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There has always been a general 

agreement among the sc ientists that many 
more living organisms exist i~ the sea 
than on land . Scientists have already 
found about one hundred and fifty thou­
sand different forms of lifc in the sea 
and they are adding to the list at thc 
rate of aRDut three new ones per day. 
S;ientists also believe that it is the sea 
that hes been the first home of living 
things. In other words. the first myste­
rious spa.rk of li fe on carth appearcd in 
the sea. How did it happen, is not fully 
understood. But perhaps about four mil­
lion years ago, the wonderful substance , 
probably similar to ViI use s of today 
came into exi3tence from the raw mate­
rials of the sea. Perhaps it had a form 
s imilar to that of a sim ple chain of 
atom s Wilich gives rise to molecules. Even 
today the sea has Jllany living forms just 
as primitive as the one Wil ich originated 
in the antiquity. Such curious forms of 
life , are not easily v is ible under an ordi­
nary microsccpe; and although- their 
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study is extremely fascinating and revealing , 
they do_ not have much direct relevance 
with such living organisms we call reSOUr~ 

ces oj the sea. 

Forms of Life 

The forms of life which give rise 
to ocean harvest can conveniently be 
divided into three main groups: (1 ) Plank ­
ton , (2) Nekton and (3) Benthos. 

The plankton are countless minute 
o rganisms with no o r limited capacity of 

movement. They drift about in the sea 
and are . transported by winds and cur­
rents. The myriads of microscopic, unicel­
lular, fioating plants are called phytoplank­
ton and the drifting swarms of small 
animals, and the younger stages of larger 
animals, are termed as zooplankton. The 

nekton include actively sw imming animals 
in the sea and the benthos belong to 
the category of creeping and fixed ani­
ma ls of the boltom. 
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Fig. 1. Common phytoplankton organisms from tropical seas. 1. Navicula, 2. Climacodiu~, 

3. Biddulphia , 4. Corethroo, 5 . Asterionella , 6 . Perid inium, 7 . Ceratium sp., 8 . Dir.ophysis, 

9 . Perid inium, 1 0. Pla nktoniella, 11. Ceratium sp., 12. Thalassiothrix, 13 . Ornt tbqcercus , 

14 . Dis!e pha nus, 1 5 . Ceralium sp., 16. Ditylum, 1 7. Hemid iscus. 
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Production of Living Matter 

Among these, the mest challen-
ging group a nd the one wh ich gives us 
the concept of bas ic production is the 
phytoplankton . Bas ic o r p rimary produc­

tion would t hus mean the sl'llthesis of 
organic material from inorganic substances 
- an act ivity entire ly of green plants­
which g ives us the concept of "produc· 
fion of living matter in the sea". 

Thus primary production on this 
planet is the result of an act ivity of plants 
ca lled photosynthesis. During the process 
water a nd ca rbon d ioxide are chemi­
ca lJy converted to organic carbon as a 
result of the energy derived from sunl ight. 
A by-product of photosynthesis is oxygen 
evolut ion . Primary production occurs 

both on lre nd a nd In wate r by the 
terrestria ! and aquat ic plant communit ies 

r espectively. 

. ~ 
Tne earth 's surface has an a rea of 

320 miHion squa re ki lometres; of which 
about 220 million square k ilometres are 
occupied by the sea. This would mean 
that roughly th ree quarters of the earth's 
surf4ce is inhabited by microscopIc, 
unicellular flo ra. The h ighe r (vascular) 

plants occur on la nd and in few sha llow 
water-areas of the world . In some coas­
tal waters there are vast bed s of seaweeds, 
but nea rly 99~o of the oceans are too deep 
to p·ermit the growth of attached plant s 
and the flora are represented almost enti­

rely by the phytoplankton. The chief 
members of the phytoplankton c\)mmunity 
are diatoms, dinoflage lla tes and other algae. 
All the members of these groups possess 

ch lorophyll and have great diversity in their 
shapes and s izes (Fig. I). These have 
often been called the " meadows of the 
sea". Scientists began studying phyto­
plankton well over a century ago. Tubular 
nets we re pulled through the water collec­
t ing these microscopic organ isms which 
were identified a nd ultimately grown 
under laboratory cond itions. Under favour­
able conditions they divide rapidly during 
the period of daylight and give rise 
to severa l generations. This multipl icat ion 
and growth of cells has conventionally 

b~en refe rred to In the literature as 

production. 

