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ABSTRACT 

Webster, C.D. and Lovell, R.T., 1990. Response of striped bass larvae fed brine shrimp from different 
sources containing different fatty acid compositions. Aquaculture, 90: 49-6 1. 

Nauplii from five sources of brine shrimp (Artemia sp.) were evaluated for total lipid and fatty 
acid compositions and subsequently fed to larvae of striped bass, Morone saxatilis. Chinese (CH) 
and a San Francisco Bay ( SFBa) sources were relatively high in 20: 5 (n-3 ), eicosapentaenoic acid 
(EPA), containing 10.4 and 9.3% (ofthe lipid), and relatively low in 18: 3(n-3), linolenic acid, con- 
taining 3.6 and 3.8%, respectively. Sources from Great Salt Lake (GSL), Colombia (COL), and a 
second San Francisco Bay source (SFBb) were lower in EPA, containing 1.2, 3.0, and 1.21 and higher 
in linolenic acid, containing 28.2,24.2, and 25.2W, than the CH and SFBa sources. Docosahexaenoic 
acid (DHA), 22: 6(n-3), was not found in any of the brine shrimp. Percentages of total lipids, tri- 
acylglycerols, and free fatty acids, were not significantly different among the sources. The larvae were 
fed nauplii from the five sources of brine shrimp as the first and only food for 12 days (experiment 
1) or 17 days (experiment 2 ) . Growth and survival were significantly higher for the larvae fed brine 
shrimp containing the higher levels of EPA. The slower growth and lower survival of larvae fed brine 
shrimp high in linolenic acid and low in EPA suggested that striped bass are not capable of elongating 
and desaturating linolenic acid to longer chain n-3 highly unsaturated fatty acids. These results indi- 
cate that striped bass larvae have a dietary requirement for EPA which is in excess of 3% of the dietary 
lipid or 0.5% of the dry diet, and that variation in EPA content is a major reason for the variation in 
nutritional quality among brine shrimp sources. 

INTRODUCTION 

Striped bass, Murune saxatilis, and hybrid striped bass (striped bass x white 
bass, A4. chqxops) are important food and sport fish in North America. Ap- 
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proximately 34 million striped bass and hybrids were produced in federal and 
state hatcheries and an undetermined number were produced in private 
hatcheries for recreational and aquacultural use in 1988 (Gibson, 1988 ) . 
Striped bass, as many other commercially important fishes and crustaceans 
that are reproduced in hatcheries, must receive live foods during feeding in 
early life because they go through larval metamorphosis and do not assimilate 
dry, prepared diets effectively (Braid and Shell, 198 1; Baragi and Lovell, 
1986). Live brine shrimp nauplii, Artemia sp., are the primary food for initial 
feeding of striped bass and comprise 85% or more of the live foods fed to 
larval fish worldwide (Sorgeloos, 1980). 

Growth response from feeding brine shrimp has been shown to be incon- 
sistent among different sources, especially from different geographical areas, 
when fed to larvae of mud crab, Rhithropffnopeus harrisii (Bookhout and 
Costlow, 1970; Seidel et al., 1982), prawn, Paluemon serrutus (Wickens, 
1972), mysid, Mysidopsis bahia (Johns et al., 1981), sheepshead minnow, 
Cyprinodon variegatus (Usher and Bengtson, 198 I), and red sea bream, 
Pagrus major (Watanabe et al., 1980). This inconsistency appears to be due 
to variation in nutritional quality among brine shrimp from various sources, 
possibly caused by differences in fatty acid composition. Watanabe et al. 
( 1980) found red sea bream larvae fed brine shrimp containing higher per- 
centages of n-3 highly unsaturated fatty acids (HUFA) had higher growth 
and survival rates than those fed brine shrimp deficient in n-3 HUFA. Varia- 
tion in n-3HUFA composition among brine shrimp from various sources has 
been reported (Watanabe et al., 1978 ). The objectives of this study were to 
determine fatty acid composition of lipids from different sources of brine 
shrimp nauplii and to subsequently evaluate effects of feeding brine shrimp 
with widely divergent fatty acid compositions on growth, survival, and fatty 
acid composition of striped bass larvae. 

MATERIALS AND METHODS 

Lipid analysis of brine shrimp nauplii 
Brine shrimp cysts, presumed to be from different geographical sources, 

were obtained from various commercial sources (Table 1). The nauplii were 
hatched in 56-l conical hatching containers containing well water with salt 
( NaCl) added to give a specific gravity of 1 .O 1- 1.02. Water was continuously 
aerated. Continuous illumination was provided by fluorescent ceiling lights. 
After 30 h incubation at 33 “C, aeration ceased and the nauplii settled to the 
bottom of the hatching cone and were collected. 

