re of this  s i ngle-spec ies type , and some of them a re 
being successfu l l y  ma intai ned at su stai ned yield s ove r 
extended pe r i ods of t ime by applyi ng standa rd methods of 
s i ngle-speci es management .  

Unfor tunately,  most f i sher i es of t rop ical and even 
subt rop ical nat ions are mu l t i spec ies f i she r i e s ,  in wh ich 
a re caught a great many f i nf i sh va r i et i es and often one 
or more types of sh r i mp .  Management methods based on the 
assumpt i on that all f i sh taken a re of one type a re often 
qu ite i napp rop r i ate for these f i shi ng ope rat ions ( Food 
and Ag r icultu re Organ i za t i on 1 9 78 ) . Problems that can 
a r i se in managi ng mult i spec ies f i sher ies i nc l ude the 
poss i bi l i ty of se r i ously deplet ing one spec ies , if it 
happens to form an unexpected ly la rge propo rt ion of the 
catch , o r  f ai l ing to foresee how a valuable spec ies is  
af fected by deplet i ng the young or adults  of  another 
spec i es t hat se rve as its p r i nc i pal prey . The mu l t i 
spec ies f i she ry management problem i s  a l so encounte red 
in the Anta rct ic , whe re f i sh e r i es for the smal l  crusta
ceans cal led k r i l l  ( euphaus i id s ) mu st be managed in the 
face of la rge-scale d i rect and indi rect interactions with 
the k r i l l  popu lat ion of nume rous other organ i sms 
( pr ima r i ly f i nf i sh ,  whales , sea l s , and even seabi rds ) 
whose own popu lat ions may be f l uctuat i ng i n  re sponse to  
both nat u ra l  events and ha rvest ing pressu res f rom man . 

In most reg ions the re i s ,  regrettably, i nsuff ic ient 
informat i on on catch si zes and composi t i on to provide a 
basi s  for t rue mul t i spec ies management , poi nt i ng to 
mul t i d i sc i pl i na ry coopera t i ve resea rch among coun t r i es 
as p robably the best way to col lect such dat a .  Fish 
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species of s imila r c l imatic and geog raph i c  regions 
( e . g . , no rthern Ch i le and Pe ru and cal i f ornia , or 
equato r ia l  Lati n  Amer i ca and port ions of Indones ia and 
Malaysia ) of ten d i splay sim i l a r  behavior and responses 
to f ishing pressu re . Thus because few count r ies can 
afford ind i vi dual , adequate stud ies of the behavior of 
f i sh stoc k s ,  sha r i ng of basic  biolog ical f i nd i ngs o r  
technolog ical advances wi l l  mutual ly bene f it the coun
t r ies involved . 

Scient ists,  f i she ry managers , and assoc iated expe r t s  
i nclud i ng resou rce economists a re cu r rently developi ng 
new mu ltispec ies management method s that can apply even 
in  the absence of detai led i nformat ion on the compo s i t ion 
of catches throughout a reg ion . semina r s ,  publ i cat ions , 
and t ra i n i ng cou r ses i n  new methods a re now bei ng 
designed . Informat ion on acqu i r i ng the new capabi l i t i es 
as they a re developed may be obtai ned f rom seve ra l i nte r 
nat iona l f ishe r i es resea rch o r  technology cente r s .  
Fundi ng f o r  such centers and f o r  much o f  the bas i c  
research needed to create f i shery models is  provided by 
a combi nation of publ ic funds ( often f rom development 
assi stance agenci es of ind i vidual count r i es such as the 
Un ited States , canada , seve ra l Eu ropean count r i e s ,  and 
Japan,  as we l l  as f rom inte rna t i ona l agenc ies ) and f unds 
f rom p r i vate ph i lanth rop ic foundat ions . 

The Inte rnational Center for  Living Aquat ic Resou rces 
Management ( ICLARM ) in Man i l a , Phi l ippi nes , i s  espec i a l ly 
act i ve in training and the di sseminat ion of informat ion 
about p ract ical f i she ri es management methods for deve lop
i ng count r i es .  seve ra l publ icat ions and trai n i ng oppo r 
tun it ies avai lable th rough ICLARM for develop i ng count ry 
personne l ,  wor k i ng on single-spec i es and mul t i spec ies 
f i she r ies development problems , a re li sted i n  the 
ref erence section at the end of thi s  chapte r ,  along wi t h  
refe rences t o  other s imi1 a r  i nternat ional and b i l ateral 
dono r p rog rams . ICLARM , wh ich publ i shes a detai led 
qua rter ly news letter ( ICLARM News letter ) ,  also has a n  
i nternat ional informat ion network that enables tropical 
f i she ry scient i sts to excha nge technical i nf o rmat ion a nd 
wo rk togethe r on mutual problems . 

one potent i a l ly usef ul  approach to the mu l t i spec ies  
probl em is  to  combi ne si ng le-spec ies assessments . The 
problem then becomes one of dete rmi n i ng the relat i ve 
effec t i veness of each type of f i sh i ng gea r at ta k i ng each 
of the most commonly caught spec ies . Theo ret ical models 
can gradually enhance unde rstand ing and on occas i on can 
p roduce ve ry useful results for management , once prac
t ical management approaches are prope rly de r i ved f rom 
data col lected over seve ral yea r s .  For exampl e ,  the 
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c omplex , data-rich,  mu l t i spec ies stock assessme nt model s  
developed for temperate areas , such as t h e  model 
developed for the No rth sea by Andersen and Urs i n  ( 1 97 7 ) , 
may be ref i ned and applied to t ropical f i sh e r i es as 
add i t ional scient i f ic i nfo rmat ion i s  obtai ned for each 
t rop ical f i sh i ng region . 

I nformat ion i s  also needed on stock recrui tment 
relat ionships --that i s ,  the relat ionship between the 
numbe rs of adult f i sh and the numbers of off sp r i ng that 
they produce a nd that wi ll su rvive to a catchable s i z e .  
Depend ing o n  the quantity o f  ot her adult  f i sh and com
pet i t i ve f i sh of othe r spec ies present in a g i ven season , 
and on env i ronmental and cl imat ic cond it ions , the numbe rs 
of of f sp r i ng p roduced and the numbe rs that then su rvive 
to  f i shable si ze can va ry rema rkabl y from yea r to yea r ,  
result i ng i n  the ve ry common phenomenon of annual ly 
f luctuat ing si zes of f i sh stocks and commercial  catches 
of va r i ous spec ies . 

Facto rs affec t i ng the g rowth and su rviva l  rates of 
young f i sh of va r ious regions a re cur rently bei ng inves
t igated by a numbe r of u . s .  ma r i ne sc ient ists ; some of 
the wo rk is  bei ng coo rd i nated th rough the Un i ve r s ity of 
M i ami ' s  Center for  Ma r i ne and Atmospheric Sciences 
( Rothsch i ld and Booth 1 9 8 2 ) . In 1 9 8 2 ,  the Inte rgovern
mental Oceanog raphic Commission iden t i f ied the study of 
ocean envi ronmental effects on you ng f i sh survival as 
• one new research proj ect a rea for cooperat i ve wo rk by 
i t s  member nat ions • ( Int e r nat iona l Counc i l  of Scient i f i c  
Uni ons 1 9 82 ) .  T o  some extent , the avai lable informat ion ,  
prima r i ly o n  the spawni ng cha racte ri stics o f  va r i ou s  
f i shes and the ecology o f  thei r ea r l y  l i f e  stages in 
tempe rate wat e r s ,  can be used in  c reat i ng management 
models  for develop ing count r i es .  Detai led scient i f i c  
pape rs o n  t h i s  subj ect a re fou nd i n  the proceed i ngs o f  
symposia convened by the Inte rnat i onal Counc i l  f o r  the 
Explorat ion of the sea ( Blaxter 1 9 7 4 , ICES 1 9 8 1 ) . 

Sho rt-Te rm , Rapid Stoc k Assessment 

standa rd survey Methods 

In the sho rt te rm ,  when complete biolog ical data a re 
not yet avai lable but management dec i s ions mu st neve rthe
less be made , methods a re needed to make pre l imina ry,  
r apid stock assessment s .  These wi l l  be  • best-guess •  
method s ,  and long-te rm management goa ls may not be 
r eached if they are u sed exclusively over extended 
per i od s . They may prove , howeve r ,  to be use ful guides 
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to prevent i ng overf ish i ng f o r  several yea rs whi le allow
i ng prof i table f ishi ng i ndus t r ies to develop o r  cont i nue .  

New assessment techn i ques of great e r  p ractical use 
for sho r t -term dec i s ion ma k i ng  i nc l ude uti l i zat ion of 
approx imat i ons and gene ral i zed assumpt i ons about data to 
ta ke i nto account the biolog ical mechani sms and envi ron
mental effects that set uppe r and lowe r l imits on such 
factors as rates of g rowth,  mo rta l i ty ,  and fecund i ty.  
Informat i on about predato r-prey interact ions ( posit ions 
in the f ood chai n )  may also be i ncorporated in  some 
models . Ve ry useful informat ion about the stock asse ss
ment and management methods bei ng developed for use i n  
developing count r i es i s  provided by Pauly ( 1 97 8a ,  1 9 7 8b ,  
1 9 79a , 1 9 7 9b ,  1 98 0a ,  1 9 8 0b ) . Ma rten ( 1 9 7 8 ) suggests 
departu res f rom convent ionally app l i ed method s of ana lyz
ing the s i zes and numbers of f i sh caught that may prove 
mo re p ract ical for f i she r i es management in the t rop ic s .  
Problems of t rop ical stock assessment for a rt i sanal 
f i sher i es are emphasi zed in a report of the 1 9 79  Inte r
nat iona l wo r kshop on Stock Assessment for T rop ica l  
Small -Scale F i she r i es ( Sai la and Roedel 1 980 ) . 

The data on catch compos it ion and the amou nts and 
types of f i sh i ng ope rat ions ( • effort • ) unde rtaken , needed 
for standa rd • catch -and-ef fo r t •  stock assessment s ,  shou ld 
be re lat i vely easy to obtain f rom la rge-scale comme r c i a l  
ope rat i ons . It  will be much mo re d i f f icul t ,  howeve r ,  t o  
dete rmine the abundance o f  f i sh and t h e  ef fect s o f  f i sh
i ng on stock si zes in the sma l l -scale and a rt i sanal 
f ishe r i es in similar  geog raph ic areas us i ng sim i l a r  
stocks . These catch data a re less read i ly obtained , and 
the numbe r of f i sh k i lled by each type of gea r i s  not 
well known . Expe r imental stud ies u s i ng va r i ous k i nd s  o f  
a r t i sanal  gear in  d i f f e rent f i shery regions wou ld be 
especial ly he lpf ul in  dete rmi n i ng the gea r ' s  effect i ve
ness , re lat i ve ef f i c i enc ies , and effects on f i shed 
popu lat ions . 

To permi t f i shery managers in coastal nat i ons to 
benef it f rom the exper ience and scient i f ic and techn i ca l  
resu lts  of othe r developing and i ndust r i a l i zed coun t r i es ,  
reg ional and internat ional o rgani zat ions s hould produce 
reg iona l i nvento r i es of ex ist ing informat i on on t ropical 
f ishe r ies . Although val uable i nformat ion i s  of ten avai l 
able , f i shery managers o r  even sc ient ists  who might have 
app l i ed  it to the i r  own nat ion ' s  problems a re f requent ly 
unawa re of it s ex is tence . Fo r example , the West  Af r ican 
ha rd- and sof t -bottom habitat s,  domi nated by snappe rs 
and croake r s ,  respect i vely ( Fage r and Longhurst 1 9 6 8 ,  
Wi l l i ams 1 96 8 ) , a re s imi lar  t o  those o f  no rtheastern 
south Ame r ica , the Bay of Bengal ,  and the south Ch i na 
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Sea . Yet there have been no attempts ,  except for the 
f i r st two reg ions ( Lowe and Longhurst 1 9 6 2 ,  
Lowe-Mcconne l l  1 9 7 7 ) , t o  compa re reg i ons t o  det e rmine 
what biolog ical and ecolog i cal i nfo rmat ion may be 
applicabl e gene rally  or at least  in several a reas . 

The next step i n the f i eld of stock assessment fo r 
t rop ical f i she r i es ,  as di scussed in the previ ous section,  
i s  to seek theoretical advances equ i valent to the 
populat ion dynamics models app l i ed to f i sher i es in the 
no rth tempe rate zones in the pe r i od  aft e r  wor ld wa r I I  
( Schaefer 1 9 54 ; Beve rton and Hol t  1 9 5 7 ; Ricker 1 9 54 , 
1 9 5 8 ) . Popu lat ion models of this type should be app l i ed 
t o  determi ne how ce rta i n  levels of f i sh i ng w i l l  affect 
t he s i ze of stoc k s ,  catch measu rements and count s , ma rket  
su rveys , and  f i sh i ng effort  su rveys, some of  wh i ch a re 
needed for sho r t-te rm assessment pu rposes . It would be 
u seful to have reg i ona l est imates of the number of f i sh 
caught in  t ropical ecosystems ( such as coral reefs and 
mangrove a reas ) by va ri ous types of boat s us i ng ind i ge
nous gea r ( t raps , or hook and l i ne )  that d i ffers in t im
i ng and rate of dep loyment f rom gea r used in temperate 
r eg ions o r  mo re open t rop ical wate r s .  

stud i es a r e  a l so needed t o  pe rmit ident i f icat ion of 
f i sh f rom va r ious stocks and thus gain a better under
s tand ing of stoc k  st ructu re and geog raph ic stock d i s t r i 
but ions in maj o r  f i s he r ies . Thi s  can now be done by 
b i oc hemical and genetic method s ,  as wel l  as by the usual 
tagg i ng and re lease stud ies ( f i she rmen or ma r keters a re 
asked to repo rt the numbers of f i sh they f i nd with tags ) , 
by l i fe h i sto ry pa rameter  compa r i sons , and ana l ys i s  of 
catch-and-effort data . Gul land ( 1 9 7 7 ) has commented on 
t he need for only one count ry i n  a g i ven a rea to pe rfo rm 
biochemical and genet ic wo rk , wh i l e  the other coun t r i es 
provide the f i sh a nd the pa rtic ipant s .  

H igh-Technology Method s : 
Acoustic su r veying and Remote Sens i ng 

The present state of acoustic su rveying in  f i she r i es 
i s  desc r i bed by cushing ( 1 97 8 ) . In the next decade , 
espec ial l y  rapid advances will  be made in  acoustic su rvey 
t echniques app l icable to unde rut i l i zed and unut i l i zed 
resources such as k r i l l , squ id ,  and midwater f i shes . The 
maj o r  rema i n i ng probl em i s  the need to ident ify acou s t i c  
ta rget s ,  wh i ch i s  part icu l a r l y  d i f f icul t . Al though 
resea rch on ta rget ident i f icat ion fo r t rop ical f i she r ie s  
w i l l  be ve ry use f u l  for improvi ng f i s h i ng eff icienc ies , 
t he soph i st i cation needed to ope rate and mai ntain the 
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more advanced acoustic assessment systems poses problems 
for many count r i es .  One solut ion may be the use of j o i nt 
scient i f ic ventu res between developed and developing 
count r i es to reali ze the potential value of the equ i pment 
in locat i ng and quant ifying resou rce s .  

Remote sens i ng from satel l i tes has dist inct advan
tages in certain ocean a reas for determi ni ng the occu r 
rence and geograph ic extent of physical phenomena , such 
as upwe l l i ng ,  the development of wa rm and cold water  
f ront s ,  t ransi t i on zones , and re lated short- and 
long-te rm biolog ical events such as plan kton blooms . 
Locating such phenomena i s  often of great tact ical value 
even i n  small -scale f is he r ies,  pa rt icula r ly for  pelag ic 
f ish , wh ich move f rom one reg ion to anothe r .  The use of 
a i rplanes to sight f i sh schools i s  standa rd pract i ce in 
many la rge o r  wel l -capitali zed comme rcial pelagic 
f ishe r ies . The appl icabi l ity of remote sens i ng tech
n i ques to the f i sh i ng ente rp r i ses of develop ing coun
t r i e s ,  and ava i lab i l i ty of assi stance i n  acqu i r i ng the 
advanced technol ogy requ i red for satel l i te data inte r
pretat ion,  i s  di scussed i n  Chapte r  6 .  

F ISH ING TECHNIQUES AND EQUI PMENT 

Ef f i ciency of Vessels and Gea r 

The r i s i ng cost of fuel ove r the last decade poi n t s  
to the need t o  increase t h e  ene rgy eff i ciency o f  f i s h i ng 
vesse ls and gear and ensu re that the f i sh i ng method s  used 
yield the max imum usable catch landed at the dock pe r 
unit of fuel consumed . Concent rating on stocks located 
c lose to sho r e ,  probably be st accomplished by ha rvest i ng 
previously unexploited or  unde rexploited stocks , may also 
be necessa ry to conse r ve f ue l . In some regions thi s 
approach may resu lt  i n  improved inte rnat iona l markets for 
ce rtain k i nds of products ( e . g . , squ id or  mi nced f i sh 
f rom mixed catches ) .  · 

Techno logical improvements  in the design and manu 
factu re of f i s h i ng vessels to ra i se f uel eff i ciency , 
i nclud i ng that of fuel used for f reez i ng and ot her 
onboa rd processi ng ,  a re now bei ng developed and impl e 
mented by many sh ipbu i lders ( P igure 4-1 ) . Eff i c i ent 
s h ips mu st be of pr ima ry concern f o r  people i n vol ved i n  
the deve lopment o r  expansi on of any nat ion ' s  f ish i ng 
efforts . The potential for energy conse rvat ion may be 
substant ial . Po r example , in the No rth sea f i she r i es ,  
a n  est imated 8 , 0 0 0  kcal of foss i l  f uel ene rgy is  used for  
eve ry ki log ram of  whole f i sh landed ( Holt 1 9 78 ) . With 
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t he cost of fuel at US$1 pe r gal lon , the d i rect ene rgy 
cost , not count i ng human labo r ,  is about US$0 . 2 5 per 
k i log ram of whole f i sh and much h i gher f o r  the ed i ble 
po r t i o n .  

La rgely due t o  r i s i ng ene rgy cos t s ,  sa i l  is reappea r
i ng as an aux i l i a ry sou rce of  powe r in  some no rthe r n  
d eve loped count r i es and wi l l  be used inc reas i ngly o n  many 
f i s h i ng boats in developing count r ies now, u s i ng outboa rd 
and sma l l  inboa rd eng i nes ( Ba rdach 1 981 , Fyson 1 9 81 ) . 
Designs a re st i l l needed , howeve r ,  for more 
fuel-eff i c i ent smal l  f i sh i ng boat s for coastal seas , as 
we l l  as for lakes and r i ve r s .  

A 1 9 8 0  study in  the sout h Pac i f ic reg ion focused on 
t he use of mo re eff icient boats that pe rmi t  a rt i sanal 
f i she rmen to reach new ground s and use new gea r ( Fi sh i ng 
News Internat ional 1 98 0 b ) , but problems we re encou nte red , 
mainly conce r n i ng des ign  of the boat s and propulsion 
systems . P r i nc ipal obse rvat ions of the 1 98 0  study we r e  
t hat no s i ngle des i g n  i s  su i t able for use throughout the 
r egion and that the i ntrod uct ion of new types of boats 
w i l l  not be ve ry ef fect i ve unless they a re ta i lo red to 
t he pa rt icular needs of a g i ven a re a .  For example ,  
t rad it iona l boat -bu i l d i ng in  S r i  Lanka is  wel l  su i ted to 
t he new • s t i tch-and-glue•  techn i que of low-co st plywood 
d o r i es approp r i ate to local f i sh i ng cond i t ions ( Wr ight 
a nd He r k lots 1 980 ) . Lightweight , a i r -cooled d iesel 
engines cou ld rad ical ly alte r the propu l s i on systems of 
many sma l l  f i s h i ng c raft du r i ng the comi ng decad e .  wray 
( 1 980 ) has d iscussed the vi rtues of these uni t s ,  espe
c i a l l y  po rtable ones , which can be u sed on shore for  
o t he r  pu rposes and wh ich we re des i gn-test ed on  a Ph i l i p
p i ne out r igge r • banco • canoe ( Fi s h i ng News I nternat ional 
1 98 0a ) . 