Let us exam ine some of the charac-
teristics of phytoplankton production 
in the sea. 

Light in the sea 

Sea wate r is a fairl y transparent 

substance , but its transparency is on ly 
for th e visible portion o f the light, that 
is, the non-visible portions of the spec­
trum- the infra-red and the ultra -violet 
rays - are quickly absorbed wi thin the first 
feW metres. Sea water is most trans­
parent fo r the blue reg ion of the spectrum. 
Longer wavelengths corresponding to red 
region are also qu ickly absorbed. ]n the 

ocean only the upper 100 metres o r so 
have sufficient light fo r the phytoplankt on 
to perfo rm photosynthesis (Fig. 2). Thi s is 
called the euphotic zOlle. As figure 2 will 
indicate the area in the sea which is capable 
of plant prod uction is decept ively sma ll as 
compared with vast depths of the ocean. 
1n the clearest ocean, such as the Sar­
gasso Sea , the euphotic zone may extend 
upto a depth of 140 metres. The total 
sol.a r radiation, however , fallin g on the 
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sea surface var ies as a function of the 
time of the day , season and latitude· 

The coa stal w,lters and estuaries , because 
of thei r prox im ity t o land are fa r less 
tra nsparent than that o f the open ocean 
and have the euphotic zone ranging 
from 5 to 50 metres. The abilit y o f phyto­
plankton ce ll to absorb submarine illumi­
na t ion differs from region to reg ion a nd 
from one type of o rganisms to the ot ll er. 
W hen exposed to very bright light most 

_ERITIC PROVINCE 

of the phytoplank ton species show an in­
hibit ion in their photosynthesis. In tropi. 
ca l for ms thiS inhibition appears at light 
intensities much higher than in phyto­
plankton from the temperate and polar 
regions. (Fig. 3) 

Other Factors 

Whi le ligh t in tensity is of maj or 
sign ificance for the production of l iving 

OCEANIC PROV INCE 

Fig . 2 . A simplified d iagram showin ':J a small portion 01 the ocean wit~ it o; ma jo r div is io,:,\s . Note 
the sh'lllowness of t"le eunhot ic zone and the area 01 l"le continental she ll extending upto 
200 m d e pth which der.1a~cates the r. eril ic and o c eanic provi nces. v<,rh ere conilnellta1 sheH 
e:1ds, conhne:11l1 ~10pe b e J hs le lding to a byssa l d etJih where toll1 dlr:tness alw.lYs prevails. 
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Fig. 3. Rate of photosynthesis in marine phyla· 

plankton in relation to light inte:1sity . Note 

the difference in the behaviour of tropical, 

temperate and polar phytoplankton oqanisms. 

These diH6re:1CeS have be::m determined by 

labora lory experiments. Lux is a measure 

01 light intensity, 

matter in the sea, several oth~r factors 
also play an important lol e. Temperature 
of water ~is probably of little direot impor­
tance to phytoplankton of tropical seas, 
but in temperate and polar regions maxi~ 
mum phytoplankton production occurs 
during summer when the temperature i3 
high. Salinity variations have been found 
to have a marked effect on photosynthesis 
and growth of phytoplankton. Many of 
the tropical forms have a wide salin ity 
tolerance and their optimum growth occurs 
when the salini ty is lower than normal sea 
water. In nature s ignificant red uetion in 
salinity occurs during the monsoon months 
as a result of heavy rainfall and land 
runoff. Those species wllich tolerate a 
wide range of salinity have a remarkably 
w ide range of distribution. 
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Basic Material 

