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THE USE OF LIPID EMULSIONS AS CARRIERS FOR ESSENTIAL FATTY ACIDS IN 
BIVALVES: A TEST CASE WITH JUVENILE PLACOPECTEN MAGELLANICUS
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A BST RA C T  Although information on bivalve nutrition is still very scarce, several studies have demonstrated the importance of 
lipids, in particular triglycerides, as a source of energy and essential fatty acids in the early life stages. Experimental diets used so far 
to studv bivalve nutrition either heavily pollute the water or are too complex to prepare in a hatchery. The potential use of lipid 
emulsions as off-the-shelf supplements was evaluated through the analytical verification of the ingestion and incorporation of n-3 
highly unsaturated fatty acids (HUFA) by the juvenile sea scallop Placopecten magellanicus fed lipid emulsions of different fatty acid 
composition as a supplement to Isochrysis sp. (clone T-Iso). The average lipid content in the scallops fed the lipid supplements was 
20% higher compared with that in the control fed algae only (3.29 ± 0 .1 6  versus 2.75% of dry weight, respectively). Changes in the 
fatty acid composition, in particular of n-3 HUFA. were demonstrated in total lipids, polar lipids, and triglycerides of juvenile sea 
scallops supplemented with lipid emulsions on the basis of ethyl ester concentrates of n-3 HUFA and were dependent on the level and 
proportion of 20:5n-3 and 22:6n-3 present in the emulsion. The effective incorporation of essential fatty acids from lipid emulsions 
indicated that the supplementation of lipid emulsions to live algae may improve and standardize the dietary supply of lipids and fatty 
acids in hatchery production of bivalves.
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INTRODUCTION

Rearing bivalves in com m ercial system s has so far relied on the 
production and use o f  selected species o f  unicellular m arine algae. 
D espite the grow ing  know ledge o f the effects o f  environm ental 
conditions, d isease, and genetic background, the success o f  com 
m ercial hatchery  cu ltures rem ains highlÿ'-unpredictable. M ortali
ties are often attributed  to  deficiencies in certain nutritionally im
portant com ponents. A lthough inform ation on bivalve nutrition is 
still very scarce , several studies have dem onstrated the importance 
o f lipid quantity  and qua lity , particularly  triglycerides, in early life 
stages as a source  o f  energy  and essential fatty acids (Helm  et al. 
1973, H olland  and S pencer, 1973, W aldock and N ascim ento 
1979, G allager and M ann 1986, G allager et a l. 1986). A require
ment for the  n-3 h igh ly  unsaturated fatty acids (H U FA ), eicosa- 
pentaenoic acid (E PA ; 20 :5n-3 ), and docosahexaenoic acid (DHA; 
22:6n-3), has been dem onstrated  for juvenile  oysters (Langdon 
and W aldock 1981), and recent studies evaluating changes in fatty 
acid com position during  larval developm ent appear to confirm  this 
for larval b ivalves (H elm  et a l. 1991, M arty et al. 1992).

The im portance o f  lipids for larval developm ent has encour
aged the developm ent o f  artificial diets that provide specific lipid 
supplem ents during  broodstock  conditioning and larval rearing. 
Experim ental d ie ts  used  so far in b ivalve nutrition studies, such as 
mixed d iets (T rid er and Castell 1980), liposom es (Parker and Se- 
livonchick  1986) and m icrocapsu les (Langdon and W aldock 
1981), e ither heav ily  pollu te  the w ater o r  are too com plex to pre
pare on a reg u la r  basis in a hatchery. Lipid m icrospheres that are 
easily p repared  by  sonication  o f  an oil m ixture with lecithin and

vitam in  E  have been proposed as a nutritional supplem ent for 
oyster conditioning (Robinson 1992a, Robinson 1992b, H eras et 
al. 1994). Self-em ulsifying concentrates o f  m arine o ils , w hich are 
w idely used in fish hatcheries to enrich filter-feeding prey organ
ism s like A rtem ia  and rotifers with n-3 HUFA (S orgeloos and 
L éger 1992), are off-the-shelf lipid supplem ents that m ay also be 
acceptable for bivalves. Previous work has dem onstrated the p o 
tential use o f  these lipid em ulsions as a supplem ent fo r the larval 
bivalves M ercenaria m ercenaria  and O strea edulis  (Coutteau et 
al. 1994a). This study aim ed at the analytical verification o f  the 
ingestion and incorporation o f the fatty acids supplied through 
lipid em ulsions o f  d ifferent n-3 H U FA  content by  juven ile  P la 
copecten magellanicus.

