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FOOD CHAIN IN THE SEA-ITS VALUES, CHALLENGES
AND PROSPECTS

By
LOKMAN SHAMSUDIN, PhD. Southampton, England

1. INTRODUCTION

The planet world had a population of 4 billion in the year 1975, since then its
population is ever increasing at a tremendous rate and by the year 2025 it is esti-
mated to reach 8 billion. The land usage on the earth surface is almost exhausted
while its arid coverage is ca 43.5% of the earth surface. As such, human being has
no alternative but inevitably has to go to the sea which covers >75% of the earth
surface, for food sources in the near future.

Since 1980, Malaysia has been given the sovereign rights in her exclusive
economic zone (EEZ) for the purpose of exploring, exploiting, conserving and
managing the natural resources (whether living or non-living) sea bed, subsoil and
adjacent waters within 312 km of the waters adjacent to her coast. Thus, Malaysia
acquired 332,673 sq km (4 times her land area) of the sea around her for the
purpose of exploring natural resource development and management. The conti-
nental shelf as well as the coastal inshore waters (lagoons, bays, estuaries, mudflats,
mangroves) are-quite extensive especially estuarine or brackish water, mangroves,
lagoons and other types of water bodies which are common features found all around
the coastal region of Peninsular Malaysia. Many of these water bodies which are
regarded as, important natural breeding and nursery grounds for marine or
brackish water organisms (especially fish) could be utilized as potential fish
culture areas.

There is a general relationship between primary production of phytoplankton and
the abundance of zooplankton and organisms higher up the marine food chain
(Shamsudin & Shazili, 1991; Shamsudin & Sleigh, 1993, 1995). However, a re-
presentation of the food pyramid in the sea in which there are many tropic levels is
probably a more accurate representation of what is actually going on than the
simpler representation of a food chain. The coastal waters of the world oceans are
usually productive (>150 g C/m?*y primary productivity) especially in upwelling
areas having short food chain (1.5 - 2) and the fish production is also high (120x10°
metric ton/y) (Table 1).

This presentation attempts to make a closer examination of the potential exploita-
tion of the various organisms in the food chain as sources of high nutritive food/



feed added values for animal/human consumption. At the same time, this presenta-
tion will also highlight the practical applications, prospects and challenges of
potential food product development derived from these aquatic organisms in the
food chain. Finally, this will be followed by discussion on the general applications,
its values and implications of the food chain in the wide ocean as an overview.

2. FOOD CHAIN IN THE SEA - ITS IMPLICATION

A simplest food chain in the marine ecosystem involves the primary producers
(namely phytoplankton, algae) which are directly utilised by all growth stages of
bivalve, by larval stages of some crustacean species and by the early growth stages
of some fish species (Fig. 1). Efforts are being made to isolate wild species of these
potential algae (namely Diatom - Skeletonema, Navicula; Chaetoceros; Prasionphyta
- Dunaliella, Nanochloris, Chlamydomonas, Chlorella, Tetraselmis;
Prymnesiophyceace - Emiliania, Gephyrocapsa, Isochrysis; Cyanophyta - Spirulina)
from various aquatic ecosystems and subsequently cultured them under the con-
trolled environmental condition in the laboratory or in the out-door mass culture
(Table 2). Algae are also used in aquaculture to rear mass quantities of zooplankton
(rotifers, copepods and brine shrimp) for late-larval and juvenile stages of crusta-
ceans and fish (Ackman et. al., 1964; Shamsudin et. al., 1996 & 1997; Shamsudin,
1992; Shamsudin et. al., 1998, 1999). In nature, the nutritional value of algae in
this zooplankton food chain is also critical, since essential algal nutrients are passed
on via the intermediately zooplankton to the organisms higher up in the food chain
(Shamsudin, 1992; Syed et. al., 1999). The protein, carbohydrate, lipids and miner-
als make up 90 - 95% of the dry weight of the algae while the remainder is ac-
counted for by the nucleic acids (5 - 10%). The lipid comprises of the polar groups
(namely phospholipid, glycolipid) and the neutral groups (triglycerid, diglycerid,
cholesterol, pigment, hydrocarbone, alkenones and pigments). Variables such as
photoperiod, light intensity, colour (wavelength), temperature, type of nutrients
and stage of growth can influence gross composition of the algae. The Japanese
people consume high amount of microalgae (Chlorella, Spirulina) as essential health
food sources from the sea; as such short circuiting the natural marine food chain in
the sea.