In addition to the environmental 
factors noted above, for many years, the 
concentntion of two major nutrients­
nitrate and phosphate- has been reco6nised 
as one of the major factors controlling 
the primary production in the sea. Gene­
rally in tropical oceans a limitation is 
pJ.aced by the depletion of nitrate. How­
ever, a clear demonstration of the relation­
ship between these two nutrients and 
primary production is provided by the 
areas where upwelling occurs. During the 
process of upwelling, the water rich in 
nutrients , from great depths is brought 
to the surface and thus enriches the 
euphotic zone. Suc!1 area3 are found off 
West Africa (So mal ia) , off Chile and 
Peru, off the coasts of California and 
south-west India. Besides upwelling, seve­
ral other well-known phenomena in the 
sea such as dh'ergence , turbu/ance, C01H~ec­

lion currents, current boundaries are of 
signific:ance 1Il renewing the nutrients 
and thus enhancing prim ary production. 
Silicate is another nutrient , the presence 
of which promotes the growth of dia toms. 
These organ isms have their cell wall 
made of silica and not of cellulose as is 
t he case with d inoflagellates and othe.r 
algae. Normally silicate in tropical seas 
is present in relatively large quantities 
and it is d oubtful whether it can easily 
become a limiting factor. H owever , in 
the Antarctic waters ve ry thin-wa lled d i­
atoms often reftect thc lack of silica. 

A number of other elements nor­
mally present in ve ry small concentrations 
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In sea W.lter an:! called trace elements 

or minor nutrients are essential fo r a 
healthy plant growth in the sea. II on , 
mangane se , copper, zinc, cobalt and 
mol; bdenum are usually considered as 
the important trace clements. 

Recent studies have shown that a 
va riety of organic substances in sea water 
are of considerable importance in promo­
ting the growth of phytoplankton. So far 
18 amillo acids have been determined in 
sea water. Most of these are found in a 
dissolved state. In addition to the amino 
acids , carbohydrates, fatty acids, metalla­
organic substances 85 well as vitamin com­

pounds have been discovered in sea water. 
However, ou r knowledge of the concen­
trations of these elements in the sea is 
so limited that it is difficult to say 
whether these can ever become a limiting 
factor. Professor G. E. Fogg of the Un i­
ted Kingdom advances his strong argu­
ments for the view that some excretion of 
material occurs during the healthy growth 
of both freshwater and marine phyto­
plankton. He draws particular attention 
to the importance of glycollic acid wh ich 
is released by the phytoplankton cells in 
the water as an extracellular product. 
Some of the glycollates are used by 
bacteria to synthes ize small particles in 
sea water which contribute to the total 
productivity. Many American scientists 
are of the opinion that among the o rga­
nic compounds which are normally found 
in a dissolved state, the three vitamins, 

cobalamine or vitamin B12, thiamin or 
vitamin B l and biotin are of consider­
able impoltance as growth promoting 
substances. 
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Estimation of Production 

Estimates of primary production 
are made either from the oxygen evolved 
during photosynthesis or as fixation of 
carbon from the carbon dioxide present in 
water. ]n recent years the radioactive 
tracer technique using radioactive carbon 
(1 4C) has become an important and 
widely accepted method fo r measuring the 
rate of photosynthesis. Radioactive carbon 
(1 4 :::) is added to water samples which 
are taken from specific depths throughout 
the euphotic zone and kept in transpa rent 
glass bottles. These are suspended within 
the euphotic zone or kept ip an incuba­
tor especially designed for this purpose 
and fitted with natural density filters to 
simulate light conditions of the euphotic 
zone. The samples are recovered and the 
contents of the bottles are filtered through 
a membrane filter and the radioactivity 
in the materia l depos ited on the filter 
is counted and expressed as the quantity 
of carbon fixed during a given period of 
exposure. The ve rtical profile of carbon 
fixation at each depth is integrated and 
expressed as the quantity of carbon fixed 
under a sql~are metre of ocean surface. 