Total lipids were extracted from approximately 2 g of intact brine shrimp 
nauplii by a modification of the procedure of Kates ( 1986). Initial extraction 
was in 10 ml of methanol/chloroform (2 : 1, by vol. ) for 1.5 h. Partially ex- 
tracted nauplii were collected by centrifugation ( 1000 rpm for 10 min) and 
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TABLE 1 

Sources, suppliers and lot number of brine shrimp cysts 

Source Supplier Lot no. 

China (CH ) Biomarine, Inc., Hawthorne, CA Cans 686526,686532-686536 
San Francisco Bay ( SFBa) San Francisco Bay Brands, Inc., Case 65034, Lot 1106 

Newark, CA 
San Francisco Bay (SFBb) San Francisco Bay Brands, Inc., Case 53404, Lot I 106 

Newark, CA 
Great Sal1 Lake (GSL) Biomarine, Inc., Hawthorne, CA Cans 686032,686043,686047, 

686049,686050, and 686052 
Colombia (COL) Aquarium Products. Glen Bumie, Lot 120 

MD 

the extraction procedure was repeated two more times with methanol/chlo- 
roform ( 1: 1, by vol. ) for 1 h. Extracts were washed twice with 3 ml of 5% 
NaCl solution and taken to dryness with nitrogen in a water bath (27°C). 
The extracted lipid was stored under nitrogen and frozen ( - 30°C). Fatty 
acids and sterols were obtained by alkaline hydrolysis (0.4 ml 33% KOH in 4 
ml ethanol) for 120 min at 90’ C (Kates, 1986). The nonsaponifiable frac- 
tion, containing sterols, was obtained by washing the hydrolysate three times 
with 3 :ml of hexane. The hydrolysate was then acidified (pH l-2) with 6 N 
HCl and the saponifiable fraction, containing fatty acids, was obtained by 
washing three times with 3 ml of hexane. The fatty acids were converted to 
their methyl ester derivatives using BFJmethanol (Morrison and Smith, 
1964). 

The fatty acid methyl esters were analyzed using a Hewlett-Packard 57 1 OA 
chromatograph equipped with a 30-m glass capillary column coated with SP- 
2330 (Supelco, Inc., Bellefonte, PA) and a flame-ionization detector. The 
carrier gas was nitrogen at a column pressure of 0.58 kg/cm2. Injector and 
detector temperatures were 300°C and the oven temperature was pro- 
grammed from 140 to 210°C at 4”C/min (Weete et al., 1983). Detector re- 
sponse was recorded and quantitated with a HP 3380A integrator-recorder. 
An inte:mal standard was added and fatty acid methyl esters were identified 
by comparison of their retention times with those of authentic standards (Ap- 
plied Science Laboratories, Deerfield, IL; Nu-Chek Prep, Inc., Elysian, MN). 

Total, lipids were separated into triacylglycerols, free fatty acids, and phos- 
pholipid fractions by thin-layer chromatography. Glass plates (20 x 20 cm) 
coated with silica gel 60 (250 pm, E. Merck, Darmstadt, F.R.G.) were devel- 
oped in hexane/diethyl ether/acetic acid (79 : 20: 4, by vol.) (Weete et al., 
1983). Lipids were visualized on the plates with iodine vapor and identified 
by com.parison of Rf values with a standard lipid mixture containing a tri- 
acylglycerol, a free fatty acid, and a phospholipid fraction (Applied Science 
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Laboratories, Deerfield, IL). Silica gel containing each fraction was scraped 
from the plates, washed once with methanol/chloroform (2 : 1, by vol.) and 
twice with methanol/chloroform ( 1: 1, by vol.) to obtain the lipid. The sol- 
vent was evaporated under nitrogen. 

Triacylglycerol and phospholipid fractions were converted to their fatty acid 
methyl ester derivitives using sodium methoxide in methanol (Kates, 1986). 
The free fatty acid fraction was methylated using BF3 in methanol (Morrison 
and Smith, 1964). Fatty acid methyl esters were analyzed as described above. 

Growth experiments 
Nauplii from the various sources of brine shrimp nauplii were fed as the 

only food to newly hatched striped bass larvae. Two feeding experiments were 
conducted in 112.5-l flowing-water aquaria at the Alabama Striped Bass 
Hatchery, Marion, AL. In experiment 1, which began 4 April, Chinese (CH ), 
a San Francisco Bay ( SFBa), and Great Salt Lake (GSL) sources of brine 
shrimp were fed for a 12-day period. Each source of brine shrimp was ran- 
domly assigned to three aquaria containing 3000 striped bass larvae. In ex- 
periment 2, which began 18 April, CH, Colombian (COL), and a second SFBb 
sources of brine shrimp were fed for a 17-day period. Each source of brine 
shrimp was randomly assigned to three aquaria containing 1700 five-day-old 
larvae. 