MATERIALS AND METHODS

Juvenile sea scallops, P. magellanicus, were supplied  by Fish
eries Resource D evelopm ent Ltd. (Sandy Cove, N ova Scotia) and 
A ndré M allet (M allet A ssociates, Halifax, N ova Scotia). The seed 
originated from  stocks kept in a field nursery. D uring a period o f 
2 d , the anim als w ere acclim ated gradually to the  experim ental 
tem perature (14-15°C ) and fed Isochrysis  sp. (clone T -Iso). Ini
tially, 3 .5  g o f scallops o f  approxim ately the sam e size (average 
live w eight, 32.7 m g) w ere stocked per cu lture un it. T h e  latter 
consisted o f  a  sm all lantern net suspended in a bucket containing 
25 1 o f  filtered (using cartridge filters with pore sizes o f  5 and I 
p,m) seaw ater that was renew ed daily. Each bucket w as aerated 
with an airstone to  prevent the food from  settling. A fter 17 d  o f 
feeding on the experim ental diets, scallops were starved  overnight
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in filtered seaw ater, rinsed  w ith distilled water, and stored at 
- 2 2 ° C  for biochem ical analysis.

Isochrysis sp. (clone T-Iso), which was selected as the algal 
control diet, was grow n in 10-1 batch culture with F/2 (Guillard) 
medium and harvested in the exponential phase. The scallops were 
fed an initial w eight-specific daily ration o f 0 .88%  (dry algae per 
initial wet seed biom ass), which was administered over two feed
ings per day. T he latter ration m aintained algal concentration in 
the cultures above 15-20  cells p.1- 1 . Rations were adjusted and 
the biomass was restocked after 6 d  o f culture in order to feed 
approximately constant weight-specific daily rations throughout 
the experim ent (Urban et al. 1983). Algal rations were based on a 
dry weight o f  13.8 ±  0 .6  pg c e ll“ 1 (mean and standard deviation 
from  analysis o f  four cultures) for Isochrysis sp. (clone T-Iso), 
determined according to the m ethod described by Coutteau et al. 
(1994b). L ipid em ulsions w ere added simultaneously with the al
gae to give 0 .2%  lipid supplem entation per initial wet scallop 
biomass. T he experim ental lipid emulsions (prepared by INVE 
Aquaculture N .V .-S .A ., Belgium ) contained, on a wet weight 
basis, 50% lipid, liposoluble v itam ins (0.013%  vitam in D3, 0.32%  
vitamin E, 0 .08%  ascorbyl palm itate, 0.18%  vitamin A), emulsi
fiers, preservatives, antioxidants, and water. Lipid consisted of 
either coconut oil (EmO, control em ulsion lacking HUFA) or ethyl 
ester concentrates o f  m arine oils (Em50E and Em 50D, approxi
mately 50% 2  n-3H U FA , prim arily EPA and DHA, respectively).