Methods are ava i lable in the developed wo rld  for 
v i rtua l ly automated t rawl i ng operat ions : locat i ng f i s h ,  
s t ee r i ng the ve sse l , lowe r i ng and aimi ng the net , 
c aptu r i ng the f i s h ,  and ret u r n i ng the net to the deck . 
I nnovat i ons in gea r design and mate r i a l s  have led to the 
u se of automated long l i ne gea r in no rthe r n  Eu ropean ves
se l s ,  pole-and-l i ne mach i nes for  tuna f i sh i ng on Japanese 
vessel s ,  and midwat e r  t rawl s for k r i l l  and mesopelagic  
f i sh . Du r i ng the  com i ng decade , bet t e r  detec t i on and 
a ssessment techn i ques for squ id wi ll  lead to development 
o f  improved met hods for the i r captu re , probably spec i a l l y  
des igned , la rge midwater t rawl s . How f a r  the i nt roduc
t ion of new f i sh i ng opt ions wi l l  progress in  any reg ion 
i n  t he 1 9 8 0s wi l l  depend on the savi ngs i n  ope rat ional 
costs  compa red wi t h  the i n i t ial  capital  out lay for the 
e qu ipment , as wel l  as on catch ef f i c iency . 
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F I GURE 4 -1 The use of motor -powe red boat s has inc reased 
product i v i ty in  smal l -scale f i she r ies 
throughout the wo rld , but h ighe r f uel  cost s  
a nd d i f f i cult ies in  acqu i r i ng e ng i ne pa r t s  
hamper f i she rmen in many a reas . More 
fuel-eff icient boat s ,  and i nc reased 
ava i l abi l i t y  of spa re pa rt s ,  repa i r manual s ,  
and t r a i n i ng cou rses i n  engi ne mechanics can 
g reat ly increase f i she rmen ' s  wo rk i ng 
eff i c iency , and imp rove t he i r  abi l i ty to  
support  themsel ves and  feed the i r f am i l i es .  
( S .  Sai l a )  
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Fishi ng in  less-developed or ene rgy-poo r nat ions wi l l  
be most eff icient ly pu rsued by some combi nat ion of t ra 
d i t iona l methods and mode rate-level technolog ical met hod s 
a l ready well  estab l i shed and in common u se . The i n i t i al 
cost of much h i gh-technol ogy f i sh i ng gea r can probabl y 
not be suppo r t ed by local pu rcha s i ng power or  capabi l i 
t i es , and maintenance and repa i r problems can be prohi 
bit i ve for ma ny k i nds of e lectronic gear . In some a reas ,  
howeve r ,  ce rta i n  types of new gea r wi l l  aid  i n  exp loi t i ng 
spec ies previously unde rut i l i zed for va r i ous economic 
reasons but wh ich a re now more desi rable ta rget s in  l i ght 
of dec l i n i ng t rad i t iona l catche s .  For example , one 
fai r l y  simple type of elect r ical su rveying gea r of wide
spread ut i l i ty i s  the acou s t i c  • f i sh f i nder , •  an 
echo-sound ing device that sense s schools  of f i nf ish or  
sh r imp.  Fi na l ly,  i f  process i ng methods a re cha nged to  
use  spec ies now ha rvested for f ish meal for d i rect human 
consumpt ion , mod i f icat ions in gear and hand l i ng of the 
catch may be requ i red . 

I n  the past , f i shermen f rom t rop ical regions have 
occas iona l ly pu rchased f i s h i ng vesse ls and equ i pment 
i napprop r i ate for t ropical f i sher i es . Attent i on mus t  be 
paid to mod ifying ex i s t i ng boats and gea r or  develop i ng 
new ones in ways that are approp r i ate for i nd i vidual 
regiona l  f i she r ies  ( Scha rfe 1 979 ) and a re acceptable 
w i t h i n  the of ten conse rva t i ve l i f estyles of art i sana l and 
smal l -scale f i s hermen , thei r fami l ie s ,  a nd the i r  com
muni t i es .  Fo r a g i ven country,  the most successful m i x  
a nd rates o f  developme nt o f  la rge-sca l e ,  sma l l -sca l e ,  and 
a r t isana l  f i sh e r i es can be dete rm i ned by consu l t at i ons 
with f ishe rmen ,  la rger boat owne r s ,  f i sh vendors (who l e 
sal e rs and retai lers ) ,  administrato r s ,  and sc ient ists . 

Recent l y ,  the i ncreased co st of f ue l , nece ssa ry con 
cent rat ion o n  stocks wit h i n  nat i ona l exclusi ve econom i c  
zones ( EEZs ) ,  and reduct ions in  stock s i zes have resu l t ed 
i n  the des ign of highly e f f i c i ent combinat ion f i sh i ng 
vesse ls  of a l l  s i zes . combination f i she r i e s ,  i n  which 
gea r and vesse l s  are adaptable to a va r i ety of ta rget 
spec ies and habitat s ,  can be ve ry ef f icient , lead i ng to 
great e r  p rof i tabi l i ty for each boat and dimini sh i ng some
what the p roblems of underemployment . In some develop i ng 
count r i es ,  t he canoe f i sherman is al ready a combina t i on 
f i s he rman , u s i ng va r i ous gea r or stocks as the seasons 
change , bu t in many areas almost a l l  f i she rmen use onl y  
spec i f ic gea r and f i sh for spec i f ic spec ies . For 
example , they may f i sh with traps for h i gh-val ue expo rt 
spec ies such as spi ny lobsters and ret u rn to po rt du r i ng 
the t rap soak t ime .  Th i s  t i me could be spent mo re pro
duct i ve ly hook -and - l i ne f i s h i ng for other spec ies such 
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as snappe rs and g roupe r s  ( Robins 1 98 0 ) . Investment i n  
t he local des ign and product ion o f  combinat ion boat s most 
approp r i ate for local technology and avai lable f i sh 
spec i es should be a prof itable unde rta k i ng in  many 
developi ng count r ies • .  

F i sh-At t ract ing Devices : Float s and Art i f icial Reef s 

The re are now trends wo rldwide towa rd less random 
hunt i ng of pelag ic speci es and more use of art i f icial , 
f r ee-f loat i ng att ractant devices  ( Kl ima a nd Wickham 
1 9 7 0 ) ,  some of wh ich have long been used in  t rad i t iona l 
a r t i sana l  f ishe r ies  ( see refe rences i n  Mat sumoto et a l .  
1 9 79 ) . Recent examples of such devices a re the bamboo 
payao rafts used in the Ph i l ipp i ne s  ( Mu rdy 1 9 8 0 ) a nd the 
att ractant devices used exper i mental l y ,  pr i ncipally for 
t una , i n  the we stern equato r ia l  Pac i f i c  ( Pac i f i c  Tuna 
Development Foundat ion 1 980 ) , off Hawai i ( Matsumoto et 
a l .  1 97 9 ) , Samoa ( Pac i f i c  Tuna Development Foundation 
1 9 80 ) , and the Marquesas Is land s  ( Inte r-Amer i can Tropical 
Tuna Commiss ion 1 98 0 ) .  

Considerable informat i on has been gathe red du r i ng the 
past decade about the abi l i ty of f i xed platfo rms such as 
oi l d r i l l i ng r igs to att ract f i sh .  coupled with  stud ies 
of chemical and mechanical f ish att racta nt s ,  mo re 
detai led resea rch shou ld be unde rtaken on f i xed and 
f r ee-f loat i ng att r actant devices in a reas whe re the re  
a re no  f i sh concent rat i ons o r  migrat i ons sui table for  
exploi tat ion by smal l -sca le and a r t i sanal f i s he rme n .  

The use o f  art i f icial  reefs to enhance both commer 
c i a l  a nd rec reat ional f i she r ies has been successful i n  
deve loped count r i es .  such • reef s •  have been c reated by 
dump i ng rocky mate r i al s ,  cement block s ,  or even d i sca rded 
obj ects such as t i res and clean waste metals . Some con
t roversy rema ins as to whether such a rt i f icial habitats 
me re ly move f i sh f rom one a rea to another with  l i t t le 
i nc rease in an a rea ' s  total catch , or whethe r they i n  
f act concentrate f i sh o r  even increase the i r  feed i ng 
success and p roduct ion of young ,  the reby i ncreasi ng tota l 
catches . Apparent local i zed successes , howeve r ,  suggest 
t hat t r ials of this  approach a re wo rth conduct i ng i n  
develop i ng count r i es .  
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REDUCING POSTHARVEST LOSSES 

By-catch Retention and Processi ng 

About 1 0  pe rcent ( 4 -6 mi l l ion tons ) of the wor l d ' s  
f ish catch i s  discarded at sea as • t rash f i sh , • even 
though i t  could ser ve as human f ood • . In t ropi cal s h r imp 
f ishe r i es ,  for example ,  mi l l i ons of tons of sma l l  f i sh ,  
both ma r ketable and unma rketabl e ,  a re now d umped ove r the 
s i de ( Pu rcel l -Maschke 1 9 7 8 ) . In  many t ropical f i sher i es 
as much as 3 tons of ed i ble f i sh by-catch ( 3 -4 mi l l ion 
tons annual l y )  a re thrown ove rboa rd for  every ton of 
sh r imp landed , because the volume of hold space i n  s h r imp 
vesse ls is limited . 

The adoption of method s to reduce losses du r i ng pro
cessing and capt u re could he lp dec rease the t rag ic was t e  
of food cu r rent ly found in t h e  shr imp i ndust r y .  The 
technology ex i sts to sepa rate the so-cal l ed t ras h f i sh 
in  the t rawl net du r i ng the tow , but economic incent i ves,  
and in some cases technolog ical capabi l i t i e s ,  a re lac k i ng 
to encourage land ing and processi ng of by-catches . I f  
sui table sto rage space is  avai lable aboa rd the vesse l s ,  
new ma rket ing approaches could enabl e such f i sh to be 
sold prof i tably to middlemen ( as was done i n  Nigeri a  i n  
the late 1 9 6 0s by some local vesse l ope rato rs ) .  

The by-catch often can be processed to mi nced f i sh 
or f i sh meal , possi bl y in the same plant where the shr imp 
a re processed . Th i s  was unde rtaken at the Vi k i ngos s . A . 
plant in  Ca rtagena , · colombia.  S r i  Lankan scient i s t s  
( Etoh 1 98 2 ) have repo rted that f i sh mea l can be prof i t 
ably made from shr imp by-catch usi ng simple equ ipment on 
a • cottage- i ndustry• sca l e .  Another sh r imp by-catch 
processi ng project in Guyana is ach i eving cons ide rable 
success with the product ion and ma rket i ng of an extens i ve 
va r i ety of fish  p roducts , rang ing f rom high-qual i t y  whole 
f i sh and ma r ket f i l lets to mo re h ighl y  processed products 
such as packaged food items and oi l for i ndust r ia l  use . 

Red ucing Postharvest Losses on Land 

It is est imated that as much as 35 percent ( about 
8 . 7 5  mi l l ion tons ) of the annual wo r ld catch of f i sh 
dest ined for  human use is  lost between captu re and con
sumpt ion ( Pa r iser 1 97 9 ) . Thi s  is  two to three t imes the 
postha rvest loss in  the agr icultu ral secto r .  such losses 
a re pa rt i cular ly la rge i n  the a rt i sanal and smal l -sca le 
f i she r i es of develop i ng count r i es in the t rop ics and 
subt ropics,  and in many a reas losses may approach 
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S O  pe rcent of the catch ( Day 1 98 0 ) . In ma ny such cou n 
t r i es ,  f i sh a r e  a n  important and somet imes the only 
sou rce of animal protein and often a p r i nc i pal sou rce of 
i ncome for t he poorest sec to r of the populat ion . 

The d i ssemi nat ion of i nfo rmation about techni ques f o r  
reduc i ng postha rvest losses could be a nat ion ' s most 
immedi ate and successful means of i nc reasi ng both food 
ava i labi l i ty and f i shery profitabi l i ty .  A 1 97 6  meet i ng 
devoted to this top ic suggested approaches that can best  
be  used to achi eve the goals of  safer  and more successful 
methods of p reservat ion , hand l i ng ,  and storage ( Tropical 
Products Inst itute 1 9 7 7 ) . Basi c  improvements that would 
substant i a l ly allevi ate thi s p roblem i nclude the use of 
more off-g round and protected i n i t i a l  f i sh-p rocess i ng 
fac i l it ies . Int roduct ion of low-cost , though relat i ve l y  
i nef f ic i ent , ene rgy gene rato rs such a s  w i ndm i l l s  may be 
used to he lp t radi t i onal proce ss i ng methods ( d rying,  
smo k i ng ) , part icularly i n  a reas where there i s  a shortage 
of f uelwood . Nontox ic chemicals  of local origin  may also 
be used to prevent f i sh spoilage ( National Resea rch 
counc i l  1 978 ) . Recent work suggest s ,  for exampl e ,  that 
l ac t ic ac id bacte r i a  may be effec t i ve in p rese rving f i sh 
( Fi s h i ng News Inte rnational 1 98 0c ) . 

In certa i n  a reas , medi um- to large-scale commerci al 
ope rat ions for high-volume f i she r ies such as sa rd i nes and 
for high-value spec ies such as shr imp have introduced 
modern ref rigerat ion method s .  Thi s  is occur ri ng 
p r i ma r i l y  in  large r u rban coastal centers and in the 
maj o r  r i ve r i ne systems in central and southeast  Asia and 
lakes in Af r ica . The export value of the p roduct may 
encou rage the provis ion of ref r i gerat ion fac i l i t i e s , 
of ten on a cooperat i ve bas i s  wit h  inte rnat ional mar 
kete r s ,  a s  has been done for the spi ny lobste r f i she ry 
i n  Beli ze and in  the development of l i ve-f i sh t ranspo r 
tat i on o n  the r i ve rs of Asi a ,  Af r ica,  a n d  south Ame rica . 
Although such joint ventu res may reduce postha rves t 
losses in  la rge comme rcial f i s h i ng ope rat ions , and 
although advanced techn i ques may f i l te r  down to smal le r 
comme rcial ope rat ion s ,  such a process i s  u nl i kely to have 
much ef fect on local a r t i sanal f i sh e r i es . Thus 
small -scale f i s he rmen , who p roduce perhaps mo re than ha lf  
t he total catch i n  develop i ng count r i es , will  st i l l  need 
assi stance in preservi ng the i r  catch . 

The signi f icant losse s  of fresh or locally processed 
p roducts , resu l t i ng f r om i nfestat ion by i nsects and 
rodent s before del i very to the consumer , can be reduced 
by imp roved packag i ng .  Por examp l e ,  s imple pac k i ng 
met hods have been used successfully for f resh f i sh i n  
I nd i a  ( Pe r ig reen a n d  Na i r  1 9 7 7 ) and for  processed f i s h  
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i n  the Lake Chad a rea of Af r ica ( Day 1 98 0 ) . cons ide rable 
advances are possi ble in  thi s f ield , espec i a l l y  in 
methods using local ly produced mate r i al s .  

Futu re plans t o  reduce postha rvest losses should  take 
i nto account the technologica l ,  sociolog i ca l ,  and 
cultural aspects of the p roblem . Attempts should be made 
to unde rstand why the maj o r  categor ies of trad i t ional ly 
processed f i sh p roducts , and impo rt s ,  are prefer red by 
consume rs i n  each count ry.  Bow would consumers  react to 
improvements and changes in taste , qual i t y ,  cos t s ,  
spec i e s ,  and she lf l ife? Bow would the processor react 
to improved yield , better t ranspo rtat ion ,  and the l i ke? 
surveys of consumer and processo r p refe rences and needs 
should consider  that in many count r i es it  i s  women who 
a re p r i nc ipal ly invol ved in f i s h  p rocess i ng at the vi l 
l age leve l and i n  subsequent market ing a t  the consumer 
wholesale and retail  leve l s .  Thus any advi sory services 
must convi nce these women as wel l  as the f i shermen of the 
economic advantages of change . 
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conference on Hand l i ng , Processing,  and Ma rket i ng of 
Trop ical F i s h ,  July 1 9 7 6 ,  London . Tropical Products 
Inst i tute , London , England .  

W i l l i ams , P .  1 9 6 8 .  Report o f  the Gu i nean Trawl i ng survey . 
Vol .  1 .  Organi zat ion of Af r ican Unity,  Scient i f i c ,  
Technical and Resea rch Commission ,  Lagos , Nige r i a .  

wray , T .  1 98 0 . Advantages o f  the l ightweight diese l .  
Fish i ng News Inte rnat ional 1 9 ( 7 ) : 49 .  

Wr ight , M . ,  a nd J .  Be r k l ot s .  1 9 8 0 .  •stitch a nd glue• to 
rep lace lost  f leet . F i sh i ng News Inte rnat iona l 
1 9 ( 7 ) : 5 3 .  

SELECTED READINGS 

Food and Ag r iculture Organi zat ion . 1 9 6 0 . Tr i l i ngual 
Dict iona ry of F i sher i es Technolog ical Te rms : 
Cu r i ng . Avai lable f rom UNIPUB , New Yor k ,  New Yor k ,  
USA . 

------------- · 1 9 7 5 .  Manual of methods for f i sh stock 
asses sment . Pa r t  I I I --Se lect i v i ty of f i s hi ng gea r .  
FAO F i she r i es Techn ical Paper 41 . Ava i l able f rom 
UNIPUB , New Yo rk , New Yor k , USA . 

--------------· 1 9 7 6 .  world l i st of aquat ic sc iences and 
f is he r ies : se r i al t i t les ( Prel imi na ry ed it ion , 
Supplements 1-4 ) .  FAO F i she r i es Technical Pape r 
1 47 .  Avai lable f rom UNIPUB , New Yor k , New Yo r k ,  USA . 

--------------· 1 9 7 7 .  Inte rnat ional d i recto ry of ma r i ne 
sc ient i st s .  FAO F i she r ies Pape r No . 4 .  Avai lable 
f rom UNI PUB, New Yo rk , New Yo rk , USA .  

-------------· 1 9 7 8 .  Yea rbook of Fi she ry Stat i st ic s .  
Vol ume 4 6 .  Ava i l able f rom UN IPUB, New York , New 
Yor k ,  USA . 

-------------· 1981 . Met hods of col lec t ing and ana lyzing 
s i ze and age data for  f i sh stock assessment . FAO 
F i she r i es Ci rcul a r  No . 7 3 6 .  FAO, Rome , I taly.  

FAO/Fishing News Books , Ltd .  1 9 7 3 .  Me nd i ng of F i s h i ng 
Net s .  Ava i l able from UNI PUB, New Yo rk , New York , 
USA . 

-------------· 1 9 7 8 .  Mult i l i ngual Dictiona ry of F i sh and 
Fish Product s ,  2nd ed . Avai lable f rom UNIPUB , New 
York , New York , USA . 

Gu l land , J .  A .  1 9 6 9 .  Manual of Methods for Fish S tock 
Assessment . Pa r t  I .  Fish population analys i s .  FAO 
Manuals in F i she r i es Sci ence 4 ;  FAO F i she r i es s e r i es 
No . 3 .  Food and Agr iculture Organi zat ion, Rome , 
I taly.  
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------------·· 1 9 7 7 .  P i sh Populat ion Dynam i c s .  John 
Wi ley & Sons , Chichester , England . 

Internat i onal Development Research Cent re . 1982 . P i sh 
By-catch--Bonus f roa the sea : Repo rt of a Technical 
consu ltat i on on Shri� By-catch Ut i l i zation Held in  
Georgetown , Guyana , 27-30 October 1 9 8 1 . IDRC , 
Ottawa , Ontar i o ,  canada . 

K lust , G .  1982 . Netting Mate rials  for Fish i ng Gea r ,  2nd 
ed . Fishi ng News Books ,  Ltd . ,  Parnhaa, sur rey, 
England . ( PUbl i sher ' s  add ress : 1 Long Ga rden wal k ,  
Pa rnhaa, Sur rey, England ) .  

Lockwood ,  B . , and K .  Ruddle , eds . 1 9 7 7 .  Smal l-Scale 
Fishe r ies Develop .. nt : Soc i a l  Sc ience Cont r i bution.  
Bast-West center ,  Honolulu , Hawai i ,  USA . 

Stevenson , D . , R .  B .  Pol l nac , and P .  Logan .  1 98 2 .  A GU ide 
for the Smal l-Scale F i shery Admi n i s t rator : Infor
aat ion f roa the Harvest Sector . Internat iona l  Center 
for Mar i ne Resou rces Development , Uni versity of 
Rhode Island , K i ngston, Rhod e Island , USA. ( Avai l 
able in  Eng l i sh and Spani sh ) 

suomala , J .  B . , Jr . ,  ed . 1 9 8 1 .  Meet i ng on Hyd roacou s t i cal  
Methods for  the Est imat i on of Ma r i ne P i sh Popula
t ions , 25-29 June 1 97 9 . Vol ume I I ,  Pa rts A and B .  
Cha rles S ta r k  Draper Labo ratory , Inc . , cambr i dge , 
Massachusett s ,  USA . 

ONBSCO . 1 981 . Fishery sc i ence teach i ng at the uni ve r s i ty 
leve l .  Ma r i ne Science Repo r t  No . 1 5 . UNBSCO , Pa r i s ,  
Prance . ( Ava i l able i n  Arabic , Bng l i s h ,  French , 
Russian,  and Spani s h )  

Windso r ,  M . , and s .  Ba rlow .  1 981 . Int roduction t o  F i shery 
By-Product s .  Fishi ng News Book s Ltd . , Pa rnhaa ,  
sur rey , Bngland . 
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5 Aquaculture, Mariculture, and 
Saltwater Agriculture 

Enhanced food product ion a nd i nc reased i ncome a re the 
dua l ob j ec t i ves and bene f i t s  of aquacul t u re .  Aquacul t u re 
i s  t he gene ral term app l i ed to the cult i vat ion of aquat ic 
anima l s  and plant s and includes t r ue aquacu l t u re , i n  
w h i c h  f reshwater  animals o r  plants a re g rown ,  and ma r l 
cu l t u re ,  the cul t i vat ion o f  organi sms requ i r i ng salt 
wat e r . Aquaculture and ma r icultu re a re a nc ient p rocesses 
that have been used in most par t s  of the wo rld to produce 
f ood . In the modern wor l d , with improved technolog ies 
for  food storage and t ransportat ion ,  they provide food 
stuffs for domestic consumpt ion and , when expo rtable 
spec i es are grown , gene rate fore ign exchange . They are 
a l so a product i ve means of u s i ng domestic  and ag r i c u l 
t u r a l  wastes or  the waste heat o f  i ndust ry . In add i t i on 
to the relat i vely wel l -established techn iques of an imal 
ma r ic u l t u re ,  new but prom i s i ng forms of plant cu l t i vat ion 
u s i ng sal i ne or brac k i sh water a re now bei ng developed . 
W i t h  use of • sa l twater agr icul t u re , • some spec ies of 
vegetable� ,  cerea l s ,  or sou rces of biomass can be g r own 
whe re f resh wate r i s  scarce . 