The larvae were obtained from adult striped bass collected from the Coosa 
River, AL, and induced to spawn by injection with human chorionic gonad- 
otropin (Stevens, 1966). Incubation of eggs and hatching of larvae were as 
described by Bonn et al. ( 1976). Five to six days post-hatch, when the fish 
began to seek food, they were transferred from the hatching tanks to the rear- 
ing aquaria. Well water ( 19 + 1 ‘C ) was supplied to the aquaria at a rate of 
13.5 l/min. Aeration was provided to all aquaria. Ceiling fluorescent lights 
provided continuous illumination. Walls of the aquaria were covered in black 
plastic to minimize visual disturbances (Hale and Carlson, 1972 ) and to re- 
duce the amount of light entering the aquaria. Aquaria were treated every 8 h 
with furacin (Hess and Clark, Inc., Ashland, OH) to prevent fungal infesta- 
tion and uneaten brine shrimp were siphoned from aquaria every 8 h. 

The larvae were fed every 3 h. Brine shrimp nauplii, hatched as described 
previously, were added at a density of 1 O-20 nauplii per ml aquarium water. 
Nauplii density was determined by counting three 1 -ml samples taken 10 min 
after adding nauplii to the aquarium. 

Growth rate and feeding activity of the fish were measured at 3- to 4-day 
intervals. Twenty-five fish were randomly collected at each sampling from 
each aquarium and were examined individually under a dissecting micro- 
scope for the presence of food in the transparent digestive tract and for mor- 
phological anomalies. Forty to 50 larvae were randomly collected and pre- 
served in 10% formalin for subsequent measurement of standard length with 
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dial calipers (Rogers and Westin, 198 1). Survival rate was determined by 
adding the number of larvae taken at each sampling period to the number of 
fish surviving at the conclusion of the experiment. Striped bass larvae were 
collected at 1 day old and at the conclusion of the feeding trials, flash-frozen 
with liquid CO2 and stored under nitrogen at - 30” C for lipid analysis. Lar- 
vae used for analysis were not fed 12 h prior to sampling. 

Pesticide analysis 
A pesticide scan was made on all sources of brine shrimp cysts to assure 

that pesticides would not influence growth responses of the fish. Analysis was 
performed by the Alabama Pesticide Laboratory, Auburn, AL, using the 
methods described in McMahon and Sawyer ( 1986). Quantitative analyses 
for benzene hexachloride (BHC), heptachlor, aldrin, dieldrin, dichlorodi- 
phenyldichloroethane (DOD), endrin, heptachlorepoxide, dichlorodiphen- 
yltrichloroethane (DT), and dichlorodiphenyldichloroethylene (DDE) were 
determined. 

Statistical methods 
Analysis of variance (ANOVA) was computed for fatty acid percentages of 

the brine shrimp and the striped bass larvae and for length, survival, and food 
consumption of the larvae using the SAS ANOVA procedure (Statistical 
Analysifs Systems, 1985 ) to determine if there were differences among means. 
Survival, food consumption and fatty acid percentages were transformed to 
arc sin values for analysis (Zar, 1984). Duncan’s multiple range test was used 
to compare individual means. Untransformed data are reported to facilitate 
comparison with results from other related studies. 

RESULTS 

Lipid composition of brine shrimp 
There were major differences in fatty acid composition among the various 

sources of brine shrimp (Table 2). Most notable were the proportions of 
16 : 1 (n-7 ) (palmitoleic acid) and the n-3 fatty acids, 18 : 3 (n-3 ) (linolenic 
acid) and 20: 5 (n-3) (eicosapentaenoic acid or EPA). The CH and SFBa 
brine shrimp were similar, both having high percentages of palmitoleic acid 
and EPA, and a relatively low percentage of linolenic acid. This is in contrast 
to the GSL, COL, and SFBb sources of brine shrimp which contained rela- 
tively low percentages of palmitoleic acid and EPA, but a high percentage of 
linolenic acid. Percentage of total n-3 fatty acids was approximately twice as 
high for the GSL, COL, and SFBb, which were high in linolenic acid but low 
EPA, as, compared with the CH and SFBa sources. No detectable 22 : 6 (n-3) 
(docosahexaenoic acid or DHA) was found in any of the sources. 