Table 1: Primary productivity and fish production in the ocean

Primary Production ~ Tropic Ecological Fish
Productivity 10° g C/m?ly Level Efficiency ~ Production

Region metric ton % Fresh Weight

Organic x 10° metric

Carbonly ton/y
Open Water 16.3 <50 5 10 1.6
(oceanic)
Coastal water 3.6 >150 3 15 120
Upwelling 0.1 300 L5 20 120
Total 20 240

2.1 Microalgae as Live Food

Microalgae (the primary producers) have an important role in aquaculture as live
food for larval stages of many species of crustacean and fish, as well as for all
stages of bivalves and as food for the zooplankton (rotifers, copepods, brine shrimp),
which are eventually fed to late larval and juvenile fish and crustaceans in
hatcheries (Renaud et. al., 1991; Shamsudin, 1992, 1993%¢, 1994, 1997%). A
sufficient quantity and quality of microalgae have to be grown in mass culture
under local condition in hatcheries. Subsequently these live food organisms are fed
to the early stages of certain prawn, especially Penaeus monodon Fabricius, which
is an important commercial species in Malaysia shrimp aquaculture (Shamsudin,
1992). Most marine animals have only a limited ability to synthesise the
polyunsaturated fatty acids (PUFA) 20:5w3 (eicosapentaenoic acid, EPA) (Fig. 2)
and 22:6w3 (docosahexaenoic acid, DHA (Fig. 2) from precursor fatty acids such
as linolenic acid (Kanazawa et. al., 1979). The presence of PUFA components are
essential in commercial species of penaeid prawns and shrimps (Kanazawa, 1985)
and species of oyster (Langdom & Waldock, 1981). However, some aquatic
animals may not have an absolute dietary requirement for eicosapentaenoic and
docosahexaenoic acids, but growth rates and larval survival usually increase when
these fatty acids are included in a diet derived from cultured microalgae (Rodger &
Barlow, 1987).

Some of the common phytoplankton species used as live food for the commer-
cialized molluse cultured species include those of the diatoms, the green flagellates



(Prasinophytes, Prymnesiophytes, Chlorophytes, Cryptomonads) and even the para-
doxically species of dinoflagellates, all of which occur naturally in our aquatic
ecosystem (Shamsudin, 1995%). There is at least 5 local species of bivalves
(Crassostrea belcheri Souerby, C. iredalei Faustino, Saccostrea cucculata Bom,
S. echinata Quoy & Gainard, Ostrea folium Linnacus, Hyotissa hyotis Linnaeus)
awaiting to be commercialized. Apart from that, the ecosystem offers great variety
of microalgal species which have potential to be isolated and being mass cultured
as live food organisms. The nanoplankton Emilionia huxleyi and Gephyrocapsa
oceania which has been found to be high in its nutritional values, are available in
the South China Sea pending to be commercially utilised. These two
coccolithopnorid species have also wide application in water mass identification of
the ocean as biological indicator studies in ocean circulation. In addition, some
microalgae (Chlorella, Spirulina) are consumed directly by human in the form of
tablets and pills (Shamsudin et al., 1999°).

The nutritional quality of the microalgae needs to be maintained at optimal condi-
tion in order to ensure the maximum growth and survival rate of the cultured ani-
mals (Volkman et al., 1989). Besides, nutritional value of the microalgae is usually
related to their biochemical composition, especially lipids and fatty acids (Chu &
Dupuy, 1980; Watanabe et al., 1983; Ahlgren & Boberg, 1992; Shamsudin, 1992).
Green algae are low in the monounsaturated (5 - 20%) but high in the polyunsaturates
(50 - 80%); whereas prymnesiophytes and diatoms have similar levels of both the
monounsaturate (20 - 40%) and polyunsaturate (20 - 50%) fraction (Watanabe et
al., 1983, 1984; Shamsudin, 1992). The polyunsaturate fraction of green algae,
however, is dominated by 16 and 18 carbon chain-length fatty acids, whereas
levels of the higher carbon fatty acids (e.g. 20:5w3 and 22:6w3) are typically lower
than those of other algal groups. Despite these natural typical trends, the levels of
specific fatty acids may vary widely in closely related species in the same class. In
particular, differences in the levels of the polyunsaturated fatty acids (FUFAs)
20:6w3 and 22:6w3 are important in the nutrition of maricultured animals.
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Figure 1: Food chain involving five trophic levels



2.2 Commercialised Pigments from Microalgae

The diversity of local microalgae in the indigenous aquatic ecosystem is also
reflected in their chemical composition and the microalgae are potential source of
wide range of chemicals (Tables 3 & 4). The main chemical which have potential
commercialised value include carotenoids, phycobilins, fatty acids, polysaccha-
rides, vitamins, sterols and biologically active molecules for which have wide
application use in human and animal health (Shamsudin, 1999°). The carotenaoids
(B-carotene, astaxanthin) are attractive commercialized algal products algal
products since they command a high market price (US$600 kg for B-carotene;
US$3000 kg for astaxanthin) and they are present in high concentrations in some
algal cells (Table 3). B-carotene from the alga Dunaliella Salina (D. bardawil) and
Spirulina platensis which occur in local water have the high value algal bioproducts
that can be commercialized. The B-carotene is sold mainly as an oil extract or as a
suspension in vegetable oil or as a dried algal powder. The species, Dunaliella
salina is the most halophilic eukaryote known, with an optimum salinity of ca 22%
ppt for growth and an ability to withstand high NaCI concentrations and high
temperatures. This means that extensive open-air culture of this alga in the tropics
is possible. The cells contain up to 14% of its dry weight as 3-carotene which has a
high sale price as well as growing market ever since.