I n  the past 20 yea r s ,  aquac u l t u re has produced s i g
n i f icant quant i t ies of food , i ncome , a nd employment 
a round the wo rld . Acco rd ing to a su rvey reported in 
Ocean Yea rbook I ( Pi l l ay 1 9 78 ) , aquaculture is  widely 
pract iced in 6 6  count r i es .  Of these , 3 5  a re develop ing 
count r i e s ,  whe re i n  1 9 7 5 ,  aqua t i c  fa rmer s  produced ove r 
4 m i l l i on tons of f i sh ,  shel l f i sh ,  and seaweed --more than 
two-thi rds of the total wor ld aquacultural product ion a nd 
about 1 0  percent of the wo rld ' s  annual captu re f i shery 
ha r vest ( Figu re 5-l ) . cu r rent ave rage aquacultural 
yield s  are between 1 . 5 and 2 . 0  tons per hecta re , but , 
d epe nd i ng on the levels of i ntens i ty a nd technology 
app l i ed ,  they can range from less than 1 ton to more than 
20 tons per hecta r e .  Wi th improved techn i que s ,  ave r age 
yields  in many a reas cou ld be inc reased two- or threefold 

- 6 7  -
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FIGURE 5-l The combi nat ion of widely used a nd succ e s s f u l  
t rad i t i onal pond cul t u re met hod s with  tech
nical improvements developed th rough mod e r n  
aquacul t u re research i s  allowing f i sh f a rmers 
to i nc rease thei r yields and cul t i vate new 
va r i et i es of f i sh with ha rd ier  cha racte r i s 
t i c s ,  faste r g rowth,  o r  espec ially high com
me rcial appeal .  ( S .  Sai la ) 

i n  a relat i ve ly short t ime , as much as a tenfold expa n 
s i on o f  aquacultu ral areas i s  consi de red feas i ble 
( Pi l lay 1 9 79 ) . Thus wo r ld aquacul t u re product ion could 
double in the nea r  term and perhaps expe r i ence as much 
as a f i ve- to tenfold i nc r ease over 30 yea r s ,  if  adequate 
f e rt i l i ze r  and the necessary labo r or ene rgy i nput s a re 
made avai lable .  But this  wi l l  requ i re the acce lerated 
t rans f e r  of techno logy, add it iona l resea rch , su i tabl e  
leg i slation,  f i nancial investment , and the t ra i n i ng a nd 
o rgani zat ion of tec hn i c i ans and management pe rsonne l . 

The i nc r eased impo rtance of aquacu l t u re g loba l ly 
resu l t s , in pa r t ,  f rom the  cont inu i ng demand for  animal 
protei n .  Other cont r i but i ng f actors a re the ove r f i s hing 
of some wi ld stocks , the establ i shment by many nat ions 
of l imi tat ions on for eign f i s h i ng with i n  the i r  newly 
extended zones of  nat iona l j u r i sd ic t ion ,  the high cost 
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of fuel , and the need to provide more employment oppor
tun i t i e s ,  espec i a l ly in ru ral sector s .  These facto r s ,  
and the pe r i od ic food c r i ses brought o n  by natural o r  
man-made cause s ,  wi l l  conti nue th roughout the 1 9 8 0s and 
beyond , so that ad vances in both trad i t iona l extens i ve 
aquac u l t u re and mo re techn ical ly demand i ng i ntens i ve 
methods w i l l  con t i nue to be in demand by both deve lop i ng 
and i ndust r i a l i zed count r ies . 

AQUACULTURE : EXTENSIVE AND I NTBNSIVE SYSTEMS 

The control of b r eedi ng and rates of la rval p roduc
t ion is important in  all  aquacu l t u re systems , but cont rol 
requ i rements d i f f e r ,  dependi ng on the cu l t i vated o rgan
i sms and the type of cul t u re operat ion .  For example , the 
des i red imp rovement may be to i nc rease p rod uct ion rates 
o r ,  conve rsely,  as in  the case of the commonl y  used f i sh 
T i l api a ,  t o  prevent f requent b reed i ng t o  avoid ove r 
populat ion o f  ponds and consequent stunting o f  the adu l t  
f i sh .  Add it ional conce r ns i nc l ude reduc i ng f e ed  cost s ,  
and ene rgy cos t s  where mechanical o r  elect r ical systems 
a re employed ; imp rovi ng the ef f iciency of des ign and 
mai nt enance of pond s ,  pens , and cages ; d i sease and pest 
cont rol ; a nd improvi ng ha rvest i ng technology . Pi l l ay and 
D i l l  ( 1 9 79 ) ,  in  a col lect i on of detai led technical 
pape r s ,  provide i nfo rmat ion on va r i ous aspects of  culture 
for spec i f ic organi sms.  Inte rnat iona l resea rch cente r s ,  
such as the Inte rnat ional Cente r f o r  Li ving Aquat ic 
Resou rces Management ( ICLARM ) i n  Mani la , Ph i l i pp i nes , 
a re a l so excel lent sou rces of technical a nd ma rket i ng 
i nformat i on .  

I n  most deve loped count r i es and a few of the more 
prospe rous develop i ng count r ies , h i gh costs of land , 
labo r ,  o r  avai lable wate r have led to the development of 
i ntens i ve cultu re systems . In such systems , the a reas 
und e r  cult i vation a re smal l ,  but la rge amounts of energy 
and expens i ve ene rgy-i ntens i ve i nputs  such as h ighly 
processed feed s  and fert i l i zers  a re requ i red . Spec ies 
cult i vated i n  these count r ies a re p r ima r i ly of h igh 
value--for example , prawns and shr imp ,  sa lmon , t rout , or 
oyst e r s ,  or spec ia lty items such as the catfish  rea red 
and ma rketed very successfully in  the United States and 
in a few Asian and southeast  Asian count r ie s .  Many of 
these spec i es demand high levels of feed i ng and c a re , but 
they compete well  with othe r high-qual i ty protein sou rces 
i n  the ma rketp lace . 

The r i s i ng costs  of labo r and feed a re c u r rently 
e ncou ragi ng the development of cultu re methods that g i ve 
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i ncreased yield s .  The United States i s  engaged i n  aqua
culture and ma ricul t u re research through i t s  academic 
i nst itut ions and othe r publ icly and p r i vately supported 
f ac i l i t ies . Administrat i ve coord inat ion for two f i shery 
technical assi stance programs a re p rovided at Oregon 
state Uni vers i t y  for ma ricul t u re ,  and at Aubu rn Uni ver
s i ty i n  Alabama for p r ima r i ly f reshwater aquacultu re . 
successful resu l t s  have been obtained f rom scient i f ic and 
technical stud ies related to nut r it ion,  physiology a nd 
behavi or , product i on of • seed •  stoc k ,  opt imal stoc k i ng 
dens it ies,  genet ic select ion and hyb r id i zat ion,  and stu
dies of aquat ic di sease organi sms . Por economic  reasons , 
stud ies of h igh-ene rgy, i ntens ive aquacultu ral and ma r l 
cultural methods throughout the world will  probabl y be 
l imi ted for some time to those f i sh and i nvertebrate 
speci es for which the basic technology of cul t u re i s  
a l ready known and the market i s  assu red . A s  the poten
t ial for prof its f rom aquaculture i nc rease s ,  so  wi l l  the 
probabi l i ty of a wider va r i ety of spec ies bei ng cultu red 
intensi vely . I n  the meantime , trad i t iona l • extens i ve •  
culture method s ,  in which wel l -understood spec ies are 
grown at lowe r densi t ies in more nat u ral envi ronmen t s ,  
will cont i nue t o  provide h igh-qua l i ty protein food a t  low 
cost in many count r i es .  

Whethe r investment i n  high-yield , but expensi ve ,  
i ntens i ve aquaculture and ma r icultu re operat ions i s  
economical ly wo rthwh i le depends on a count ry ' s  state of 
development , on the extent to which aquaculture has been 
employed hi storically,  and on i t s  nat ional plans , 
espec ially for the use of the trad it ional extensi ve aqua
cultu re method s .  Applying se lec ted aspects of the tech
n i ques used in i ntens i ve aquaculture can ,  however ,  
great ly inc rease yields i n  extensi ve aquaculture , as many 
of the more advanced developing countr ies have a l ready 
learned . Polycultu re method s ,  in which severa l  spec i es 
a re rea red togethe r ,  a re bei ng successfully establ i shed 
in India . Tha i l and is  developing a prof itable catf i sh 
culture i ndustry, and new types of cage cult i vation,  more 
concent rated than t rad i t i onal open-pond or rice paddy 
f i sh cultu re,  a re bei ng used in r i ve r i ne a reas of south
east Asi a • .  

ANI MALS AND PLANTS SUITABLE 
POR MARICULTURE AND AQUACULTURE 

An ext remely important development in ma riculture 
technology i s  the abi l i ty to rear some f resh- and 
saltwater shr imp and prawns ( particular ly the f reshwater 
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genu s Mac robrach i um ) , as wel l  as some mol luscs such as 
conchs th rough all  stages of the l ife cyc l e .  Anothe r  
technical development o f  great promi se is  the ab i l i ty to 
d i rect a r t i f icially the rep roduct i ve behavior of f i nf i sh : 
Ch i nese and Indian carp and gray mul let s have been 
i nduced to breed in the laborato ry by i njections of 
p itu it a ry ho rmones .  Wel l -establ i shed techn i ques a re also 
avai lable for the control led reproduct ion of oysters and 
hatchery produc t i on of oyste r  seed . This important 
development has he lped i n  the genetic select ion of 
strains  for spec ial  qual i t ies such as res i stance to 
d i seases .  

I n  many develop i ng countr i es , the most successful 
aquaculture wi ll  be that of f reshwate r  f i s he s ,  i nc l ud i ng 
spec i es nat i ve to Af rica and south Amer ica as wel l  as the 
wide ly used T i l api a .  such f ish may be rea red i n  local 
l akes , ponds ,  rese rvo i r s ,  or even seasona l  aquat ic pool s .  
Howeve r ,  the sho rtage of f resh water and abundance of 
ma r i ne or brack i sh coastal wate r s  or wet land wi l l  make 
the cult i vation of saltwate r  o rgani sms ( f i s h ,  shel l f i sh ,  
and plants )  more att racti ve for  many coastal develop i ng 
cou nt r ie s .  

The importat ion o f  f i sh and she l l f i sh spec i es for 
cult i vat ion has become widespread . Whi le it should be 
st ressed , as noted in  Mann ( 1 9 79 ) ,  that not al l int ro
duced exot ic spec ies a re ha rmfu l ,  in some cases the re may 
be seve re adve r se effects f rom int roduced spec i es that 
compete with or  prey on local fauna and flora . Anothe r 
se r i ous problem is the t ransm i ss i on of communicable 
d i seases to nat i ve organi sms . In many regions ,  g reat e r  
use o f  local , nontrad i t i ona l spec ies of f i sh and she l l 
f i sh rather than exot ics may be mo re appropri ate and mor e  
economical for aquacultural development . 

Trad i t i onally exploited l i vi ng aquat ic resou rces have 
always included fresh- and saltwater  p lants and animals . 
Plants a re used for food and for othe r pu rposes such as  
t he manu f acture of  mat s  and woven basket s f rom reed s ,  or 
algi nates and other i ndust r i al emuls i fyi ng agents f rom 
seaweed . Although aquat ic plants are not widely eaten 
out s ide coasta l Asia--be i ng somewhat lower in  sta rch 
content and not as uni versally apprec iated in f lavor as 
ter rest r i a l  plants--considerable potential ex i sts  for 
the i r enhanced cultu re and harvest for both human and 
animal f ood .  Plants eaten a s  food i nclude the 
h igh-prote i n ,  f i l amentous alga Spi ruli na ,  grown i n  alka
l i ne t rop ical lakes ( whe re it i s  the staple food for some 
local populat i ons ) ,  and waterc ress , another f reshwate r 
plant . But the pr ima ry aquat ic food plants of the wor l d  
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a re the va r ious seaweeds ( ma r i ne a lgae ) cu lti vated i n  
large quant it ies i n  the Ori ent and in  othe r reg ions . 

Recent important technolog ical advances have led t o  
greate r  yield s  and ene rgy efficiency in  the culture and 
ha rvest i ng of seaweeds such as Lami na r i a  o r  Macrocyst i s  
( kelp) , Po£PhYra ( no r i ) , and Undar i a  ( wakame ) . In Asia ,  
these c rops a re usually cult i vated i n  ponds o r  green
houses , as natu ral stands have been severely depleted . 
In the United States,  howeve r ,  p i l ot projects have demon
st rated the feasi bi ity of cult i vat i ng kelp on rafts or 
other small -scale support struct u res.  Ke lp farmi ng has 
been suggested as ·a possible sou rce of ene rgy-r ich 
biomass for fuel product ion ( see Ryther 1 9 7 9b, and 
Chapte r 7 of thi s  report ) .  Art i f icially  upwel led , 
nut r ient-r ich deep water has been used successf u l ly as a 
g rowth st imulant to seaweed in  Hawa i i an and Japanese 
standa rd enc losu re product ion and in a raf t-based p i lot 
p roj ect in  Ca l i forn i a  ( Rythe r 1 9 7 9b ) . Por f reshwate r 
plant s ,  espec ially promi s i ng recent developments l i e  i n  
the use of nui sance weeds , such a s  the wa�e r hyacinth for 
benef icial pu rposes such as feed , fert i l i ze r , or waste
water t reatment . Howeve r ,  the la rge water content and 
d i spersal of these plants make the cost of col lect ion pe r  
unit of dry weight high . 

Saltwate r Ag r iculture 

A still  relat i vely new but potent ially s ignif icant 
development in agr icultu re i s  the cul t i vat ion of 
specially selected strains of terrestr ial or ma r i ne c rop 
plants in sal t  wate r .  u . s .  sc ient ists at the University 
of A r i zona and the Uni ve r s i ty of cal i fornia at Dav i s  have 
been expe r i menting with salt-resi s tant ( halophytic ) 
plants ( Epstei n  et a l .  1 98 0 ) . successful saltwater cul
t i vation usually involves inc reasi ng the sa lt  tole rance 
of convent ional crops by i ntens i ve se lect i ve b reed i ng or 
othe r k i nds of genet ic mani pulat ion . An al ternat i ve 
approach to expand i ng the p rof itable cult i vat ion of 
plants in ma r i ne coastal waters is increasi ng the qu an
t i ty of usef ul products manufactu red f rom plants that 
thrive naturally unde r ma r i ne cond i t ions . Both of these 
technolog ies,  even in  the present ea rly stages of 
development , could f i nd appl icat ions i n  the coas tal 
regions of a r id land s .  
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• plant i ng •  of Organi sms i n  Ma r i ne Envi ronments 

The culture of genet ically selec ted spec i es and 
hybr ids of both animals  and plants for subsequent 
• plant ing• in r ich estua r i ne and protected coastal 
envi ronments wi l l  become even more widespread than i t  i s  
a t  

·
present . ( • Pl ant ing• i s  the te l'lll used to descr i be  

plac i ng young o rgani sms o n  racks o r  l i ne s ,  or i n  baskets 
and cages . ) As developing and developed coun t r i es gai n 
technological expe rt i se ,  • semicu l t i vat ion , •  ma k i ng use 
of the natu ra l  env i ronment ,  of a great number of spec i es 
of a lgae, i nvertebrates ,  and f i she s ,  e spec i a l l y  those 
with sho rt l i fe cyc les , wi l l  come i nto use . such a rt i 
f ic i a l ly planted stocks could be extended t o  mo re open 
coastal waters  af fected by the p resence or occasiona l 
i nt rus ion of upwel l ed or otherwi se nut rient-r ich waters  
c lose to  sho re , or  the presence of  a permanently 
wel l -mixed reg ion such as an i sland o r  peni nsular wa ke . 

The t ransplantat ion of exot ic f ish spec i es ,  such as 
Pac i f ic sa lmon wb icb . we re brought to Ch i le and the North 
At lant ic , and • sea ranchi ng , • i n  wh ich juven i le f i sh a re 
re leased to migrate and feed i n  the open sea a nd then 
return,  may soon become mo re common , but this depends 
h i gh ly on the results of r ecent and ongoi ng exper iment s .  
Mann ( 1 9 7 9 ) discusses c r i t e r i a  for t ransplanting and 
i nt roduc i ng new f i sh spec ies . The recent natu ral spawn
ing of the Pac i f ic bluef i n  tuna ( Tbunnu s  tbynnu s ) in an 
enclosed populat ion i n  Japan bas shown that cont rol led 
c u lture may be possi ble for even a large , long-l i ved , 
oceanic mig rato ry spec ies ( Ot su 1 9 7 9 ) . 

A great deal of work  on sea ranchi ng bas been done 
in the unive r s i t ies and governme nt laborato r ies of the 
Pac i f ic Northwest coastal region of the united states . 
By select i ve b r eedi ng , scient i sts at the Uni ve r s i ty of 
washi ngton in  Seat tle have produced salmon va r i et ies that 
reach f u l l  matu r i ty and should be ready to return to 
re lease areas afte r only 18  months at sea . Young salmon 
have been successfully • impr i nted •  in a pa rticular sal t 
water ba y  on the coast o f  Oregon , s o  that some adul t s  
r eturn d i rect ly t o  a processi ng plant o n  the bay shore 
w i t h  saltwater ponds ,  where se lec ted animals  can be 
mi l ked for eggs and spe rm to produce a new generation . 

Nonfood Aquaculture Products 

Prof i table i ndust r ies can resu l t  f rom cultu r i ng 
ma r i ne anima l s  for othe r  than food products--for ex ample , 
seaweeds for alginates ,  shel l f i s h  f o r  pea r l s ,  l i ve bai t 
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f ish for tuna f ishing i n  a reas without natural ba it  f i sh 
stoc k s ,  and ornamental f i sh for the aqua r i um  t r ade ( PAO 
1 9 75 ) . The systems in use , espec ially for bait  and 
ornamental f i sh cult u re ,  are becoming more eff ic i ent i n  
terms o f  yield and energy cost s .  These i ndustr ies and 
the food product ion aquacul t u re i ndust r i es often benef it 
considerably by bo r rowi ng techni ques f rom one anothe r .  
Por example , selec t i ve breed ing and d i sease control 
methods developed in the ornamental f i sh trades a re now 
app l i ed in commercial food f i sh aquacult u re . 

IMPROVEMENTS IN TECHNOLOGY 

Although ex tensi ve aquaculture such as the t r ad i 
t ional pond cultures of f i nf i sh and c rustaceans i n  south
east Asi a ( see Ling 1 9 7 7 ) requ i res more l and than i nten
s i ve systems, energy requ i rements and the use of higher 
technology products such as processed fert i l i zers , feed s ,  
and d i sease control substances a re lowe r . In  the 
immed i ate futu re , capabi l i t ies in extensi ve aquacul t u re 
will  be cons iderably enhanced . At the same t ime, i t i s  
expected that the low cos t s ,  ha rd i ness , and relat i ve ease 
of ca re of t rad it ional cultu re systems wi ll cont i nu e .  
Advances wi l l  depend o n  recent improvements in  under 
standi ng the requi rements i n  capt i vi ty of a l l  l i f e  stages 
of such spec ies as f reshwater  p rawns ( Macrobrach i um ) , 
some mar i ne sh r imps ( penaeid s ) , mi l kf i s h  ( Chanos ebano s ) , 
mul let , and some ot he r f inf ishes . 

I n  the next decad e ,  resea rch on the functioning a nd 
effic i ency of the pond cul t u re system ,  espec ially the low 
stock-dens i ty systems used in many t rop�cal count r i e s ,  
should yield resu l t s .  Basi c aquacultu ral and mar l 
cultu ral resea rch can p rovide a mo re detai led under 
stand ing of the pond ecosystem , part icula r l y  of opt imal 
nut r ient and energy f iow, food chai ns i n  the lowe r. 
t rophic leve l s ,  and the effects of predat ion i n  poly
cultu res . Thi s  knowledge wi ll lead eventual ly to 
i nc reased yields and the cul t i vation of spec ies not 
t rad itional ly • fa rmed , • as we ll  as the extens ion i nto new 
reg ions of the polycul t u re techni ques pract iced in Ch i na 
( Rythe r 1 979a ) a nd southeast Asi a  ( Li ng 1 9 7 7 ) and the 
managed use of tropical mangrove a reas as si tes for  
ma r icultu re fac i l ities . 