Percentages of saturated and diene fatty acids were similar for the various 



54 C.D. WEBSTER AND R.T. LOVELL 

TABLE 2 

Percentages of selected fatty acids in the total lipids extracted from various sources of brine shrimp 
nauplii’ 

Fatty acid’ Brine shrimp source’ 

CH SFBa GSL COL SFBb 

(wt.%) 
16: l(n-7) 19.83kO.25” 20.52 ? 0.29 3.34tO.23’ 5.61& 1.20b 5.40* 0.34b 
18:3(n-3) 3.64f0.21’ 3.76kO.16’ 28.19?0.77” 24.24+ 1.89b 25.20+ 0.67b 
20:5(n-3) 10.41 kO.35” 9.32k0.23b 1.19k0.39d 2.99 + 0.60’ 1.21+0.23* 
Other fatty acid? 66.12 66.40 67.28 67.16 68.19 

% Sat. 21.67 22.54 22.13 21.26 19.80 
% Monoene 50.83 51.76 33.60 34.90 34.71 
O/a Diene 5.77 5.67 9.16 10.75 12.12 
% Polyene 16.32 15.60 31.41 28.45 29.96 
% Total (n-3 ) 14.35 13.44 29.68 27.50 26.79 

‘Values in each row with the same superscript are not significantly different (P> 0.05 ). Values are 
means * s.e. for four replications. 
*Sources of brine shrimp were Chinese (CH), San Francisco Bay (SFBa, SFBb), Great Salt Lake 
(GSL), and Colombian (COL). 
‘The number preceding the colon indicates the number of carbon atoms: the number following the 
colon indicates the number of double bonds; the position of the double bond nearest the terminal end 
is given by the designation ‘n (total number of carbon atoms) minus the number of carbon atoms 
from the end of the chain’. 
40ther fatty acids measured were 12:0, 14:0, 14: l(n-5), 15:0. 16:0, 16: lfn-7), 16: l(n-9), 17:0, 
18:0,cis-18:l(n-9),tr-18:l(n-9), 18:l(n-7), 18:2(n-6),20:0,20:l(n-9),20:2(n-6),20:3(n-3), 
20:4(n-6), 22:0, 22: l(n-9), 22:2(n-6), 22:3(n-3) and 22:4(n-6). No detectable 22:6(n-3) was 
found in any source of brine shrimp. 

sources of brine shrimp, but percentages of monoenes and polyenes showed 
variation. Monoenes varied because of the high percentage of palmitoleic acid 
present in SFBa and CH sources. Polyenes varied because of the high per- 
centage of linolenic acid found in GSL, COL, and SFBb sources. Brine shrimp 
with a large percentage of EPA had a greater percentage of monoene and a 
lower percentage of polyenes than those with large percentages of linolenic 
acid. 

There were no statistical differences (P> 0.05 ) among brine shrimp in to- 
tal lipids, triacylglycerols or free fatty acids (Table 3). The GSL and COL 
brine shrimp had lower percentages of phospholipid than the other sources 
(PxO.05). 

Pesticide analysis of brine shrimp 
Pesticide analysis of brine shrimp cysts showed that SFBa had 0.02 mg/kg 

BHC, 0.0 1 mg/kg DDD, and 0.0 15 mg/kg DDT. The CH cysts had 0.0 1 mg/ 
kg of BHC and DDT. Cysts from the other sources had no detectable pesticide 
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TABLE 3 

Total lipids, triacylglycerols (TG), free fatty acids (FFA), and phospholipids (PL) in various sources 
of brine shrimp’ 

Source’ Total 
lipid 

TG FFA PL 

(O/o dry wt.) (% of lipid ) 
CH 15.0f 1.0” 64.2 + 2.0” 8.6* 1.6” 21.2 * 2.9” 
SFBa 20.5 ? 1.2” 60.0 & 3.0” 13.7+ 1.5” 26.3* 1.0” 
GSL 16.2+3.1” 68.2 +4.7” 12.2kO.9” 19.6 k O.Sb 
COL 18.2k3.6” 74.0 + 8.0” 10.8f2.4” 15.2?3.0b 
SFBb 20.1 kO.7” 62.0 f 3.6” 12.9? 2.9” 25.1 !I 1.8” 

‘Means represent four replications. Values with the same superscript are not significantly different 
(P> 0.05 11. 
‘Sources of brine shrimp are Chinese (CH). San Francisco Bay ( SFBa and SFBb), Great Salt Lake 
( GSL ) , and Colombian ( COL ) . 

residues. These relatively low concentrations have been found in brine shrimp 
cysts which produced satisfactory growth in larval prawn, P. serrutus, and 
should not affect larval fish growth (Wickens, 1972). 

