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ABSTRACT

The possible role of phytoplankton in the nutrition of the lar?ae of

the prawn M. rosenberqgii was investigated in this study which 1is

conducted in two parts. In. the first section of Part 1, the
utilization of the volk and ité lipids in the eog and first two larval
stages was examined, It was found that the volk lipids in the ‘eqq
underqoes wvery 1itt1e_change'ahring egq development and that these
tipids provide for ?24Y ot the metabolic requirements of the +irst
staoe larvae. In section two of part one, the changes in the lipids
and fatty acids in larvae reared in phytoplankton rich cultures and in
clear water were examined to determine whether the phytoplankton had
any effect on the composition of these lipids. As no overall signifi-
cant differences were found in the lipid and fatty acid compositiﬁns
ot larvae reared in phvtoplankton rich or clear water svetems, it was
concluded that phytoplankton had no significant effect on the

composition of lipids in M. rosenbergii larvae.

in part two of the study the uptake and fate of dicssolve *9C-glycine
was examined. The uptake of *%C-glucose and *'%C-labelled algal
exudate was also examined. It was found that a mechanism for the
uptake of thece dissolved oraanic substances does exist in the larvae.
It was also shown. however, that the dissolved organic compounds are
not of major importance as a source of energy in the nutrition of the

larvae. The possible role of dissolved organic compounds is

discussed.

It was concluded that phytoplankton does not play an important role as

an energy source for the larvae of M. rosenbergii.
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GENERAL INTRODUCTION

The qiant Malayvsian prawn, Macrobrachium rosenbergii <{de Man).. is a

large decapod crustacean found naturally over large areas of Southeast
fisia., India, Australia and areas around the South China Sea. The
genus Macrobrachium includes well over one hundred species which have

been described for Southeast Asia by Holthius (1950) and for the

Americas by Holthius (1972).

M. rosenberaqgii adults are found in most of the rivers and bodies of

fresh water of the far East, 5During the breeding ceason, mature
females migrate downstream to estuaries where the eggs are hatched and
the larvae develop. Within a few weeks, the post larvae (PL) begin to

migrate back towards the fresh water where they will gbow to adult-

hood. Excellent reviews of the bioclogy of M. rosenbergii can be

found in Ling ${194?) and Wickins (1976),

Experiments on the breeding, hatching, rearing and culturing of this
prawn under controlled conditions were started by Ling in 19259 at the
Fisheries Research Labdratory, Penang, Malaysia as part of an
FAO/Malaysian fisheries project. Successful rearing tecﬁniques for

larvae and juveniles were first reported by Ling (1942).

Fujimura worked on the development of techniques for mass culture of
larvae and the production of juveniles at the Anuenue Fisheries
Research Center of the Hawaii Department of Land and Natural Resources

in Honolulu, Once the techniques were mastered (Fujimura, 1966),
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research into ﬁdnd arow=out was initiated. starting with ﬁhe now
famous 0Ota‘s Ponds (Fujimura and Okamoto, 1970). The juvenile mass
production_éﬁﬂ pond arow-out technigques developed by Fujimura aﬁé ;ow
widely accepted and used in many countries where équaculture of

M. rosenberqii is practised.

&  number of characteristice make M. rosenberqii particularly

attractive for aquaculture (Sandifer and Smith, 1974). Firstly,

M. rosenberqgii can be enduced to mature, mate and spawn in capitivity

throughout the year and thus providecs a reliable source of seed stock

that can be controlled, Secondly, M. rosenberqii is hardy,

omnivorous, grows rapidly and can attain a large cize {up to 3500agm’.
Thirdly, while ‘the larvae will complete the development in brackish
water only, Jjuveniles arow te adulthood in fresh water or slightly
caline conditions. Thie allowe control and manipulation of ctocks in

grow-out ponde, As a result, M. rosenbergii has now been imported

into Hawaii, Tahiti, the Americas, the Caribbéan, Mauritius, Japan and

Taiwan for aquaculture development.

The method developed by Fujimura for the mass culture of larvae and
juveniles <(Fujimura, 194é; Fujimura and Okamota, 1970) uses large,
non-recirculating or “"static water” tanks with reqular changes of
water and active aeration, | The cultures are supplemented with "green
w;ter“, a dense mixture of phytoplankton and zooplankton. The

dominant phytoplankton 1is usually Chlorella sp. though this wvaries

from hatchery to hatchery.




Thouah practised at low prawn dencity {10 post larvae L™'), this

system 1is widely wused, especially in the larger prawn hafcheries
(3andifer et al, 1977). Details of this system will be given in the

larval rearing section.

The use of phvtoplankton has always had an important relationship with
aquaculture systems, {n particular with molluscan mariculture where
phytoplankton 1s the major and most practical source of food for thece
filter feeders. Though crucstacean larvae and post-larvae are
generally Jless dependent on phytoplankton tor nutrition, algal
supplements have traditionally been used in the culture of larval
penaeid prawns {Hudinaga, 1942}, Recent research has chown the
necessity of én aloal diet for the firct zoeal stages 1in  certain

penaeids {(Cook and Murphy, 174%9; Mock and Murphy, 1971; Meyvers, 1971),

The precise role of phvtoplankton in the culture of M. rosenberaii,

however, is unclear.

The wucse of algae was suggecsted by Fujimura (1964) and Fujimuba and
QOkamoto (1972 as a means of increasing the efficiency of

M. rosenbergii larviculture. They reported that cultures supplemented

with "green water" normally resulted in an increase in larval survival
and a decrease in the length of the larval cycile, Wickinsg <€1972)
reported similar results when wusing wunialgal supplements, mainly

leochrveis galbana and Tetrasalmic suecica.

Work done by Maddox and Manzi on the larvae of M. rocenbergii at the

Marine Recources Research Incstitute (MRRI) at Charlecton, ‘South



Larpolina, has demonstrated that survival is higher and arowth faster

when high densities of monospecific alagal cultures, especially

Phaeodactylum tricornutum, are added to the.larval culture (Maddox and
Manzi, 1974; Nénzi and Maddox, 1976). Manzi et al (1977) have shown a
close positive correlation between survival of 1aru§e and concen-
tration of algal cells, These investigators have obtained production
levels as high as 64 post larvae/litre of tank capacity, with 83X

average survival, in their research hatchery,

The ARUACOP team workinag on Tahiti in French Polynesia have dewveloped
& culture technique whiéh uses conical-bottom ténks, a static water
jsfstem'.with' one daily. exchange o+‘,water, no phytoplankton, heavy
aeration and the use of bactericides. They have produced up to 62
post larvae/litre of tank capacity (AQUACOP, 1977a; AGUACDP, 197973,
Compared to the "green water” methed, thizs technique ic simpler as it
involves only one trophic level, the larvae. The "green water" method
depends on the qualitr of phytoplankton arown in  special cuiture

tanks, which fluctuates according to meteorclogical conditions,- this

placing, in a commercial hatchery, constraints on the smooth running

of the syctem.

Regearch carried ocut in Tahiti (AQGUACOP, 1977b) on larval diseases has
shown that larvae cultured in the clear water system can develop an
epiphytic bacterial fauna on the appendages, the gills and the setae.
‘They also found that bacterial necrosis developed at the base of the
appendaqes which partly or completely destrored these. The occurences

are more serious in younger larvae and mortalities of up to 100%



resulted within 48 hours. The epiphvtic bacteria disappeared
immediately after antibiotic treatment, however, allowing the larvae

to recover, Their results have shown, thouah, that M. rocenbergii

larvae reared in "green water” do not have pathological problems or

bacterial arowths.

To date, wvery limited research has been done on the role played by

phytoplankton in the culture of M.Arosenberqii larvae, Maddox and
Manzi (1977) qemonstrated that, though algal cells were often ingested
by larvae, there was no evidence that the larvae derived any direct
nutritive benefit from the phvtoplankton, Similarly; in studies with

19C~labelled Tetrasalmis and Phaeodactvlum, Cohen et al ¢1974> found

that the algae were not assimilated by M. rozenberqii larvae, They

concliuded that algae enhance the qrowth of prawn larvae only indirect-
v by removing toxic substances such as ammonia from the rearing
medium and that, where other means 0f waste product removal are used,
the algae have no effect and may be e]iminéted. The MRRI team, on the
other hand, failed to demoncstrate any correlation between the precence
of alqae and the levels of nitrate, nitrite and ammonia in the rearing
water, Thus, their resuilts indicated that "the water quality

parameters measured have little, if any, relationcship to the enhance-

ment of M. rosenbergii ‘larval culture by algal supplements" (Maddox

and Manzi, 19276,

The .possibility that alqae provide indirect nutrition for the prawn
larvae by serving as food for the Artemia nauplii fed to the larvae

was aleso invecstigated (Maddox and Manzi, 1%764). They <found that



freshly hatched Artemia salina nauplii with ample volk reserves are a

better ration for M. rosenberqii larvae than older Artemia nauplii fed

on phytoplankton. - ‘ N

Joseph (1977) studied the fatty acid profile of 32 day old largae
rearea in different phytoplankton pure cultures. He +found no
correlation between the fatty-acids of the ]aruaé-and those of the
phytoplankton cultures usea. He also found no differences 1in the
tatty acids of the larvae, whether or not they had been reared in the

presence of phytoplankton. Mo further work has been carried out in

this field.

Thue. the rolé of phyrtoplankton in the culture of M. rosenberqgii

larvae remains uncertain. Maddox and Manzi (1974) suggested that

algal metabolites act 3¢ growth factors for M. rosenbergii larvas, but

i

no research has been done in this field. Sandifer et al (19772
suggested that the algae might act as a bactericidal agent. Algae are
‘known to release antibiotic substances in water (Round, 1973).
Jorgensen (1962) has shown the presence of antibiotic metabolites from

three unicellular aglae and Spoehr et al (1949> hacs shown the presence

of antibacterial fatty acids rebased by Chlorella sp.

Certain algae are also known to produce substances which can cause a
drag reduction in water similar to that produced with synthetic long-
chain polymers <(Hort, 1964). At least one of these synthetic

polymers, polvethelene oxide, has been shown to beneficially affect



survival of the larvae of caridean shrimp {(Palaemonetes spp.) in an

unknown manner f{Sandifer and Zielinsky, 1973).

In an attempt to answer some questions on the role of phytoplankton in

the culture of M. rosenbergii larvae two fields of research wer e
selected for the present study. Firetly, the lipid and fatty acid
composition during the ega development and larval cycle of the prawn
was examined. The study was done in two parts. In the first part the
lipid and <fatty acid composition of the eqgg during maturation was
investigated whilst the second part was the study of the lipids:during
the larval cycle of the prawn reared in a commercial hatchery, in

“areen water" and in clear water,

The second major line of investigation wae the study of the uptake of
dissolved organic =ubstances by the larvae of the prawn. For this
purpose, larvae were reared in our facilities in the

Zoology

Department at the University of Cape Town.



LARVAL REARING

The following 1is a description of the Methods used at the "Camaron
Hatchery Co. Ltd in Mauritius, Adaptations of the method for use in

the rearing facilities at the University of Cape Town are aiso

described.

Adult females with eqgs are seined from freshwater grow-out ponds,
o brought.~to. the hatchery and placed in brackich water until the eqgs
mature, Upon hatching the planktonic larvae (2,0 - 2,2 mm) vare
transferred to the larval rearing tanks. Here they go through eleven
larval stages in 35 - 45 days and then metamorphoce intoc benthic post-~
larvae #PL) which resemble miniature adults and are 0,8 - 1,2 cm long.
Thece deue]opméntal stages have been described in detail. by Ling
(1947 and Unoc and Kwon (1%4%), The PL are then conditioned to fresh
water cver 2v- 3 dare and then transferred to the grow-out ponds. A

description of the hatchery in Mauritius is given by Thompson (1980).

The young larvae are transferred to the rearing tanks at an initial
density of about 40 animals/Litre, The salinity of the water is kept
at about 12 - 15 =/,,, pH at 7,5 - 8, and the temperature between 27°
aﬁd 30=C. The water is rich in phytoplankton. The larvae are fed
from the second day on with shredded tuna flesh and young Artemia
nauplii. During' the day, small amounts of tuna aré ted at regular
intervals to the larvae to avoid agcumu]ation cf uneaten food and

decomposition in the water, As the larvae grow, the amount of fish is



gradually increased. A measured quantity of frechly hatched Artemia
nauplii is added to the tank in the afternocn to serve as food for the
night. The amount of Artemia is carefully-controlled and is also

gradually increaced as the larvae agrow,

To minimise water pollution, uneaten food material and larval wastés
accumulated at the tank bottom are siphoned out daily. Partial change
of water is done every second or third day when about three-quarters
cf the tank water is removed and replaced with fresh "green water" of
similar salinity and femperature. To prevent larval loss when the
wafer is removed from the tanks, it is siphoned slowly through a fine

screen., Favourable conditions in the rearing tanks are maintained by

active aerxtion and agitation.

The ‘"qgreen water" is a mixture of phytoplankton cultured in outdoor
tanks in full sunlight. The dominant cspecies in Mauritius are usually
Chlorella spp. and a dinoflage]];te. Speciec compozition, however,
may vary according to envirconmental conditions and temperature
(Thompson, personal communication). A commercial fertilizer is added
to the water to help algal growth. Culture tanks are wused on a

rotational basic and new tanks are usually ceeded from old ones.

For the purpose of this study, 1larvae in one larval culture tank were
reared to metamorphosis in the absence of phytoplankton. All  the
techniques described above were used but in the absence of the phyto-
plankton. Clear water was prepared for the exchange, és required,

Two qfher batches of larvae were reared in “"green water"” using the



technigues explained above,

For the work on the uptake of dissolved ocrganic compounds ¢{DOC) larvae
were cultured in our facilities up to the third larval stage.
Techniques were similar to those outlined above and the adults were

obtained <from Mauritius, The phytoplankton uced was usually a puyre

culture of Tetrasalmis suecica -or Phaeodactylum tricornutum grown in

our laboratory. The food given was Artemia nauplii and shredded tuna

flech.
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A study of the lipids and their changee during the egg and larval

development of M. rosenberagii,

with particular reference to possible
differences occuring i1n the larvae reared in different "areen water"

and clear water conditions,
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PART 1A

Yolk utilization and voik lipid changes during the egg development and

early larval cstages of M. rosenbergii.