Improved mass-rea r i ng techn i ques have al ready been 
devel oped in the aqua r i um t rad e ,  i nclud i ng new methods 
of intensi ve breed i ng cont rol to allow mani pulat ion of 
phenotypes--the actual • expressed • cha racter i st ics of 
organi sms as opposed to the genet ic or genotypic tra i t s  
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t hey ca r ry and can pass on to off sp r i ng but may not them
sel ves d i sp lay . Hyb r id i zation is be i ng  successfully 
a pp l i ed to increa s i ng numbe rs of f i sh breed s . P i na l l y ,  
t he u se o f  vacc i nes a nd d r ugs f o r  bacte r ial and vi ral 
infections is  becoming highly soph i s t icated and may make 
a contr i but i on to the control of product qua l i ty ,  reduc
i ng

· 
d isease problems in  se lec ted stra i ns . 

RECYCLING ENERGY AND NUTRI ENTS INTO AQUACULTURE 
PROM DOMESTIC AND I NDUSTRIAL SOURCES 

Wastewate r ,  waste hea t ,  i ndust rial eff l uent s ,  mun i 
c ipal  sewage , and agr icultu ra l  wastes ( plant and animal 
mate r ia l s ) somet imes serve as important sou rces of wate r ,  
nut r i ent s ,  and food for aquacul t u re systems ( P igure S-2 
i l lust rates the wastewater fert i l i zat ion of shel l f i sh 
c u l t u re ) . The developed world i s  lea rning f rom many 
develop i ng count r i es about how to des i gn less wasteful 
systems of aquaculture that ut i l i ze f a rm i ng and domestic 
i nputs and output s  ( see Nat ional Resea rch counc i l  1 9 81 ) . 
Present regulat i on s  i n  many developed coun t r i es prohibit  
the use of  farm or domestic waste for  culture purposes ,  
a l t hough h i ghly eff i c i ent systems that recyc le was tes 
f rom homes and fa rms i nto culture pond s ( and often back 
into the land from cleaned or drained ponds ) have been 
u sed successf u l ly and safel y  for cent u r ies by t r ad i t i onal 
aquacultu r i st s  i n  Asi a ,  Af r ica , and othe r reg i ons . 
Becau se chemical ferti l i ze r s  a re energy-i ntens i ve ,  
expensi ve commod i t ies that requ i re t ransport f rom sou rces 
far  removed f rom s ites whe re aquacultu re fa rms may be 
establ i shed , i t  may be espec ially eff icient and prof it
able for  aquaculturi sts and ma r iculturi sts i n  energy-poor 
count r i es to take advantage of locally ava i l able domest ic 
or  ag r icultu ral wastes as sou rces of fert i l i ze r . 

Integ r ated agr icultu re-aquacultu re f a rming systems 
such as those f o r  poultry-f ish , r ice-f ish,  or pig-f i s h  
a re be ing used very successfully in a number o f  develop
i ng countr ies . These systems a re mo re eff icient 
economica l ly than si ng le-cu l t i va r  systems , because l i ttle 
or no a r t i f icial ferti l i zat ion i s  need ed to enhance pond 
produc t i v i t y .  Water f owl -f i sh systems are espec i a l l y  
ef f icient , because ducks or other fowl obtai n  the i r  own 
nut r i t ion f rom pond plants and p revent rapid pond ove r 
g r owth . 

A very recent • high-technology• development , now i n  
the plann i ng or test i ng stages i n  a few t ropical nations , 
i s  the use of large quant i t i es of nut r i ent-rich  wate r 
pumped f rom ocean depths below the surface mixed laye r 
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FIGURE 5-2 In t h i s  Wood s Hole expe riment,  it was fou nd 
that d i l uted i nput s  of treated sewage were 
an excel lent nut r ient supply for planktonic 
pond algae , wh ich i n  turn provi ded the f ood 
supply of shel l f i s h  g rown on rac ks i n  
ad j acent raceway enclosu res . ( Wood s Ho le 
Oceanog raph i c  Inst itut ion ) 

( so-cal led art i f icial  upwe l l i ng )  for e ither shore-based 
aquacu ltu re or offshore enclosu res .  Although th i s  t ech
n i que incurs  high engi nee r i ng cos t s ,  it may become 
economically feasi ble by the end of the decad e ,  
espec ially  if coupled w i t h  a d i rec t ene rgy produc t i on 
method , such as the ocean the rmal ene rgy convers i on 
( OTEC ) powe r systems now being tested in  Hawa i i  and 
Japa n ,  which g i ve excel lent resul ts in seaweed c u l t u r e  
fert i l i zat i on .  Another possi ble but untested powe r sup
ply for a r t i f icial  upwe l l i ng cou ld be a wave-pump syst em. 

PUBLIC POLICY FOR THE DEVELOPMENT 
AND OPERAT ION OF AQUACULTURE 

Managerial  or operat i ona l d i f f icult ies often hamper 
the prof i table development of aquaculture ( Matsuda 1 9 7 8 ) . 
These d i f f ic u l t i es may resu lt from sc ient i s t s  lac k i ng 
concern for economic s ,  o r  f rom a lack of cons ideration 
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for the social  cost s ,  resu l t i ng f rom p r i vate development 
of aquacult u re i n  the absence of clear government pol icy 
guide l i ne s .  Unfortunately,  the governments of both 
developed and developi ng nat ions f requently lack 
wel l -def i ned pol ic ies ·  rega rd i ng the development of aqua
culture and effec t i ve means of implement ing government 
regu lat ions or gu idel i ne s .  

There i s  need f o r  add i t i ona l d i alog ue among pol i cy
ma ke rs in both developed and develop i ng countr ies to 
consi der the potent ia l  of aquaculture and the resou rces 
requ i r ed to achi eve i ts potent ial . In some count r i e s ,  
notably Ecuador , recent achi evements  in  growth of the 
aquaculture i ndust ry have been nothi ng sho rt of stagge r
i ng ,  and thi s potential  may be  sha red by other develop i ng 
count r ies . The development of an i nternational netwo r k  
of sc i ent i s t s ,  l i nked t o  fundi ng o rgani zat ions and the 
p r i vate secto r ,  such as the proposed Internat iona l Aqua
cult u re Foundat i on ,  may provide the st imulus this f i eld 
appea rs to wa r rant . 

Even in rural a reas where alte rna t i ve food product ion 
methods may be suf f icient , the social  value of provid i ng 
add it iona l protein  and wo rk opportuni t i es th rough aqua
cu lture is often immense ( Palacio 1 97 9 ) . In Lat i n  
Ame r ica , one important problem i s  a shortage of 
wel l-tra i ned people to wo rk in the f i e ld as extens ion 
agent s ( Luna 1 9 8 0 ) . Anothe r i mped iment is  the land 
�enu re system , which di scourages aquacultu re because most 
of the land is  worked by tenant farme rs . 

Because the future g rowth of aquacu lture wi l l  be much 
enhanced by the transfer of technology , reg iona l and 
i nter reg ional coope rat ion assume spec ial s ign i f icance . 
The consu ltat i ve Group on Inte rnat ional Ag ricultural  
Resea rch ( CGIAR ) has recogni zed the need for Lat i n  
Amer ica , for example , t o  unde rtake interd i scipl i na ry 
resea rch i n  aquaculture . Cooperat i ve re sea rch ar range
ments  are common in many ot her regions of the deve loping 
wo r l d . Most count r ie s ,  however ,  st i l l  lack expe r ienced 
personne l who could assi s t  aquacultu ral i sts th rough 
nat ional or i nternat ional extension se rvice s .  Better 
educat ion and traini ng of aquacultural  sc ient ists  and 
techn icians are thus u rgent ly needed in  most count r ies 
to take advantage of the i ncreases in  food production and 
economic oppo r tun i t ies of fered by the development or 
expans i on of ma ricultu re and aquaculture faci l i t ies . In  
some of the mo re advanced developi ng coun t r ies , whe re 
substant ial  numbe rs of aquaculture spec i a l i sts a re j ust  
now bei ng trai ned , it i s  ve ry important that admin i stra
t i ve coo rd i nat i on help d i rect trained people to locat ions 
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where the i r  k nowledge wi l l  be of .oat use . I t  ia essen
t i al that new ente rpr i ses be assi sted techn ically and 

that prog rams , once begun , a re g i ven f ollow-up support 

to get tha. th rough the c r it ical f i rst few yea rs of 

development . Thus in a few yea r s ,  they should be f i r.ly 

enough establ ished to stand on the i r  own as product i ve ,  
se lf-supporting • aquafara• operat ions . 
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6 Remote Sensing 
Satellite and Aerial Monitoring of Coastal and Ocean Regions 

In develop i ng count r i es ,  remote sens i ng has been used 
p r ima r i ly for ag r icultural and geolog ic su rvey i ng ,  but 
the repet i t i ve wide-a rea cove rage avai lable f rom sat e l 
l i tes and a i rplanes usi ng photog raphy and other method s 
i s  a l so wel l  su i t ed to su rveyi ng the prope r t ies  of 
coastal and ma r i ne reg ions . These remote sens i ng method s 
can produce vi sual images , or they can be used to map the 
land , su r face wat e r s ,  and atmosphe re w i th many va r i eties  
of i n f r a red or mic rowa ve imagery,  g i vi ng informat i on on 
va r i ous envi ronmental cond i t ions . They a re often the 
most pract ical techn i ques for i dent i fying and t rac k i ng 
la rge feat u res such as the pos i t ioni ng of ocean su rface 
c u r rent s ,  e rosion al ong a coast ,  or the spread of pol 
luted ef f l uent s .  

A number o f  sat el l i tes , varying i n  the types o f  fea
tu res each mon i to rs best , have been put i nto orbit  by 
developed count r i es .  Much of the meteorolog i c ,  geog ra
ph i c ,  and oceanog raph ic data that they t ransm i t  can be 
p i c ked up d i rectly  anywhere that the re is a rece i vi ng 
antenna i nstallat ion ( Figure 6 -1 ) . The const ruct ion o f  
such an instal lat ion is  proh i b i t i vely expens i ve f o r  any 
but one of the most advanced develop i ng count r i es to 
u nde rtake alone . Howeve r ,  groups of count r i es ,  with help 
f rom development assi stance agenc i e s ,  have combi ned the i r 
resources to bu i ld reg ional remote sens i ng cente rs that 
rece i ve data for su bsequent d i ssem i nat ion and analys i s  
w i t h i n each count ry . 

New remote sensi ng method s espec i a l l y  useful  for 
ma r i ne stud ies i nc l ude i nf ra red rad i ometers  for mapp i ng 
s u r f ace tempe ratu res ; synthetic  ape r tu re rada r ( SAR ) for 
wave stud ies ; mic rowave rad i omete r s  for w i nd speed , su r 
f ace tempera t u re , and pe rhaps sal i n i t y  measu rements ; and 
po rt ions of the mu l t i-spect ral scanner spectrum ( MSS ) and 
the coastal zone colo r  scanne r ( CZCS ) for detec t i ng fac
tors related to plankton dens i t ies . Table 6 -1 i nd i cates 
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F I GURE 6-1 satel l i te-rec e i v i ng fac i l i t ies a re ve ry 
expens i ve to bu i l d ,  but  developi ng count r i e s  
a re now able to obtain  satel l i te sens i ng data 
th rough both i nt e rnat ional data t ransfe r 
a r rangements and the deve lopment of mu l t i 
country reg ional rece i vi ng cente rs . 
( Nationa l Oceanic and Atmosphe r ic Adm i n i s t ra
t ion ) 

many of the ocean sens i ng applicat ions of inst rumen t s  
ca r r i ed in sate l l ites and a i rcraf t ,  a n d  Table 6-2 g i ve s  
i nformat i on on the techn ical capab i l i t ies o f  satel l i tes 
of  pa rt icular i nte rest for su rveyi ng the ocean cond it ions 
and resou rces of develop i ng count r i es . Such act i vit i es 
would , howeve r ,  requ i re a concerted effo rt by seve ral 
nat ional gove rnment s ,  wo r k i ng with  as s i stance agenc i es , 
to set up and sust a i n  a reg ional cent e r ,  sponsor mappi ng 
p rog rams , and conduct t ra i n i ng wo rkshops . 

T ECHNOLOGY FOR THE ACQU I S I T ION 

AND ANALYS I S  OF SATELLITE DATA 

Landsat 

In develop i ng count r i es ,  the t e rm • remote sens i ng •  
has become a lmost synonymous with the use of the Landsat 
satel l i t e .  Gove rnments o f  nume rous deve lopi ng coun t r i es ,  
with the st rong suppo rt of such agenc ies a s  the u . s .  
Agency for Inte rnat iona l Development , the World  Ban k , and 
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TABLB 6-2 Satel l i te Inst ru•ents U-.4 for Develo�nt Projects 

Sate l l ite 

Landaat-2 

Landaat - 3  

Seaaat 

Ni•bua-7 ( CICS ) 

Ni•bus-7 ( SOR ) 

NOAA-5 (VRRR) 

NOAA-6 ( AVRRR ) 

TIROS- 1 4  ( AVRRR ) 

GOBS 

wavelength Region 

l •ic roMter l  

Vi a i ble , nea r  i nf ra red ( IR) 

Vi a i ble , nea r IR and 

the r.al ( 1 0 . 4-1 2 . 6 )  

Synthet ic apertu re 

rada r 1 2 3 . 8-c• L band ) 

P i ve v i s i ble na r row bands 

(� 1 0  nano.ete r s l  

Vi s i ble dayti .. , 
therul at night 

Vi s i ble and therul IR 

Vi s i ble , nea r IR 

Vi s i ble and the r.al 

Spatial Reaolut ion 

( .. tar )  

MSS • 8 0  • 0 . 46 5  ha 

NSS • 80 • 0 . 465 ha 

25 

800 

2 1 - 1 21 k• 

Righ • 4 , 000 

Low • 1 , 000 

900 

900/4 , 000 

2 , 000/5 , 000 

Re� i red 

Repet itive Coverage Bnvi ro�ntal COnd i t ione 

Every 1 8  days Ro clouds 

avery 18 daya Ro clouda 

No longer in operat ion Penet rate• clouds 

( Sate l l i te-baaed SAR 

perhaps to be launched 

again i n  1 980s )  

Every 6 days 

Every 1 2  houra 

Every 12 houra 

1 

Every half hour 

Ro clouds 1 low concen

t rat ion of auapended 

aedi .. nt 

Ro heavy clouda or ra i n  
A t  leaat 6 0 0  k• away 

f ro. land 

Ro clouda 

Ro clouds 

No clouda 

No clouda 

SOURCIS : u . s .  Nat ional Aeronautics and Space A�i n i at rat ion and u . s .  Nat iona l  Oceanic and At.oaphe r i c  A�i n i a t ra t i on , 
Waah i ngton , D . c . , and Stewa rt ( 1 981 ) .  

CD 
.. 
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the Inter-Ame r ica n  Development Ban k ,  have succes sful l y  
i nst it uted Landsat -re lated invest igat ions . These have 
i nc l uded land use,  f ood resou rce s ,  and mineral depo s i t s , 
or  more spec i f ical ly,  dese r t i f icat i on , i r r igat ion , crop 
management problems , deforestation,  and exploration for 
mine ra l s  and metal s .  · About 55 count r i es and mo re than 
f i ve i nternat ional organ i zat ions a re involved in Landsat 
i nvest igat i ons .  Landsat data-recei vi ng stat ions o r  data 
ana lysi s centers have been set up in Brazi l ,  Egypt , 
Kenya , Ind ia , Thai land , the Ph i l i ppi nes , Zai re ,  and other 
count r i e s .  Add it ional rece i v i ng stat ions a re scheduled 
for Argent i na and Ch i le .  

Whi le both te r res t r i al and ma r i ne data can be 
rece i ved f rom seve ral sate l l ites , the i nfo rmat ion pro
ces s i ng and d i ssemi nat i on systems , part icula r ly for use 
by developi ng count r i e s ,  a re by fa r the most thorough ly 
organi zed f o r  d a t a  from Landsat . *  Howeve r ,  Landsat ' s  
opt ical senso rs do not offer the types of data most 
needed fo r coasta l and ma r i ne stud i es ,  which requ i re 
the rmal infrared and microwave sensors as we ll  as opt ical  
one s .  Whe reas most deve lopi ng count r i es a re cove red by 
all of the cu r rent ly ope rat i ng scient i f ic satel l i tes-
Landsat -2 and -3 , N imbus -7 , NOAA-5 and -6 , TIROS-1 4 ,  and 
GOES ( Geostat iona ry Operationa l Envi ronme nta l satel l i t e ) 
--most of these count r i es c u r rent ly recei ve and ana l yze 
l ittle or none of the many k i nds of avai lable data usef u l  
f o r  coastal or  oceanog raphic pu rpose s .  P o r  i nstance , 
seve ral count r i e s ,  i nc lud i ng Ch i l e , Pe r u ,  and Indi a , have 
a long-stand i ng i nvolvement in  satel l i te  track i ng net
wo r k s  o r  meteorolog ical data analys i s  and a re the refo re 
rec e i v i ng and ana l y z i ng low-resolut ion ( 8-km ) , the rmal 
i nf ra red image ry f rom sate l l i tes such as GOES . Howeve r ,  
these stati ons and new remote sensi ng cente rs be i ng 
establ i s hed i n  Argent i na , Bra z i l ,  Ch i l e ,  Ecuador , Egypt , 
Syr i a ,  Kenya , Tha i l and , and the Ph i l i pp i nes do not have 
the capabi l i ty to process h i gh-resolut ion the rmal i nf ra
red data f rom NOAA-type sate l l i tes o r  mic rowave data f rom 
Nimbu s - 7 ,  both of wh ich a re needed for oceanog raph ic 
app l i cat i ons . 

*A deta i led desc ript i on of the techno logy of remote sens
i ng sate l l ites , data recept ion and sto rage , and i nfo rma
t i on processing techn i ques is  presented i n : Nat i ona l 
Re sea rch Counc i l  ( 1 977 ) Re sou rce Sens i ng f rom Space : 
Prospects for Developing count r i es ,  Nat iona l  Academy of 
Science s ,  Wash i ngton , D . C . , USA . A ve ry usefu l ,  updated 
col lection of papers on many aspects of satel l i te use for 
ba s i c  and advanced ma r i ne scient i f ic pu rposes i s  presen
ted i n  a s i ngle vol ume of the jou rnal Oceanu s ,  Vol .  2 4 ,  
No . 3 .  
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Possi bly the best approach to the effect i ve t ransf e r  
o f  thi s ocean-related remote sensi ng technology is  the 
establ i s hment in  developi ng count r ies of reg ional cent e r s  
s im i l a r  to those al read y  in u s e  for Landsat data but with 
the necessa ry add it ional rece i vi ng and p rocess i ng capa
bi l i t ies . such cente r s ,  each typical l y  se rvicing several 
count ries , wi ll  a l l ow these countr ies to apply remote 
sensi ng to coastal and oceanog raph ic problems on a 
pe rmanent basi s .  Reg ional centers have the advantage s 
of establ i sh i ng con t i nu i ng local access to the tech
nology, invol ving local suppo r t ,  and ensu r i ng long-te rm 
prog ram continu i ty .  

A n  important cons i derat ion ,  howe ve r ,  is  that such 
cente rs requ i re expens i ve ,  long-te rm commitment s .  The 
typical cost of establ i sh i ng a Land sat rece i vi ng stat ion 
with the assoc iated data analys i s  equ ipment , for examp l e ,  
i s  about $7 m i l l i on ;  maintenance and operat ion costs  
a ve rage abou t $ 3  m i l l ion pe r yea r .  But  once such a sta
t ion is in  place , the add i t i onal cost of  convers i on .  to  
recei ve k i lometer-resolut ion NOAA sate l l ite the rmal 
i n f r a red imagery is  in the range of $ 5 0 , 0 0 0 -$ 2 0 0 , 0 0 0 .  
Thi s  type o f  conve r sion i s  h i ghly recommended f o r  cou n 
t r i es that al read y  have Landsat or GOES rece i v i ng sta
t i ons a nd an i nte rest in  addi ng high - resolut ion ocean 
obse rva t i on capabi l i t ies to thei r land and cloud obse r va
t ions . count r i es that lack rece i vi ng stat ions but wa n t  
t o  develop ocean and coastal moni to r i ng capabi l i t ies 
shou ld plan reg ional remote sens i ng centers for  the i r  
a rea o r  should beg i n  to con t r i bute to and pa r t i c i pate i n  
the ope rations of a n  ex i st i ng cente r .  Informat ion on 
reg ional cente r prog rams i s  g i ven in th i s  chapte r ' s  f i na l  
sect ion o n  • Insti tutiona l Ar rangement s . •  

APPLICATIONS OF AERIAL AND 
SATELLITE DATA TO MONITORING 
MARI NE AND COASTAL RESOURCES 

The p r i nc ipal appl icat ions of coastal and ma r i ne 
resource remote sensi ng ,  some of wh ich a re f u l l y  ope r 
at ional and some st i l l  expe r imenta l ,  a re :  

o Moni to r i ng man-made and nat u ral changes in  the 
geol ogy of the coastal zone , such as the impac t 
of land use or coastal eng i nee r i ng p ro j ects on 
the sed iment contents of coastal wate r s ,  e ros ion , 
and pos i t ions of ba r r i e r  beaches or sandba rs  
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o Dete rm i n i ng the identity,  concentration , and 
d i spe r sal patte rns of pol lutants such as oi l 
s l i cks , sewage , and i ndust r i a l  eff luents 

o Mappi ng the extent and qua l i ty of coastal vegeta
tion and wet land s ,  includ ing d i ve r s i t y  of plant 
spec i es and effects of pol lut ion 

o Mapping chlo rophy l l - r ich upwe l l i ng reg ions , wh ich 
i s  releva nt to s t ud i es of f i sh stoc k  product i v i ty 
and othe r biological processes 

o Cha rt i ng ocean cur rent patte rns and s u rface wat e r  
mass d i st r i bu t i ons f o r  phys ical oceanogr aphic 
wo r k  and for studies of the t ranspo rt or agg re
gat ion of plankton , f i sh egg s and la rvae , and 
adult  f i sh 

o Mapp i ng sea f loo r topog raphy as ref lected by sea 
s u rface elevat ions . 