Fish growth and survival 
In exlperiment 1, after 9 days feeding, larvae fed CH brine shrimp showed 

significantly (P-C 0.05 ) greater growth than larvae fed the SFBa and GSL, but 
after 12. days feeding there was no significant difference in size between the 
CH and. SFBa groups, while the GSL group was markedly smaller (Fig. 1). In 
experiment 2, there was no difference in growth among the CH, SFBb, and 
COL brine shrimp after 12 days feeding, but after 17 days the CH group were 
much larger than the SFBb and COL groups (PC 0.05 ) (Fig. 2). 

In experiment 1, survival of striped bass fed GSL was slightly lower than 
that of larvae fed CH or SFBa; however, this difference was not significant at 
P-C 0.05 (Table 4). In experiment 2, survival of striped bass fed the COL and 
SFBb b:rine shrimp had much lower survival rates than those fed the CH brine 
shrimp (P-C 0.05 ). Gross examination of the fish with a dissecting micro- 
scope revealed no differences among the groups in appearance externally or 
of internal organs. 

Food consumption rate of the larvae, based on the percentage of fish with 
brine shrimp nauplii in their digestive tracts 10 min after feeding, indicated 
that striped bass larvae consumed all of the sources of brine shrimp nauplii 
equally well (Table 4). No significant (P> 0.05 ) difference was found among 
treatment groups in either experiment. 

Lipid composition offish 
Fatty acid composition of lipids from the fish fed the different sources of 

brine shrimp in experiment 2 was similar to that of the lipids of the brine 
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Fig. 1 (left). Standard lengths (mm) of striped bass larvae fed different sources of brine shrimp 
in experiment 1. Data are means 3~ s.e. of three replications. Bars with different letters represent 
significantly different mean lengths (PC 0.05 ). 

Fig. 2 (right). Standard lengths (mm) of striped bass larvae fed different sources of brine shrimp 
in experiment 2. Data are means f. s.e. of three replications. Bars with different letters represent 
significantly different mean lengths (PC 0.05). 

shrimp fed except that the fed larvae contained small amounts of DHA (Ta- 
ble 5 ). The DHA content of l-day-old larvae, which had not begun to feed, 
was 8.97% of the lipid, but decreased to less than 1% after 17 days because of 
the lack of DHA in the brine shrimp. Percentage of EPA in striped bass before 
they began feeding was 5% and increased (PC 0.05 ) in larvae fed CH brine 
shrimp (high in EPA) but decreased (PC 0.05 ) in larvae fed SFBb and COL 
brine shrimp (low in EPA). The 1 -day-old striped bass contained 5.65% lin- 
olenic acid and the fish fed the CH brine shrimp (low in linolenic acid) con- 
tained about the same level; however, larvae fed SFBb and COL brine shrimp 
(high in linolenic acid) increased their concentration of linolenic acid 
markedly. 
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TABLE 4 

Percentage survival and percentage of the fish consuming brine shrimp nauplii for striped bass larvae 
fed different sources of brine shrimp’,* 

Source Survival Fish consuming 

(O/O) brine shrimp 

(%) 

Experiment 1 
CH 44.5 f 3.7” 95.7& 1.2” 
SFBa 41.7k4.0” 99.0 rtr 0.6” 
GSL 33.1 f 5.2” 95.7* 1.2” 

Experiment 2 
CH 41.Ok3.4” 96.9+ 1.3” 
COL 7.8kO.l” 90.4 & 3.0” 
SFBb 7.8 & 0.3” 93.2k2.4” 

‘Sources of brine shrimp used in experiment 1 are Chinese, San Francisco Bay a, and Great Salt Lake. 
Sources used in experiment 2 are Chinese, Colombian, and San Francisco Bay b. 
*Values are means f s.e. for three replications. Means within a column for the same year with the 
same superscript are not significantly different (P> 0.05). 