INTRODUCTION

At spawning the eqqs of M. rosenbergii are attached tightly in bundles
to the first few pairs of pleiopods. The éggs are slightly oval in
shape and measure about 0,6 - D,? mm in its long axis A(Ling, 1962).
The female prawn carries her eggs on her pleiopods tﬁrbughout tﬁe
period of incubation taking care of them until they hatchl At
temperatures of 26° - 28° C incubation takes about 19 dayvs. When the
eags are first spawned they are bright orange. After about 10 davs
they become 1ightér coloured and yellowish. The eaas progre;siuely
turn gfey, their colour deeperiing until the 18th day of incubation,
when the larvae inside thé egq cases are fully developed and the

colour itz slate gray. Hatching takes place during the 19th - 20th

day.

The early eaas consist almost entirely of innumerable minute qlobules
ot yolk. During incubation this yolk is used up as the tissues
develop. The purpose of this chapter is to describe the utilisation
of the yolk in the egg and early larval stages and to describe the

changes in the composition of the lipids during egg development.

MATERIALS AND METHODS

Collection of Material

For biochemical analysis, eggs, at the various stages of development,

were detached from the females in berry as required, using tweezers.
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The Tlarvae were reared in our laboratory by the method aiven in the
section on larwval rearing. Stage 1 larvae (LS1) were collected for
analvsis ‘%rom the hatching tank shortly after these had hatched and’
the Stage 2 larvae {LS2) were collected from the larval culture, Two
tvpes of LS2 were collected: the first type, which still had an
abundance of volk, was collected shortly after the larvae had moulfed

from LS! to LSZ. and~the second- type more than 12 hours after moulting

to L3532 when all the volk had been used up. The laryae were not fed

during these two larval stages.

Biochemical Analrvecis for Lipid Content

The egas and larvae were washed free of cea-water with dictilled water
and freeze dried. Between 2 - 3 mg of freeze-dried material, for each
sample. were milled and the total lipid and neutral lipid contents
were determined by the methods described by Helland and Gabbott (1971)

(Appendix 12, Orange eggs. vellow egas, LS! and LS2 larvae were

analysed.

Eqgs and larvae were counted, freeze-dried and weighed on a Sartorius

4503 Micraobalance.

Analvsis of Egqq Lipids

The total lipids were extracted by the method of Bligh and Dyer (1939)
(Appendix 2). s the vyolk is uniformly distributed in the orange and

yellow eggs, the whole egg was used in these +two stages of
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development. However, as the volk is very compact and well defined in
the qrey eqas, this was removed from the egg using a micropipette.
Lipid class composition was examined by thin laver chromatoaraphy
(TLC)Y {(Appendix 3). The 1lipid sampies were methylated (Appendix 43
and apalysed by gqas chromatography on a Hewlett-Packard 5S710A Qas

chromatograph using an OVU73 glass capillary column for the fatty acid

composition analysis {Appendix 3.
Photography

The eqgs were mounted on slides in a drop of water <for photography.
-The larvae were first killed in cold water then mounted on slides in a

drop of water for photography. The camera used was a Wild Mka 1 model

attached to a Wild M 11 compound microscope with trancmitted light.

RESULTS

The volk of the voung egqs consist of minute globules which diminizh
in quantity as the eggs mature. By the time the eaqgs are arey and the
larvae almost fully developed in the eqgg membrane, most of the yolk
has been used up. A certain amount, however, remains in the antero-
dorsal part of the larual Just above the eye.(Figure . When these
larvae hatch (LS1) the eves are sessile and some yolk is still present
in the <form of globules (Figure 2. | After about 24 hours the LSI
larvae moult to the LS2 larvae which have sta]ked eyes and still
retain some yolk {Figure 3). The yolk, however, is completely used up

by the time the LS2 larvae are twelve hours old (Figqure 4,
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Dry Weights

Yellow eqgs : 40 ua/eqq
LSt larvae : 35 ugslarva
LS2 larvae : 30 ug/larva

{with volk)

BIGCHEMICAL CHANGES

The percentage changes in the lipid content during development +rom

eqq to larvae is shown in Table 1,

TABLE 1 Total 1lipid and neutral 1ipid composition o+ eggs and

larvae.
Total Lipid Neutral Lipid Ratic
percent percent TL : NL
Eggsz (Orange? 17,8 10,3 i 1 :0,37
(Yellow) 11,4
LS1 larvae 11,4 6,9 1 : 0,40
LS2 tarvae 9,3 4,2 1 :0,79

A areat reduction in the total lipid content is seen as the vyolk |is

used up in the egg and larvae.
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The lipid class and fatty acid composition of the developing ega are

given in Tables 2 and 3. The stages of development in the eggs used

for the analyses was as follows:

A : 2-3 day old bright orange

B : 8 day old . yellowing

C : 15 day old arey

b 18 - 19 day old - grey with eve spots

JABLE 2 Percentage composition of lipid classes in M. rosenbergii

eqqs
Sample PLP F.Alc FFa TG X WE
A 17 2 13 33 3 10
B 17 2 13 31 3 14
c 19 1 13 S1 é 10
D 21 1 12 33 2 9

-

A1l wvalues given as a percentage of the total lipid in the sample.
PLP: Polar lipid and pigments; FFA: Free fatty acids; F.Alc: Free

fatty alchohols; TG: Triacylglycerols; X: unknown compound; WE: Wax

esters.
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TABLE 3  Percentage compositon of volk fatty acide in egas.

SAMPLE
Fatty Acids A ' B C D
14 : 0 1,0 1,2 1,3 1.5
16 : 0 23,1 24,2 24,7 25,7
16 1 1 (W7 + W9 8,3 7.2 8,2 7.6
17 + 0 : -—- 0.4 —— ———
17 1 1.0 1,1 1.0 1.0
18 : 0 6,1 .. 3,3 6,1 b,
18 ¢ 1 W7 + W 41,3 43,6 41 .4 40,
18 : 2 Wé 12,6 11,6 12,1 11,0
18 : 4 W3 0.7 2.1 0,4 -—
20 : 1 0.9 0.2 Q.7 1.0
20 + 4 WS 1.1 0,4 0.6 1,0
20 + 5 U3 2,9 1.3 1,3 2.4
22 1 ‘ -—- 0.3 1.5 -
22 1 5 W3 —— 0.1 0,5 -
22 1 6 W3 1.4 0.4 —— 1.4
DISCUSSION

Moller <(1978> has shown that LS larvae do not #eed. The feeding
appendages are folded against the thorax and appear -te have blittle
function. LS1 larvae moult to LS? about 24 hours after hatching, at
which stage the appendages used for feeding become readily extended
for grasping food particles. The results in this paper ;howvthat a
certain amount of yolk is carried by the LSt larvae from the eqq. It
is also shown that some yolk is still found in LS2 laruae,dufing the

first few hours, but this later disappears.

It 1is suggested that the volk in the LS1 larvae is used as an energy
reserve until the larvae have moulted to LS2 and at which stage they

can start feeding. It is also suggested that the yolk found in the
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early LS2 larvae is necessary to maintain the enerqy requirements of

thece larvae until they have built up recerves.

Yolk wutilization in marine crustacean egas has been described by
Pandian (1949, 1%970a, 1970b) and reviewed by Holland (1%78). The
proteinaceous yolk of crustaceans 1is thought to be made up of
aagregates of lipoproteins tefmed 1ipo;itellins (Holland, 1978). The
lipid fr;ction forms approximately 304 of the proteinaceous yolk 1in
many decapod eggs and contains cérotenoid picments which give the eags
their distinctive colour (Wallace et al, 1763>. In the precent case,

the total lipid content of the yolk in early M. rosenbergii eggs is

17,84, somewhat higher than the value of 12,34 for Magrobrachium

idella volk given by “Yijavaraghavan and Eacsterton (1974). By hatching
time the total lipid content of L51 larvae is 11,44, which represents
a 3&4 wutilization of lipids during egg incubation, which is very

similar to the results given by Pandian {1970b) for Crangon crangon,

Euragurus beruharduce and Homarue gamarus.

The dry weight of eggs was &40 ug/egg, and the dry weight of LS51 and
L32 larvae was 55 ug and 30 uq/larva respectively, The amount of
lipid available in the ego is, therefore, 10,68 ug, which has a
calorific wvalue of about 0,4225 joules, wusing thg.calori+ic value of
Tipid given by Crisp (1971) as approximately 39,358 joules/mg Iip;d.
Since LS1 larvae have a lipid content of 11,4 of their weigﬁt, the
lipid available per larvae is 4,27 ug having a calorific ualue. of
0,24803 joules. The LS2 larvae have only 5,2% of their weight in

lipid weighing 1,34 ug and with a calorific value of 0,06171 joules



per larva, The calorific value of volk utilized by LSl larvae is
0,18632 joules. 114 lipids represent the major respiratory reserves of
crustacean egos and larvae as suggested by Holland (1978) and " Pandian
{1?70b), the lipid loss in LSI should be aﬁcounted for by respiratory
losses of LS! larvae since these do not feed. Respiration wvalues
given for LSI larvae by Nelson et al {1978) are 3,1346 joules/ug/déy.
The calorific value of respiration/day for one larva weighing S5ug is,
therefore, 0,17405 joules. Since LS1 larvae remain in that ctage for
about 24 hours, thé energy requirements are very <similar to the
calorific eaquivalent of 0,18831 Jjoules of lipid uced up during LS1,
This suaqests that the lipid in the yolk provide the bulk (94¥%) of the

energy requirements for the 51 larvae,

The 1lipid class composition of the volk in the egg does not change
much during development with the exception, perhaps, of the polap
lipids and pigments which appear to increase slightly. The triacyl-

grecercls form the major part of the lipide in the volk.,

Pandian {19467, 1970a, 1970b) has shown that the lipid fraction of the

volk in the eog of the shrimp Lrangon crangon fulfills 7?54 of its

metabolic reguirement, 87,74 in the lobsters Homarus gammarus and

87,9 in the 1isopod Ligia oceanica and that the protein component

remains relatively unchanged. 1t has been clearly demonstrated, in
the present study, that the lipid fraction of the volk fulfils the
bulk of the energy requirements of the non-feeding LS! prawn larva.

One can assume that it would have a similar function in the eqg. The



above results also show that during egg development components of the

yolk lipid are used up uniformly.

One can, therefore, conclude that the lipid fraction of the yolk

provides the bulk of the energy supply in the eqgg and non-feeding

larval stage of M. rosenbergii.










PART 1B

A study of the. changes in the lipide and fatty acide during the

development cycle of M. rocenbergii larvae reared in "green water" and

in clear water.
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INTRODUCT 10N

Lipids are the second largecst biochemical fraction after proteins in

Juveniies of M. rosenbergii {Choo Poh Sze, 1973). Probably one of the
most important factors influencing both the amount and the composition
of Tipid in marine animals is diet (Morris and Culkin, 1976). Langdon -
and Waldock (1981) showed tha; the fatty acid composition of the

triacylglycerois of the spat of the orvster Cracssostrea gigas reflected

that of the diet. Kayama et al (1980) chowed a clear relationship
between diet and fatty acid composition in the juveniles of the prawn

Penaeus Jjaponicus. They also demonstrated that the fatty acid

composition 1in the non-polar or neutral lipids _followed a similar

pattern to that of the polar lipids. Sandifer and Joseph (1974)

showed that the fatty acid compocition of juvenile M. rocenberqii

changed with that of the diet. Feeding studiee with crustaceans using
various types of plant or anima] 1ipids and purified tect diets
containing pure fatty acids and sterols have suggestedfa requirement
fﬁr fatty acids of the linolenic or W3 ceries (Castell and Boghen,

19793 Guary et al, 1976; Kanazawa et al, 1977; Kayama et al, 1980; and

Sandifer and Joseph, 1974).

The aim of the present study was to examine the changes occuring 1in

the fatty acid and 1lipid class compositions of the larvae of

M. rosenberqii during the course of their development, with particular
reference to differences occuring between larvae reared in ‘"green

water" and those reared in clear water.



MATERIALS AND METHODS

Animals

The animals were obtained from the Camaron Hatchery Co. Ltd., in

Mauritius. Each larwval culture tank at that hatchery holds 24m® of
water and can produce in excess of 120 000 PL per cycle. The tanks
are initially stocked with hatchlings from 30 -~ 40 females. The

advantage of this for the precent study is that it reduced agenetic

variation in the larvae. However, the tanks sampled were not all

ctocked with females from the csame area, <o initial differences

between tanks could be dué tc the different brood stocks. Larvae

reared in "green water" were sampled from two tanks (Cultures ! and 2

-

or C1 and C2). Larvae reared in the absence of phrtoplankton were

sampled ‘rom one tank (C3). A11 three tanks were managed in the same

way described in the larwal culture zection.

On sampiing., the larvae were scrted into larval stages (LS5}, rinsed in
frech water and frozen in sealed tubes at -20° C for storage until

they werez needed for lipid extraction,

Lipid Analvsis

Total 1lipids were extracted by the method of Bligh and Dyer (1959)
| {Appendix 2). Tissue was homogenized and lipids extracted under
nitroagen. The composition of lipid classes was determined by thin
layer chromatography (TLC) on 0,23 mm thick, 20 x 20 cm Merck silica

gel plates (Appendix 3), Lipids from each larval stage were banded on
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the plates using a CAMAG Linomat III spot applicator. The plates were
developed with a mixture of petroleum ether : diethyl ether : acetic
acid (90:10:1 v/v/v), The plates were developed twice. The -lipids
were visualised by spraving with 404 sulphuric atid and charring at

180= C for about 15 minutes. The lipids were identified by comparison

with known <ctandards. The resulting bands were quantified using a

Yitatron TDL Universal Densitometer.

To prepare the lipids for fatty acid analysis by gas chromatography
aligquots .of total -l1ipid extract weré ﬁethylated to produce fatty acid
methyl esters using Boran flucride-methanol {Morrison and Smith, 1744)
{Appendix 4). Gas chromatographic analveis for fatty acid composition
was done on a Hewlett Packard 5710A Gas Chromatograph and an H/P 18740
A capillary column control. The column used was a V73 glass
capillary <colump iappendix 30, Fatty acids were identified by
comparicon with the retention timee of known fatty acid methyl esterc

and their area percentages were calcuilated on & Hewlett Packard 23332A

laboratory Data Processor.

Subsamples of larvae were counted, <freeze-dried and weighed for each
larval stage in the three cultures. Their tot&l lipids were extracted
by the method of Bligh and Dyer {193%) and evaporated to dryness under
a flow of nitrogen. The lipid extracts were then weighed. All
weighings were done on a Sartorius 4503 Microbalance. Growth curves
and percentage 1lipid contents for each larval stage could thus be
determined. A1l lipid values are calculated on a milligram lipid per

gram tissue dry weight basis.