Lipids w ere extracted from  whole anim als (40-50  per extrac
tion), algae (four independent samples in the course o f the exper
iment), and em ulsions w ith a m ixture o f chloroform:methanol (2:1 
v/v) (Folch et al. 1957). Total lipid contents were determined 
gravim etrically after exhaustive removal o f  the solvent from the 
lipid extract. L ipid classes were separated by preparative thin- 
layer chrom atography on silica gel plates with hexaneidiethyl 
ether:acetic acid (85:15:1), and fatty acid methyl esters (FAME) 
were prepared from  total lipids, total polar lipids, and triglycerides 
by transestérification with 7%  BF3-methanoI:benzene (1:1 v/v) 
(Napolitano and Ackm an 1993). Separation o f the FAME was 
carried out on a Perkin-E lm er M odel 8420 GC equipped with a 
flame ionization detector (FID) and an OM EGAW AX-10 flexible 
fused silica capillary colum n (30 m x  0.32 mm inner diameter) 
(Napolitano and A ckm an, 1993). Relative areas were converted to 
weight percent am ounts o f fatty acids by correcting for the FAM E 
FID  responses (Ackm an and Eaton 1978). Quantitative data (mil
ligrams o f fatty acid per gram  o f dry weight, mg/g DW ) were 
obtained by adding 10% o f 23:0 as internal standard before the 
transestérification o f  total lipids and by using the following equa
tion:

. a  rea fa
mgFA • (g D W ) = -----------

areai 3;0
mg 23:0 

L

TL 
CF  • 100

a DHA/EPA ratio of, respectively, 0 .7  and 5.8. The coconut-oil 
based em ulsion EmO contained 90%  saturated fatty acids o f which 
nearly 55%  was 12:0 (Table 1).

Scallops that were starved for 17 d did not show any increase 
in wet weight and exhibited higher ash content and lower lipid 
content com pared with the fed ones (Table 2). The average lipid 
content in the lipid-supplem ented treatments was 20% higher com 
pared w ith that in the control fed algae only (3.29 ±  0 .16  versus 
2.75%  o f dry w eight, respectively), whereas dry weight and ash 
content for all fed treatm ents were sim ilar (in the range o f  4 4 .9 -  
47.8%  and 8 2 .2 -8 5 .7 % , respectively).

The proportions o f  monoenoic fatty acids increased during star
vation, m ainly because o f an increase o f 20:T (Table 3). A  de
crease o f n-3 fatty acids could mainly be attributed to the decrease 
o f  18:3n-3 and particularly 18:4n-3, which was abundant in the 
initial scallops. S tarved scallops selectively retained n-3 HU FA 
with C  >  20, in particular 22:6n-3, and n-6 HUFA, especially 
20:4n-6, whereas the  proportion o f n-3 HUFA with 20 C , primar-

TABLE 1.

Fatty acid composition (weight % of total fatty acids) of the iipid 
emulsions and Isochrysis sp. (clone T-Iso).

with TL, total lipid sam ple (%DW ); L , amount o f lipid used for 
FAM E preparation (g); CF, 1.04, correction factor for the con
version o f  fatty acids in FA M E. Subsamples of scallops were dried 
at 70°C for 36 h to obtain the dry matter and then heated to 450°C 
for 4  h to obtain the ash weight. Organic m atter was calculated 
from  the difference betw een dry matter and ash.

RESULTS

Isochrysis sp. (clone T -lso) exhibited an average n-3 HUFA 
content o f  14.0%  with a DH A/EPA ratio o f 17.8. The emulsions 
Em50E and Em 50D contained approximately 50% n-3 HUFA with

Fatty acid EmO EmSOE Em50D ISO*

12:0 54.5 __ . 0.2 0 . Í

TMTD — — _ _ 0.3
14:0 19.3 0.3 0.9 22.8
16:0 13.2 3.1 16.2 8.0
16:ln-9 — 1.3 1.8 0.3
16:ln-7 — _ _ 3.7
18:0 3.0 4.1 1.1 0.2
18:ln-9 7.8 11.2 16.4 9.4
l8:ln-7 0.1 1.4 1.2
18:2n-6 1.9 2.4 6.4
18:3n-3 — 0.4 7.0
18:4n-3 — 0.6 13.4
20:ln-ll — _ 3.0
20:ln-9 0 .1 3.4 0.3
20:ln-5 — _ . —