TABLE 5 

Percentages of selected fatty acids in total lipids from striped bass before feeding ( 1 day old) and after 
feeding brine shrimp from three sources for I7 days’ 

Fatty acid3 Before feeding Brine shrimp source’ 

CH COL SFBb 

(wt.%) 
16: l(n-711 21.35f0.24” 15.13i- 1.14b 4.87 * 0.85’ 4.48+0.21’ 
18:3(n-3:1 5.65 & 0.1 7b 4.26kO.14’ 20.31 kO.61” 20.98? 0.28” 
20:5(n-3:l 5.00+0.21b 11.86+0.58” 4.31 k0.48bC 3.13+0.66’ 
22:6(n-3:l 8.97? 0.35” 0.44 ?I 0.04b 0.72kO.l lb 0.83 f 0.08b 
Other fatty acids“ 59.03 68.28 69.19 70.58 

O/o Sat. 14.08 23.92 25.31 22.13 
% Monoene 50.18 44.05 34.47 32.34 
% Diene 6.01 6.01 9.81 11.39 
% Polyene 24.99 20.37 27.62 28.77 
O/o Total (rt-3) 21.82 17.48 25.70 25.70 

‘Values in each row with the same superscript are not significantly different (P>O.O5). Values are 
means of two replicate groups. 
‘See Table 1. 
‘The number preceding the colon indicates the number of carbon atoms: the number following the 
colon indicates the number of double bonds; the position of the double bond nearest the terminal end 
is given by the designation n (total number of carbon atoms) minus the number of carbon atoms 
from the end of the chain. 
40ther fatty acids measured were 12:0, 14:0, 14: I (n-5), 15:0, 16:0, 16: l(n-6), 17:0, 18:0, cis- 

18:l(n-91, 1i=18:l(n-9), 18:l(n-7). 18:2(n-6),20:0, 20:l(n-9). 20:2(n-6),20:3(n-3),20:4(n- 
6), 22:0,22: I (n-9), 22:2(n-6), 22:3(n-3), 22:4(n-6) and22:5(n-3). 



58 CD. WEBSTER R.T. LOVELL 

DISCUSSION 

These results show that there are marked differences in n-3 HUFA concen- 
tration among brine shrimp nauplii from different sources and that this sig- 
nificantly influences growth and survival rates of striped bass larvae. The 
variation in fatty acid composition among the brine shrimp nauplii is appar- 
ently caused by variation in food, primarily algae, consumed by the adult fe- 
male (Persoone and Sorgeloos, 1980). Type of algae in the aquatic environ- 
ment is influenced by various abiotic and biotic factors, such as nutrients, 
salinity, and water temperature. Thus, specific algae species, having charac- 
teristic fatty acid compositions, will dominate each brine shrimp habitat 
(Persoone and Sorgeloos, 1980). Algae, and subsequently brine shrimp cysts, 
from an inland saline lake, such as the Great Salt Lake, usually have a high 
percentage of linolenic acid and a low percentage of EPA, while algae and 
brine shrimp cysts from a marine environment often have a high concentra- 
tion of EPA and a lower concentration of linolenic acid (Watanabe et al., 
1978; Claus et al., 1979). Seasonal variation in the n-3 HUFA content in al- 
gae from a single location sometimes occurs in temperate climates because of 
changing algae communities (Jeffries, 1970). 

Growth and survival of the striped bass larvae appeared to be influenced 
by the EPA content of the brine shrimp fed. The CH and SFBa brine shrimp, 
which contained higher concentrations of EPA, provided better growth and 
survival than GSL, COL, and SFBb sources, which had less EPA. The highest 
survival rates in this study were satisfactory; the hatchery average in the United 
States for striped bass from first feeding through advanced larval develop- 
ment is approximately 20% (Hodson, 1987 ). Although the CH and SFBa were 
markedly higher in EPA, they contained less total n-3 fatty acids than GSL, 
COL, and SFBb. This indicates that EPA, not total n-3 fatty acids, is impor- 
tant for growth and survival in striped bass larvae. 

In fish, EPA is selectively incorporated into the phospholipid fraction of 
the lipid pool (Lee et al., 1967). Cook and Spence ( 1987) found that in glioma 
cells, only EPA was esterified to form phospholipids while all other fatty acids 
were esterified to form triacylglycerols. There is probably a critical level of 
EPA in the lipid pool for normal growth and development of striped bass 
larvae. Data from this study (Table 5 ) would indicate that about 11% EPA is 
found in lipids of normally functioning striped bass larvae and below 5% is 
found in larvae with reduced growth and survival rate. 

This study indicates that striped bass larvae, like other species such as tur- 
bot, Scophthalmus maximum (Owen et al., 1975; Leger et al., 1979), are not 
able to elongate and desaturate linolenic acid into EPA. The reduced rate of 
growth and survival of the fish fed brine shrimp with a high percentage of 
linolenic acid and a low percentage of EPA would indicate that the fish were 
not synthesizing EPA. Also, the COL and SFBb sources of brine shrimp con- 
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tained large percentages of linolenic acid, however, the striped bass fed these 
brine shrimp did not increase in EPA as did the fish fed the CH brine shrimp 
which was high in EPA. Some species of fish, such as rainbow trout, Onco- 
rhynchus mykiss (Owen et al., 1975), and kelp bass, Paralabrax clathratus 
(Kayama et al., 1983), can convert linolenic acid to the longer-chain n-3 fatty 
acids, EPA and DHA. Martin et al. ( 1984) reported that striped bass could 
elongate and desaturate linolenic acid into DHA; however, in their study per- 
centage of DHA decreased in the lipid of larvae fed brine shrimp nauplii with- 
out DH.4. 