Biomass estimates of phytcpla nkton 
are generally made by measuring the 
chlorophyll content of water. Chlorophyll 
is a major absorbing pigment for light 
and plays the essential role in photosyn­
thesis. Very often the rate ofphotosynthesis 
and chlorophyll are correlated as the 
amount of photosynthesis per unit chloro­
phyll. These values show a high degree 
of variability because the rate of 
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photosynthesis may change as a result of 
temperature or some other changes in the 
environment quite independently of the 
chlorophyll. The presence of dead and 

degraded chlorophyll in the particulate 
mailer (mate rial in the form of s uspe nded 

plfticies in contra, t to dissolred lIIatter ) 
which is not ca3Y to distinguish from living 
chlorophyll may at times p rov ide errors in 

measurements. 

In coastal W:lters t he value s of 
carbon fixation have been found to be 

of the order of 3 grams per met re squa le 

per day ( 3 gCj m2j jay) . In t'l e offshore 

waters the va lues range bet we ..: n C.2 and 

1.0 gCj m2j d ay and in th e open ocean 

the range is betw~en 0.2 and 0 .7 gCj rr. 2 j 

day_ by m ak ing a large nu mber of 

measurements in different a reas of the 

oceans and taking a w JrlJ-w lj e ave ra ,:sc it 

is possible to arrive at a rea son able estima­
te of primary proc;luctio .1 of th e seas as a 

whole. Num~rous such estimates are avai­

lable in the literature a s gross or net 
production. The for mer indicates instanta­
neous v,tlues without any losses wh erea s 
the latter accounts or the losses of car­
bon during respiration and excretion by 
the pla nts . These tW) processes operate 

in conj unction with photosynthesis. The 

rate at wh ich gross production occurs in 
the sea in relation to light intensity and 
depth is ShOWil in Figure 4. 

Food Chai n 

Food chains in the sea start with 
the sy nthesis of organic material by the 

phytoplankton. The herbivorous members 
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o f the zooplankton community by feed ing 

on phytoplankton a ss im.i1ate this organic 

material. The unutilized organic maHer 
on death begins to decompose because of 
bacterial action. lt b reaks d own into 
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Fiq.4. Gross production as a function of light 
intensity and depth. Note that the maximum 
production is at about 20 m depth and not 
at the surface . The light is too inte nse a t 
the surface to allow maximum photosynthesis . 
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Fig. 5. Common zooplankton organisms from tropical seas. 1. Fish egg, 2. Fish larva , 3 . Copepod, 
4. Siphonophore, 5 . Chaetognath , 6. Euphausiid, 7 Amphipod, 8 . Alima larva (Stomatopocil!). 
9. Ostracod, 10. Decapod bIochyura larva. 11 Appe r:.dicu lafian, 12. Serqestid , 13 . Medusa, 
14. Tunicate and 15. Po lycha ete. 
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mineral substances (nitrate , phosphate, the oi l sardine and anchov ies . Pelag ic fi sh 
trace e lem ents etc. ) which return to the 
system and thus complete the biological 
cycle. Any approach, therefore , towards 
analys ing the production of living matter 
in the sea must include the cha in of events 
associated with the food cycle or trophic 
relatio'!ship , of the major marine commu­
nities . Even in plankton group ( phyta-and 
zooplankton ) there is a complexity of 
feeding pattern. Most of the he rbivores 
feed on phytoplankton in a way which 
has been referred to in the li terature as 
grazing. Perhaps the best known groups 
of anim:ds studied for graz ing are the 
copepods. However, besid e grazing on 
flora of th e sea, zooplankton feed quite 
actively Oil inert substances (organic aggre ­
gates), dead material of plant and ani­
mal origins called detritus. Recent studies 
on the suspended matter obtained from 
the sea have shcwn that the particulate 
material is largely composed of detritus. 
In coastal areas and estuari es, attached 
plants may 'also contribute substantially 
to the detritus formation. Benthic and 
sedentary animals largely depend on this 
det rital material as food w1, ich they ob­
tain by filt ering large quantities of water 
or by swaIlowing larger aggregates and mud. 