20:2n-6 — 3.7 4.1 0.1
20:4n-6 — 0.3 0.2
20:4n-3 — 0.1 _

20:5n-3 6.4 0.7
21:5n-3 — 0.9 0.5
22:2NMID — _ _ 1-4
22:ln-l 1 + n-13 — — —

22:5n-6 — 1.3 2.9
22:5n-3 — 2.9 0.7
22:6n-3 — 37.5 12.1
24:ln-9 — 2.5 _

2  saturated 90.0 18.3 32.9
2  monoenoic 8.1 22.2 17.9
2  polyenoic 1.9 59.3 47.5
2  n-3HUFA** 0 47.9 14.0
DHA/EPA — 5.8 17.8

Minor components identified (<1%) and not included in the table are 
Iso-I5:0; Ant-15:0; 15:0; Iso-16:0; Ant-16:0; 7-methyl-hexadecanoic acid; 
l6:ln-5; I6:2n-6; 16:2n-4; 16:3n-4; i6:3n-3; 16:4n-1 ; 17:0 + phytanic 
(3,7,11,14-tetramethylhexadecanoic) acid; 18:2n-4; 18:3n-6; 18:3n-4; 
18:4n-l; 20:0; 20:ln-7; 20:2NMID; 20:3n-6; 20:3n-4; 20:3n-3; 22:0; 22:ln- 
9; 22:in-7; 22:ln-5; 22:4n-6; 22:4n-3.
* Average values from analysis of four cultures.
** &20:3n-3.
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TABLE 2.

Average individual wet weight (WW) and composition of juvenile P. magellanicus at the sta rt of the experim ent and after 17 d of starvation
or feeding on various diets.

Treatment
Average WW 

(mg ind-1)
Dry Weight 

(% WW)
Ash 

(%  DW)
Total Lipid 

(%  DW)

Initial 32.7 45.7 ND 2.01
After 17 d of culture

Starved 33.0 44.0 88.5 1.23
ISO 47.5 46.1 82.9 2.75
ISO + EmO 54.1 45.7 85.7 3.46
ISO + Em50E 53.9 47.8 82.2 3.14
ISO +  Em50D 57.0 44.9 82.7 3.27

DW, dry weight; ND, not determined.

ily 20:5n-3, decreased. Com pared with the initial fatty acid com 
position, scallops fed Isochrysis  show ed an increased proportion 
of certain m onoenoic fatty acids that w ere also abundant in the 
alga, i.e ., 16;ln -7  and 18:ln -9 , w hereas the  relatively high 20: 
ln -1 1 content in the algae did not affect that o f  the scallops (Table 
3). The change o f  the H U FA  content in total lipids after the ad
aptation to the Isochrysis  d iet reflected the H U FA  com position of 
the alga, i .e .,  a predom inance o f  22:6n-3 and a strongly reduced 
content in 2Q:5n-3.

The supplem entation o f  the em ulsion EmO, despite its high 
content in 12:0, resulted in the presence o f  only 1% o f  12:0 in the 
total lipids (Table 3). The proportion o f  total n-3 H U FA  decreased 
slightly as the result o f  the EmO supplem entation. The effect o f the 
supplementation o f  the Em 50 em ulsions on the fatty acid com po
sition o f  total lipids w as m ainly restricted to an increase o f  the 
dominant n-3 H U FA , e ither EPA (from  3 .3  to 5 .6 %  fo r Em50E) 
or DHA (from  17.9 to 19.4%  for Em 50D ). As a result, the sup
plementation o f  lipids w ith a low er D H A /EPA  ratio than that o f  the 
algae resulted in a decrease o f  the D H A /EPA  ratio in the scallop 
lipids from 5 .5  in the control diet to 3 .0  and 4 .7  for the emulsions 
Em50E and E m 50D , respectively (Fig. 1A). In accordance with 
the increase o f  the total lipid content and the proportion o f n-3 
HUFA, the absolute concentration o f  E PA  and D H A  was consid
erably higher in the scallops receiving the E m 50 em ulsions (re
spectively, 1.13 and 3 .44  m g/g DW  for ISO  +  Em 50E , and 0.91 
and 4 .29  m g/g D W  for ISO  +  E m 50D ) com pared w ith the control 
fed algae only (respectively, 0 .54  and 3 .0 0  m g/g D W ) (Fig. 1 A), 
t h e  supplem entation o f  the  EmO em ulsion  resu lted  in an increase 
of approxim ately 15% in  the  concentration  o f  E P A  and DH A.