RESULTS

Larval Growth

Figure 3§ qgives the growth curves for the three cultures (Ci, C2 =zad
C3>. No siagnificant differences exist between the three cultyres

except for the PL of C2 which are smailer than those of C! and C3. I%

PURY

is possible that when the PL of C! and C3 were sampled, they wzrs2

slightly older than the PL of C2.

Lipid Content and Lipid Clacs Compocition

The total 1ipid content (TL) of the larvae in Cl, C2 and C3 are s#aﬁn
in Figure 4. fn 21! three cultures, there is a sharp drop in TL +rom
190 ug/g tiscsue dry weight at larval stage 1 <LS1) to about 75.0 uzAq
dr¥ weight at L53. This 1z followed b¥ an increase at L54 in ins
three cultures but this drops back to about 75 ug/g tissue at LSS in
Ci and C2 after which the level of lipid remains fairly constant right
‘through to the post larval ztages. In C3, the lipid content afisr
incressing at L54 remaincs high up to LS4 where it drops to 82 ggﬁg ory

weight at LS7 at which point it maintaine a level similar to thoss: of

Cl and C2 for the remainder of the cycle.

The neutral 1ipid (NL) pattern {Fiqure ?7) shows a cimilar trend to
that of the fotal lipid in the three cultures (Figure é7. Ther=
no significant differences in lipid contents in Ci, C2 and C3, excapt
for that of LSS and LSé of C3 which are higher than in the

corresponding stages of Ci and C2,.
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Figures 8 to 13 show the changes in the total 1lipid percentage
compositions of the phospholipids for polar 1lipids) and pigments
(PLP), the diacylglycerols <{DG), the cholesterol (CH); the free fatty
alcohols (FA), the free fatty acids (FFAﬁ and the triacylglycerols
(TG, Figures 15 to 20 show the changes in content of these lipids

during the larval cycles in relation to the tissue dry weight.

The content of the phospholipids and piaments (PLP) in the ticsues are

~significantly different at most of the larval stages in the three

cultures, except for LS7 - LSI! in C2 and C3. The change in PLP
content in C2 and C3, thowever show similaf trends, both reddcing from
about S5 wug/om and 37 ug/gm at LS! to 30 ua/om and 18 uva‘gm at PL,
rezpectively. In C! there is .no general decrease of the PLP, the
amounte at LS1 and PL being similar at about 25 ug/gm <(Figure 13).
The percentage compos.tion of the PLP in the total lipid, however,
shows different trends which appear to be unrelated to. the tissue

content of PLP. In C1 and C2 there is a gradual increase in the

vpercentage content of the PLP from about 13X and 30 respectively. In

the C3 larvae, though theré are major fluctuations during the larval

cvcle, no dominant trend emerqes.

There are no major siorificant differences in the diacylgliycerol (DG
percentage composition and tissue content in cutures Ci, C2 and"CB
(Fiqures 9 and 16é). Though there are significant differences at
individual larval stages, no trends are evident except in C2 when the
DG content cshows a gradual reduction from about 1 ug/g at LS! to 0,4

ug/q at the post-larval stage.
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Though there are differences in the cholesterol (CH) percentage compo-
siéion of the lipids and in the cholesterol content of the ticsues
{Figures 10 and 17>, there are no significant differences “in  the
cholecterol patterns during the complete cyclie in cultures C1, C2 and
C3. The percentage composition in the three cultures show a two+91d
increase from about 12 of the total lipid (TL? at LS1 to about 224 of
the TL at the post-larval stage (Figure 10). In all three cultures

there is a general reduction of cholesterol content in the tissue from

about 20 ug/g dry weight at LS1 to about 17 ug/g in the post-larvae.

The free fatty alcchols {FA) of cultures Cl and‘CZ, wﬁen expressed as
a percentage of total lipid show a similar pattern of net increase
from 4% and é? at L81 to about 13% and 19X of the TL at the post
larvae, respectively, In both these cultures there is a drop in the
percent content of the F& during second half of the larval cycle but
this increases again at LSii. 1In the C3 1atvae, the FA increases from
64 at L51 to 284 at L3é followed by a gradual decreacse to about 144 in
;the post-larvae which reprecsents a net increace of 84 <(Figure 11).
When the FA are calculated in relation to the dry wéight of tissue the
levels of FA in three cultures remain fairly constant at between 8 and
12 ug/g throughout the larval cycles, with the exception of LSS and

LSé in C3 where the FA increase to 30 ug/g of dry tissue weight. By

LS8, however, the level has dropped back to 12 uo/q (Figure 18).

There are no significant differences in the free fatty acid (FFA
profiles during the larval cycles in C!, C2 and C3. The percentage

composition of the FFA remains fairly constant at about 104 with
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individual fluctuations between-S and 20% (Figure 12). When the fatty
acids are expressed as a portion of the dry tissue weight, they
aecrease from about 20 ﬁé?b at LS1 to about 7 ug/g at LS3 in fl,‘ C27
and C3. This is followed by an increase in LS4 to between 13 ug/g and
20 uq/g after which there is a general decrease to about 7 ug/g with

the exception of LSi1 and the PL of C1 where the FFA increases to 20

ug/g (Figure 19,

The percentage composition of the triacylglycerols (TG} have very
similar patterng in C1, C2 and C3. The proportion 9+ T6 in the total
lipid drops sharply from between 32 - 384 in LS1 to between 4% and 84
in LS3 after which the composition remains at about the same lewels to
the PL stage (ngure 13>, When the TG are calculated as a value of
the qry tissue weight, the pattern is similar to that of the
percentage compositions <(Figqure 20). &fter a rapid drop from an
initial level of 40 to 70 ug/q dry weiaght at L51 to about 7 ug/g at

\

L83 the TB6 remain at level for the rest of the cycle in all three

cases. 4

Figure 14 shows the percentage composition of an unknown compound
which has been labelled as and is assumed to be part of the total
lipid +fraction. On the TLC plates the substance runs just aboug the
triacylglycerols at a level similar to that of the alkyidiacyl-
glycerols. Sargent and falk-Petersen (1981) have reported ﬁhe
pre;ence‘ of a substance occuring in the same position in ‘the krill

Meganyctiphanes norveqica where it formed up to 11X of the total

lipid. They failed to identify the compound.



In the present case, comparison with known standards failed to

identify the substance, as also did attempts‘to identify it by mass

spectrography.

The percentage content of unknown X in the total lipid remains %air}r
constant at about 10% for all larval stages in C2 and C3 except for a
peak at 204 in LSIO in C2 and an increase to 21% in LS11, LS12 and PL
in C3. In C1, the pattern is quite different. At LS1, the level is
similar to that of C2 and €3, but there is a rapid increase to 52/ at

LS3 and LS4 which ic followed by a gradual decline, except for a peak

at LS8, to 8% at LS11 and PL.

When X is calculated as a value of the dry tissue weight (Figure 21),
it chows almost no difference in the C2 and €3 cycles where it
maintaineq a fairly constant level ranging between 10 and 18 ug/gm dry
weight, Again, in C1, the pattern is very different with X starting
at 355 ugs/gm dry weight at LS!1 and progressively droppiﬁgﬁ to 8 ua/q

dry weight at LS11 after undergoing a series of peaks and troughs.

There seems to be no possible correlation between the contents of X

and the presence of phytoplankton as in C! and C2 and its absence as

in C3.

Table 4 gives the percentage composition of the lipid classes of the
phytolankton used in cultures Cl and C2. There are major differences

in the 1lipids of these two algae. In Cl the phospho]ihids and



pigments make up only 10,3% of the total lipids, whereas in C2 these

make up 30,54 of the total lipids.

An unidentified sterol is precent in both alagal cultures, but C! has
8% and C2 has only 4,34 of this sterol making up the total lipid. The

fatty alcohols in both cultures are similar in content with 12,04 apd

14,3% for C1 and C2 respectivety.

€1 plyvtoplankton 1lipid has 15,6% of free fatty acids whereas the (2
phytoplankton hae only 5,24, and €1 has 10,3% as triacylglycerols

where C2 has only 2,84 of its lipids as triacylalvcerols.

The unknown compound X, on the contrary, forms only 8,0% of the total
lipide in Ci phvtoplankton and 21.4¥% of the total lipids in the C2

phrtoplankton,

Cholesterol esters are present in the two cultureg, “forming &,64 of

“the lipide in C1 algae and 1,3% in C2 2lnae. The cholesterol esters

are either totally absent or present in very small traces in the

larvae of the three cultures C!, C2 and C3.

Fatty Acid Composition

Tables 3, 6 and 7 list the fatty acid profiles of the larvae from LS!
to PL in cultures Ci, C2 and C3. Tables 2 and 3 also indicate the
fatty acid profile of the phytoplankton used in Cl and C2. As with

the 1lipid class compositione the fatty acids in the three cultures
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start at different wvalues at LS! and show 1individual differences

during development. A number of trends are found to be common ta the

three cycles, however.

The total saturated acids decrease from an average of 41% of the total
fatty acids at LS! to about 32 at LS3 after which the levels remain
fairly constant to the post lgrﬁal stages (Figure 22J, At the level
of individual acids, this pattern is found in the 14:0 and the 14:0
fatty acids which both show & rapid decrease from LS1 to L83 after
which the levels remain fairly constant, The 14:0 acid reduces from
about 44 of total fatty acids at LS! to about 1% at post larvae and
the 16:0 reduces from about 30¥ at LS! to about 154 at PL. The same
ceneral wvalues ére found in alll three cultures. The 18:0 fatty
acids, on the other hand increases from about 7,54 in LS8! to about 10X
in L32 after which its level remains fairly constant.
\

The total mono-unsaturated acids, i.e. the fatty acids with a simple
double bond, maintain a fairly constant level at around 40¥% of the
total fatty acids in the three cultures {Figure 23), The combined
16:1 W9 and 14:1 W7 atids,. however, decrease from about 74 in LSI1 £0
about 3% in the PL. The 18:1 W7 acid, on the other hand, increases in
€1, C2 and C3 from about &% in LS1 to between 8 and 9% in the PL. All
the other mono-unsaturated. acids, of which 18:1 W? 1is the most

abundant, show very 1ittle change in amount.

The total polyunsaturated fatty acids, or the acids with more than one

double bond or unsaturation, have a profile opposite to that of the
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saturated acids (Figure 24), These acids increase from an average
value of 204 in LS1 to about 284 in the PL. This 1is particularly
noticeable in the two linolenic acids 20:5 wé and 22:46 W3, 26:5 W3
increases from about é&X in LS1 to about 11% in the PL and 22:6 W3
increases from about 5% in LS1 to about 10X in the PL, The linoleic
acid. 18:2 W&, on the other hand decreases from about é% in LSi tou
about 3% in the PL. These trends are common to all three cultures,
The polyunsaturated acids, of all three fatty acid groups have,

however, the widest fluctuations between cultures.

The fatty acid compocitions of the phytoplankton used in cultures Ci
ad C2 are shown in Tables 3 and 4. The two algal cultures have great
differences in polyunsaturated acids. In C1 phytoplankton 146:4 is
abeent but makes up 4,2% of the fatty acide in the C2 phytoplankion.
The 18:2 Wé acid ie 12,254 of the total acide in the Cl1 algae, but
make up only 5,174 of the acids in the C2 algae. 20:5 W3, which is so
abundant in the larvae, 1is only 0,51¥ in Cl algae and'ﬁ,Béx in the C2

a}gée.v 22:6 W3 is absent in both algal cultures, The saturated and

mono-unsaturated acids are very similar in the two algae,



DISCusSION

Cultures Cl and C2, which were both "green water® cultures were not
run concﬁrrent]y. Thus, the "green water" ﬁsed in these two cultures
were from different sources and probably had dif?erent algal
compositions. Though no attempt has been made to identify the phytd—
plankton, C! algae concisted of a mixture of a dinoflagellate and
Chlorella spp <(Thompson, pers comm} and C2 algae was mainly an un-
identified dinoflageliate. The differences in phytoplankton types was
confirmed by the lipid class differencecs {Table 4> and by the fatty

acid composition differences (Tgb]es S and 6.

Though the 1lipid classes in the threes cultures show a fairly wide
range of 1individual wvariation, the trends obcerved are basically
similar. Occasionally, as 15 the caze with the unknown X {Figurec 14
and 21}, cultures C2 and C3 show very cimilar profiles, but Cl is very
different from both. Interestingly, the unknown X in C! constituted
only 84 of the phytoplankton lipid but made up to 334 of the larwval
lipide whilst in C2 it constituted 21,64 of the algal lipid but made
up 10% of the larval lipids. There seems to be no dietary relation-
ship between the levels of the unknown in the phytoplankton, or its

absence from the culture medium ¢as in C3) and its level in the

larvae.

Similarly, the fatty ‘alcohols in the Jlarvae chow significant

differences in their individual levels in the three cultures but these
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ceem to bear no relationship to the level of that 1lipid 1in the

phytoplankton of C! and C2 and the absence of phytoplankton in C3.

In general, the different lipid clasces followed cimilar trends which
ceemed to bear little or no relationship with the levels of these

lipide in the algae or to the presence or absence of phytoplankton in

the larval culture.

Though the 16:4 Wl acid is absent from the C1 phytoplankten and makes
up 4,24 of the fatty acide in the C2 phytoplankton, thé levels of this
acid are similar in the larvae at Ci, CQ and C3. Similarly, where
18:2 W6 has a level of 12,254 in the C1 phytoplankton and 5,174 in the
c2 phytoplankton,A the level of this acid in the larvae from the three
cultures is similar, varying between 3% and 4%, with no apparent
relationship to the level of thie acid in the phytoplankton <C!1 and

C2) or ite absence (C3).

The long chain 20:5 W3 and 22:6 W3 acids are reported to be essential

for normal growth and development and to be diet dependent in the

prawn Penaeus japonicus {Jones et al, 1979; Kanazawa et al, 1978), for

juvenile Macrobrachium rosenbergii {Sandifer and Joseph, 1974) and for

the oyster Lracsostrea gigas <(Langdon and Waldock, 1981), The levels

of 20:5 W3 in the C1 phytoplankton is only 0,51 and is 4,34X% in the
€2 phytoplankton, yet, the_leuel of this acid in thé larvae of the
three cultures is the same at about 10-11%. The other long chain acid
22:6 W3 is absent in both Cl1 and C2 phytoplankton but has a high level

of 9 - 11% in the larvae of €1, €2 and C3.
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It seems, therefore, that the level of these two +atty acidg in the
phytoplankton, or its absence from the_culture medium, as in C3 does
not significantiy affect their levels in the larvae. Since these
acids have been shown to be diet dependent, the larvae must,
therefore, obtain them from another soufce, such as the Artemia or the

ficsh that is fed to the larvae.