The present study indicates that when brine shrimp nauplii are the only 
food fed. to striped bass larvae for an extended period, approximately 12 days 
or longer, the nauplii should contain above 3% EPA on a lipid basis or 0.5% 
EPA on a dry matter basis. Brine shrimp nauplii with a lower percentage of 
EPA may be suitable for short-term larval feeding because residual EPA from 
the oil globule or yolk sac may temporarily serve the needs of the larvae. The 
results allso indicate that source identification is not always an indication of 
the fatty acid composition of the brine shrimp. Two lots of brine shrimp cysts, 
identified as San Francisco Bay, had divergent fatty acid compositions and 
promoted different growth and survival rates in striped bass larvae. 

ACKNOWLEDGEMENTS 

We th,ank Joe Addison, Vicki Averett, Brad Bamberg, Norman Blakey, Jeff 
Bohler, Don Boyle, Richard Christenson, Dickey Huey, Buddy Keesler, Nick 
Nichols, Jack Turner, and Floyd Wininger for their technical assistance. We 
also acknowledge Dr. Nick Parker and Dr. John D. Weete for use of their 
equipment and laboratory facilities, and Dr. Robert C. Smith for editing the 
manuscript. 

REFERENCES 

Baragi, V. and Lovell, R.T., 1986. Digestive enzyme activities in striped bass from first feeding 
through larva development. Trans. Am. Fish. Sot., 115: 478-484. 

Bonn, E.W., Barley, W.M., Bayless, J.D., Erickson, K.E. and Stevens, R.E., 1976. Guidelines 
for Striped Bass Culture. Striped Bass Committee of the Southern Division, American Fish- 
eries Society, Bethesda, MD, 157 pp. 

Bookhout. C.G. and Costlow, J.D., 1970. Nutritional effects ofArtemia from different locations 
on larval development of crabs. Helgol. Wiss. Meeresunters., 20: 435-442. 

Braid, M.R. and Shell, E.W., 198 I. Incidence of cannibalism among striped bass fry in an inten- 
sive system. Prog. Fish-Cult., 43: 2 1 O-2 12. 

Claus, C.. Benijts, F.. Vandeputte, G. and Garden, W., 1979. The biochemical composition of 
the larvae of two strains of .4rtemia salina reared on two different algal foods. J. Exp. Mar. 
Biol. Ecol.. 36: 171-183. 



60 CD. WEBSTER AND R.T. LOVELL 

Cook, H.W. and Spence, M.W., 1987. Interaction of (n-3) and (n-6) fatty acids in desaturation 
and chain elongation of essential fatty acids in cultured glioma cells. Lipids, 22: 6 13-6 19. 

Gibson, M.D., 1988. Striped, hybrid, and reciprocal bass pond production report. Arkansas 
Game and Fish Commission, Little Rock, AR (unpublished). 

Hale, J.G. and Carlson, A.R., 1972. Culture of the yellow perch in the laboratory. Prog. Fish- 
Cult., 34: 195-198. 

Hodson, R., 1987. Introduction. In: R. Hodson, T. Smith, J. McVey, R. Harrell, and N. Davis 
(Editors), Hybrid Striped Bass Culture: Status and Perspectives. Sea Grant College Publi- 
cations, North Carolina State University, Raleigh, NC, pp. 1-16. 

Johns, D.M., Berry, W.J. and Walton, W., 198 1. International study on Arternia. XVI. Survival, 
growth, and reproductive potential of the mysid, Mysidopsis bahia, fed various geographical 
strains of the brine shrimp, Artemia. J. Exp. Mar. Biol. Ecol., 23: 209-22 1. 

Jeffries, H.P., 1970. Seasonal composition of temperate plankton communities: fatty acids. 
Ecology, 15: 4 19-426. 

Kates, M., 1986. Techniques in Lipidology: Isolation, Analysis, and Identification of Lipids. 
Elsevier, New York, NY, 256 pp. 

Kayama, M., Tsuchiya, Y., Nevenzel, J.C., Fulco, A. and Mead, J.F., 1983. Incorporation of 
( l-14C) linolenic acid into eicosapentaenoic and docosahexaenoic acids in fish. J. Am. Oil 
Chem. Sot., 40: 499-502. 