The above changes in the fatty acid com position o f  the total 
lipids due to lipid supplem entation w ere am plified in the triglyc
erides (Fig. IB ) and attenuated in total po lar lipids (Fig. 1C). In 
this w ay, the D H A /EPA  ratio  in the various dietary treatm ents was 
in the range o f  3 .2 -8 .1  and 2 .8 -3 .7  fo r triglycerides and total 
polar lipids, respectively . E quivalent values fo r  the total n-3 
HUFA content w ere 1 5 .5 -2 3 .0 %  and 3 4 .7 -3 6 .6 % , respectively.

DISCUSSION

Research on bivalve nutrition, including  the study o f  lipid re
quirem ents, has been seriously ham pered by the lack o f suitable 
experimental d iets. In this regard, lipid vesicles m ay have several 
advantages over o ther synthetic m icroparticles, e .g .,  their near- 
neutral buoyancy, suitable size range fo r efficient filtration by

bivalves, and com position  o f  n o n to x ic , d ig estib le  m aterials. 
Parker and Selivonchick (1986) dem onstrated  that juven ile  Cras
sostrea g igas  were able to m etabolize the phosphatidylcholine and 
cholesterol present in the lam ellae o f  liposom es. T he protection 
from  leaching o f entrapped com pounds m akes liposom es particu
larly interesting as carriers for the delivery  o f  w ater-soluble nutri
ents to filter-feeding o rganism s, w hereas lipid m icrospheres con
sisting o f emulsified lipid droplets provide a m axim al am ount o f  
lipid per particle and m ay constitu te  effective  carriers for lipid- 
soluble nutrients. Robinson (1992a) prepared  m icrospheres o f a 
lipid m ixture o f  m enhaden oil, egg  phosphatidylcholine, and a 
partially hydrogenated vegetable oil w ith polyvinyl alcohol as an 
em ulsifier. A lthough the latter au thor dem onstrated the potential 
use o f the lipid m icrospheres e ither as a supplem ent to or as a 
substitute for algae in the brookstock conditioning o f  the Pacific 
oyster, a sim ilar lipid content and fatty acid com position was 
reported fo r nonfed oysters and oysters fed only the lipid micro- 
spheres (Robinson 1992b). R ecently , H eras e t al. (1994) improved 
the form ulation o f  the em ulsion o f  R obinson (1992a) by  adding 
vitam in E  and replacing the m enhaden oil with a concentrate o f  n-3 
fatty acid ethyl esters, thereby increasing  the proportion o f  n-3 
HU FA in the lipid supplem ent from  12.6 to 44 .3 % . A lthough it 
has been dem onstrated w ith fluorescent beads that lip id  m icro
spheres are ingested and d isintegrated by  adult O. edulis  (Heras et 
al. 1994), the latter does not prove the effective assim ilation o f 
nutrients from  the lipid supplem ent. This w ork show ed that es
sential fatty acids supplied as an em ulsion  o f ethyl esters are as
sim ilated and incorporated into the trig lycerides and the polar lip
ids o f  juvenile sea scallops fed the  lip id  em ulsion  a s  a supplem ent 
to live algae. S im ilar w ork w ith O . edulis  confirm ed this for larval 
stages (Coutteau et al. 1994a), w hich m ay im ply that lipid em ul
sions could be used to  provide dietary  lipids to  the  various life 
stages and species o f  b ivalve m olluscs.

The sim ilar growth o f  scallops receiv ing  a dietary  supplem ent 
based on coconut oil and those fed a supplem ent rich  in n-3 HU FA 
indicated that the algal control diet in this study, consisting o f  the 
DHA-rich Isochrysis, m ay have satisfied the requirem ent for n-3 
HU FA in juvenile P . m agellanicus. N evertheless, the supplem en
tary dietary lipid m ay have provided additional energy , which was 
at least partially stored as lipid reserves in the tissues. The very 
limited accum ulation o f  12:0 in the  total lipids (1%  12:0 in the 
tissue versus 54%  in the em ulsion), despite  the increase o f  the total 
lipid content in the scallops fed the em ulsion EmO, m ay indicate a 
rapid oxidation o f  a large part o f the lipid supplem ent based on
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TABLE 3.