Finally, as was shown in Figures 22, 23 and 24, the levels of total
saturated acids, total mono-unsaturated and total polyunsaturated
acids were very csimilar in the three cultures,_ with no apparent
differences in those where phytoplankton was present (C! and C2) and

that one where phytoplankton was absent (C3).

One can, therefore, conclude that there are no significant differences
in the levels of lipids and fatty acids in the larvae of

M. rosenberaii reared in different phytoplankton cultures or in the

absence of a phytoplankton. 14 phytoplankton has 4any nutritional
value to the larvae during their growth cycle, then the results of

these experiments indicate that its nutritional role is not reflected

in the lipids.



TABLE 4

Lipid Class Compositions of Phytoplankton used in Cultures C1 and C2.

Ptoepholipids and Pigments
Diacvlglrcerols

Sterols

Fatty Alcoholz.

Fatty Acids
Triacrlgivcerides

Unknown

Cholesterol Ester



“TABLE §.°
FATTY ACID COMPOSITION OF LARVAE AND PHYTOPLANKTON IN CULTURE 1
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LARVAL STAGES 1 2 3 4 ] ] 7 8 9 10 11 PL Alges
FATTY '
. ACIDS %
ci2.i0 0.25 | e.12 - - 0.3z |o0.18 o090 fo.08 | _ | _ - - 0.8
€13 : 0 - 7 - _ _ _
C14 : 0 4.69 | 1,58 .34 | 1,24 (1,85 | 2,13 (2,38 1,79 1,45 | 1,67 {1,78 1,47 11,0
C1S :.0A o.14 | _ 0.61 {0,73 |o0.54 |o0.5¢ }o.9 0.7a | 0.50 0,48 0.39 | _
€15 s%0 0.55 19.33 |.0,28 | 0.44 {0,428 |0.45 [o0.41 |0.40 0,33 - 0.29 0,33 |- _
C16: 0 29.980 | 20.47 | 21,27 | 16.87 {17,55,] 17,50 | 17,75 [15.20 | 15.89 | 15.63 ] 17.33 17,81 { 33,15
£17 : 0A 0,19 | 0,23 0.27 | 0,50 0,75 |o0,47 0.47 } 0,727 | o.62) 0,30} 0.51 0,53 _
Ciz:o0cvet |o0.45 0.3 | 0,32 | 0,91 |0.74 |o0.54 0.62 | 0,87 0.74] 0,41 0,54 0.57| _
€170 0.61 | 0.5 0.81 | 0.88 |1,21 |ao,97 0.97 | 1,08 1,12 1,02{.0,96 { 1,22| 6,38
c18:0 7,30 | 8,12 11,00 9,18 9,79 | 8,97 8.81 | 8,65 8,74 10,85 | po.1at 10v88| 3,68
ci18 : 0 0.14 _ 0.08 _ 0,08 |o0.08 | 0.10 | 0.09 - - | e} _ _
€20 : 0 0.47 10.33 | 0,38 | 0,40 0,34 |o0.32 0.30 | 0,27 0.17| o0.32} @.20} a,7} _
£22 : 0 _ 0.v7 {033 | _ - _ _ {03 0.19 — 0,22 - | 0.0
Q4:0 - - 0.18 | _ _ 0.08 N R 0.37 _ _ _ _
)
TOTAL.
SATURATEQ % ! 44.70 | 38.29 | 36.26 131,03 |33.35 | 32.31 | 32,42 | 30.81 31,32 | 31.70| 32.79 33,17 {3g,31
C14 ;5 4 - - - - - - - - - - - - -
C16 2 1W7ewd | 7,02 | 482 | 2,04 | 5,41 | 4.20 | 4.0 4,36 $.33] 3,78 | 2,11 | 2,98 | 2,91 | 1,49
€18 : 1w 22.38 ] 23,18 | 16,97 | 24.50 | 21,66 | 18,85 | 18.57 | ‘26.43 26,28 | 24,14 25.85| 20,11} 3s,1s
C18 : 1 w7 5.86 | 7,01 7.87 |10.11 | 10,02 | 8.68 | 8,59 | 10.71| 10,78 | 10.05| 7.92| s.95] 2.87
€20 1 14 1.27 1 0.8 | 0,98 | 1,41 | 1,58 | 1,50 | 1,54 1.571 0.93| 2.44| 2,08| 1,21| 1,27
€22 : 1 Wit 1,06 | 0.3 | g,s8 | 0,37 0.31 0,37 o0.29| 1,81f 1,28] 1.78! 0.4
2211w 0,08 | 0.1z | _ | 0,45 [ M08 | 275 | 5 o _ - - - - -
22 1 1 w2 0.0 - _ - - - - - 1 _ - _ - -
€24 :11 . - = 0.15 _ = - _ - - - - - _
TOTAL MONO- | 37,73 { 38.04 | 28,99 | 42,25 [38.50.| 36,27 | 3s.97 44,81 | 42,06 | 42,74 40,11} 35,96 | 41,40
UNSATURATED % | . : '
€16 : 4 w1 g6 | _ _ — 0.35 { 0,3% 0.26 { 0.42| 0.29 - 0,381 0,31 -
18 1 3 0.4 | _ _ .31 | -8:06 | 0,15 - 0,10 |  _ - - - 1.73
£16 1 2 . i . :
€18 : 4 w3 0.81 1 0.35 | 0,39 | 1,12 [ 068 | 0.75 | 0.77] 0.78] o.68] 1.01]| o.92 0.57) 4,43
C18 : 3 W8 ) : :
€18 :2W8 , | 5,13 | 558 | 4,48 | 5,10 | 3,94 | 3,22 L3951 471 4,53) 4,28) 3,931 3.70| 12.25
C20 : 47ws .84 | 7.3 | s,82 | 3,57 | 2,98 2,73 2,801 2.11f 270 2,28f 1,51| 2.55)
€20 : 5 w3 S.40 | 9.3 | 14,30 | 11,00 | 11,48 12.08| 12.85 9.56 | 11,64 | 10,08 10,17{ 11,39 o0.51
€20 s 4 w3 0.15 | 0.1% | 0,15 | 0,49 | 8,20 | o0.37 a.41| 0,47} o0.52 - 0.37] 0.3 _
@115 9.03 | 0.10 | 0.26 | 0.24 | 0.21 | q.52 0.15 - - - _ - -
L2 1 5w3 4.26 | 4.59 8,59 4,55 6.75 9.22 11.91 5.73 5.97 7,94 9,141 11,17 -
€22 : swi [ 0.3 | 0.20 | g3 0.31 | o0.43 g.4s| 0,24 - -~ 0.25| 0.26) 0.40
TaTAL  POLY- :
17.84| 27,55 | 34,21 | 26,30 | 27,13 | 29,81 32,39 | 24,10 | 26,33 | 25,57} 25,68 30,86 | 19,32

UNSATURATED % - - :

=it

[y




" TABLE 6. :
FATTY ACI0 COMPOSITION OF LARVAE AND PHYTOPLANKTON IN CULTURE 2.

41

LARVAL STAGES | 1 2. 3 4 5 8 7 8 ] 1" PL Algoe -
FATTY .
ACIDS % .
c12: 0 0,52 { 0,22 0,38 | ~-===| 0.15 | 0.13 | 0,12 | 0,07 | === .| 0.07 | -— N e I
c13:0 - -=-- .- e | - .- --- --- --- - --- -mee
Cl4 1 0 .51 | 1,19 0.85 ¢ 1.,83] 1,02 | 0,91 | 0,97 [ 0,71.] --- 0.91 | a.76 -
€15 1 OA --- - .-- 0.62] =o' | --- .en 0.55 | 0,63 | --- --- e
C15:0 0.7 | ---- .- e e --- 0.43 | --- e - -—-
C16 1 0 23.20 129,98 | 19,13 | 17.02{17.50 | 16,85 {14.88 |14.35 14,58 [14,99 [14,53 34,37
€17 + oA R R e Bt el Bieatt i 2T ISR I R -
€17 : o cyct - .- —e- 1.28| 1,47 | 1,40 | --e ‘0,88 | 0.44 | 1,81 | 1,07 .-
€12:0 0.71 1 0.98 | 0.79| o0.92{ 1,42 | 1.50 | 1,22 | 1,13 | 0,88 | 3.0 1,15 2.30
Cie: 0 8.55 | 11,75 9.13| 10,22 {12.51 | 11,46 | 9,55 {11,33 | 9.51 {10,57 12,30 3,82
C19 5 0 T Bl I i It s I U IOt D ISR ——-
0 :0 0.84 | 0,45 0.45| 0,48 | ==« --- 0.7 | --- .- 0,47 | 0.38 ---
€22 :0 0.47 | 0,58 0,34 | 0,33} 0,33 | --- --- --- 0.36 | 0,3 | 0,28 0.80
Q40 0,3 | 0,26 0,24 =-a | -ua 0.06 | 0.08 | --- 0.5 | --- --- ---
TuTAL :
SATURATED 3 138,53 | 37,29 | 31,29 | 32.70 | 34.40 32.85 26,99 129,98 [27,00 |28,92 30,45 42,81
€14 : 1 - R === Rl Mt R Bt == s e == ===
€16 : 1 W73 | 5,48 | 4,42 4761 4,571 4,33 | 3,68 | 4,43 | 3,59 | 3,42 | 3.2 3,57 .-
€18 :11 ws 23,93 ) 23,29 | 24,31 29,62 ) 20.92 20,38 21,31 |{26.01 29.19~ 24.bo 23,90 33,07
C18 : 1w + | 5,864 | 7,54 6.711 8,29 s.82 | 7,08 | 7.16 8.61 | 7,54 | 9,87 | 7,88 2,77
€20 : 4 ] 1,50} 1,18 0.67| 0.80f 0.90 | 1,09 | 1,35 | 1.85 | 2.07 | 1.2a 1.50 1,89
22" 1wt | 0,59 | 0.2 0.56( 0.16 | 0.18 | 0,42 | 0.08 | 0.20 | 0.67 | 1.48 1.30 0,43’
C22: 1w - - .- R R ST Q. ——— 1,30 | w=a ] eee -~
022 : 1w - --- amee | e | oeea - - --- - .- --- ---
02421 0.06 | --- - 0,14 0,05 | =ee-- - e T . -
TOTAL  manD-
UNSATURATED % [38-% | 36,76 | 37,01 [ 43,58 {33.25 | 32,63 {43.40 40,06 |44,12 40,18 |238,12 37.18
€16 : 4 w1 .. .- 0,33 -~ | --e ——— 0,29 | = - . ——— 4,20
€16 ¢ 3 -~ - - 0,31 | =% .- -—- 0.28 { 0,38 | 0,47 | --- o | -
C16 : 2 .- ——- 0.28 - ——— wee 7] eal -—- .- o—— -fe ——-
C18 : 4 w3 .. - 0.48 } 1,02/ :-- - v 0.29 | 0,81 | 1,08 | 0,7 4,54
€18 + 3w am- e - SN - - —— — . ——- ———-
C18 : 2 w8 6.31 | 4,28 4201 4.2¢4] 4,13 | 3,08 | 3,78 | 3,08 3,18 | 2,14 | 3,48 5,17
0 : 4w 3.79 | 4,03 3341 284 415 | 42 | 5,37 | 3,08 | as1 | 340 2,94 -——
€20 : 5 w3 7.14 | 9,32 9.86°1 9,35 111,85 | 14.45 [18.20 |11.22 |10.95 12,00 |11,21 4,36
€0 : 4 w3 === - - === 10,25 | - == | o022 | o.aa | --u - -
C21: 5 - 0.48 0,30} 0,23} 0.41 | 0,67 | 0.21 | 050 | 0.70 | o- 0.40 —en
€22 : g w3 .37 | 500 | S.44l 5,10 981 | 12,87 | 9.22 | 10,23 | 7.02 10,78 [11,13
22 :5w3 0,74 | 0.14 - ===} 0,28 | -— 0.55 0.44 | 0,33 | 0,43 | 0,42 ---
TOTAL ) .
POLYUNSATLRATEO {23.35 |23.48 | 24,01 | 23,15 30.88 |35,29 |37.84 | 30,33 |28,00 |29.83 }30.32 18,27




JABLE 7. )
EATTY ACID COMPOSITION OF LARVAE IN CULTURE 3.