These appl ications of remote sensi ng i nvolve a range 
of data analysi s  techni ques : bas i c  v i sual i nt e rp retat ion 
of color  i nf r a red f i lm i s  used for wet land bounda ry map
ping ; techn i ques for i nterpret i ng the d i g i tal  fo rmat of 
the rma l  infra red data a re needed to map temperatu res of 
su rface wate rs ; and sophi sticated mathemat ical methods 
a r e  requ i red to ana lyze the data col lec ted by the mult i
spectral scanne r for  the  quant itat i ve eva luat ion of  ma rsh 
biomass and d i s so l ved chlo rophy l l  concentrations on wet
land s ,  among other u ses . 

When eithe r  deve lopment or natu ra l  f actors  cause 
e rosion and other geolog ic cha nges , nume rous techn i ques 
al low the moni to r i ng of potent i a l l y  se r i ous  effects on 
the st ructu re of coasts and wet land s .  Remote sens i ng 
also assists  in the management of l i vi ng resou rces . 
coastal vegetation cove rage i s  eva l uated by d i rect phot o
graph ic and inf ra red mapping ; the health of the plants 
i s  analyzed th rough i nf rared mon ito r i ng .  Biological 
changes affec t i ng aquat ic anima l s  such as f i sh and she l l 
f i sh a re stud i ed i nd i rectly th rough evaluations o f  the 
p roduc t i v i ty and d i st r i bu t i on patte rns of planktonic 
organi sms i n  the food cha i ns on which they d epend . 
Scient i f ic oceanog raph ic stud i es of cu r rent pat te rns and 
i nd i rect mapp i ng of seafloo r  topog raphy a re poss i ble 
th rough inte rp retat ion of wind st ress data and di rect sea 
su rface elevat ion data p rovided by scatte romete r  and 
synthetic  ape rture rada r such as those from seasat . 

Once the o r i g i nal investments i n  equ ipment and t r a i n 
i ng have been made , extensi ve informat i on about coastal 
a reas i s  p rovided for min imal t i me and expense . Field 
measurement s of such env i ronmental facto r s ,  on the othe r 
hand , a re ve ry costly i n  te rms of t ime and ma npower as 
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well  as support cost s ,  and the results a re spec i f i c  t o  
sample si tes and thus may not be completely representa
t i ve of sur round i ng a reas .  

coastal su rveying 

Pa rt icula r types of remote sens i ng data a re mos t  
useful f o r  part icular coas tal su rveyi ng tasks , as shown 
i n  Table 6-1 . Color and col or i nf ra red photog raphy have 
been used to map tidal wet land bounda r i es ,  vegetat i on 
spec ies , and net p r ima ry production ( Ande rson and Wobbe r 
1 9 7 3 , Reimold et al . 1 9 7 3 ,  Ba rtlett et al . 1 9 7 9 ,  Klemas 
1 9 71 ) .  Mu lt i spect ral d i g i tal sate l l ite techn i ques have 
been employed to map plant types , dens i t y  and he ight of 
the stand i ng c rop , and othe r p rope rt ies related to the 
quant i t y  and qua l i ty of ma rsh biomass ( Ca rte r and 
Schu be rt 1 9 7 4 ,  Anderson et a l .  1 9 7 5 ,  Klemas et a l .  1 9 7 5 ,  
Ba rt let t and Klemas 1 9 79 ) . 

The va r i ous ae r i al and satel l i te data sou rces have 
d i fferent advantages and l imi tat ions with respect to the 
cost and accu racy of data provi ded . Landsat digital  
mu l t i spect ral data processi ng i s  a least-cost method of  
p roduc i ng maps , showing la rge areas of vegetat ion cove r .  
Plann i ng studies , howeve r ,  requ i re more det a i l ed  i nfor 
mat i on on coastal vegetat ion and habi tat types than i s  
usually  avai lable f rom the Landsat dat a .  I n  these s t u 
d i e s ,  manual interpretat ion of ae r i a l  photog raphy may be 
mo re desi rable . Howeve r ,  once sate l l i te images a re 
avai lable , it  becomes a relat i vely more expens i ve and 
t ime-consumi ng process,  as it yields a ve ry detai led 
catego ri zat ion of wetland s and habi tat s .  

wo r kshops t o  t ra i n  techn icians in  detai led ae r i a l  
i nterp retat ion methods a re held occas i ona l l y  th roughout 
the wor l d .  A number of u . s .  agencies and i nternat iona l 
organ i zat i ons sponso r confe rences , t rai n i ng wo rkshops , 
a nd joint resea rch projects that g i ve fore ign scient i st s  
expe r i ence wo rk i ng w i t h  the advance remote sensi ng tech
n i ques used in  the Uni ted States and Eu rope . These 
o rgani zat ions include the u . s .  Nat i ona l Oceanic and 
Atmosphe r i c  Admi n i st ration th rough its Sea Grant Inter
nat iona l Prog ram ( i nforma t i on on pa rt i c i pat ing u . s . uni
ve r s i t ies i s  ava i lable f rom the NOAA Of f ice of Resea rch 
and Development ) ; the Uni ted Nat ions Inte rgove rnmental 
Oceanog raph ic Commiss ion th rough i t s  Wor k i ng Comm i t tee 
for Trai n i ng ,  Education ,  and Mut ual Ass i s tance ; the u . s . 
Agency for Inte rnat ional Development ( USAID ) ;  a nd the 
Inte rnat iona l Counc i l  of Sc ient i f ic Uni ons through i t s  
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comm i t tee on Science and Technology in Deve lopi ng coun
t r i es and Comm i ttee on Space Resea rch . 

Methods are cu r rent ly bei ng tested for  mon i to r i ng 
pr ima ry product i v i ty of coastal su rface waters  a nd f o r  
scient i f ic stud ies of. t h e  outf low of plank ton and det r i 
t u s  f rom ma rshes and estua ries  by analyz i ng the data f rom 
mul t i spect ral  scanne rs ( MSS ) and lase r f luo rcsenso rs .  
Fo r the f luo rosensor method , fou r pa rticular  wave leng t h s  
o f  lase r excitation data are used t o  measu re i nd i rec t l y  
chlo rophyl l  f luo rescence i n  the wate r :  t h e  f luo re scence 
ref lects the amount and types of phytoplank ton p resent . 
MSS data, on the other hand , a re used to map concent ra
tions of organ i c  and i no rgan i c  substances d i s so l ved i n  
coastal wat e r s . Inte rpretat ion o f  these data requ i re s  
u s e  o f  mu lt ivari ate ana lys i s ,  wh i ch perm i t s  ident i f ica
t ion of the sepa rate types of i nput f rom each of the 
nume rous substances bei ng mapped ( Ph i lpot and Klemas 
1 979 ) . Both of these techn i ques requ i re add i t i onal f i eld  
test ing to establ i sh the i r re l i abi l i t y .  It  is  l i kely,  
howeve r ,  that one of these or some other  va r ia nt of  such 
met hods wi l l  be avai lable withi n the 1 980s for  mak i ng at  
least relat i ve measu rements of  ma r i ne plant prod uct i v i t y .  

Sate l l i te data may eventua l ly be useful  f o r  o i l  s l i c k  
obse r vat ions ( see Table 6-1 ) . At p resent , excel lent o i l  
mon i to r i ng resu l t s  can b e  obtai ned w i t h  h i gh- or  med i um
a l t i t ude ae r i al su r vei l lance usi ng MSS and wi th the use 
of both photog raph ic  and f luo rosens i ng method s  on small , 
lowe r f lyi ng a i rc r af t .  

Obse rva t i ons Related to F i she r i es 

• spotte r •  a i rcraft a re ve ry useful i n  locat i ng 
schools of many types of pelagic f i sh . Although f i sh 
schools ca nnot be seen d i rect ly f rom sate ll ite a l t i t udes , 
sate l l i tes ha ve been used to locate a reas of high proba
bi l i t y  f o r  f i sh a vai labi l i ty ,  such as the h i ghly produc
t i ve , nut r i ent- r ich upwe l l i ng a reas off the coast s  of  
Pe ru , the west e r n  United state s ,  and west ern Af r i c a .  
Upwe l l i ng a reas can be mapped by MSS because o f  the 
st rong the rmal g rad ients c aused by the colder upwe l l i ng 
wate r ,  and because of its  spec t ra l ly d i f f e rent nut r i ent 
and chlo rophyl l content ( Cla r ke et a l .  1970 , LaVi olette 
1 97 4 ) . 

Stud i es a re now bei ng undertaken on the relat ionsh ips 
between certain coastal wat e r  prope r t i e s , such as wat e r  
colo r ,  tu rbidity,  and chlo rophyl l concent rat i on ,  and the 
p resence of f i sh . A computer  c lass i f i cat ion u s i ng Land
sat MSS data of h igh-probabi l i ty f i sh i ng a reas off the 
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coasts of Lou i s i ana and Missi ssipp i  has p roduced prom i s
i ng results ( LaViolette 1 9 7 4 ,  Kemme rer 1 97 6 ) . 

For p ractical f i shery pu rpose s ,  pe rhaps one of the 
most he lpful aspects  of l a rge-a rea remote sens i ng dat a 
i s  for locat i ng pos i t ions of cu r rents and oceani c  f ront s .  
Whe re wate r masses of d i f f e rent t empe ratu res mee t ,  some 
f i shes , i nc l ud i ng h i gh-seas tuna as wel l  as smal le r f i sh 
type s ,  agg regat e .  Fu rthe rmo r e ,  for most ma r i ne f i shes 
the pe r i od  of egg and larval dr i f t  is bel i eved to be the 
most c r i t ical su r v i va l  pe r i od in the l i fe cyc l e .  Scien
t i st s  i n  many areas be l i eve tha t when su rface cu r rent s 
do not provide favorable t ranspo r t ,  f i sher ies may be 
severely af fected . Measu rement of su rface winds and 
cu r rents by mic rowave senso rs such as the scatte romet e r ,  
alt imete r , and radar  mappe r ( see Table 6-1 ) could provide 
the i nformat ion needed for scient i f ic model s  of f i sh egg 
and larva d r i f t  patte rns between estua r i ne and othe r 
nea rshore nu rse ry habitats and mo re of fsho re waters 
( Brucks and Leming 1 9 7 7 ,  Born et al . 1 9 79 ) . 

Oceanograph i c  Info rmat ion 

The evaluat ion of su rface water cur rent patte rns by 
sate l l ite sensi ng wi ll  a lmost always be the only way t o  
obtain wide-rang i ng t ranspo rt data that a r e  d i rect and 
synopt i c  ( s imu ltaneously ta ken over an a rea ) . The usua l 
met hod for calcul at ing transport i s  indi rect est imat i on , 
based on wind speeds and d i rect ions calculated f rom su r 
face atmospheric pressu re data measu red at sea by weather 
se rvices and other organ i zations . Thi s  approach produces 
est imates l imited i n  accu racy to approx imately 300  km i n  
range and about 1 month i n  t ime ( Brucks and Lemi ng 1 9 7 7 ) . 
In cont rast , a sat el l i te-based scatte romete r ,  such as the 
one employed on Seasat when that sate l l ite was in ope r 
a t ion ,  wou ld al low synopt ic sea su rface wi nd st ress 
measu rements ove r g reater a reas and at s ho rt e r  t ime 
per i od s .  Th i s  g i ves su rface mot i on est imates with a 
relat i vely h igh deg ree of resol ut ion ( f ield d imens i on s  
of 2 x 500  k m  with  50  k m  reso l ut ion and , in  the case of 
that pa rticular  sate l l i t e ,  a 36-hou r repet i t ion 
f requency ) .  

Fronts between water  masses that d i f f e r  i n  temper
atu re , sal i ni t y ,  or othe r phys ical a nd chemical cha rac
t e r i st ics  a l so af fect the spat i al d i s t r i bu t i ons of a l l  
plankton i c  ( d r i f t i ng )  and pelag i c  ( f ree-swimm i ng ) ma r i ne 
o rgani sms , i nc l ud i ng the young l i fe stages of f i shes .  
Changes i n  st rength and pos i t ion of ve ry nea rsho re f ront s  
i n  pa rticular  a re thought t o  be important cont rol l i ng 
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i n f l uences on dist r i butions and thus on the su rviva l  
rates o f  ce rtai n f i sh eggs and l a r vae . 

LIMITAT IONS OP REMOTE SENSI NG 

In planni ng for the u se of remote sens i ng techn i ques 
to provide oceanog raph ic informat ion ,  the present sc ien
t i f ic l im i tat ions of this form of data col lect ion must  
be kept in mind , as wel l  as quest ions conce rning 
rec ipient country technolog i cal capabi l i t ies and 
cost -benef it ana lyses . 

Pe rhaps the most se r i ous l imitat ion of satel l i t e  
sens i ng a t  present i s  that c loud cover i nterfere s  with 
recept ion . Th i s  is  a pa rt icular p roblem for coastal 
a reas ,  as nea rsho re wate r s ,  e spec ial ly i n  major  upwe l l i ng 
a reas , are unde r cloud cove r for  relat i vely la rge pe r i od s  
o f  t ime . A fu rther l imi tat ion i s  that a l l  prope rties a re 
measu red for only the uppe r laye r of the wate rs  under 
obse rvat ion.  Depth ranges va ry for d i f f e rent types of 
data . In  the mo re product i ve and thus g reene r and less 
t ranspa rent wate r s ,  chlo rophy l l  o r  det r i tus measu rements 
probably indicate concent rat i ons of these substances 
ave r aged over shal lowe r depth i nt e r vals  than in the less 
produc t i ve ,  mo re t ranspa rent bl ue waters of the open 
ocean . 

Por measu r i ng oceanog raphi c  pa rameters  below su rface 
water s ,  the re is  no subst i t ute for d i rec t-depth prof i l i ng 
f rom research vesse l s .  To obt a i n  the most complete and 
useful oceanog raph ic i nformat ion , when remote sens i ng 
data a re ava i lable , it is best to integrate satel l i te or 
ai rcraft data analys is  with the resu lts of conventional 

ship-based samp l i ng .  

FUTURE DEVELOPMENTS I N  OCEAN REMOTE SENSI NG 

In the next decad e ,  two new sensors wi ll  domi nate 
sat e l l i te sensi ng usi ng the vi s i ble l i ght wa velength 
bands . The coastal zone color scanne r ( CZCS ) , launched 
i n  1 9 7 8  on Nimbus-7 , measu res rad i ance from the ocean 
wate rs in i nf ra red ( the rma l ) ,  nea r - i nf ra r ed ,  and vi s i bl e  
l ight bands .  The v i s i ble bands a r e  d i vided into fou r 
wave length g roups , selected to cor respond with the 
opt ical prope r t i es of chlo rophyl l ,  ce rta i n  other plant 
p i gment s ,  a nd su spended matter in  wat e r  ( Au s t i n  1 9 79 ) , 
wh i le the infra red bands se rve to map land-water i nter
faces and tempe ratu res of  coastal and ocean waters . 
Although the spatial  resolut ion of 800  mete rs f rom the 
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N i mbus-7 alt itude ( 9 5 5  km ) l imits its  use for estua r i es 
and nea rshore wat e r s ,  the c zcs on this satel l ite provides 
scient i f ically useful resu l t s  on relat i ve chlo rophy l l  
concent rat ions i n  the wider a reas o f  the open ocea n .  

The second advanced opt ical scanne r i s  the themat ic 
mapper of the Landsat-D satel l it e .  Although its  spect ral 
bands are not optimi zed for chlo rophy l l  mapping ,  it s high 
spat ial a nd spectral resolut ion wi ll  s i gn i f ica nt ly 
improve mapping of wet lands and stud i es of organic and 
i norganic su spended matter in coastal waters  ( Bracken 
et al . 1 9 79 ) . 

A prom i s i ng technology for coastal mappi ng i n  the 
presence of cloud cover may be the new sate l l ite sensors 
that operate in the microwave por t i on of the e lect ro
magnet ic spectrum ( Ca l l io 1 979 ) . Another poss i ble appl i 
cat ion of mi crowave rad iomet ry is the measu rement of 
su rface sa l i n i ty,  an impo rtant •ma r ker • cha racte r i st i c  
f o r  ocean resea rch ,  f rom low ai rc raft alt itudes . Spat ial 
resol ut ion f rom such a i rcraft syst ems s hould be on the 
o rder of o . s km ( Sw i f t  1 9 8 0 ) . Th i s  method is accu rate 
to one pa rt pe r t housand , just suf f icient to measu re 
d i f f e rences in ocean su rface sa l i n i t i es ,  wh ich a re 
g reater  than deeper water sa l i n i ty d i fferent i al s .  Simu l 
taneous sea su rface temperatu re measu rements can be made 
to wi thin l °C .  

I n  the fut u re , ai rcraft and sate l l i t e  systems wi l l  
use seve ral methods to observe ocean wave s ,  cu r rent s ,  a nd 
ice cond it ions through c loud cove r .  Synthet ic apertu re 
radar wi l l  most l i ke ly be pa rt icul a r ly important in 
obtai n i ng thi s k i nd of i nformat i on .  SAR was used ve r y  
successfu l ly aboa rd Seasat to penet rate to the ocean 
surface du r i ng unfavorable viewi ng cond i t ions , includ i ng 
maj or storms such as hu r r icanes . Feat u res recogn i zed 
i nc l ud ed ocean f ront s ,  sea ice , and land-water i nter
faces , as wel l  as the cha ract e r i zat ion of  ocean waves up 
to 50 m and more in length ( Born et al . 1 9 79 ) . 

F i nal ly,  the poss i bi l i ty of penetrat i ng beyond the 
barrier  present ly represented by the surface laye r ,  and 
thus t rack i ng deepe r patte r ns of wat er mot ion,  may be 
offe red by va r i ous lase r systems . Subsurface tempe ratu re 
and sal i n i t y ,  for example,  may eventua l l y  be measurable 
by a form of pola r i zed l i ght det ec t ion called Raman 
scattering ( Chang and Young 1 97 2 ) . 

INST ITUTIONAL ARRANGEMENTS : REG IONAL CENTERS 

The t ransfer of sate l l ite sens i ng techniques t o  
deve loping count r i es has been aided cons i d e rabl y b y  new 
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regiona l and nat ional centers , staffed and equ ipped to 
hand le several types of sat e l l ite data recept ion a nd 
i nterpretat i on .  Regi onal remote sensi ng centers now 
bei ng establ i s hed for some developi ng count r ies a re 
expected to encou rage close r cooperat ion between satel
l ite sens i ng technical spec i a l i sts  and data user s .  In 
the· past , these two groups we re of ten not i n  close enough 
contact to promote the awa reness of data avai labi l i ty and 
i t s  use fo r sc ient i f ic and resou rce assessment pu rposes .  
I t  i s  pa rticula r ly impo rtant t o  establ i sh a c lose wo r k i ng 
re lat ionship between the mu lt i d i s c ipl i na ry remote sensi ng 
technology community and the t rad it ional geog raphical 
mapping commun i t y .  Many remote sensi ng special i sts have 
tended to focus on techn i ques for ext r act i ng data f rom 
satel l i te imagery and ae rial  photog raphy , often th rough 
relat i vely sophi st icated computat ional techni ques , and 
have pai d  less atten t i on to di ssemi nat ion and usabi l i ty 
of the data . It i s  of equal or  pe rhaps g reater  impor
tance for remote sensi ng expe r t s  to  develop the  capa
bi l i ty to present those data in map fo rmats useful for 
planne rs .  Th i s  requ i res some new map-mak i ng ( ca rtog ra
ph i c ) techn i que s ,  i nclud i ng the establ i s hment of g round 
cont rol val ues for remotely sensed data and image rect
i f i cat ion method s .  Bas ic s k i l ls such as the use of 
va r i ous map proj ec t i ons are also needed . 

As a count ry beg i ns to use remote sens i ng dat a ,  i t  
i s  important t o  develop methods for systematic sto rage , 
ret r i eva l ,  and ana lysi s .  To this  end , the la rge-sca le 
remote sensi ng technology ass i s tance prog ram managed by 
the USAID has pl aced pr ima ry emphas i s  on the development 
of reg ional remote sens i ng cente rs . The f i rst of these 
centers was establ ished in Na i robi , Kenya , in 1 97 7 ,  i n  
coope rat i on wi t h  the new Reg iona l Cent re for Services in 
Su rveyi ng a nd Mapp i ng ,  sponso red by the Economic Comm i s 
s i on for Af r ica . Othe r centers a re be i ng developed i n  
West Af r ica , Asi a ,  a n d  Lat i n  Ame r ic a .  USAID,  i n  coope r 
a t i on with the u .s. Nat iona l Science Foundat ion , al read y  
suppo rts a center i n  Egypt that could b e  expa nded t o  
assi st count r i es in  No rth Af rica and the M iddle East . 