Selected fatty acid composition of total lipids of juvenile P, magellanicus at the sta rt of the experiment and a fter 17 d  of starvation or 
feeding on various diets (weight percent of total fatty acids).

Fatty Acid Initial S tarved ISO ISO +  EmO ISO +  Em50E ISO +  Em50D

12:0 0.2 0.2 0.1 1.1 0.1 0.1
TMTD 2.7 — — — — —

14:0 2.9 1.5 8.3 8.9 8.3 8.0
15:0 0.5 1.1 0.4 0.3 0.3 0.3
16:0 15.2 14.3 11.8 11.8 11.9 11.8
16:In-7 1.4 1.1 4.8 5.2 4.6 4.8
16:ln-5 0.6 1.0 0.1 0.1 0.1 0.2
16:3n-3 0.3 0.7 0.5 0.3 0.3 1.4
I6:4n-1 0.3 1.9 0.9 1.3 1.2 0.1
17:0* 0.6 0.9 0.2 _ 0.3 0.2
18:0 3.7 6.6 1.8 2.0 2.1 1.8
18:ln-9 3.4 3.5 8.0 8.4 8.1 8.1
18:ln-7 2.5 2.7 4.1 4.1 4.1 4.0
18:2n-6 2.9 1.3 5.1- 5.3 5.0 4.9
18:3n-3 3.5 0.7 5.7 5.8 5.6 5.4
18:4n-3 12.6 1.9 13.5 13.5 13.2 13.2
20:ln-ll 1.1 3.4 1.0 1.1 1.0 0.9
20:ln-9 1.1 1.8 0.9 0.9 1.0 1.0
20:in-7 0.7 1.4 0.4 0.5 0.4 0.3
20:ln-5 0.4 1.2 0.6 0.6 0.5 0.6
20:2n-6 2.0 1.8 1.3 1.5 1.2 1.3
20:3n-3 1.3 0.9 0.8 0.8 0.7 0.7
20:4n-6 1.1 3.4 1.0 1.1 1.0 1.1
20:4n-3 0.8 0.7 0.4 0.4 0.4 0.4
20:5n-3 13.0 10.1 3.3 3.0 5.5 4.1
21:5n-3 1.1 1.3 1.0 0.8 0.9 0.8
22:5n-6 0.6 1.2 2.7 2.2 2.2 2.5
22:5n-3 0.6 0.9 0.6 0.3 0.8 0.6
22:6n-3 19.0 26.3 17.9 16.3 16.7 19.4
2  saturated 23.7 25.1 23.1 24.1 22.9 22.3
2  monoenoic 11.7 17.1 20.5 21.6 20.5 20.4
2  polyenoic 61.5 57.2 56.2 54.0 56.3 57.1
2  n-3HUFA** 35.8 40.3 23.8 21.6 25.0 26.0
DHA/EPA 1.5 2.6 5.5 5.4 3.0 4.7

Minor components identified (<1% ) and not included in the table are Iso-16:0; 7-methyl-hexadecanoic acid; 16:ln-9; 16:2n-6(n-4?); 16:3n-4; l6:4n-3; 
20:0; 20:2NMID; 22:2NMID; 22:4n-6; 24:0.
* Includes phytanic (3,7,11,14-tetramethylhexadecanoic) acid.
** s20:3n-3.

coconut oil. S im ilarly , small proportions o f  12:0 have been ob
served in the m uscle and liver lipids o f  sunshine bass fed coconut 
oil as m ain dietary  lipid (N em atipour and G atlin  1993). A  low 
accum ulation o f  m edium  chain triglycerides (M C T) observed in 
ayu fish fed M C T  (m ainly 8:0) as a supplem ent to  pollack  liver oil 
has been attributed to  the ability  o f  fish to  use M C T  as a direct 
source o f  energy (N em atipour et a l. 1989). T he use o f  the coconut 
oil as a caloric supplem ent m ay have had a sparing e ffect on the 
catabolism  o f  essential fatty acids provided through the  algae, as 
indicated by the 15% increase o f  the concentration  o f  EPA  and 
DHA in the scallops fed the em ulsion EmO as a  supplem ent (Fig. 
1A).