42

LARVAL STAGES | 4 2 3 4 s | s 7 ] 9 1 | 1 PL
FATTY
ACIOS 3
L1z : 0,45 0,79 | ~-m 0,22 === 1 0.1 } 0,08 {0.06 |0.10 | 0,10 | ~-- c.07
€13 : ——— ——— — FUNIE ——— - P ——— —— —— ..
C14 ¢ 4,56 1,82 ===} 173} --- 1.93° 1 2,70 | 1,28 {1,490 | 2,10 | 1.25 1.04
€15 : OA ——- S - - ceoe | e-- —— - 10,40 | -=w -— 0,62
€15: 0 0.53 0,34 | --- R --- 0,28 10,37 | 0,210 | === | .- 0.64
€16 : 0 29,461 24,20 | --- } 17,61 --- 15,98 {41508 14,55 115,63 14,87 |15,47 | 18,97
€17 : 0A cae .- —— -—- e -ve a—— .- 0.7% - -—— 0.49
€17 ¢ 0 cYcL LELY R BT IESI IR U R T 9,44 | - 1,02
€17 :0 0.9 0,93 | --- 8,90 | --- 1.02 | 1,05 | 1,55-1 1,24 | 2,08 2,18 1,35
Cie:0 7,28 10,53 | -2 8,10 | --~ {11,18 |40,96 [11.03 [42.52 11,33° 11,26 | 16,52
€13 :0 0.11] - --- 0,20 | --- --- 0,15 | ---- --- .- L. ---
€20 : 0 S T . 1,33 | --- 192 | 1,22 | 0,9¢ { 0,17 | 0,97 | 0.64 0.35
c22: 0 --- 1.63 | --- .18 | --- 0.52 { 1,33 | 1,17 | 1,26 | --- - 0.84
€24 : 0 0.25| --- --- 0,54 | --- 0,24 | 0,15 | 0,30 | --- .- --- 0,72
TOTAL . '

. SATURATED %, 93.39] 41,01 | --- | 31,77 - 132,90 {33,00 |32.45 |32.89 31,89 31,74 | 35,63
€14 : 1 —e- - o P .- 0.12 | --- . --- .- .-
C16 : 1 w7ewg 6.60 4,70 .- 4,93 | --- 4,49 4,28 4‘.77' 3,91 2,94 2,85 2,51
€18 -1 w3 2,851 18,43 --- } 26,77 |.--- | 22,25 |25,24 |23.81 |27.00 28,62 128,96 | 26,09
€18 : 1w 5,93 7,69 --- 9,17 | --- 9.68 | 5,78 | 8.54 | 6,787 | 7,13 | 9,98 8,37
c20 ;1 .71 1,41 --- 0,99 --- .28 | 1,73 1 1,22 | 1.00 ) 1,90 | 1,13 1,14
€22 : 1 w1 1,07} 0,61 --- 0,98 | --- 0.46° { 0,28 1 0,55 | 0,26 | 0,11 | 0,43 0,41
€22 : 1w e - o . --- - .- .- - —-—e
Q2 : 1w .- L) - - .. -——- .en .—- coan - .-- .—-
C24 : 1 cam - ——— cne - cn- ce—- - -=- -- - . -
TOTAL  MONO- o -

UNSATURATED. 37,16} 32,75 --- | 42,84 | -~ | 28,16 | 38,43 38.98 {38,95 40,69 43,15 | 38,52
C16 :4 W1 0.96{ === | == | 0,38| <> | 0ie8 | 041 | oo 0,55 | === | -— | o.58
€16 43 aen cca ——— vea | ewe ——— 0,09 P —— PP nea ---
€16 12 . — ] e — | L come | eee SN RN - -

- C18 14 w3 G.50[ 0,53 - 0,44 | --- 8.70 | o.s0 0,29 | --- .- .- .-
C18 :3 w§ 0.63 PO . ——— ——— .- P — ——— ane ——- -
€18 :2 ws 5.05] 5,43| --- 3,71 «-- 2,18 | 3.s0 2,791 3,31 | 4,77 | 2,88 | 2.94
Q0 :4ws 1.62] 4,08} --- 2,88 --- 3,31 | 3,43 1,341 3,54 | 2,28 | 2,32 | 2,39
€20 15 wWa 5.73| 11,57 --- 9.151 === 110,49 | 9,40 | 13,47 (10,83 | 3,82 | 9.65 | 10.a1
0 :4 w3 0,15| == -—- eee | ea - 6,25 e -—- -—- .-
Q1 s .- 0,25] --- 0,34) --- 0.52 | 0.33 0,58 | --- 0.33 | 8,13 | 0,25
TC22 6 W3 4,62 3,83] (-- 5.71) --- 9.59 | 9.13 9,50 | 10,76 | 9,83 | 9,09 | 9,12
Q2 :5w3 0,64] == -—- 0.54] --e 0.59 ! 0,88 0.55| --- c.40 | 0,28 | 0,32
::;:%m:?'g;" 19.40| 24,48} oo | 22.41] --- 27,87 127,76 | 28.50 | 28.99 27,21 | 24,14 | 28,41
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Growth of larvae in cultures 1, 2 and 3.

Figure 5:
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Figure 6:
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Chahges in the total lipid content of the body tissue

during the larval development in cultures 1, 2 and 3.
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Figure 7: Changes in the neutral lipid content of the body

tissue during the larval development in cultures
1, 2 and 3. '
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Changes in the percentage composition of .the. phospho -

lipids and pigments in the total lipid extract of each

larval stage'during the larval cycles of cultures

*1, 2 and 3.
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Changes in the percentage composition of the diacyl-~

glycerides in the total lipid extract of each larval

stage during the larval cycles of Cultures 1, 2 and 3.
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Figure 10:

Changes in the percentage composition of the cholesterocl
in the total lipid extract of each larval stage during
the larval cycle of cultures 1, 2 and 3.
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Changes in the percentage composition of the free
fatty alcohols in the total lipid extract of each

larval stage during the larval cycles of cultures
1, 2 and 3. ’
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Changes in the percentage composition of the free

fatty acids in the total lipid extract of each larval

stage during the larval cycles of cultures 1, 2 and 3.
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Figure 13: Changes in the percentage composition of the triacyl-

glycerides in the total lipid extract o? each larval

stage during the larval cycle of cultures‘1,‘2 and 3.
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Figure 14: Changes in the percentage compositian of the unknown
X in the total lipid extract of each larval stage

during the larval cycles of cultures 1, 2 and 3.
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Figure 15: Changes in the body tissue content of the phospho-

lipids and pigments (PLP) of each larval stage

during the larval cycles of cultures 1, 2 and 3.
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Changes in the body tissue content of the diacyl~

glyceride(DG) of each larval stage during the larval

cycles of cultures 1, 2 and 3.
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Figure 17: Changes in the body tissue content of the cholestérol

(CH) of each larval stage during the larval cycles of

cultures 1, 2 and 3.
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Figure 18:

Changes in the body tissue content of the free fatty
alecohols(FA) of each larval stage during the larval

cyecles of cultures 1, 2 and 3.
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Figure 19: Changes in the body tissue content of the free fat|\

acids (FFA) of each larval stage during the larval

cycles of cultures %, 2 and 3.
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* Figure 20:

Changes in the tissue content of the triacyl-

-.glycerides(TG) of =ach larval stage during

the larval cycles of cultures 1, 2 and 3.
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Changes in the body tissue content of the unknown

X of each larval stage during the larval cycles of
cultures 1, 2 and 3.
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Changes in the percentage composition of the
saturated fatty acids in the total methylated

.sample of each larval stage in cultures 1, 2
and 3.
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Figure 23: Changes in the percentage composition of the mono-
unsaturated fatty acids in the totél methylated

sample of each larval stage in cultures 1,.2 and 3.
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Changes in the percentage composition of
poly-unsaturated fatty acids in the total
methylated sample of each larval stage in

cultures 1, 2 and 3.



PART 11

The uptake of dicssolved organic compounde by the larvae of

M. rosenberaii
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INTRODUCT 10N

Maddox and Manzi (1%974), Manzi and Maddox (1974) and Manzi et al
-(1977> have shown that the presence of algae in the rearing tanks
significantly increased growth and survival of the larvae of

Macrobrachium rosenbergii, compared to those reared in the absence of

phytoplankton. Sandifer et al €1977) reviewed the possible mechanisms
by which algae might be beneficial to the larvae, In common with
Maddox and Manzi (1976), a brief mention was made of the possibilitiy
that algae release metabolifes which act as aqrowth factors. The

matter, however, was never investigated further.

The 1last 15 years have seen a renewed and active interest in the
uptake of Dissolved Organic Carbon (DOC) by marine animals. Much of
the work has been done on adult marine invertebrates <(reviews by
Jgrgencen, 1976; Sepers, 1977; Stewaft, 1979)., Very Jittle is known

about the wuptake of DOC by pelagic organisms and crustaceans have

largely been neglected,

Work done on DOC uptake in marine larvae is very Timited. Manahan
carried out a detailed study on the DOC uptake by bivalve tlarvae
(Manahan, t983; Manahan and Crisp, 1982; Manahan et al, 1?82), and
most other studies have been restricted to sea-urchin larvae (See
review by Pavillon and Vu Tan Tué, 1981). The major emphasis to date
has been in simply monitoring the ability of various larvae to take up
DOC by addihg 14C and ®*H labelled soluble organic‘compounds to the

“water in the presence of larvae. Thus, very little is known on the

~
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nutritional and ecological importance of DOC in the development and

survival of larvae.

From the nutritional point of view, two trophic phases are generally
distinguished in the course of larval development: <(a) an endotrophic
or lecitbtrophic phase during which the digestive tract is not vyet
functional; and (b> an exotrophic phase when the digestive tract is
ful]y‘ developed and functional. During the endotrophic phase, the
larvae are said to utilise only their yolk reserves to fulfill their
metabolic = requirements. The first larval stage (LS1) of

M. rosenbergii 1is licitotrophic. It is non-feeding and has a 1large

yolk reserve. We have shown in Part IA that the yolk provides the
bulk of the enerqy requirements of L51 until it moults to the feeding

LS2 <=taqe. It 1is poszible that DOC provides some energy to the

non-feeding larvae.

o

Exotrophic larval stages rely essentially on particulate oroanic
; 2

matter as a source of food and energy. Manahan (1983) and Pavillon
and Vu Tan Tue (1981) show, however, that the uptake and metabolism of

DOC by exotrophic larvae can be significant.

Stratham (1973) estimates that DOC in the form of dissolved amino

acids absorbed by the egg of the sea urchin Paracentrotus  lividus

represents about 402 of its energy requirement and that absorbed by
the 48 hour pluteus, 10X of its energy requirements. Its is possible,
however, that DOC may have a greater nutritional importance for

exotrophic larvae at times of shortages of particulate food.



éé
Dissolved organic matter constitutes the predominant part of the total
organic matter present in natural waters. According .to ,JQQQQnsen
(19765, the amount of organic matter dissd]uedvin the oceans -equals
the total of more than 30 years of primary productioh. A good account
ot the origin of DDC is aiven by Pavillon (1981). In the oceans the
DOC is in the form of small molecules such as amino acids, glucose and
other carbohydrates, fatty ac{ds énd vitamins, These are produced
mainly in the euphotic zones to which they are restricted. High
concentrations of DOC may, however, be produced by microbial acitiuity
in organic rich sediments and remxin locked in the intersticial water

and to the zone just above fhe sediments {Barber, 1948).

The zituation in estuaries, where the larval stages of M. rosenbergii

occur, is quite different. Along with sediments carried down by
rivers, & large amount of organic matter in particulate and dissolved
form 1is added to the system by both the rivers and the <cea, In

-

addition, there i4_=,.~ arganic matter-resulting from the excretion and
Aecomposition of e;;uarine animals and plants. Plant exudates and
animal excretions cantribute moét ﬁf the DOC whereas the detritus
produced from the death of organisms ié primarily in the <{form of
particulate matter (McLusky, 1981). Table 8 shows the concentrations

of organic carbon in natural waters, and this indicates that the level

of DOC in estuaries is much higher than in the sea.
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T4BLE §: Concentrations of organic carbton in natural waters.,

Fiqures in brackets represent extreme wvalues (After
McLusky, 1981).,

Concentration

{mg L~1) of River Estuary Coastal Open_Sea Sewaqe
Organic Sea Surface Deep

Carbon

Dizcolved 10-20450) 1-5020) 1-54(20) 1-1,5 0,5-0,8 100
(DOC3

Particulate  3-10 0,5-5,00° 0,1-1,0 g0,01-1,0 0,003-0,1 200
{POC)

TOTS 15-30440) 1-10423) 1-4021) 1-2,5 0,5-0,8 300

In deep, slow-flowing estuaries which often occur in Southeast Asia

where M. rosenberaii 1larvae are found, the long residence time of
ecstuyarine water allows several generations of planktonic organiems to
devzlop during a cingle year, Phytoplankton blooms often occur

{McLusky, 1981) and thece will produce a considerable amount of DOC.

Algal excretion of organic compounds ic well documented <(Fogg, 19482
Le Fevre, 17447 HNalewajko, 1964). Hellebuet (1945) determined the
excrétion of photoassimiléted carbon for 22 species of marine algae.
He found that most algae excreted 3 - &% of their photoazsimilated
carbon during periods of logarithmic growth. A few species excreted
as much as 10 - 254 under the same conditions. The excretion of
organic carbon was very high, B,5 - 324 of the photoassimi]aied
carbon, when, incubated outdoors for five hours in full sunlight. In
fresh water algae, losses of up to 30¥ have béen reported (Foaggq et al,

1949; MWatt, 1964)., The marsh grass, Spartina alterpnifiora, releases

DOC into the Patuxent river estuary in North America at the rate of

41 kg € ha=* yr=1 (Gallagher et al, 1976).
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Wieber and Smith ©1977) found that algae have higher exudation rates

when incubated in light rather than in darkness. They also found
evidence that the exudates do not arise from cell damage oEA iygis
during 1incubation. Hellebust <(1943) and Belly et al (1973) report
that most of the substances excreted by algae are of iow molecular
weight, and include such compounds as amino acids, polysaccharides,

peptides, wvitamins, steroids ‘and saturated and unsaturated fatty

acids. Different algae, though, may excrete different products.

Dunaliella tertiolecta, for example, excrete mainly the sugar-alcoho!
glycerol, whilst the marine Chlorella sp. excrete mostly the amino
acid proline. - Bacteria, like.algae, are producers of vitamins, amino

acide, polypeptides and polvsaccharides (Pavillon, 1981).

Thus, 1in tropical and equatorial estuaries, a wide spectrum of low

molecular weight discolved organic products may be found 1in fairly

high c¢oncentrations. ~ For M. rocenbergii larvae, which grow in this

tvpe of environment, DOC may have some cignificance as a supplementary

énergy source, especially in times of particulate food shortagecs.

The poesible role plaved by vitamins dissolved in water on larvae has
been investigated to date only by Pavillon and his associates.
Pavilllon (197éa), studying the uptake of riboflavine, thiamine and
cobalamine <(vitamins B12, Bl and B2 respectively? in the egg and 48

hour nauplius of Artemia salina, and in the 48 hour larva of the

echinoid Arbacia lixula, showed that, 1in the egas and larvae of

Artemia salina, the absorption of vitamins is greater than that of

amino acids. In Arbacia lixula, however, it is the amino acids. which
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are most absorbed. Pavillon and “u Tan Tue {1981) have shown uptake of

riboflavine and cobalamine by the larvae of the fish Dicentrarchus .

labrax, though 1in lower quantities than that of amino acids. They

have also investigated the uptake of vitamins in the krill Euphangia

krohnii (Pavillon, 1977).

Pavillon ¢1981) reports that in the extrophic phase of larvae, namely
in Artemia and the urchin pluteus, the uptake of DOC fulfille only a
smx11 percentage of the total energy requirement. He observes,
howeuer, an inéreése in the uptake of labelled vitamins dissolved in
the water by the pluteus, this conforming with the increasing need for

these compounds as the larvae grow.

An increase in the growth rate and 2 chorter time tc metamorphosic of
larvae in nature is importantAfor survival as it reduces the chance of
predation. Iin commercial mass culture systems this has considefable
importance as a shorter larval cycle might produce hegithier animals

and also allow an increase in the production turnover of post larvae

for stocking in grow out ponds.

The aim of the present study was to determine whether M. rosenbergii

larvae take up DOC in the form of *<%C-glycine, *%C-glucose and
exudates from phytoplankton. An attempt was also made to determine
the fate of the '94C-glycine absorbed by the larvae and its metabolic

significance, In the present study the uptake of vitamins was not

investigated.