Each center wi l l  be staffed by fou r or  f i ve spec i a l 
i st s  represent i ng d i f ferent di scipl i nes and by local 
technici ans . Each center wi ll  contain a na lyt ical equ i p
ment , imagery f i les , a techn ical l i brary,  and 
g round-t ruth equipment for reco rd i ng the d i rect ly sampled 
f ield data needed to standa rd i ze the compa rat i ve data 
coll ected by sate l l ites . In add it ion to bei ng able to 
provide wo rkshops and othe r  forms of trai n i ng ,  each 
center wi l l  have a st rong extension capabi l ity . The 
staff wi l l  be encou raged to lea rn the spec i f i c  need s of 
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the partic ipat i ng count r i es in orde r to provide the k i nd 
of assi stance that wi ll  sat i sfy those needs most 
d i rectly . 

The reg i ona l centers can act as focal points for  the 
development of i nfo rmat ion netwo r k s . They wi l l  be impor
tant contact points  between local resou rce managers and 
expe rts in  the United States and the many othe r developed 
and developi ng count r i es that have joint satel l i te pro
g rams with the United States ( i nc l ud i ng We st ern  Eu rope 
and Japan ) . 

Remote sensi ng i s  a tool for resou rce management just 
as mathemat ics i s  a tool for science or eng i nee r i ng .  
Thus cent e r  personne l  should wo rk c lose ly with local 
unive r s i ties i n  the i nt roduct ion of remote sens i ng i nt o  
t he i r  curricula ori ented towa rd nat u ra l  resou rces . 
Accordingly,  it i s  not the i ntent i n  establ i s h i ng these 
centers to create a permanent situat ion of dependence on 
outs ide assi stance but rather to establ i sh tempora ry 
organi zat ions to sat i s f y  an immedi ate need unt i l  nat iona l 
teachi ng and technical fac i l ities  a re able to take this  
on  as the i r  own respons i bi l i t y .  

Confe rences and t ra i ni ng wor ks hops , which a re rela
t i vely i nexpensi ve and can be ar ranged on short not ice , 
a re effect i ve for basic  t r a i n i ng a nd for  c reat i ng 
awa reness of the techno logy ' s  capabi l i t ies . The i nd i v i 
duals se lected t o  attend wo r ks hops mu st have the appro
p r i ate  basic educat i on ,  technical awa reness ,  and compu
tat ional s k i l ls so that they benef it f rom whatever level 
of t ra i n i ng they rece i ve .  ca re is  needed , howeve r ,  to 
avoid the lack of cont i nu ity that can resu lt f rom such 
sho rt-term t r a i n i ng or educat iona l expe r i ences . Ind i vi 
duals who have recei ved such pre l im i na ry traini ng mus t  
have opportuni t ies in  the i r  home count r i es to use and 
pass on the i nformat ion they have acqu i red . They shou l d  
also be able t o  keep abreast o f  new technical  develop
ment s .  
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7 future Exploitation of Marine Resources 

Wh i le t he technolog i e s  for ma r i ne resou rce exploita
t ion desc r i bed in previ ous chapte r s  are , for the most 
pa r t ,  al ready used , those desc r i bed in this  chapt er  a r e  
not yet ready for f ul l -scale applicat ion , even in  i ndus
t r i a l i zed count r ies . Howeve r ,  they show promi se for  
event ua l l y  expand ing the bene f i t s  offe red by the ocean 
and i ts resou rces . 

ENERGY PRODUCTION FROM THE SEA 

Ocean The rma l  Ene rgy Conve r s ion  

Ocean the rma l ene rgy conve rsion ( OTEC ) i s  a method 
of generat i ng e lect r ic i ty by usi ng as a powe r sou rce the 
sol a r  heat sto red in  the uppe r laye rs of the ocean ' s  
wat e r s . Th i s  means of ene rgy product ion can be deve loped 
only in  tropical reg ions , howeve r ,  where the d i f f e rence 
i n  tempe rature between the surface layer and deepe r 
wate r s  is great enough to provide an ene rgy sou rce that 
can support heat exchange r -d r iven powe r production ( see 
Cohen 1 9 79 ) . The magnitude of th i s  resou rce is  eno rmous 
in the t ropical zone between the lat itudes 2 0 ° N  and 2 0 °S 
( probably 300  quad s pe r yea r ) .  The system wi l l  be most 
immed i ately ef fect i ve as a sou rce of powe r for t ropi c a l  
i sland communi t i es such as those of t h e  sout h Pac i f ic 
a nd the Ca r i bbean sea . 

Ini t i a l  test i ng of OTEC systems , usi ng smal l -scale 
but f u l ly operat iona l ,  f ree-f loat i ng platforms of f both 
Hawa i i  and Japan,  has been successful ( F igure 7-1 ) . In 
add i t i on to produc i ng elect r i c i ty,  ocean the rmal energy 
systems gene rate a rt i f ic i a l  upwe l l i ng .  I n  one conf i g u r 
at ion ( open cyc l e ) ,  they a l so gene rate f resh wat e r . The 
use of the nut r i ent-rich  upwel led water  as a fe rt i l i z i ng 
medi um for ad jacent ma r icultu re ponds has proved ve ry 

- 9 9  -
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F I GURE 7-1 T r ial  plat f o rm for OTEC resea rch i n  Hawa i i .  
Th i s  •mi n i -OT Ec •  project has demonstrated the 
feas i bi l i t y  of gene rat i ng elect r i c ity through 
heat excha nge rs that use the temperature  
d i f ferent ial  between wa rm t rop ical su rface 
waters a nd cool wat e r  pumped f rom lower 
depths . ( Un i versity  of Hawa i i ) 

succes sful i n  pi lot projects i n  Hawa i i  and Japa n ,  whe re 
seaweed ( no r i ) i s  reported to ach i eve except i ona l ly h i gh 
g rowth rates in test fac i l i ties now i n  ope ration . such 
deve lopment s may substant i a l l y  inc rease the economic  
ef f i c iency of  the  OTEC operation,  as  cult i vated o rgan i sms 
as we l l  as powe r w i l l  be produced for relat ively low 
add it ional costs . 

Ca lculat ions by the Johns Hopk i ns Un i ve r s i t y  App l i ed 
Phys ics  Laboratory and othe rs suggest that a f u l l -sca l e  
ope rat ing system wi l l  be economica l l y  compet i t i ve wi t h  
fossi l f uel a nd nuc lea r powe r .  The u . s .  Depa rtment o f  
Ene rgy and agenc ies i n  se veral  ot he r nat ions a re plann i ng 
to const ruct la rger sca le demonst rat ion plant s ,  and a 
numbe r of deve loped count r i es a re und e rta k i ng o r con
side r i ng technical assi stance to t ropical developi ng 
count r i es for establ i sh i ng t r i a l  plants : the Nethe r l ands 
with I ndonesia and cu raQao , France with Tah i t i ,  and 
sweden wi th  Jamaica . Thus ocean thermal ene rgy may be 
avai lable comme rc ial ly by the yea r 200 0 .  
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Ha rvesti ng Ma r i ne Plants for  Biomass Energy Production 

Anot he r ,  qu ite  d i f f e rent mechani sm for conve r t i ng 
t he solar ene rgy that penet rates the ocean ' s  su rface 
laye rs takes ad vantage of the capac it ies of va r i ous 
ma r i ne plants to trap la rge quant i t i es of energy, conve rt 
i t  into l i ving matte r ,  and store i t  in accessi ble forms . 
Just as va r ious ter rest r i al crops a re bei ng used i n  some 
count r i es for ext raction of l i quid  or gaseous fuel s ,  a 
number of ma r i ne plants a re bei ng proposed as cand idate s 
f o r  la rge-scale • biomass f uel • ha rves t i ng .  

As with OTEC , the potential for eff icient and prof i t 
able ene rgy product i on t o  be obtai ned f rom th i s  method 
is greatest in the lower lat itude s ,  where the annual 
i nput of sol a r  ene rgy is greatest . Howeve r ,  whi le OTEC 
is not at all feasi ble in  middle or h i gh lat itudes , b i o
mass ene rgy conve r s i on i s  in fact quite  poss i ble i n  most 
reg ions of the wo r l d ,  al though w i th lower levels of pro
duct i v i t y  in  a reas with lowe r so lar  i nput . 

Types of ma r i ne plants that could be harvested f o r  
ene rgy production a re theoret ical ly bo t h  nume rous and 
qu ite va r ied . In pract ice , howeve r , certain cha racte r 
i st ics may prove necessa ry for economical biomass pro
cess i ng .  Plants that most eas i ly form nat ural attach
ment s to subst rates are most des i rabl e to ensu re that the 
ene r gy crop can be easi ly contai ned or rest rai ned . And , 
of cou rse , plants wi t h  the most rapid  rates of produc
t i v i t y  ( al l  othe r factors bei ng equa l ) are the best ha r 
vest ing cand idates . 

Resea rch i s  needed to ident i f y  which characte r i st i c s  
o f  the plant mater ial a re the most des i rable f o r  eff i 
c ient processi ng i nto so l i d  o r  f luid  fuel form .  Some 
seaweeds in the brown a lgae g roup ( ke lps and related 
plant s )  may prove to be pa rt icula r l y  good bioene rgy c u l 
t i va r s : prel imi na ry wo rk o n  ene rgy product ion f rom these 
plants i s  under  way i n  a number of deve loped and develop
i ng count r ies . seve ral ke lp spec ies have long been ha r 
vested f rom bo t h  nat u r a l  and cul t i vated populat ions f o r  
the ext ract ion o f  nonfuel substances such a s  a l g i nate s .  
Research may f i nd ,  howeve r , that ot he r algal types ,  or 
some of the rapidly  growing shal low ma r i ne and e stua r i ne 
vascular  plant s ( sea g rasses and the i r  relat i ves ) ,  wou ld 
be equa l or supe r i or subjects for ene rgy harvest i ng . 

Some seaweed s that have been fa rmed for centu r i es for  
food product ion i n  Asia  a re cult i vated i n  pa r t i a l ly 
enclosed nat u ra l  waters or i n  ent i re ly enc losed faci l i 
t ies such a s  greenhouses . I n  add it ion,  in  success f u l  
pi lot pro j ects la rge masse s of k e l p  have been grown a t  
sea o n  a r t i f icial  f loat i ng s t r uctu re s  ( Rythe r 1 979 ) . 
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Whi le the latter may event ua l ly prove to be a p rof itabl e ,  
high-volume method of produc ing biomass for ene rgy, the re 
has been no f u l l -scale demonst rat ion of the economic 
f eas i bi l i ty of such kelp fa rms at sea . Growth rates of 
ke lp in  natu re and i n  e nclosu res have proved qu ite sen
s i t i ve to ava i l able levels of nut r i ents and sun l i ght . 
Fo r that reason,  cult i vat ion should be tested under the 
cond it ions to be used in  a g i ven locat ion before produc
t i v i ty can be est imated . 

Fuels can be produced from bi omass , us i ng seve ra l  
d i fferent processes . The sea rch for  the most eff icient 
process for produc ing fuel f r om ma r i ne biomass i s  onl y  
one pa rt o f  resea rch bei ng underta ken wo rldwide o n  the 
conver s ion of ma r i ne ,  aquat ic , and te r rest r i a l  biomass 
i nto energy . The fuels most l i kely to be produced a re 
methane gas , for  wh ich process i ng methods a re a l ready 
qu ite wel l  known , or va r i ous k i nds of a lcohol . 

La rge-Scale Product i on of Elec t r i cal Powe r  
f rom Tides , cur re nt s ,  a nd waves 

Great amount s  of ene rgy a re ca r r i ed in the ocean i n  
the form o f  k i netic ene rgy. Many desi gns and p i lot p ro
j ects for ene rgy systems d r i ven by ocean wave s ,  cu r rent s ,  
o r  t ides requi re adva nced i ndust rial  technol ogy,  wh i ch 
may not be economic or pract ical in  develop i ng count r i es .  
sma l ler and less comp lex syst ems have also been designed , 
howeve r ,  and these could be used i n  less-developed coun
t r ie s ,  pa rt icula r ly in reg ions with l im i t ed supplies o f  
foss i l  fuels  or t rad i t iona l fuels such as  wood . Art i c les 
on a numbe r of the most promi s i ng of these des i gns a nd 
protot ype proj ects we re col lected i n  a 1 9 7 9  i ssue of the 
jou r na l  Oceanus ( Vol . 2 2 ,  No . 4 ) . some of these designs 
are  desc r i bed here . 

some la rge-scale systems requ i r i ng advanced i ndus
t r ial technology may supply energy for developi ng cou n 
t r i es i n  the nex t  decade , through j o i n t  inte rnat iona l 
ventures or bi late ral assi stance p roject s . These systems 
i nc lude t idal gene rat i ng stat ions , wh ich a re a l ready in 
ope ration in seve ral count r ies . cu r rent-d r i ven t u rbi nes 
o r  l a rge , wave-powe red elec t r ical gene rat i ng systems may 
also p rove feas i ble , but both ideas a re only in the 
pre l i mina ry test ing stages . 

T ide-d r i ven elec t r ical  gene rat i ng plant s can be 
establi shed only i n  locat ions whe re natu ral t idal f luxes 
a re re lat ively great and the geog raph ic conf igurat ion of 
the coa st l i ne is approp r i ate . These plants wi l l  be 
s i m i l a r  in scale to convent iona l hydroelec t r i c  plants at 

Copyright © National Academy of Sciences. All rights reserved.

Opportunities in Marine Science and Technology for Developing Countries
http://www.nap.edu/catalog.php?record_id=19270

http://www.nap.edu/catalog.php?record_id=19270


- 1 0 3  -

r i ve r  dams . The f i rst commercial tidal powe r stat ion i s  
located i n  LaRance , France ( Cot i l lon 1 97 4 ) . Pi lot pro
j ects have been pl anned in Nova Scot i a ,  Canada ,  and Sout h 
Korea and may be proposed i n  the United States ,  Un ited 
K i ngdom , Austra l i a ,  Argent i na ,  and the sovi et Un i on ( Ryan 
1 9 79 ) . The u . s .  Army Corps of Eng i nee r s  ( 1 97 9 )  has 
revi ewed ove r 90 d i f ferent design approaches for t idal 
powe r gene rat ion . To obtain i nformat ion about the prac
t ical prospects for t idal powe r development , one should 
f i rst contact the ocean eng i nee r i ng or  civil  eng i nee r i ng 
depa rtment s  of techno log ical inst i tut ions , such as the 
Mechan ica l  Engi nee r i ng Depa rtme nt of No rtheastern  Uni ver 
s i t y  in Boston , Massachusetts ( USA ) , or poss i bl y  gove rn
me nt agenc ies respons i ble for e lect r ical powe r develop
ment in count r i es w i t h  plans for pi lot proj ect s .  

The design o f  ocean wave-d r i ven systems should ta k e  
i n t o  account the intermittent and va r i able cha racte r of 
the natural ene rgy sou rce . va r i ous methods of smooth i ng 
( even i ng out ) i r regu l a r  wave impul ses must be developed , 
pe rhaps u s i ng such mechani sms as h igh-i ne rtia f lywheel s .  
I n  elaborate , techn ically advanced systems , provi s i on may 
be made for medi um-te rm ene rgy storage d u r i ng pe r iods 
when wave ene rg ies are low.  wa ve-powe red devices are , 
of cou r s e ,  subj ect to the usual problems of mechanica l 
devices deployed at sea and must be able to withstand 
except i ona l ly high surf a nd wi nd cond i tions . 

seve ral uses  ha ve been suggested for smal l e r  scale 
wave-powe red device s .  One design f o r  the desa l i n i zation 
of seawater by reve rse-osmot ic pumping on a f loat i ng 
wave-powe red device i s  s hown i n  Figure 7 - 2 .  such devices 
would be of use in a r i d , remote a reas , such as i s lands 
o r  i solated coastal commu n i t ies whe re both f resh wat e r  
and ene rgy are in  sho rt supply.  

The val ues of  c r i t ica l  operat i ng paramete r s  for  
wave-powe red systems , that is , the ene rgy conver s i on 
eff icienc ies and product ion costs of ful l -sca le systems , 
a re not yet known . Neve r theless , acco rd i ng to Newman 
( 1 97 9 )  a nd Ros s  ( 1 979 ) , for some of the i nnovati ve 
wave-d r i ven devices the poss i bi l i t i es for cost-effect i ve 
powe r p roduction a re suf f icient ly promi si ng to me r i t 
cont inued resea rch and development .  

NONTRADITIONAL SEAFOODS OR SEAFOOD PRODUCTS 

Seafoods Othe r than F i sh and crustaceans 

Pe rhaps because many Asian coastal reg ions have bee n 
qu i t e  dense ly inhabited for centu r i es ,  the i r  i nhabitants 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Opportuni t ies in  Mar ine Science and Technology for  Developing Countr ies
ht tp: / /www.nap.edu/cata log.php?record_id=19270

http://www.nap.edu/catalog.php?record_id=19270


- 1 0 4  -

WAVE FOLLOWER 
- luoyency_... .,.._ 
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F I GURE 7-2 PUmp used in wave ene rgy desa l i n i za t i on 
device designed by scient i sts at the Uni ve r 
s i t y  o f  Delaware.  ( Un i ve r s i t y  o f  Delawa re ) 

have i nvest igated the ed i ble potent i a l  of whatever orga n 
i sms the sea provi des and have deve loped means of prepa r 
i ng and enjoy i ng ma ny seafoods that a re not recogn i zed 
as ed ible in ot he r reg i ons . Nat u ra l  populat ions of many 
t rad i t i ona l Asian seafoods a r e ,  howeve r ,  j u st as abunda nt  
in many ot he r parts  of the wo rld , where att itud es towa rd 
seafood consumpt ion a re less extens i ve ly developed . In 
fac t ,  natu ra l  supplies wi l l  often be more abundant , as 
they have not been depleted by local consumpt ion.  

Luc rat i ve comme rc i a l  oppo rtuni t ies may ex i s t  for 
develop i ng count r ies to ha r vest and process products f o r  
wh ich st rong inte rnat ional demand al read y  ex i s t s ,  such 
as sea u rchin roe ( u sed as sash imi and in othe r forms ) 
or aba lone ( typ ically cooked and canned for sa le i n  
Japa n ) . Conch , a la rge t rop ical mol lusc ser ved a lmos t  
i nte rchangeabl y w i t h  h i ghly pr iced fresh abalone in some 
u . s .  restaurant s,  is also su bj ect to i ncreasi ng i nter 
nat iona l demand ( much of wh ich may eventua lly  be supp l i ed 
by ma r iculture of this organ i sm in  the Ind o-Pac i f ic o r  
ca r i bbean reg i ons ) .  Other produc ts that a r e  eaten 
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scarcely at all  in most count r i es ,  but for which the re 
is a mode rate but steady demand in ce rtai n Asian coun
t r i es ,  i nc l ude sea cucumbe r s ,  octopus ,  and even certai n  
k i nds of jel lyf i s h .  

Japan is the p r i nc ipal market f o r  spec i alty seafood 
product s .  Although demand t he re i s  not l i kely to 
i nc

.
rease , it can be expected to remai n  fa i r l y  steady.  

It  i s  also poss i ble that demand for  such products wi l l  
i nc rease i f  some of the Asian count r i es i n  which such 
foods a re eaten cont i nue to experience commercial expan
s i on ,  or i f  last i ng new markets are es tabl i shed in 
count r ies such as the uni ted states ,  whe re consumpt ion 
of seafood in gene ral and • Japanese-style • food i n  
pa rt icular has been rap i d ly i ncreas i ng . 

Many coastal coun t r i es ha ve the natu ra l  stocks to 
supply at least some of these ma rkets . The only ba r r i e r s  
to the i r  ent ry into such ma rket s ,  howeve r ,  a r e  lack o f  
technical capabi l i t ies f o r  processi ng ,  packag i ng ,  a nd 
del i ve r i ng the product in desi rable form ,  and the fact 
that the i r  f i s he rmen and seafood processors a re unawa re 
that approp r i ate  ma rkets ex i s t  for such product s .  
Espec i a l l y ,  if  t r ad i t ional local f i she r ies become 
dep leted , even in reg ions where local sea food consumpt ion 
is relat i ve ly l imited in tYPe , such new development s 
could prove commerc i a l l y  successful  i f  inte rnat iona l 
ma r kets we re entered . Under such c i rcumsta nce s,  it may 
prove bene f i c i a l  for the development and management 
autho r i t ies of local f i she r ies to encou rage invest i gat ion 
of poss i bi l i t i es for ha rvest i ng nont rad i t i ona l spec ies 
for export to Asian or other ma rket s ,  or  perhaps for 
domestic sa le . 

Ha rves t i ng zooplankton for seafood cakes and sauces 

In several southeast As ian count r i e s ,  t rad it ional 
indust r i es are based on the ha rves t i ng of va r i ous types 
of the t i ny f ree-swimmi ng cru staceans ( zooplankton ) that 
i nhabit  all ma r i ne and f resh waters ( omo r i  1 9 7 7 ) . 
zooplankton a re taken with nets and processed by d ryi ng ,  
ferment i ng ,  or press i ng . The resu l t i ng nut r i t ious pro
duct is loca l l y  consumed and commerci a l ly d i s t r i buted i n  
va r i ous forms , inc l ud i ng so l i d  cakes f o r  use a s  soup 
bases ,  and in d r i ed or l i qu i d  form for use as cond iment s .  