Lee, D.J., Roehm, J.N., Yu, T.C. and Sinnhuber, R.O., 196. Effect of omega-3 fatty acids on the 
growth rate of rainbow trout, Salmo gairdneri. J. Nutr., 92: 195-206. 

Leger. C., Gatesoupe. F., Metailler, R., Luquet. P. and Fremont, L., 1979. Effect of dietary fatty 
acids differing by chain lengths and omega series on the growth and lipid composition of 
turbot Scophthalmus maximus. Comp. Biochem. Physiol. B, 64: 345-350. 

Martin, F.D.. Wright, D.A. and Means. J.C., 1984. Fatty acids and starvation in larval striped 
bass (Moronesaxatilis). Comp. Biochem. Physiol. B, 77: 785-790. 

McMahon, B.M. and Sawyer, L.D., 1986. Pesticide Analytical Manual, Vol. 1. United States 
Department of Health and Human Services, Washington, DC, 179 pp. 

Morrison, W.R. and Smith, L.M., 1964. Preparation of fatty acid methyl esters and dimethyl- 
acetals from lipids with boron fluoride-methanol. J. Lipid Res., 5: 600-608. 

Owen, J.M., Adron. J.W., Middleton, C. and Cowey, C.B., 1975. Elongation and desaturation 
of dietary fatty acids in turbot, Scophthalmus maximus, and rainbow trout, Salmo gairdneri. 
Lipids, IO: 528-53 1. 

Persoone, G. and Sorgeloos, P., 1980. Ecology and biogeography of Artemia. In: G. Persoone, 
P. Sorgeloos, 0. Roels and E. Jaspers (Editors), The Brine Shrimp Artemia, Vol. 3: Ecology, 
Culturing, and Use in Aquaculture. Universa Press, Wetteren, Belgium, pp. l-23. 

Rogers, B.A. and Westin, D.T., 198 1. Laboratory studies on effects of temperature and delayed 
initial feeding on development of striped bass larvae. Trans. Am. Fish Sot., 110: 100-l 10. 

Seidel, C.R., Johns, D.M., Schauer, P.S. and Olney. C.E., 1982. International study on Artemia. 
XXVI. Food value of nauplii from reference Artemia cysts and four geographical collections 
of Artemia for mud crab larvae. Mar. Ecol. Prog. Ser., 8: 309-3 12. 

Sorgeloos, P., 1980. The use of the brine shrimp Artemia in aquaculture. In: G. Persoone, P. 
Sorgeloos, 0. Roels and E. Jaspers (Editors), The Brine Shrimp Artemia, Vol. 3: Ecology, 
Culturing, and Use in Aquaculture. Universa Press, Wetteren, Belgium, pp. 25-46. 

Statistical Analysis Systems, 1985. SAS User’s Guide: Statistics Version 5 Edition. Statistical 
Analysis Systems, Inc., Gary, NC, 341 pp. 

Stevens, R.E., 1966. Hormone-induced spawning of striped bass for reservoir stocking. Prog. 
Fish-Cult., 28: 19-28. 

Usher, R.R. and Bengston, D.A.. 198 1. Survival and growth of sheepshead minnow larvae and 
juveniles on a diet of Artemia nauplii. Prog. Fish-Cult., 43: 102- 105. 



FATTY ACID COMPOSITIONS OF BRINE SHRIMP AND GROWTH OF BASS LARVAE 61 

Watanabe T., Oowa, F., Kitajima, C. and Fujita, S, 1978. Nutritional quality of brine shrimp, 
Artemia salina, as a living feed from the viewpoint of essential fatty acids for fish. Bull. Jpn. 
Sot. Sci. Fish., 44: 1115-l 12 1. 

Watanabe, T., Oowa, F., Kitajima, C. and Fujita, S., 1980. Relationship between dietary value 
of brine shrimp Artemia salina and their content of omega-3 highly unsaturated fatty acids. 
Bull. Jpn. Sot. Sci. Fish., 46: 35-41. 

Weete, J.D., Sancholle, M.S. and Montant, C., 1983. Effects oftriazoles on fungi. II. Lipid com- 
positison of Tuphrina deformuns. Biochim. Biophys. Acta, 752: 19-29. 

Wickens. J.F., 1972. The food value of brine shrimp, Artemia sulina. to larvae of the prawn, 
Pulaemon serratus. J. Exp. Mar. Biol. Ecol., 10: 15 l-l 70. 

Zar. J.H., 1984. Biostatistical Analysis. Prentice-Hall, Inc., Englewood Cliffs, NJ, 383 pp. 