MATERIALS AND METHODS

Animals

The larvae were reared in the facilities described in the section on

larval rearing. A1l investigations were conducted on late stage 2

larvae. For each series of experiments, larvae were counted, freeze-

dried and weighed so that DOC uptake could be calculated on a tissue

dry weight basis., L.

Throughout the uptakelekﬁe_nméhts the temperature was kept at 28°C

t1° C and the salinities at 12 °/,,.

Gut Clearance Time

Larvae were <fed with fish and artehia and examined under the migro-
scope at 3-minute time intervals for the first half-hour and at 15-

minute time intervals thereafter to determine how long it took for the

food to pass through the gqut of'ihe larvae.

Incubation Media

A1l glassware was sterilised by autoclaving at 120°C for 20 minutes.
For all experiments the larvae were placed in sterile-filtered (0,2 uM
Millipore), autoclaved wateﬁ (SFAW)Y at the appropriate temperature and
salinity. Before all experiments, the animals were transferred to 3L

. of SFAW for three hours. This was to aliow time for complete gut
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clearance. The larvae were theh rinced in fresh SFAW and transferred
to 200 ml of SFAW for about 13 minutes for a final rinsing before

transfer to the experimental containers,

For single-substrate experiments <(1-29C) glycine (54,2 mCi/mmol) and
U-22C) alucose (270 mCi/mmol) were added to the containers to qive the
required concentrations. Thé’glycine label was initially diltuted <o
that 100 ul of label contained 1 uCi of *2C-glycine. Thus, for
experiments conducted at 0,4 uM concentration 2,5 uCi or 250 ul were
added to 100m! SFAW. This can be calculated from the given specific
activity of the label (34,2 mCi/mmol. The calculations for the
glucose concentrations were made in the came way using the qiven

specific activity of 270 mCi‘/mmol.

For the algal exudate experiments, 2L of Phaecdactylum tricornutum at

a cell concentration of about 1 % 10% celle ml~? was labelled with
- 4040 uCi U-14C sodium bicarbonate +for 48 hours ;nd aerated in
¥1uorescent tight. The algae were then centrifuged for 10 minutes at
1300 rpm and the water poured out. The cells were rinsed and centri-
fuged three times with new SFAW before being finally suspended in one
titre of SFAW and allowed to stand for 24 hours in fluorescent 1light
whilst being aerated +of equation to take place, The cells were then
centrifuged at 8000 rpm for 15 minutes and the water rich in algal

exudates but free of algal cells was then used for the experiments.
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-

The amount and ratios of dissolved free amino acids were determined
for ~the exudates of an unlabelled culture of the same concentration.

Determination wacs done on a Beckman 114 HPLC.
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Time Course Experiments

Twenty-five larvae were placed in each corical flask labelléd with
-19C-glycine at 0,4 uM concentration for the glycine series, and with
19C-qlucose at 0,8 uM for the glucose series, Separate flasks of
larvae were terminated at timec 0, 30 minutes, 1 hour, 3 hours, 6
hours, 15 hours, 24 hours and 46'hqurs for the qlycine experiments and |
times 0, | hour, 2 hours, 4 hours, {2 hours, 18 hours and 24 hours for
the aqlucose series. A parallel time course experiment with *9C-

alycine for *2C0, production was performed at times 0, 1 hour,

3 hours, & hours, 15 houre and 24 hours,

Though it was not possible to calculate the molarity of the radio
label in the algal exudate experiments, the above experiments 4for
ticsue uptake at timee 1 hour, 3 hours, é hours, 13 hours and 24 hours

of labelled algal exudate was performed.

Al1 experiments weré carried out in triplicate,.

Meacsurement of *<4C0O; Production

To collect the '2C0, produced by the larvae, 50 larvae weré placed in
egch flask in 50 ml of SFAW with label at 0,4 uM concentration. In
the base of each flask a 5 ml qlass vial was fixed. One mi of 104 KOH
was pipetted into this vial. The system was sealed by a qreased
rubber bung through which a bent glass tube had been incerted. Tovthe

outside end of the glass tube, a piece of rubber tubing was fixed and
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closed with a clamp to seal the unit. A separate flask was used for

each determination.
All experiments were carried out in triplicate.

At a agiven time interval, 3 ml of concentratea HCL was 1injected
through the <closed rubber tubing down the bent glass tube into the
water containing the larvae. This effectively stopped the experiment
and disp]éced the '2C05 from the water by acidification. The <flask
was allowed to stand for about 18 hours during which time the 1<C0,
was absorbed by the KOH. The $lask was then opened, the KOH removed
and placéd in a scintillation vial containing { ml methanol and 10 m]
Beckman Ready éo]ve HP/b. The methanol was added to hreuent the
formation of & precipitate on addition of the <ccintillatien <fluid.
Manahan {1983), wusing a similar technique, recovered 93% of 14C0
produced. Blank runs without larvae were conducted as controls.

~-

. A )
Biochemical Fate of Aminc Acid Carbon

Using methods modified from Holland and Gébbott (1971>, homogenates of
tarvae were used to obtain extractions of protein and lipid fractions.
As it was difficult to obtain a fine homogenate for uniform sub-
sampling, it was decided that each test should be run separétely, in
triplicate,. Fifty larvae were used for each replicate, Analysis’was

done for larvae exposed for three hours and 24 hours in '9C-glycine.
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3 x 30 larvae were homogenised with chloroform, methanol and water
according to the method of‘Bligh and Dyer (1951) (Appendix 2.  This
method was explained in detail in the section on Lipids. Aftgr
.centrifuation at 5000 rpm, the chlproform containing the 1lipid was
rempved to a scintillation vial and the supernatent washed with the
came volume of chloroform wﬁich was added to the scintillation wvial

after centrifugation. The chloroform was then evaporated to dryness

under a stream of nitrogen.

Protein

2 x 50 larvae were homogeniced and taken through the process given in

Table 9.

Total Tizcsue Incorporation of Label

3 x 30 larvae were sampled at 3 hourcs and 24 hours and processed for
scintillation in the method given for preparation for scintillation
count. 1t was thus possible to subtract from these the protein and
lipid wvalues to obtain the TCA soluble fraction (i.e. carbohydratés
and Sméll molecular weight compounds). Knowing the amount of *49C0,
producéd for the two times it was thus possiﬁle to determiﬂe the fate

of '9C-glycine taken up by the larvae.
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TABLE ¢

Scheme for the determination of the percentage of '<C in the 1lipid,
prote;n and TCA soluble fra;tions of M. rosenbergii larvae,

LIPID PROTEIN : TOTAL

3 x 30 larvae 3 x 30 larvae 3 x 30 larvae

replicates replicates B replicates

Add 200 ul H»0 400 ul HL0 Add 500 ul Soluene 350
200 ul CHCi, Homogenise tissue sclubilise and
500 ul CHaOH 200 ul 15% TCA digest for 2 hours at

Eomogenise and shake Shake 1 min. Stand at 50<C.

for 1 min. Stand at 4<C 4=C 4or 10 min.
Centrifuge at 5000 rpm

fdd 200 ul CHCl1, - for 9 min., Remove all
Shake for 1 min supernatent. Wash ppt
' X 3 with 3500 ul 3% TCA
Add 200 ul H0 Centrifuging and

thake for 1 min.. removing each time.
Centrifuge 5000 rpm for Ppt = protein.

Z min. Remove al} Add 500 ul Soluene 350
CHC1, to scintillation Digest for 2 hours at
#141. Rinze %z 2 with s50=C,

new CHCls. Trancfer to
$ial. Evaporate CHCl,
with No. Add 500 ul
Soluene 350. Digest
‘or 2 hours at 50<C.

Kinetics of Glvcine Uptake

The aim was to determine the rate of uptake of glycine by 1arvée' in
substrates of different concentrations. These were chosen to be
4,2 uM, 0,4 uM, 1,0 uM, 2,0 uM and 4,0 uM of (1-190) g\yﬁine. Larvae
were prepared +or the exper{ments by the method explained above for
the time course experiments, Triplicate samples of 23 larvae were

placed for one hour in 100ml of substrate for each of the



concentrations to be tested. After the required time, the larvae were

removed and processed for scintillation counting.

Determination of Radioactivity in Larvae

Larvae resulting from each experiment were removed and washed in .a
40 uM sieve with 100 ul SFAW. They were then placed in a beaker

containing 100 ml SFAW at 28;b and allowed to stand for 10 - 15 mins.

This procedure was‘rebeated twice, each time larvae were thoroughly

washed in the cieve. . The larvae were then removed and placed on dry.
filter paper to remove any adherent fluid, then counted and placed in

scintillation vials. They were then digestea tor two hours at 30<C
with 1 ml of Tissue Solubiliser. (Soluene 350). After cooling, 10 ml

of Dimilume 30 scintillation fluid was added to each vial. All vials
were képt in darkness overnight prior to counting on a Packard TriCarb

4460 scintillation counter performing its own quench correction.

B /s

Knowing the total radioactivity of each sample, the number of larvae

in each sample, and the specific activity of the isotope, uptake rates
could be calculated as agrams 1“C-labeﬁed qlycine or glucose per

milligram dry weight tissue, Results were expressed on a perA
milligram tissue basis rather than on a per larva basis 196 as to

exclude wvariations resulting from individual weight variations in

larvae from different batches.



Oxvogen Consumption

Oxvgen consumption of the larvae was measured in a ..Gilson
respirometer. About 100 Tlarvae were placed in each of 12 reactioh‘
flasks in 25 ml of SFAW. In a side vial a piece of filter paper with
KOH was added to absorb COz produced. Temperature was maintained at
28 +0,5°C throughout the experiment. The prawns were not fed during
the test. The larvae were acélimatised for two hours 1in the
respirometer before readings were faken. At tihe zero, the <flasks
were closed and connected to a calibrated tube connected to a
container filled with fluid. As the oxygen was consumed and the CO2
absorbed by the KOH, fluid moved up the tube. Feadings were taken at

hourly intervals and the volume of oxygen consumed calculated.

After a seven hour experimental period, the larvae in each flask were

counted. Ac the dry weight per larva had been calculated by weighing

~

a number of freeze dried larvae at the start of the experiment, it was
-

ﬁoseible to calculate the uptake of oxygen in ul per mg dry weight

tissue.

Bacterial Control

To monitor the effect of bacteria on the uptake of labelled substrate,
a batch of larvae were preincubated in a solution containing 200 ppm
of Penbritin,> a wide-spectrum antibiotic for gram¥positiue and gram-'.
negative bacteria, The larvae were preincubated for 18 hours prior

to being placed iﬁ t4C-glycine labelled water at 0,4 uMt. The larvae
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were placed 1im label for six houre and 24 hourcs and processedb for

scintillation counting in the manner described above.

An  examination of about 100 larvae was performed on the scanning

electron microscope to determine whether there was a bacterial <flora

on the surface or on any part of the larvae. The larvae were fixed in

2% qgluteraldehyde, and dehydrated in alcohols after which they were

critical point dried with CO,. The samples were then mounted on stubs

and spatter ccated with a 30nm layer of gold/paladium {ratio 40:40),

The samples were examined at a magnification of.13 000 to give 2 um

images. The =urface of the laryae were, thus, cérefully examined for

bacteria.
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RESULTS

Gut Clearance Time

On average the food took about 10 minutes to move through the gqut from
the moment the larvae had been fed. In some fases, howéuer, it tﬁok
up to two houré to ctear the qut of any food ingested. 11 wae,

therefore, decided to allow 3 hours of éut clearance time in stefi1e

water before the larvae were used for any DOC uptake experiments,

Oxvaen Consumption

The oxygen consumption of M. rosenbergii larvae was calculated to be

10,15ul mg=* tissue hr~?! with a standard deviation of 0,73 for 11

replicates (Figure 23).

a) Time Courze for '2C-Glvcine Metabolism

Figure 26. shows the uptake and tissue incorporation of 1<C-
alycine for a 446 hour period. The concentration of larvae ysed was
generally between 0,5 and 1| larva ml~? water. A cé]culation, based on
the rate of uptake of substrate by the larva, reveals that the -to%ai
uptake over the longest experiments did not reduce the substrate
concentration by more than 3X. It ﬁay, there?oré; be assumed thaﬁ

substrate concentration never became limiting.
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The rate ot uptake and incorporation in the ftiscsue is fairly constant
for the first seven hours after which incorporation rapidly decreases
to almost zero. The rate of incorporation for the +irst five hours

was calculated at 354,74 pg *“C-glycine mg~?! tissue hr—t,

Figure 27 <chows the production of t*C0, over 24 hours. As  the
substrate wused was (1-1'9C) glycine, one molecule of subsirate will

produce one molecule of *2C0z. It was, therefore, possible to convert

all 19€C0; production walues to an equivalent of 19C~qlycine mg~-?

tissue hr—1?,

It 1ie important to note that, incstead of a decrease 1in cubstrate
uptake ac in the tissue incorporation recsults, there is, in fact, a
fairly sharp increase in the guantities of *<“C-glycine that is

taken

up by the larvae and metaboliced immediately to produce *<CO..

Figure 28 represents the combined wvalues for sdgstrate uptake
representing the té%al amgunt of '9C-qglycine absorbed by the larvae,
Table 10 lists the values for the combined uptake of cubstrate, the
rate of substrate uptake per hour and the percentage value which the
substrate uptake represents of the total energy requirement of the
larvae based on the following calculations. To metabolise 1lug of
amino acid lul of oxrygen is required <(Stephens, 1973). Since .the
larvae consume 10,15 ¢! oxvgen mg™?! tissue hr~?!, this can be converted
to a requirement of 10,15 ug amino acid mg~! tissue hr~?, The

following calculation can be made.



TIME
(HRS)

15

24

[(a]
8]

_ 102 x 740
740 pg substrate = = 00,0074
-10,15 x 10¢

where 1 ug =1 x 10% pg

TABLE 10

Total *4C-Glycine Uptake in Starved Animals.

TOTAL UPTAKE RATE UPTAKE/HR‘ % CONTRIBUTION TO
{In pa glycine mg~! tissue) ENERGY REQUIREMENT
740 740 0,007
37%4 1258 8,01
45842 30957 0,03
134434 5601 ' 0,66

-

Figure 29 represents the increase in the rate of uptake of aqlycine

wi th

7
time.
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Table 11 gives the biochemical fate of '°C-glvcine after absorption by

starved M. rosenberqii larvae.

TABLE 11

Biochemical Fate of *=*C-Gliycine.