Most fish larvae fe ed on zooplank­
ton , a lthough they may also eat ph yto­
plankton in early stages. Some of the 
c ') mmon zooplankton organisms have been 
given in Figure 5. The most important 
food items of fish larvae are smaIl orga­
nisms called copepods. Phytoplankton can 
also serve as food of ad ult fish such as 

( wh ich sw im about in the upper l&yers 
of waters) largely depend upon zoo ­
plankton wh ile demersal fish (which live 
close to the bottom ) may feed on benthic 
organisms , although not all benthic 
an imals are acceptable as food. Bigge r 
and carni vorous fi shes such as tuna feed 
largely on fish and larger invertebrates. 

The broad pattern of feeding rela­
tionsh ip in the sea has been illustrated 
in Figure 6. The real intricacies of the 
food web, however, can only be revealed 
by cons idering the food habits of ind ivi­
dual species at different steps of the 
food chain. These steps are called trophic 
levels. The fo od eaten by the fish or by 
ot her animals is converted partly into 
energy and partly into growth. The rat e 
at wh ich food supply is utilized by a 
predato r is called efficiency or transfer 
coefficient, which IS expressed as 

:eel:::l/:::o:,-"',,' ec::s.;-o,:if.!:p.':r~ey'-:,c o;::,:::,sTII:cllc:."::d,:b",y""II",e,.,pir:::e"d::a,,t 0cer 1 00 . - x -
calories of food consllmed by prey I 

This ratio is also ca lied gross ecological 
efficiency. 

From laboratory experiments it 
has been deduced that the ecological 
efficiency for some animal populations is 
of the orde r of 10~o . If this efficiency is 
assumed to be constant at various tro phic 
levels then 100 kg of microscopic plants 
(phytoplankton) will produce 10 kg of 
herbivores ( zooplan kton ) and 1 kg of 
fish such as mackerel which feeds on 
zooplankton and 0.1 kg of larger fish which 
feed on other smaller fi sh. 
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oonQM FISH ( SOLE ) 

BOTTOM ANIMALS 

Fig" 6. Food cycle in the sea. The diagram shows feeding rel'ltionships between major marine 
communities. 
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Assuming that all the net primalY 
production is eaten up by the herbivores 
and that at each trophic level the carbon 
is transferred at an efficiency of 10%, the 
theoretical yield per year from the seas 
of the world at various trophic leve ls 
would be as follow;: 

Phytoplankton 

Zooplankton 

Zooplankton 
eaters (mackerel) 

Predatory fish 
( seer fish ) 

Conclusion 

(million tons) 

200,COO 

20,000 

2,000 

200 

Today the seafood production of 
the world is approximately 60 million 
metric tons. This means that only 3 Yo of 
the world's food production is derived 
from the sea. If the future growth of all 
the co,\ventional fisheries is going increase 

at the same fate as in . the past, that 
is about 7% every year and doubling 
every 10 years, the overall impact of the 
total food supply to the world populati­
on would not be impressive. Nearly 60% 
of the population in developing countries, 
which comprises nearly two-thirds of the 
world's population , suffer from under­
nutrition , malnutrition , or both. It seems 
that technical competence in some of 
these countries is not developing fast 
enough to avoid famine. If the ocean 
harvest is to be realized fairly rapidly to 
meet the increasing demand for protein 
food, some radical changes are necessary 
in developing a complex technology by 
which the cost of marine protein to the 
consumer is substantially reduced. This 
can poss ibly be achieved through aqua­
culture or sea jarming-a programme- in 
which biologists, oceanographers, marine 
engineers , technologists and economists 
could work together to increase the sea­
food production at a lower cost. 
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