The conservative nature o f  the fatty acid com position  o f  the 
polar lipid fraction com pared with the trig lycerides is w idely ac
cepted for fish (Sargent et a l. 1993) and confirm ed for various 
stages o f  b ivalves (W aldock and N ascim ento 1979, L angdon and 
W aldock 1981, D elaunay et al. 1993, N apolitano  and Ackm an 
1993). The conservation o f  20:1 fatty acids, in particu lar 20; 1 n- 
11, observed in the starved and I so ch rysis- ftà  scallops is in agree

ment w ith its possible structural role in the gili m em branes (Na
politano and Ackm an 1993). T he selective reten tion  o f  22:6n-3 
and 20:4n-6 in the starved scallops, contrary  to  the decrease of 
20:5n-3, indicated the greater im portance o f  the fo rm er fatty acids. 
Sim ilar observations on the relative im portance o f  20:4n-6 and 
22:6n-3 versus 20:5n-3 can be deduced from  o th er bivalve studies 
(Helm  et al. 1991, D elaunay et a l. 1993), and p articu larly , DHA 
may play an im portant ro le during larval developm ent and m eta
m orphosis in the scallop Pecten m axim us (M arty  e t a í. 1992, De
launay et al. 1993).

For b ivalve larvae, it has been suggested th at triglycerides ma> 
p lay a double role, first, as a storage o f  large am ounts o f  saturateu 
and m onoethylenic fatty acids for energy  purposes and , second, as 
a tem porary reservoir o f  PU FA that could  be  transferred  to struc
tural polar lipids and specific m etabolic pathw ays during m eta
m orphosis (N apolitano e t al. 1988). T his is in  agreem ent with 
several studies show ing the im portance o f  the co n ten t as well as 
the fatty acid com position o f  lipids, particu larly  trig lycerides, for 
the early life stages o f  bivalves (H elm  e t a í. 1973, Holland and
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Figure I. Effect of starvation and supplementation of various lipid emulsions to Isochrysis sp. (clone T-Iso) on the content of EPA, DHA, and 
i>-3 HUFA in total lipids [(A) mg fatty acid/g of dry weight] and triglycerides and total polar lipids [(B and C) weight percent o f total fatty acids] 
of juvenile P. magellanicus.

Spencer 1973, G allager and M ann 1986, G allager et a l. 1986, 
Helm et al. 1991, Utting and Doyou 1992). Lipid em ulsions m ay 
be a convenient artificial diet to study lipid and fatty acid require
ments during critical stages o f  bivalve culture, i .e .,  broodstock 
conditioning and larval rearing. Furtherm ore, the ability  o f  m a
nipulating both the quantity and the fatty acid com position o f  
bivalve lipids, in particular o f  triglycerides, through the supple
mentation o f  off-the-shelf lipid supplem ents holds prom ise fo r 
application in hatchery rearing. Hatchery operators currently  rely  
on live algae to  supply essential fatty acids, and the fatty  acid 
composition o f  algae m ay strongly vary with culture conditions 
(Pohl and Zurheide 1979). In this study, EPA  and D H A  concen
trations increased by  > 1 0 0  and > 4 0 % , respectively, in juven iles 
fed lipid em ulsions as a supplem ent to Isochrysis  com pared with

the m illigram /gram  dry w eight values in the control fed  algae only. 
In particu lar, this accum ulation o f essential fatty acids through 
specific d iet supplem ents could be used to standardize the dietary 
supply o f  lipids and essential fatty  acids in broodstock condition
ing  and larval rearing.
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