- ' Metabolic Fraction

Time N pg **C-Blycine Percentage of
mg~?! tissue total uptake
3 Hour Lipid 128,30 3,40
Protein 526,68 13,96
TCA Soluble 198,71 5,26
C0> . 2920,00 77,38
Total Uptake 3773,6% 100,00
24 Hour Lipid 114,81 g.09
Protein 2770,43 2,18
TCA Soluble 708,42 0,33
€02 123740,00 97,18
Total Uptake 127333,464 100,00

bl Kinetics of Uptake

Figure 30 shows the uptake of glycine by larvae exposed to

substrate for one hour at concentrations of 0,23 0,4; 1,0; 2,0 and

4,0 uM solutions of *4C-glycine. The rate of uptake at 4 uM solution

is about three times that at 0,4 uM,

at which all the zbove experi-

ments were conducted.

34C-Glucose

Figure 31 shows the time-course of uptake and tissue incorporation of

(U-22C)-glucose by the larvae of M. rosenbergii. The same pattern is

seen here as with that of uptake and tissue incorporation of 1-*=0)-
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alrcine, The rate of incorporation is constant at 232 pg *#C-qglucose

mqQ=* tissuye hr—? for the first six hours after which it drops --sharply

to zero.

Algal Exudate

Figure -32 shows the time-cqyrse of uptake of 2*<C-labelled algal
exudates, The concentration of the substrate was not known, thus it
was not possible to determine the rate of uptake of labelled DOC by
the larvae in milligram of substrate. The rate of uptake was constant
for the duration of the experiment ana calculated to be 19,05 DPM
(decompositions per minute) mé“ tissue hr—3, The activity of the

water was determined at the start of the experiment to be 4386 DPM

ml~=? water (SD 125 DPM).

Table 12 1lizts  the amino acids and their concentrations in

1
Ja}
i

exudate sglution used for labelling experiments.

JABLE 12

Dissolued‘Free Amino Acids and their concentrations in a Phaeodactylum
triconutum exudate solution similar to the labelled exudate <solution
used +for DOC uptake experiments '

Alanine : 0,80uM
Arginine ! 0,79uM
Asparaqine : 1,30uM
Aspartic acid ! 1,01uM
Cystine : 1,74uM
Glycine : 0,40uM
Histidine H 0,446uM
Serine : 0,41uM

Total 4,71uM
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Antibiotic and Bacterial Control

Antibiotic experiments for six hours and 24 hours show a reduction in

uptake of glycine by about 35/ in both cases. ' N

Scanning electron microscope (SEM) examination showed that wvery few

bacteria adhere to the surface of the animals. No bacteria were found

on the carapace, abdomen and appendages (Figures 33 and 34, Only a

few bacteria, mainly rods, were found on some of the setae on the

telson and on the antenules of come of the larvae.



86

DISCUSSION

Though tﬁe uptake of dissolved orgah;c carbon in marine invertebrates
is now a well documented fact, doubt still remains concerning the
crustacea., Andercon and Stephens (1949) showed uptake of *“C-glycine
in a number of crustacea, However, when the animals had been
pretreated with antibiotics the uptake was reduced to insignificant
fevels, They concluded that the bacterial epiflora was responsible
for the removal of the labelled substrate and that there was no
evidence for the accumulation or assimilation of semall  organic
compoundé by the smallicrdstaceans examined, Castille et al (1979,
Lawrence (1973) and Lawrence et al (19733, using antibiotics in the
medium found tﬁat bacteria were the cause of most of the uptake of
labelled DOC in crustacea. Sorokin and Wyshkwarzev (1973), however,
reported the uptake, by small crustaceans, of labelled algal hydro-

Tvesates in the presence of streptomycin (100 masL),

Mitchison and Cummihé (1966) have shown that antibiotics can block the
mechanism of absorption of organic molecules by the membranes in <cea
urchin. Thie, theretfore, questions the validity of the resulte of
experiments where antibiotics have been used to eliminate the action

of bacteria and to demonstrate the impermeability of the animals to

dissolved organic compounds.

Pavillon and WYu Tan Tue {1981), using histoautoradiogaphic
determination, clearly demonstrated the uptake of DOC by the eags of

Artemia calina, Earlier, Pavillon et al (1980), by the same
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technigues, had shown that in 10 déy old Artemia marked substances had
penetrated into the intestinal wall. They state: "There is no doubt
that an active absorption of amino acids dissolved in the medium bw

the eggs and nauplii of Artemia occurs during the first 48 hours."

The examinaticn of larﬁae by scanning electron microscope has shown an
extremely limited epiflora of éacteria. This ceemz to conform to the
findings ot Aquacop (1%977b) who find bacteria growing on the larvae
only when thece become unhealthy. They do not report the precence of
bacteria on healthy larvae, 1t was, there+ore; considered  that

bacteria did not have a significant effect on the DOC uptake wvalues

during our experimentic.

In the =tudy of uptake of dissclved organic substances by marine

farvae, the selective abscorption of labelled zubetrate such as aming

acide, agluccze and fatty acids was examined (Pavilion, 1781). The

prevalent theory 1s that absorption can be due <i) to diffusion

through the ticsues, which is a purely physical phenomenan controlled
by differences 1in concentration (Figure 35a); or (ii} to active

transport by a carrier molecule (Figure 35b) (Stewart, 19793,
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FIGURE 33: Graphic representation of entry of solute molecules i:%

cells: a, diffusion - when the rate of transfer incrs
in a linear relationship with concentration; b, br
line, carrier transport alone; solid line, combina:x
of carrier transport and diffusion; this plot may
converted te one for carrier transport alone
substracting the diffusion component from the values
to draw the solid line; UVnax 1& the'maximal rate
tranzfer reached in the presence of a saturziiy
concentration of substrate and km is the subsir

concentration = */Mpax “from Stewart, 1979,

In the case of active transport the absorption of substrate anc

s
. TaR

saturation of carriers ic reminiscent of the law of Michaelis—Maninn

on the rate of enzymatic reaction {Stewart, 1979).

Fiqure 30, 1illustrating the kinetics of uptake ot '4C-glycins <t
different concentrations 1is wvery similar to Figure 33b suggesting

ik

carrier transport. It is possible that with concentrations higher

than 4,0 uM the rate of uptake would become saturated to a meximum

value. Figure 20, however, clearly illustrates that the absorpticn. cf

DOC - by the larvae of M. rosenberqgii involves a carrier f{ranszort
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mechanism which might work alone or in combination with & diffusion

proceces of uptake,

The results obtained for the time-course <study <for tissue in-.
corporation of !<C-qlycine and ‘“C—glﬁcose (Fiqures 246 and 31) are
very simiiar énd are characteriétic of active trancport. Saturation
starts intervening in both cases from about six hours,

It ie possible, though, that the process of uptake and tissue
incorporaticn of dissolved organic matter follows a more complex
process. Marine invertebrates are known to contain large pools of
free amino-acids (Stewart, 197%). Starvation may significantly affect

this pool., Fair and Sick <(1?82) in a five day starvation experiment

on M. rosenbergii intermoult adults, found a cignificant decreaze 1in
the concentraticne of all 4ree aminc acide in the serum of the prawn,
with the exception of qlvcine. Similarly, Shick {1973) found that, on
starvation, the level of most compconents of the free aminc acid pool

decreased, 1in the polyps of the coelenbrate Aurelia aurita, with the

exception of glycine, beta-alanine and taurine whose levels increased.

M. rosenbergii larvae are known to have a much higher metabolic rate
than the adults {Stephenszon and Knight, 1980; Nelson et al, 1977). As
recerves are small in the fast growing larvae (Stephenson and Knight,
19807, it is likely that the depletion of the free aminc acid pool, at
starvation, will be rapid. It is suggested here that the drop in
tissue incorpor%tion of glycine on starvation i¢ initially not due to
a saturation ppqgess'but is, rather, the result of the depletion of

the free amino acid pool. 1In the early stages, when the pool is still
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at 1ts normal level, protein synthesis, and as & result, labelled
glycine incorporation, can take place. As the amino acid pool becomes
depleted, protein synthesis take place at a de;re#éiﬁg rate uatil a
point 1s reached when there® are no more free amino acids available

with which the *#C-glycine can form proteins and tissue incorporation

no longer takes place,

It ic possible that a similar mechanism controls and limits the uptake

of glucose which is also seen to reach a saturation point (Figure 31).

This is cubstantiated bv the results obtained with the uptake of alnal
exudates (Figure 323, The total free amino acid concentration =zlone
was in excess of.é uM «Table 12), +ar above the 0,4 uM and 0,8 uM used
for the glyc@ne and nlucose experiments réspectiuely. Though it was
noet poscible to determine, within the scope of thesze experiments,
whitﬁ fractions of the exudates were labelled, it ic reasonable to
assume that it was not restricted to s zingle compound. It 1 also
ﬁeasonable to ascume that the uptake of DOC by the larvae was not
restricted to only a2 few compounds, but rather covered a wide range of
substances. The uptake of labelled compounds ‘was constant throughout
the experiment. The possibility that saturation had not taken place
by the end of the experiment because of the <carcity of come
substances was discarded. The free amino acid concentraticon in the
culture was in excess of 6.uM and the qlycine concentration was

0,4 uM, that at which the pure glyvcine experimentes were performed.
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The alliocation of '2C-glwvcins for recspiration increases  with
starvation from 77 of the total uptake at 3 hours to $7% at 24 hours.
Manahan (1983) +inds that 12,5 of the total gqlycine absorbed by

Craccotrea gigpaz wveliger larvae 1s recspired at 10 minutes and

increacses to 33,74 at 100 minutss. ~ Shick ©1973) also +finds *2C0;

production of Aurelia aurita poiypz in *9C-glycine enriched medium is,

in starved animzls, double thaé =7 non-starved polyps. Schlichter
{1973) found that 80X of the glrtine and serine taken up by Anemonia
culcata was respired by the animsl. Schiichter (1975) {found that
glucose was repidly respired, with anly about 107 of the total glucese
absorbed being incorporated in the tissue.”

With starvation, the rate of upisle of qlvcine for respiration (Figure

27y and thus, the total rais of uztake (Figure 28) increasecs i

N

the

pua |

i

larvae of M., rozenberqii, Tha rate of increacse, however, appears {o

be constant (Figure 2%}, Thevz results differ from those of Manahan
(1983 and Shick <1973, Snizx (1973) found that the total

rate of

uptake of glvcine by Aureiis zrcita polyps did not change with

starvation. Marzhan (1983), on ~“he other hand, found that the total

uptake of glycine by Crassgt7mia gigas larvae dropped from 4,23

paslarvasminutes at 10 minutes suposure to 2,83 pg/larvasminute at 100
minutes in the pediveligers &ni from 2,56 pg/farva/minute at 10
minutes to 2,67 pao/larva/minuis 2t 100 minutes in wveligers. Other
similar information is not availablie in the literature, As all these
experiments Were run iﬁ dif%erenf :unditfons, it is difficult to draw
comparative conciusidns from thel- differences in rates of uptake with

starvation. Qur resulte, howsvar, seem to indicate that, with



starvation, the mechanism for the uptake of discolved organic

compounds 1s activated and becomes increasingly important with

increasing starvation,

Lee and Bada (1977) estimate the dizssolved free amino acid (DF@A)
concentration in the open ocean to be 0,4 uM, but that of coacstal
waters, which are similar to estuarine waters, to be ten times higher,
Hobbie et al (1%9é48) report a DFAAR concentration in the York River
estuxry, Virginia, to be about 0,4 uM. Crawford et al {1974) reported
similar concentration of DFA& in the Pamlico River estuary, MNorth
Carolina. The DFAA, however, were only about 0,24 of the total
dissolved organic carbon in the water. Stephens (1947 reports a DFAA
concentration of between 10 - 100 uM in inshore waters. .It ceems,
ther=tore, that the OFA& in inshore and estuarine systemse haz =2

=

considerable range of concentrations.

The glvcine uptake experiments were performed at & concentration o+
-0,4 uM, fhe kinetics experiment (Figure Bﬁ) showed that at 4 uM the
rate of uptake and incorporation of glycine was three times as high.
The algal exudate uptake experiments, performed at a DFAQ"concen-
tration in excess of & uM showed a constant rate of uptake of label
throughout the experiment. Glycine is only one of the many small
molecular weight compounds in solution in sea and estuarine waters.
Other compounds include hormones, vitémines, pierines, peptides, fatty
acids and amino acids {Pavillon, 1974b). Many of these compounds are
independently transported and ‘assimilated by marine invertebrates

(Stewart, 1979). Though the energy value of glvcine absorbed by the
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tarvae of M. rosenbergii at 0,4 uM concentration ic verv small {Table

10), it is poscible that the combined contribution from the uptake and
metabolism of 3 broad spectrum of dissolved organic compounds, which

would be found in thg natural watere of ectuaries where M. rosenberqii

larvae grow, and 1in the algal rich larval culture systems 1in

M. rosenbergii hatcheries, could make a greater contribution to the

larval energetice than ic indicated by the results shown here.

In conclusion, this work hac clearly demoncstrated that a2 mechanism for

uptake of DOC by the larvae of M. rosenbergii exists. At this stage,

it appears that the energy value of the 'DOC for the nutrition of
larvae 1i¢ zmall, Howewer, wvitamins and other compounds may play a
significant role as growth factore promoting larval development. This
may¥, also, be the case in the reports by Maddox and Manzi (197&) and
Manzi and Maddox who <chow that alaal supplemente cignificantly
increace larval survival and growth rates 1n the larvae af

M. rosenberqgii.
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Figure 25: The oxygen consumption of LS2 larvae. R2=D,97.
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Figure 26: Time course of 14C-—glycine uptake and tissue incorporation of label ' on
4
C-glycine concentration = 0,4 uM.All data points are mean : S.D.

for n = 3,
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Figure 28: Total 14C-glycine uptake by larvae combining the
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Figure 29: Increase in the rate of total uptake of 14C-glycine in

larvae.Correlation coefficient R2 = (0,98,
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Figure 31: Time course of 14C-g1ucose uptake and tissue

incorporation of 1abel.14C-g1ucose concentration

= 0,8 uM.All data points are mean z S.0. for
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Figure 32: Time course of 14C-labelled algal exudate uptake and
tissue incorporation.Exudate concentration was hot

determined.All data points are mean *+ S.0. for n = 3.
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GENERAL CONCLUSION

In this sfdd}, an atiempt has béen made to determine ”whether

phrtoplankton has a nuiritive value for ﬁhe larvae of M. rosenbergii.