Table 2: Biochemical composition of microalgae used in mariculture (Tr - trace,
J - juvenile, L - larvae, S - spat, +- present)

PUFA Analysis
Algae DHA EPA High PUFAs Food for bivalve stage

1. Chaetoceros malaysia Tr + 20:4w6 Ostrea edulis (J)

C. caleitrans 18:3w3 Crassostrea belcheri (L)

(Paulsen) C. iredalei (J, L)
2. Skeletonema costatum + + 18:33 Ostrea edulis (J)

(Cleve) Marceria marceria

S. malaysia C. belcheri, C. iredalei
3. Isochrysis galbana T + 18: 206  Mytilus edulis (L)

(Parke) 18:3w3 Crassostrea virginia (J)

18:4w3 C. belcheri (J)
C. iredalei (J), C. gigas (J)



PUFA Analysis

Algae DHA EPA High PUFAs Food for bivalve stage
4. Emilionia huxleyi + Tr 18:3w3 Mytilus edulis (L)
(Lohm.) Hay & Mohler 18:4w03 Ostrea edulis (1)

18:5mw3 Ostrea edulis (L)
5. Gephyrocapsa oceanica  + Tr 18:3w3 Mytilus (L)

(Kamptner) Ostrea (L)
6. Tetraselmis suecica Tr + 16:403 Mytilus edulis (J)
(Butcher) 18:2w3 Ostrea edulis (J)
18:3w3 Ostrea edulis (S)
18:403
7. Nannochloris atomus T + 16:3w3 Strombus gigas (L)
(Batcher) 18:2w6 Tridacna gigas (L, J)
18:3@3 Hippopus hippopus (L, J)
8. Protoperidinium sp. + + 18:3w3 Bivalve (L)
(Bolech)
9. Pyrodinium bahamense + . 18:4w3 Bivalve (L)
(Plate)
10. Peridinium + + ? Bivalve (L)
quinguecorne (Abe)
1. Chroomonas salina it + ? Bivalve (L)
(Butcher)
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Figure 2: Structure of EPA and DHA



3. INDIGENOUS ZOOPLANKTON SPECIES AS LIVE FOOD

The next higher group in the food chain immediately after the primary producers
microalgae is the herbivorous zooplankton. Traditionally, the zooplankton brine
shrimp (Artemia) have been cultured in large quantities and used as food
organisms in Malaysian aquaculture for rearing of commercial fish larvae.
Indigenous zooplankton copepod species (especially Oithona sp) readily available
from numerous coastal waters of the South China Sea, can be substituted for brine
shrimp as food organisms (Shamsudin & Shazili, 1991; Shamsudin, 1992, 1993,
1994, 1994%). Copepod has a similar size range (150-350 pum) to that of Artemia
and is thus suitable for fish larval rearing during the juvenile stage. A series of
sieve nets (ranging from 100 to 400 pm) can be used to trap these copepods. A
plankton bloom usually occurs annually (especially from February to April) in
these coastal waters, immediately after the mixing of turbulent waters in the sea
(Shamsudin et al., 1995; Shamsudin, 1997). This mixing bring nutrient-rich deeper
waters to the surface and thus stimulates the plankton bloom which develops quickly,
with copepod being the major species in the zooplankton community. The food
value of any potential food organisms is again related to their biochemical compo-
sition, especially lipid and fatty acid contents (Ackman et al., 1980; Chu and Dupuy,
1980; Watanabe et al., 1982, 1983).

Table 3: Commercialised products from microalgae (USD-US Dollar, DW-Dry
Weight) .

Algal Product Source Alternative USD/kg
Sources DW

1. Carotenoids

[B-carotene Dunaliella salina Palm oil 800

astaxanthin Haematococcus pluvialis, Euglena 3000

canthaxanthin Dunaliella 2800
2. Pigments

Phycocyanin Spirulina, other blue-green algae - 500

Phycoerythrin Porphyra, Porphyridium and other - 500

red algae



Prasino/Prymnesiophyta
. Animal Feed Spirulina, Diatom
. Health Food Spirulina, Chlorella, Dunaliella

Algal Product Source Alternative USD/kg
Sources DW
. Polyunsaturated Fatty
Acids (PUFA)
Eicosapentaenoic  Skeletonema, Chaetoceros, Fish oil 1200
Acid (EPA) Porphyridium, Prymenesiophytes,
Cryptommonads
Docosahexaenoic ~ Prymnesiophytes, Cryptomonads Fish oil 1200
Acid (DHA)
. Polysaccharides
Polysaccharides  Prophyridium, Spirulina Bacteria -
. Vitamins
Tocopherol Brown algae Soy beans, 1400
Vitamin B,, Various algae Peanuts 1200
[3-carotene Dunaliella salina Bacteria 1200
(Pro-Vitamin A) Palm Qil
. Bioactive Compounds
Anti-fungal, Many algal species ? ?
anti-bacteria,
anti-viral,
anti-neoplastic
. Aquaculture Feed ~ Diatom, blue-greens, Spirulina, 1 ?