Only certa i n  k i nds  of zooplankton l i ving i n  
espec i a l ly p roduct ive,  usua l ly shal low envi ronments a r e  
suf f ic i ently concentrated and eas i l y  enough harvested to 
suppo rt such a f i she ry . Ha r vest i ng i s  often car r i ed out 
i n  such sha l low areas that boat s  are not necessa ry ; com-
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monly used gea r i nc l udes large-f rame net s  pushed through 
a ma rshy a rea and stationa ry nets e rected i n  a location 
with rapid t idal f low .  

The except iona l l y  • r ich•  ( biolog ically product i ve )  
coastal waters whe re suff iciently high zooplankton dens i 
t ies o r  even swa rms may occur a re usual ly shallow ,  
wel l-protected , and green in  colo r ,  i nd i cat i ng h igh den
s i t ies of the microscopic plank tonic plant s on which the 
zooplankton f eed . such cond it ions a re common a long the 
coasts of Tha i l and and Vi etnam , whe re ha rvest i ng and 
process i ng of zooplankton for outside t r ade p rovide sub
stant ial earn i ngs  for some vi l lages . I f  new local or 
i nternat ional ma r kets we re developed for the d r i ed ,  
sal ted , o r  fe rmented and pressed seafood cakes and sauces 
that can be produced f rom such har vest s ,  these products 
could be supplied through new cottage i ndust r i es estab
l i shed in coastal v i l l age s .  But this i s  possi ble only 
if local inhabi tants are open to new commercial ente r 
p r i ses . Such new sma l l -scale i ndust r ies would b e  ve r y  
useful in  many r u r a l  coastal a reas , because processi ng 
need not invol ve ref r igerat ion or mechanical method s .  

Fish Meal and Prote i n  concent rates 
for Human consumption 

The i ndust r i a l  process of mak i ng f i sh meal ( so-cal led 
• r educt ion process i ng • ) is often done s imul taneous ly w i t h  
the separation and process i ng o f  f i sh oi l s .  Although 
this  process has been we l l  establi shed for decades i n  
many developed and developing coun t r i es ,  d u r i ng the past 
20-3 0 yea r s ,  i nternat ional and nat ional agenc ies and some 
p r i vate investo r s  ha ve expressed cons ide rable inte rest 
in expand i ng the use of meals or similar  h i ghly processed 
f i sh products as human food . By far the g reatest com
me rcial use of f i s h  meal i s  its i ncorpo rat ion i nto animal 
feed s ,  fol lowed by ag r i c u ltu ral  and indust r i a l  uses ; 
i ncorporat ion of f i sh meal i nto products for  d i rect human 
consumpt ion is only a mino r  component of world  ma rket s .  
Substantial resea rch has been done o n  process i ng method s ,  
nut r i t ional va l ues , palatabi l i ty,  and market i ng poten
t i a l s  of va r ious reduced-f ish product s .  The repo rt of a 
meet i ng on thi s subjec t  sponsored by the Inter-American 
Development Ban k ( 1 9 8 1 ) revi ews technical i nf o rmat ion 
about nont rad i t i onal f i sh products . 

S imple f i sh meal can be i ncorporated i nto human d iets 
as a f lou r add i t i ve or as pure meal , but . it is not widely 
ma r keted because of low consumer i nte rest i n  most 
reg ions . In add i t ion to the mi nced or g round f i sh that 
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i s  shaped into st ic ks ,  cakes , or patt ies ( see Chapte r 4 ) , 
nont rad i t iona l ,  highly processed f i s h  p roducts i nc l ude 
re lat i ve ly taste-f ree and odor-f ree meals that can be 
i ncorporated i nto ba ked product s ,  as well  as othe r fo rms 
of f i sh protei n  concent rates ( FPCs ) . FPCs are of i nter
est to nut r i t ioni sts and development assi stance planne rs 
because of the i r  h igh nut r i t iona l value and t ntended 
taste neut ra l i ty , which,  it i s  hoped , wi l l  overcome the 
negat i ve responses of many consume r s .  

Economic and regulatory problems have h i nde r ed pa s t  
attempts t o  deve lop commerc i a l -scale FPC production .  
Gove rnment agencies of the United States and othe r coun
t r i es are requi red by law to prevent the sale of food 
p roducts for wh i ch the f u l l  spec ies o r i g i ns cannot be 
spec i f i ed quant itat i vely.  ( F i sh m i nces or  FPCs f rom 
p rocessi ng plants designed to accept d i f f e rent types of 
f i sh,  in acco rdance with chang i ng catch composi t ions , 
wou ld often not be ma r ketable under such regulat ions . )  
However , some of these regulat ions may now be mod i f ied 
to e l imi nate this ma rket i ng ba r r i er whi le s t i l l  assu r i ng 
wholesomeness for human consumption . 

Noned i ble Fishe ry By-p roducts 

One by-product of crustacean f i she r i es --ch i t i na and 
the i r  chemical ly t ransfo rmed d e r i vat i ve s ,  chi tosans-
appea rs to of fer  economic potential  for coun t r i es with 
la rge sh r imp i ng o r  crabbi ng i ndust r ies . Ch i t i n  i s  found 
in the exoske letons of insects  and crustaceans : prawn s ,  
c rabs , sh r imp ,  lobster s ,  c rayf i s h ,  and the i r  relat i ve s ,  
as wel l  a s  k r i l l  and the smaller  p lanktonic  mic roc rus
taceans . Less comme rc i a l ly promi s i ng sou rces of ch i t i n  
i nclud e  the ha rd pa rts o f  squid  and some mic roscopic 
aquat ic p lants and fung i .  An economic evaluat ion of 
wo rld ch i t i n  resources ( Al lan et al . 1 978 ) indicates that 
shrimp and c rab wast e , a nd pe rhaps Pac i f ic plan kton ic 
• red crab• ( Pleu roncodes plen ipes ) and Anta rct ic k r i l l ,  
would be the most l i kely sou rces of ch i t i n  f rom the ocea n  
i n  future comme rcial  development . 

Ch i t i n  a nd chitosan products a re chemical po lyme r s , 
w i t h  physical properties  that are espec i a l ly useful  in  
certain  i ndust rial  o r  comme rcial processe s .  They a re 
nat u r a l ly resi stant to decomposi t i on and a re st rong even 
when st retched i nto thin f i lms or  f i ber s .  One pa rt i 
cularly important cha racte r i s t ic o f  chit in i s  i t s  h i gh 
bind i ng capac ity for certai n  other substances .  Thus 
chitosans may be used for i ndust r i al water puri f icat ion , 
for metal recove ry f rom aqueous waste s ,  or as 
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ion-exchange substrates for chromatographic  methods of 
l abo ratory analys i s .  Ch i tosans also have potent ial  
appl icat ions i n  wastewate r  t r eatment , because of  the i r 
abi l i ty to coagulate read i l y  and to form st rong and yet 
ve ry thin  f i lms for use in e lect rodialys i s .  Ch i t i n  de r i 
vat i ves could successfully compete with substances that 
are now commonly u sed for such funct ion s ,  i nclud i ng 
natural resi ns and a va r i ety of speci a l i zed plas t i c s .  
Ch i t i n  de r i vat i ves could also be used f o r  med ical pu r
poses : t hey pe rform wel l  as  accele rato rs of heal i ng 
p rocesses in  humans and animals when appl i ed to wou nds 
on sutures,  as f i lms , and i n  poult ices . 

General i nformat ion on f i sh by-products of potent i a l  
economic importance i s  g i ven in a recent monograph by 
Wi ndsor and Ba rlow ( 1 9 8 1 ) . A b r i ef economic ana lysi s of  
the potentials  for entry  of  chi tosan products i nto com
me rc ial ma r kets i s  g i ven by Muzza r e l l i  and Pa r i se r  i n  
the i r  detai led technical revi ew ( 1 978 ) of chit in/chi tosan 
product development potent ia l .  
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Appendix A 

Marine Science 
The Basis for Resource �loitation and Management 

The new i nte r nat ional ocean reg ime a r i s i ng f r om 
UNCLOS recogni zes both the r ights and respons i b i l i t ies 
of coastal nat ions rega rd i ng the exploitation and manag e
ment of resources i n  nea r -sho re a reas . The almost un i 
ve rsal dec l a r at ion of 20 0-mi le zones o f  cont rol b y  these 
nat ions has i nst itut i ona l i zed th i s  si tuat ion . T h i s  
append ix provides a b r i e f  review of the p r i nc ipal f i e ld s  
o f  ma r i ne sc ience and the way i n  wh ich they are important 
i n  ocean u se and resou rce manageme nt . 

MARINE CHEMISTRY 

Seawater i s  a complex solution that contains  a 
va r i ety of d i s so l ved organic  and ino rgan i c  substances 
( such as mineral and nut r ient salts and meta l  ions ) and 
part iculate matt e r  ( both sed iment part ic les and the t i ny 
det r i ta l  pa r t i c les of decay i ng plants and an ima l s ) . 
Mar i ne chem i s t ry encompasses the cha racte r i stics  of d i s 
solved substance s ,  the i r  sou rces and d i s t r i bution s ,  and 
the prope r t i es of the i r  i nteractions with wa te r ,  one 
anothe r ,  su spended pa rt icu late matte r ,  and l i vi ng o rgan
i sms . I t  can a l so eva luate the rates at wh ich so lutes 
and other mate r i a l s  pass i nto the oceans f rom ter rest r ia l  
and atmosphe r i c  sou rces to be d i s so l ved , ret u r n  t o  the 
a i r  or land , o r  pass i nto the sed imentary • s i n k •  of the 
seaf loo r .  One of the most important aspects of the 
chemi s t ry of seawat er i s  that the presence of such a 
comp lex of substances resu l t s  i n  a g reat va r i ety of 
chemical i nteractions,  i nc l ud i ng some forms of chemica l 
bond ing that are not yet thoroughl y  desc r i bed o r  unde r 
stood--for example , che lat ion ( a  k i nd o f  chemical 
immobi l i zat i on )  or  ad so rpt ion onto pa rt ic les , wh ich may 
occur  s imultaneously with the better  desc r i bed classical 
aqueous chemical reactions of ac ids , bases , and sal t s .  
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Gi ven the d i ve r s i ty of react ions i nto which a sub
s tance may ente r ,  it can be ve ry d i f ficult  to pred ict the 
fate of substances introduced by man i nto the ma r i ne 
envi ronment . Work  done by ma r i ne chemists i n  conj unc t ion 
with other ocean scienti sts enables tentat i ve pred i ct i ons 
of what wi l l  happen to ha rmful substances re leased as a 
result of i ndust r i a l  act i v i ty ,  municipal waste d i sposa l ,  
agr icultural chemical runoff , o r  ocean dump i ng ,  but a 
great deal of wor k  rema ins to be don e ,  pa rt icula r ly 
regard ing substances that a re tox ic in ve ry sma l l  
amounts . Concent rat ions that a re dange rous to huma n 
health o r  the product i vity of f i sh and other ma r i ne 
organi sms may be undetectable by even the mo re sens i t i ve 
techn i ques of chemical ana lys i s  that are c u r rent ly avai l 
abl e .  Fo r ce rtain h i ghly tox ic substance s ,  mon i t o r i n g  
techni ques have been deve loped in wh i ch the t i ssues of 
pa rt icular organi sms ( usua l ly f i lter-feedi ng shel l f i s h  
such as musse ls and oyste r s )  i nha b i t i ng potent i a l l y  
affected waters  a re regular ly_ sampled and analyzed . 
Ana lyses may be done in  labo rato r i es nea r  the col lection 
s ite or,  when approp r i ate fac i l i t ies a re not ava i lable 
nea rby , samp les can be frozen and mai led to more f u l l y  
equipped coope rat i ng laborator ies el sewhe r e .  

Th i s  bioassay method o f  poll utant mon i t o r i ng i s  of 
tremendous he lp in provi d i ng an ea r l y-wa r n i ng system f o r  
poten t i a l ly se r i ous accumu lat ions o f  a rt i f ici al tox ic 
pol lutants ( or natu ral one s ,  as i n  the case of poi sonou s 
• red tide •  plankton blooms ) .  some ha rmful pol lutant s ,  
howeve r ,  a re not concentrated i n  an imal o r  plant t i ssues 
at al l ,  or  may be dangerous in  such smal l  quant it ies that 
it  i s  impossi ble to monitor them i n  this way .  Thus 
i nvestigation s  are s t i l l  need ed usi ng alternat i ve moni 
t o r i ng and analyt ical method s ,  and work must cont inue on 
the chemical factor s  that inf luence the accumulat ion and 
breakdown of pol l utant s .  

stud ies i n  ma r i ne chemistry a re a l so needed t o  under 
stand and mon itor the product i ve pote ntial of ocean 
water s .  A l l  l i vi ng things in the seas depend for the i r 
exi stence on the presence of suf f i c ient quant i t ies of 
chemical nu t r i ents  in  the sun l i t  su rf ace waters to perm i t  
the growth and prod uct i vi ty of ma r i ne phytoplankto n .  
These s i ng le-cel l algae are b y  far  t h e  most abundant type 
of ocean plant , and the reby the most impo rtant l i nk in 
the food web suppor t i ng ma r i ne anima l l i f e .  The rate of 
supply and rep lenishment of nut r ients th rough phys i ca l ,  
chemical , and biolog ical processes thus affects the pro
duct i v i ty of an ocean reg ion . Human act i v i t ies such as 
damming r i vers  or c reat ing tox ic pol l ut ion can i nterfere 
with the rates of nutr ient i nput or ut i l i zat ion and 
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dec rease the product i v i ty of ma r i ne water s .  Conve r se l y ,  
i n  a reas substantially  af fected by re lease o f  sewage o r  
nontox ic o rganic i ndust r ial and ag r icultu ral waste s ,  
overabundance o f  organi c  nut r i ents can deve lop , lead i ng 
to the polluted cond i t ion • eut rophicat ion . • The exces
s i ve st imulat ion of phytoplankton blooms resu l t s  i n  the 
accumu lat ion of decayi ng p lant matter and �epletion of 
the wate r ' s  oxygen supply.  Th i s  in tu rn can lead to the 
fai l u re of the water  to suppo rt most an imal l i f e ,  i nc l ud
ing pelagic ( f ree-swimming ) and bottom-feed i ng f i shes and 
many k i nds of s hel l f i sh . 

The tools of ma r i ne chemists are similar  to those of 
chemi sts wor k i ng in any natu ral envi ronment , w i th the 
add i t ion of techn i ques to iden t i f y  and evaluate part i 
cular react ions and processes a s  they occur  i n  the sea . 
The samp l i ng method s used are of ten the same as those 
employed by physical ocea nographer s ,  for examp l e ,  the 
col lect ion of water f rom va ri ous depths usi ng such 
samp l i ng devices as Nansen bott les . In fact , chemica l ,  
phys i cal , and some forms of biolog ical ana l yses a re some
t imes done usi ng the same set of samples . Howeve r ,  the 
types of ana lyses used to answe r quest ions about chemical 
oceanogr aph ic p rocesses a re cons iderably more va r i ed than 
those requ i red fo r physical oceanographic stud ies . They 
range f rom relat i vely s imple measu rements such as eva l u
a t ion of the water ' s  oxygen content , to ext remely sens i 
t i ve and comp lex measu rements o f  substances that occu r 
in  very low concentrat ions , qu i c k l y  deg r ade , combi ne with 
other natu ral substance s ,  o r  change when i n  contact with 
certa i n  types of sampl i ng equipment . Some of the mo re 
sens it i ve measurements requ i re both tempe ratu re
cont rol led t ransport of samples to land-based labo rato ry 
fac i l i t ies a nd the avai labi l i ty of ve ry sens i t i ve 
ana lyt ical equipment such as nuc lea r magnetic resonance 
spect romet e r s .  

A g reat dea l o f  impor tant and sc ient i f ically 
i nterest i ng ma r i ne chemical analys i s  rema i ns to be done 
i n  almost eve r y  part  of the wo rld ' s  oceans . Much of  this  
wor k  can be accomp l i s hed by sampl i ng with Nansen bott les 
o r  sma l l -volume pumps , and by equ ipp i ng analyt ical 
labo rato r ies with the standa rd tool s ,  reagent s ,  and sup
p l i es requ i red for bas i c  organic and ino rgani c  ana lyses . 

MARINE B IOLOGY AND BIOLOGICAL OCEANOGRAPHY 

The oceans suppo rt va r i ed assembl ages of anima l s , 
plant s ,  and mic roorgani sms , some of which , pa rticula r l y  
i n  coastal reg i ons , a r e  among the most produc t i ve 

Copyright © National Academy of Sciences. All rights reserved.

Opportunities in Marine Science and Technology for Developing Countries
http://www.nap.edu/catalog.php?record_id=19270

http://www.nap.edu/catalog.php?record_id=19270


- 1 1 4  -

biolog ical communi t i es on ea rth . stud ies of the nat u re 
and d i s t r i but ion of o rgani sms i nhabit i ng the open wate r s ,  
seafloo r s ,  o r  shallow nea r shore env i ronments o f  the 
wor l d ' s  oceans a re commonly grouped under the gene ral  
head i ng of • ma r i ne biolog y . • A number of oceanograph ic 
i nst itut ions , howeve r ,  pref e r  to d i st i ng u i sh biolog ical 
oceanog raphy--the st udy of ma r i ne organi sms as component s 
of oceanic systems l a rger than a ny i nd i v idual o rgan i sm-
f rom ma r i ne biology--the study of physiolog ical , bio
chemica l ,  anatomica l ,  and behavioral cha racte r i s t i cs and 
processe s .  

Biolog ical Oceanography 

Examples of the i nte rdependent commu n i t ies of o rgan 
i sms stud i ed by biolog ical oceanog raphe rs include the 
relat i vely coherent assemblages of f i sh or f ree-f loat i ng 
o r  swimming organi sms assoc i ated with la rge water masses , 
and the groupi ngs of spec ies found i n  each type of 
benth i c  ( seaf loor ) envi ronment . Th i s  a rea of study 
f ocuses on the ecolog ical relat ions h i ps of o rgani sms-
the i r  i nte ract ions with ot he r o rgani sms and with the 
feat u res of the i r  envi ronment , pa rticul a r ly la rger sca l e  
features such as cu r rents , bottom topography , and water 
mass cha racte r i st i c s . 

The populat ion dynam i c s  of va r i ous speci es i s  a ba s i c  
aspect o f  ma r i ne eco logy that has been thoroughly 
stud i ed . The study of  organi sms as popu lat ions--for 
which overall  rates of reprod uct ion , growt h ,  and death  
can  be est imated --can be used to  determ i ne the numbe r ,  
age , and s i ze of o rgani sms present i n  a n  a rea at any 
g i ven t ime .  Free-f loat i ng organi sms--the phytoplank ton 
( s i ng le-ce l l  plants ) and zooplankton ( t i ny anima l s ) that 
occupy the lowe r t roph ic leve ls of oceanic food webs--a re 
pr ima ry objects of study for biolog i cal oceanog raphe r s .  
The t in i est organi sms are col lected with pumps and f i l 
t rat ion systems , whi le large r  plankton a re col lected w i t h  
va r i ous types o f  net s . Spec ial net s ,  such as the 
Isaacs-K idd midwater  t rawl ,  have been designed for the 
col lec t i on of smal l  f i sh and ot her animals f rom depths 
down to several  thousa nd meter s . Towed behi nd a rapid l y  
movi ng sh i p ,  the t rawl has revealed new speci es o f  f i sh 
and la rge quant i t ies of f i sh once thought rare . Its use 
a l so enables the managers of commercial  f i sher i es to 
est imate the numbe rs of j u veni le fish present i n  a 
reg ion--important evi dence of the succes s  o r  fai l u re of 
f i sh stoc ks at replaci ng themsel ves when under  f i s h i ng 
pressu re . 
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It i s  also impo rtant to understand how o rgan i sms of 
d i f fe rent spec ies affect one anothe r .  Although study of 
s i ngle-spec ies populat ion dynamics i s  well establ i shed , 
i nvest igat i ons of mul t ispeci es interac t i ons have been 
unde rta ken only recently for most ma r i ne systems . Pre
l iminary research i ndicates that the impacts of biolog
ical i nte ract ions such as compet i t ion for space or food , 
or predat ion , are somet imes more important than the 
physical aspects of the oceanic envi ronment in  dete rmi n
ing the populat ion levels of ma r i ne spec ies . 

Mu lt i spec ies i nteract ions a re pa rt icula r ly impo rtant 
i n  communi t i es with la rge numbers of relat i vely abundant 
spec i e s . In t ropical lat itude s ,  biolog i cal commu n i t i e s  
of a l l  k i nds--f rom te r rest r i al  t o  aquatic and ocean ic-
tend to be very d i verse . Ju st as t ropical  forests a re 
mo re d i ve r se than forests at high lat itudes , co ra l reef 
commu n i t i es have a g reater  d i ve r s i ty of animals and 
plant s than the nea r shore , sha l low-water envi ronment s  of 
cold ocean coast l i ne s .  Because most coastal develop i ng 
count r i es are in t ropical lat itudes , ma r i ne biolog i sts  
and f ishe ry manage rs i n  those count r ies must exami ne the  
effects of mu l t i speci es interactions on  the  stab i l i ty of 
the i r  ma r i ne ecosystems a nd on the abundance of the i r  
commerc i a lly  important spec ies o f  f i sh and she ll f i sh . 