The study o% the lipids during the larval cycle has shown that there
are no siagnificant differences in the compositon of the lipid <classes
and the fatty acids of the 1§ruae, whether these larvae were reared i;
“areen Qater" or in clear water, A reasoﬁ for this could be that the
lipid content of the 4+s2d given to the larvae, mainly in the Artemia
salina instar 1 naupltii (19 - 23% o+lthe dry weight (Benvte et al,
197322 is so high that thesze dominate the compocsition of the larval
lipide. This would be in accordance.with the findings of Sandifer and

Joseph ©1974) who showsd that the fatty acid composition of juvenile

M. rosenberaii changed with that of the diet. It was, therefore,

concluded that 'phytaplankton had no significant effect on the

composition of lipids in M. rosenberqii larvae.

‘In the study on the role of dissolved organic substances, it was shown -
that a mechanism for the uptake 94 these substancec does exist in the
prawn larvae, It was z1=0 shown, however, that the dissolved organic
compounds are not of mzjor importance as a source of energyr in the
nutrition of the larvas. The possibility that algal exudates act as
growth factors and that these have a qualitative rather than a

quantitative value in ihe nutrition has been discussed.

The nutritional role of phytopliankton in the culture of M. rosenbergii

larvae remains unclear. On the basis of the present study one can
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conclude that phytoplankton and its exudates are not an important

energy source for these larvae, At this stage, however, one cannot
discard the possibility that phrtoplankton may play some type of more

specific role in the nutrition of larvae, particularly where vitamins

and hormones are concerned,.  Very little work has been done in this

field, and that mainly on Artemia, Euphénsia krohnii and the urchin

Arbacia lixula nauplii ad pluteus larvae <(Pavillon, 1978a; 197éb;
1977).

Toe determine the QPéCiSE extent to which phytoplankton may have

nutritional importance for the larvae of M, rocenbergii, future

research will have to be directed at determining the role that the DOC

{in particular vitamins ahd hormones?, play in the growth, development

and energetics of the larvae and in the enhancement of food ascsimi-

lation these components might provide. Research should be directed

towards 1identifying <cpecific compounds in algal exudates and their

action on the larvae.
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APPENDIX 1

MICROAMALYTICAL QUANTIFICATION OF TISSUE LIPIDS
{Holland and Gabbot, 1%71)

2 - 3 mg of the ¥reeze-dried sampie was weighed and homogenised in an
all-glass homogeniser with 100 ul distilled water. This was trans-
ferred to a small Pyrex test tube. The homogeniser was rinsed Qith
100 ul water which was added to the contents of the test tube. 3 509
ul methanol and 250 ul chloroform were added to the test tube, mixed
thoroughly and allowed to stand at 4° C for 10 minutes. The sample
was then centrifuged at 800 g for 10 minutes and the supernatent

collected and trancferred to a clean Pyrex tube,.

250 ul chlorcform and 250 ul water were added to the supernatent and
the contents of the tube well mixed and allowed to stand at 4= C for
five minutes after which it was centrifuged for 10 minutes at 800 g

The btottom phase consisting of chloro¥orﬁ and dissolved 1lipids was

transferred to-a clean tube and evaporated to dryvnezs with a flaw of

Nz gas, 500 ul of chioroform was then added to the lipid residue and

mixed thorocughly,

1) Total Lipid Content : 3 x 50 ul aliquots of the chloroform/lipid

mixture were placed in small Pyrex test tubes and evaporated to

dryness with a flow of N,.

11> Meutral Lipid Content : To the remainder ¢330 ul), 300 ul chloro-

form was added together with about 10 mg of activated silicic



acid. This was well shaken and allowed to stand for 15 minutes

at 4= C. The silicic acid absorbed a1l the phospholipids leaving

the nzutral lipids in solution in the chloroform. The tube was

then centrifuged at 800 g for 15 minutes and 3 % 200 ul aliquots

of the chloroform were placed in small Pyrex test tubes and

evaporated to dryness with N, gas,

Lipid Determination

Standards : 5, 10, 20 and 40ug tripalmitin in S0ul chloroform. AIll

standards tested in triplicate.

To each total lipid, neutral lipid and ztandard replicate were added :

500 ul aR. Ho504 which wacs well mixed and heated for 15 minutes at

200= C, The tubes were then cooled in water. 1,5 ul Hz0 was then

added, mixed well and cocled. This wac then read on a Beckman 25

4

spectrophotometer 2t 375 nm in & 2 cm cuvette,

=

The values for the standards were measured and plotted against
concentraticn on graph péﬁer and the zample spectrophotometric values

could thus be read on the agraph and the corresponding lipid

concentrations obtained, ,Thué, the quantity of tetal and neutral

1ipids in the original sample could be calculated.



APPENDIX 2

TOTAL LIPID EXTRACTION
(Bligh and Dyer, 1959)

2 - 3 grams of a frozen sample were tranferred to a glass homogenising

tube to which water, chloroform and methanol werz added in the
following volumes - ;3 4 ml HaD : 3 ml chlorofofm : 10 m1 methanol. The
sample was then homogenized under a nitrogen atmosphere for 2 =~ 3
minutes or until 1t was completely homogenized. In ihe above propor-
tions the =olvents are totally miscible, S ml of chlioroform wés then
added and mixed for about 30 seconds, aaqain under & nitrogen atmos-
phere, Finélly, S ml of water was added and mixed for a further 30
ceconds, The tube was then centrifuged for 10 minutes at 1900 rpﬁ.
In the new oproportionz the liguids are no longer miszcible and  the
chloroform will separate from the water and methanci mixture. The
chloroform sinks to form the supernatent of the biphaszic mixture. The
total lipids, at that stage are dissolvea from Ehe tissue intov the

chloroform and the methancl/water a protein rich scum accumulates on -

centrifucation,

The chloroform wacs then pipetted ocut and transferred to a vial for
storage, An equal amount of chloroform was again acdded to the water
and methanol, mixed well and centrifuged again at 1500 rpm for 10
minutes, The chloroform, which contained any residual lipids left in
the protein scum, was then added to the first <chiorcform extract,
This was ewvaporated with nitrogen gas to remove any traces of water

and redissolved in chloroform and stored at ~-i3° C in amber vials in a
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nitrogen atmocsphere to prevent oxidation of the 1ipids. #Anhvdrous
silicic acid was added to the vials to remove any trace of moisture

from the sample.
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APPENDIX 3

THIN LAYER CHROMATOGRAPHY

The TLC platec have a 0,25 mm thick layer of silica gel absorbent

spread evenly on the glass. The brand ucsed was Merck 20 cm % 20 cm

A

plates, The lipid extracts to be analysed were applied as S mm x | mm
bands about 2 com {from the lower edge of the chromatoplate (the

"grigin") wusing a Camag Linomat III spot applicator. The individual

&

bands were | cm apart and the two ocutermost bands at the origin were 2

cm from the edges of the plates.

The plates were then placed in a clesed chromatography tank filled

with developing solvent to a depth of about 1 cm. The <colvent was

placed 1in the chamber at least one hour befcre the immersion of the
,chromatoplate to allow saturation of the atmosphere in the chamber

with solvent, This is necessary to snsure uniform migration of the

zolvent on the-plates.

The =olvent used was a mixture of petraleum ether : diethyl ether

acetic acid in the proportions 920:10:1 v/v/v, This mixture is used

specifically for the migration and separation of neuiral lipids.

The developing solvent was then allawed to rise until it reached 3

4 ¢cm {from the top edge of the plate for the firet development, The

plates were then removed, air dried and replaced in the chamber for a

second migration {second devalopment) to obtain a better zeparation of
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the lipids. The developing solvent carries the compounds present in
thef lipid {raction uyp with it as it migrates wup the plate, The
different 1lipid fractions will stop migrating wup tﬁe plate at
different positions on the plate. this distance depends on the
chemical structure of the compounds and its polarity and on the
compositidn ot the developing solvent. in this way differenf lipid
classes move %o different levels to form "spots" or "bands”. The
compounds are usually colourless, thus the chromatoplates are finely
and uniformly spraved with a special rsagent in order to detect the
spots, In the present case 40¥ HyS50. was used and heated to 180° °C
for 'about 135 minutes to char the lipids leaving a series of 'brown
carbon bands on the plates (Plate 1. The lipids should never be
heated to more than 200° C on the chromoplates to auoid loss by

evaporation (Privett, 1943),

The spots represented the different lipid compounds that had migrated
up the plates. For the identification o% these compounds, cocktail
wae applied to/;he chromatoplates when the lipid camples were applied.
The individual lipids in the cocktail hzd been previously tested for
migration peeition. Thus the different lipid fractioﬁs 15 the samples
could be identified by comparison of migration disfance from the

origin,

Duantitafiue analysis of the lipid spots was done by
photodensitometric measurement of transmitted light using a Mitatron
TOL 100 Uniwersal Densitometer using tungsten light and a beam 0,1mm

in diameter. The incstrument was adjusted soc that it gave a reading of



100% transmissicn when.the light was passed through the plate between
the spots and zero percent transmiésion when the shutter in front of
the photocell was closed. The passage~o+ each spot over the slit gave
a peak of opiical density values (Privett, 1943, An integrator

attached to thz dencsitometer calculated the area of each peak allowing

percentage valuss for the different lipid clazses in each zample to be

calculated.

[~
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APPEMDIX 4

METHYLATION OF LIPIDS
{Morricon and Smith, 19447

The methylation of }ipids was carried out as follows:

1. An aliquot of lipid in chloroform for each samale was evaporated

to dryness under nitrogen in a screw-cap tube,

2. 230 ul of Barcn trifluoride methanol (20%) wae zided to the lipid
in each tube and boiled in a closed container watzr hath for 90

minutes.

)

. The tubes were then cooled and 240 ul of besrnzene plus 250 ul

methanol added. This wa< again boiled for a furihszr 20 minutes and

then cooled,

p
4, 3,6 ml pentane plus 0,71 ml Hz0 ¢3:1) was zc=2d to each  tube
which was then shaksn and refrigerated overnight. 7az fubes were then
centrifuged and the <supernatent containing the “aity acid methyl

esters and the dimethylacetates removed and evapciraizd to dryness.
The residues were then dissolved in hexane and stores “sr GC  analysic

in amber vials at -13° C in a nitrogen atmosphere,



APPENDIX 3

345 CHROMATOGRAPHY

Chromatography is a general term for separation procecsses in which the
comporents of a mixture are rebetitively equilibrated between two
phases; ‘normally one of these phases ic fixed or stationaryl and the
other is mcbile; This is the case with thin layer chromatography
(TLC} where the stationary phase is the siiica gel +ilm placed,
uéua}iy, on a glass plate. The mobile phase i¢ the developing solvent
mixture, |

¢

In gas chromatography where the mobile phace 13 2 gas, either & liguid
or 3 gnlid can be used as the stationary phass, Thie hazs led to the

term "gas-liquid partition chromatocQraphy", shortened in  medern

literature to "Gas-chromatagraphy" or GC.

In the GC process the stationary phase iz con%ined'to a long tube, the
éolumn, in whiéh it exists a¢ a thin film that is either distributed
aﬁer an  "inert® gﬁénular support fpacked columnz) or supported as a
thin coating on the inner surface 6§ the c¢olumn <C(the =o-called
capiilary columns). The column, which begins at the inlet of the GC
and terminates at its detector, 1is adjusted tc 2 suitable temperature
and ic continuously swept with the mchile gaz ghase <(carrier gas),
usually nitrogen. When a mixture of wolatile camponents is introduced
in the inlet, each constituent is carried towzrd the detecter by the

stream of carrier gas. The molecules of these components that are

1
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more easily soluble in or exhibit <ctronger affinities for the
stationary 1liquid phase require a longer period of timz to reach the
detsctor than do components that are lesc stronqgly oriesizd toward the

ligquid phasze, Separation is thus achieved.

A compound in a ;olumn will, therefore, spend some of 1%i{z time in.the
liguid ctationary phase and the rest in the gas phase, =zach substance
having a differsnt equilibrium constant which is gouwerned DBy the
comoound, the liguid phace and its atfinity with the compound, and the
temperature of the column. Liquid phases are classifisd according to
their polarity : the most polar liquids are capable of 4orming strong
hvdrogen bands, while the ieast polar can interact cniv by +orming

wealk Yan der Waal ‘s band

1)

2wein and Sherma, 1972). Compounds to be

[

nalvsed can al:

s

—~+
-
[

o be classidf

w
W
n

d in the same wav. Thuz ligquid phasee
wirich are similtar to the components retard theze components compared
te liquid phases which sre not similar. Thus, cerizin columns are

coated with specific

ubstances for the work thev are cesigned to do.”
The columns designed for fatty acid methyl ester analvzics are coated

with polyesters (Jdweiq and Sherma, 17727, -

Thouoh constitusnts of 3 limited Noiling point range <zn usually be
investigated wunder isothermal gperating conditions whsre the highest
separation efficiencies are normally realised {Jenningz, 1?80), better
resolution at the Yow end and facter elution at the higher end is
obtained if tempsrature ié proaressively increased, Jor midtures of

wide boiling ranges, Temperature programming combines the benefit of

the improved separations at lower column temperatures with the advan-
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- tage that the detector receives each solute as a sharp, narrow burst.
At the beginning of the program, the column température is low; lower-
boiling components separate and are carried by the gas,. whilst
intermediate-boiling components moue'uery siowly uz the column in the
liquid phase, and the highér-boiling components stay behind.

As the temperatures increése the intzrmediate boili:g compounds beqin
the chromatographic process o; separation and +#iraiiy the higher-
boiling components undergovthe partitioning process. bty which time the
earlier compounds have a]rFady passed through the :Ziumn and reached
the detector. Thus pulses of. substances reéch tix detector giving

sharp, narrow peaks of high concentration zilowing better

identification and quantificztion of the substances ¢Jenping, 1980).

The detector used is generally a flame ionization =vsai

pg - I

ot
0
=

Identification of peaks is cone by inject{ng known “:-ztances into the
column at a paﬁticular temperature programme. Thz r=ziative retention
time of these substances (i.2, the iime for these - :-ztances to reach
the detector) are recorde:, The zeaks observed --tm a2 mixture of

-

substances can thus be iden:itied from these stand:a-: peaks and quan-

tities calculated by an integgrator calculating the .- zas of the peaks.
Thus, the pércentage of each peak in a mixture canm " : caiéﬁlated.
Goodf reviews'_qn Bas Chroma:izgraphy are given in .:~nipngs (1980) ‘and

Zweig and Sherma (1972).
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