Whe re suff ic ient biolog ical and envi ronmental data 
a re ava i labl e ,  populat ion dynam i c s  can be stud i ed and 
p red i cted for s i ngle spec ies a nd poss i bly mu lti spec ies  
systems by  applying mathematical mode ls . such mod e l s  
man ipu late i nfo rmation about biolog ical and envi ronmenta l 
facto rs in the form of relat i vely simple conceptual pa ra
meters . The dete rmi nat ion of w h i ch processes can ,  i n  
fact , be sat i sfacto r i ly cha racte r i zed i n  th i s  way ,  and 
the development of mo re eff ic ient methods for measu r i ng 
these facto r s ,  a re ma j o r  a reas of di scuss i on and i nves t i 
gat ion i n  bio log i cal oceanography .  

Ma r i ne Biology 

Ma r i ne biolog ical resea rch ranges f rom studies of how 
the ind i vidual aspects of the bi ology of a spec i es make 
it wel l  suited for a pa rt icular  ma r i ne envi ronment , to 
study of the ma r i ne crea t u res  themse lves ; the bi ological  
processes bei ng cons idered a re not un i que to the ma r i ne 
envi ronment . 

Some ma r i ne species are part icula r l y  useful  for 
gene ral bi olog i cal resea rch . For exampl e ,  squ ids and 
thei r relat i ves are excel lent sub jects for neu rophysio
log i cal resea rch , because components of the i r  ner vous 
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systems a re read i ly accessi ble and easi ly manipulated . 
Much of the cu r rent unde rstand i ng of the ne rvous systems 
of all anima l s ,  i nc l ud i ng ma n ,  i s  based on wo rk  done with  
these creatu res . The  sea urch i ns and  some of the i r  
relat i ves ( membe rs o f  the exc l u s i ve ly ocean-dwe l l i ng 
echi node rms , which a l so include sta rf i s h ,  sea l i l i e s ,  and 
sea cucumbe r s ) a re useful for resea rch on animal develop
ment . Echi noderms a re the most abundant and accessi ble 
g roup of i nve rtebrate animals whose eggs and very ea r ly 
l i f e  stages close ly approx imate those of ve rtebrates ( the 
higher , s keleton-conta i n i ng anima l s ,  i nc l ud i ng f i s h ,  
larger te r r es t r i a l  anima l s , bi rds , and man ) . Under 
ma r i ne laborato ry cond i t ions , sea u rchins produce large 
numbe rs  of easi ly col lected and obse rved gametes or  f e r 
t i l i zed egg s ,  and i nvestigators have been able to learn 
a g reat deal about ea r l y  deve lopment and the facto rs  
requ i red for reprod uct i ve succes s--i nfo rmat ion that is  
d i f f icult to  obtain  with nonaquat ic labo ratory animals . 

Topics cur rent ly under study i n  the wo r l d ' s  ma r i ne 
laborato r i es include how the bacte r i a  and microorgani sms 
vital to the brea k i ng  down and recyc l i ng of o rganic mat 
ter i n  ma r i ne food cha i ns su rvive under oceanic con
d i t ions , and how cha nges in these cond i t ions produced by 
nature and man might af fect the i r f unct ioni ng . Another 
t opic of pract ical signif icance is the g rowth requ i re
ments of spec i es of phytoplank ton in the subg roup known 
as d i nof lagel l ate s .  A few va r i et ies o f  these plants a r e  
ext remely tox ic and wi l l  i nc rease in  abundance under 
ce rtain seasonal cond i t ions , c reat i ng the • red t ide s •  
that may render local f i sh or  shel l f ish unf it  for human 
consumpt ion . 

Of pa rticular  importance to t ropical coastal coun
t r ies a re the rathe r exact i ng envi ronme ntal requ i rements 
of co ra l s .  Only unde r the proper cond i t i ons of temper 
atu re , l ight , and water  cla r i ty a nd pu r i ty wi l l  these 
sma l l  colon i es of anima l s  f lou r i sh and lay down the 
s keletons that f o rm coral ree f s .  Because these reef s 
have such g reat env i ronmental ,  commercia l , and aesthet ic 
impo rtance,  i nformat ion on the l imits of envi ronmental 
cond i t i ons that these anima l s  can tole rate i s  valuable 
in  set t i ng standa rds for sewage di sposal and othe r f o rms 
of pol lut ion along t ropical coast l i nes . Stud ies of co ral 
reproduct ion a nd growth may lead to the abi l i ty to  • seed • 
new reefs or replen i sh old one s .  
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MARI NE GEOLOGY 

Ma r i ne geology i s  the st udy of the s t r ucture a nd com
pos i t ion of the seabed and the unde rlying laye rs of the 
ea rth ' s  crust . Geolog ical stud ies a re needed to evaluat e 
reg iona l feat u res such as bottom topography , sed iment 
type , and the l i ke ly locations of mineral depos i t s ,  as 
wel l  as larger  scale phenomena such as movement s of the 
huge tectonic plates that ma ke up the ea rth ' s  crust  ( both 
land masses and seabed s ) . Und e rstand ing and mappi ng of 
these plates a re based la rgely on ma r i ne geophys ical 
resea rch .  I n  the short te rm ,  plate movement s a re 
responsi ble for ea rthqua kes ,  the gene rat ion of t sunami s 
( t idal waves ) ,  and ce rtain k i nds of volcani c e rupt ions . 
ove r the long term ,  movements of the plates towa rd , 
alongside , or unde rneath one another c reate much of the 
topog raphy of land masses and ocean f loors--f rom the 
fold ing and upthrusting of mountains and the bu i ld i ng up 
of vo lcanic i s land s ,  to the subme rgence ( so-ca lled sub
duct i on ) of seaf loo r s  into deep trenches . These la rge 
ea rth movements u lt imately cause sma l l e r  sca le bendi ng 
and crump l i ng of sed imentary rock laye r s .  The fold i ng 
of subsurface rocks det e rmi nes the locat ion of fo rmat ions 
that trap substances such as oi l ,  natu ra l gas , and su l f u r  
in  ext ractable reserve s .  

A better unde r stand ing o f  facto rs af fect ing locat ion 
and avai labi l i ty of ma r i ne minerals has been a major 
bene f i t  of ma r i ne geolog ical resea rch . A la rge por t i on 
of the ocean ' s  val uable mineral resou rces i s  found on the 
cont inental ma rg i ns , the re lat i vely shallow seaf loo r  
reg ions va ryi ng cons ide rably in  width and topog raphy that 
s u r round ma j o r  land masses .  Mine ra ls o f  potent ial  com
me rc ial  value l i kely found in these a reas i nc l ude oi l ,  
natu r a l  gas , and coa l ; sulfur  o r  phosphor i te depos i t s ; 
bed rock metals such as t i n  and i ron ; and the relat i ve l y  
shal low place r deposi t s--concentrat ions o f  meta ls , 
di amond s ,  or othe r dense mate r i a l s  tha t have bee n 
• reworked •  o r  so rted out from the l i ghter bottom 
mate r i a l s  by the act ion of waves and cur rent s . The d i s 
t r i but ion o f  and ext ract ion met hod s f o r  ma r i ne mine rals  
are di scussed i n  Chapter  3 .  

Typica l ly ,  a re lat i vely f lat she l f  at a depth o f  less 
than 200 meters is bo rdered by the gradua l ly deepe n i ng 
cont i nental slope beyond wh i ch the seaf loo r  f lat tens out 
i nto the broad cont i nenta l r i se region and then merges 
i nto the deep-sea f loo r .  Th i s  wide , sed iment-r ich shelf 
i s  pa rt icula r l y  cha ract e r i s t i c  of Atlant i c  Ocean coasts 
and ot he r reg i ons that have not expe r i enced geolog ically 
recent d i stu rbances f rom tectonic ea rth movement s .  Area s  
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of high tectonic act i v i t y ,  such as much of the • pac i f i c  
Rim• ( a long Asia , the Sout hwestern Paci f i c ,  and the 
Ame r i cas ) ,  or po r t i ons of the eastern s ide of the Ind i a n  
Ocean , typica l l y  have only na r row cont inental ma rg i ns ,  
often borde r ed by extreme ly deep t renche s .  such featu res 
are created when a large section of seafloo r ,  which is 
basa l t ic and dense , moves towa rd and then u nderneath a 
cont i nent , dest royi ng por t i ons of the underwater 
cont i nental ma rg i n  a nd fo rmi ng a t rench as it s l ides 
beneath the less dense , grani t ic con t i nental mass . 

The deep-sea f loo r ,  which i s  a fa i r ly u n i f o rm depth 
of about 3 , 0 0 0 -4 , 0 0 0  met e r s  throughout the wo rld , is 
relat i ve ly poo r i n  sed iments and mat e r i a l s  of cont i nenta l 
o r  volcanic o r i g i n  such as hyd roca rbons , i ron o res , and 
heavy or precious metal s .  Fu rthe rmo r e ,  the g reat depths 
and the long d i s tances f rom shore ( except in  na rrow-she l f  
locat ions ) present substan t i al logi st ical and economic 
problems for ext raction of mate r i a l s  f rom the deep-sea 
bed . The re i s ,  neve rtheles s ,  cons ide rable i nt e re st i n  
i nvestigat i ng the abundance and ext ractabi l i t y  of some 
of the mo re comme rcially  va l uable m i ne rals  in the deep 
sea--for example ,  manganese nodules , wh ich contai n a num
ber of metals in add i t ion to manganese a nd a re common i n  
many deep-sea a reas , and the polymetal l i c  su l f ides , wh i ch 
are fo rmed by hyd rothe rmal act i v i ty at the deep-sea 
r i dges . The economic and techn i cal feasi bi l i ty of col 
lect i ng these and other ma r i ne mi nerals i s  d i scussed i n  
chapte r 3 .  

Geolog ical i nvest igato rs u s e  several  k i nd s  of sampl
i ng gea r .  Sed iment co rers a re used for sof t-bottom 
a reas , and grabbi ng o r  d redg i ng devices for l a rge samples  
o r  col lect ion of rocky mate r i als . The wide  a r ray of  
ava i lable acoustic devices such as  echo sounders and 
sei smic reco rde rs va ry conside rably in cost and prov ide 
a range of sens i t i vity and seaf loo r penet rat ion , cor re
spond i ng to the requ i rements of d i f f e rent su rvey objec
t i ves and seaf loor types . such i nst rument s  a re used to 
gathe r  i nfo rmat ion on bottom topography , subs u rface 
st ructu re , and acoustic ref lec t ion cha racte r i st i c s  of the 
sed iment s ( i nd i cate sed iment type without the col lect ion 
of samples ) .  More spec i a l i zed types of elec t ronic sens
i ng equipment measu re the magnet ic f i e ld s ,  g ravi tat iona l  
anoma l i es ,  or levels and types o f  rad i oac t i v i ty ,  and thus 
provide a great deal of i nformat ion on the dens it ies and 
geochemical composi t ions of bu r i ed roc ks and other seabed 
mi nerals a nd mate r i a l s .  Sampl i ng p rograms requ i re ship
or  land-based labo ratory fac i l i t i es to ana lyze the phys
ica l ,  chemica l ,  a nd paleontolog i ca l  ( foss i l  record ) 
cha racte r i st ics  of the col lected mate r i a l s . 
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In addi t ion to stud i es requ i r i ng a research vessel 
and spec i a l i zed ma r i ne sampl i ng gea r ,  ext reme ly useful  
i nformat ion on  the  geolog ical nat u re of the  coastal sea
bed can be obtai ned f rom surveys and sampl i ng of adj acent 
land areas . Thi s  is  .an effect i ve way to locate and 
cha racte r i ze the probable compo s i t ions of of fshore 
min'e ra l s  of relat i vely recent te r rest r i a l  o r i g i n ,  such 
as place r deposi t s  or  coa l .  

Much of the equipment used for mode rn geolog ical 
resea rch i s  soph i s t icated technolog ical ly and involves  
advanced elect roni c  components and  systems - that are 
u sual ly suppo rted by computers for i n i t ial data cod i ng ,  
record i ng ,  and analys i s .  A dec i s i on to engage i n  a pro
gram of ma r i ne geolog i cal resea rch requ i res ca reful con
s i derat ion of the most use f ul types of investment s to 
ma ke i n  expensi ve equipment . Ar rangements must be made 
to ensu re t r a i n i ng and avai lab i l i ty of techn ical person
nel fully  capable of operat i ng ,  mai nta i n i n g ,  and repa i r 
i ng such equipment . 

Although compute r -based equ i pment wh ich somet imes 
requ i res ve ry accu rate navigat ional capabi l i t ie s  ( e . g . , 
mult ichanne l se i smic reco rders  or  ma r i ne gravimeters ) 
g i ves the most detai led geolog i cal i nformat ion , useful 
ma r i ne geolog ical resea rch and su rveying can s t i l l  be 
done usi ng far less expens i ve tool s .  Bas i c  requ i rement s  
might be , for example , a modest resea rch vesse l equ ipped 
wi th a good wi nch , a convent ional echo sounde r ,  a 
bottom-g rab, a gravity or box co re r ,  and pe rhaps a d redge 
if s h ip and wi nch a re powe rf ul enough to l i ft la rger and 
heav i e r  pieces of gea r .  Pa rticula r l y  in  reg i ons whe re 
l it t le or no surveyi ng wo rk has been done,  the u se of 
such ba sic  but effect i ve and cost-eff ic i ent met hods can 
ma ke impo rtant cont r i but ions to a nat ion ' s  under sta nd i ng 
of the ma r i ne resou rce potential  of i t s  coastal wate r s .  

PHYS ICAL OCEANOGRAPHY 

Physi cal oceanog raphy i s  the study of the cha racte r 
i stics and causes o f  the va r i ous patte rns o f  mot ion o f  
ocean water : c u r rent s ,  t ides , waves , upwe l l i ngs  and 
downwe l l i ng s ,  gyre s ,  and edd ie s . The related d i s t r i bu
t i on patterns of water  propert ies such as tempe rat u re ,  
sa l i n ity,  and dens i ty a re also eva l uated . 

The desc r ipt i ve branches of physical oceanograph i c  
resea rch requ i re measu r i ng these phys ical characte r i st i c s  
over a range o f  depths , ho ri zontal pos i t i ons , and t imes . 
The most sat i sfacto ry data col lect ion techni que i s  often 
the t rad i t iona l one of tak i ng water  samples at va r i ous 
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depths with a r rays of Nansen or  Ni s k i n  bottles . The 
metal bott les a re deployed a lo ng the ship ' s  wi re i nst ru
ment cable and t r i gge red , by e i t he r  mechanical or  elec
t ronic means,  to open at a known depth and col lect sam
ples for subsequent analys i s  in the shipbo a rd labo ratory . 
E lect ronic equ i pment may a l so be used to measu re phys ical  
oceanog raphic parameters  at va r i ous depths beneath a 
stat iona ry s h ip o r  platfo rm or whi le bei ng towed beh i nd 
a movi ng vesse l .  Data obtai ned i n  thi s  way a re usual ly 
processed and reco rded by a sel f-contained elect ronic 
computat iona l unit in  the ship ' s  labo ratory, or  t hey may 
be hand led for storage a nd computationa l  pu rposes by 
connect ion to a shi pboard compute r .  Data can be evalu
ated b r i ef ly at sea ,  but the maj or analyses will be done 
after ret u rn to shore . 

E lec t ronic sensi ng devices such as temperatu re-depth 
recorders pe rmit la rge quant i t i es of i nformat ion to be 
collected and reco rded with substant ial ly less expendi 
t u re o f  t ime and labo r  than i s  requ i r ed f o r  d i rect sampl 
i ng method s .  The equ ipment and its  re lated compute r  
softwa re suppo rt systems are , howeve r ,  expens ive.  Oper 
at ing pe rsonne l requ i re at least some elec t ron i c s  and 
data processi ng expe r t i s e ,  a nd the services of h i gh ly 
t ra i ned elec t ronics techni c i ans a re needed for per i od ic 
mai ntenance and repa i r  wo r k .  such equ i pment does not 
obtain  informat i on on most of the chemical cha racte r i s
t i cs of the wat e r . Thu s ,  i n  cases whe re nut r ient sampl 
i ng or  othe r  biochemical o r  geochemical ana lyses a re 
des i rabl e ,  bott le sampli ng i s  st i l l  the p refe r red tech
n i que . 

Anot he r branch of physical oceanog raphy focuses on 
the patt e rn s ,  cause s ,  and relat ions hips of the va r ious 
t ypes and scales of mot ion exh i bi ted by the ocean . 
Extens i ve mapp i ng and analys i s  of such la rge-sca le fea
tures as the Gul f  St ream and the K u rosh i o ,  Humboldt , and 
Equato r i al cur rents have yie lded much i nf o rmat ion on the 
mechani sms by wh ich the huge oceanic gyra l  and c i rcum
pol a r  cu r rent systems a re d r i ven by the la rge-sca le gyra l  
pat te rns o f  su rface wi nd systems and mod i f ied by such 
regula r fo rces as the ea rth ' s  rotat ion or lunar and sol a r  
gravi tat iona l forces ( t ides ) . 

Stud i es of ocean dynam i c s  also inc l ude i nvest igat ion s  
o f  smal ler  time and di stance sca les o f  mot ion a n d  changes 
i n  pat te rns of d i st r i bu t i on of physi cal phenomena . These 
phenomena range f rom i nte rmed i ate-si zed st ruct u re s , such 
as the edd ies  ( often se veral hund red k i lometers  wide } 
th rown off by the Gu lf St ream and other ma j o r  c u r rent s ,  
t o  the ve ry f i ne-scale mot ions cont r i but i ng t o  the aggre
gated or •patchy• spatial d i s t r i butions cha racte r i st i c  
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of small  ma ri ne o rgan i sms and other suspended pa rt i c le s . 
Th i s  patchi ness is of great importance in  the operat ion 
of chemical and biolog ical processes--for example ,  i n  
assu r i ng that f i shes and othe r swimmi ng anima l s  a re able 
to f i nd food pa r t i c les i n  h i gh enough concent rat ions to 
sat isfy the i r  nut r i t i ona l requ i rements .  Resea rch on 
smaller  sca le physical oceanogr aph ic factors is a l so 
need ed to desc r i be  prec isely the fo rces invol ved in  the 
mic rosca le dynamics of ocean wat e r , knowledge of wh i ch 
i s  fundamental to the quant i tat i ve unde rstand i ng of many 
maj o r  processe s ,  i nc l ud i ng t u r bulent d i f fusion,  d ra g ,  and 
f r i c t iona l ai r-sea inte ract ions . 

Meteo rology and Cl imate Pred i ct ion 

Knowledge of the state of e i t he r  of the wo rld ' s  two 
g reat c i rculat ion systems--the oceans a nd the atmosphe re 
--is useful  in  unde rst and ing and pred i c t i ng events i n  the 
other system . Thu s the f i nd i ngs of phys ical ocea nog ra
phe rs are t remendously important to cl imatol og i s t s  and 
t hose who would benef i t  f rom the development of pred i c
t ive capab i l i t ies for la rge-scale cl imat ic events . 

Although much wor k  remai ns to be done before pred i c 
t ions can be made o f  short-term , local oceanog raph i c  
phenomena , the relat ions h ips o f  atmosphe r i c  cond it ions 
and ce rtai n  oceanog raphic featu res to subsequent changes 
i n  ocean cur rent and weathe r patte rns a re u nderstood 
enough to permi t  pred i c t i ons of seasona l t rends i n  
reg ional c l i mate a nd cur rent patt e r n s .  For exampl e ,  the 
seasona l ( qua r t e r ly ) u . s . cl imate fo recasts of the u . s .  
Nat ional Weather Ser vice a re based i n  la rge pa rt on 
oceanog raph i c  data set s ,  i nvol v i ng the inf luence of wor l d  
weathe r patte r ns o n  the ocean cur rent system. Oceano
g raph ic data  are col lected ove r a wide geograph ical a rea . 
The pr ima ry data a re measu rements of sea-surface wat e r  
temperat u re s ,  rout inely reported by sh ips at sea , and 
f l uctuations in sea-level heights in va r i ous locat ions , 
det e rmi ned from regu lar  monito r i ng of coas tally moored 
t ide gauge s .  

The poss i bi l i t y  o f  ach i evi ng even a limited ab i l ity 
to p red ict g loba l  oceanic a nd atmosphe r i c  phenomena has  
far-reach i ng imp l i cat ions for a wide range of human 
endeavo r s .  For example , such a capabi l ity would ena b l e  
accu rate est imates o f  how the c l imate w i l l  af fect annua l  
ag r icultural and f i she r ies prod uct ion . It  wou ld a l so 
provide ad vanced wa rning of and the refore bett e r  pre
pa redness for the potent i a l l y  catast roph ic effects of 
weat he r ext remes such as droughts and typhoons . F i na l ly , 
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i t  would yield more accu rate informat ion on the t im i ng 
o r  forcef ulness of regular seasonal events such as mon
soons and f lood s .  
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