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Abstract

The colourful harlequin shrimp, Hymenocera picta, is a valuable marine ornamental species but low survival remains a
bottleneck to successful commercial culture. Understanding the biochemical composition, notably through the determination
of the fatty acid profiles in wild eggs, newly hatched and juvenile shrimp, can provide important information on the nutri-
tional requirements of H. picta. Following analysis, the rank order of fatty acid composition was saturates > monoenes >
polyunsaturated fatty acids (PUFAs). Within the PUFA content, n-3 highly unsaturated fatty acids (HUFA) was the major
representative in all three stages; n-6 PUFA was found in lower amounts, and, arachidonic acid (20:4n-6) was not detectable.
Observed increases in EPA and DHA from the eggs through to newly hatched zoea and juvenile shrimp indicate the impor-
tance of n-3 HUFA for growth and survival, i.e. as components in the formation of cell membranes. These findings should be
given due consideration as a first approach to understanding the fatty acid requirements of harlequin shrimp.
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1. Introduction

Whilst harlequin shrimp, Hymenocera picta Dana
1852, make a colourful addition to any marine ornamental
collection, most specimens, typically breeding pairs, have
been obtained directly from the wild. Harlequin shrimp are
difficult to maintain in captivity and in the absence of sustain-
able aquaculture practices, most wild broodstock represent a
dead end in that their nutrition needs are poorly understood,
which commonly leads to early mortality or minimal survival
of their offspring in captivity. The practice of removing adults
from the wild with no compensatory restocking, places this
species in danger of overexploitation. To address this, it is
imperative that research effort is invested in developing
sustainable culture techniques that result in the high survival
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of both larvae and adults, thereby preventing the current
reliance on animals taken from the wild. One of the first steps
in the development of a successful aquaculture programme,
therefore, is acquiring an understanding of the nutritional
requirements of wild shrimp.

Several factors, including appropriate nutrition, have
been reported as influencing larval survival (Lin and Zhang,
2001; Rueda and Martinez, 2001; Lin and Shi, 2002; Raabe
and Raabe, 2007). Calado (2008), for example, demonstrated
that the fatty acid (FA) composition of the diet effected the
growth and survival of several crustacean species including
marine ornamental shrimp. In the wild, the diversity of live
natural prey fulfills the nutritional requirements, which
includes the FA, of planktonic larvae (Jones, Yule and
Holland, 1997). The FAs accumulating in larval tissues
should, therefore, be similar to their live diets (Mourente et
al., 1995; Leonardo and Lucas, 2000; Fernandez-Reiriz et al.,
2011). The FA content in the tissues of each wild aquatic
animal, therefore, can be used as an index to determine the
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specific FA requirements of that species (D’Abrahamo and
Sheen, 1993).

The present study sets out to determine the FA
content of the eggs, newly hatched larvae (i.e. zoea stagel)
and the juvenile stage of wild H. picta. The relevant FA com-
position and differences between each stage can provide
important information that can then be used in developing
protocols for the culture of harlequin shrimp.

2. Materials and Methods
2.1 Sample collection and preparation

Three juvenile H. picta each ~0.2 g in weight and
~2.1 cm in length, and 12 pairs of broodstock shrimp were
obtained from a trader operating in Jatujak market, Bangkok.
The three juvenile H. picta were immediately frozen and
stored at -40°C until required. Each breeding pair of adults
were maintained in 30 L aquaria in the research hatchery
facility within the Institute of Marine Science, Bangsaen. The
water quality of each tank was checked regularly and
maintained within the following operational ranges: tempera-
ture 28-29°C, salinity 32-34 ppt., alkalinity 90-110 mg L,
ammonia <0.1 mg L, nitrite <0.03 mg L, nitrate<2.5mg L.
Adult H. picta were maintained by feeding them regularly to
satiation on their natural diet consisting basically of the
comet sea star, Linckia multiflora (Lamarck, 1816). After a
period of ~3 months, three sets of mature eggs were collected
from the ventral, abdominal surface of separate brooding
females and were prepared for analysis. Additional berried
females, which were ready to release their eggs, were
transferred to separate 30 L aquaria and three sets of newly
hatched zoea stage 1 (n=300-500 per set) were collected
within 12 h of their release. In addition, a sample of L. multi-
flora were collected for fatty acid analysis. All samples were
stored at below -40°C until they were analysed.

2.2 Lipid extraction and fatty acid analysis

Total lipids from L. multiflora and from the eggs, the
newly hatched zoea stage 1 and the juvenile shrimp were
extracted by homogenizing each sample in 20 volumes of
ice-cold chloroform:methanol (2:1, by vol.) and the non-lipid
phase was separated by adding 0.88% (w/w) KCI1 (about 25%
of the total volume) and then centrifuged at x1500 rpm for
5 min (Folch et al.,1957). Fatty acid methyl esters (FAME)
were prepared from the total lipid by subjecting samples to
acid-catalysed transesterification (Christie, 1993). These were
quantified by gas-liquid chromatography (Agilent Techno-
logies GC 7820A, USA) and the individual FAMEs identified
by comparison to known standards (PUFA No. 3, menhaden
oil, Supelco, USA). The FAMEs were split injected through
a wall-coated capillary column (HP-Innowax column, 30 m x
0.25 mm id, 0.25um film thickness, Agilent J&W, USA) and
detected with a flame ionisation detector (FID) at 250°C.
Helium gas was used as the carrier at a constant flow rate of

1.2 mL min™. The temperature program used was an initial
150°C for 0.5 min, increasing to 170°C at a rate of 5°C min™,
hold at 170°C for 10 min, then increasing to 190°C at a rate of
3°C min™', and, then hold at 190°C for 28 min. Temperatures
at the injection and detection ports were 230°C and 250°C
respectively.

2.3 Statistical analysis

All data are presented as the mean + S.D. Differences
between samples were determined using a one-way analysis
of variance (ANOVA) and S-N-K post-hoc test using SPSS17
for Windows. Statistical significance was set at p<0.05.

3. Results

The lipid content and FA composition of the L. multi-
flora and of the harlequin shrimp are shown in Table 1. The
lipid content of the juvenile shrimp was significantly lower
than that measured in the eggs and in the newly hatched
zoea 1. All the shrimp samples showed a similar trend in their
FA composition, with saturated FA (SFA) being higher than
both monounsaturated FAs (MUFA) and polyunsaturated
FAs (PUFA). The n-3 highly unsaturated FAs (PUFA) com-
ponent was considerably higher than the n-6 PUFA content
(Table 1). A comparison of the FA composition across all
three stages revealed a number of significant differences
(»<0.05) (see Table 1). The eggs and newly hatched zoea
stage 1 had significantly higher levels (p<0.05) of SFA and
MUFA than those found in juveniles. Palmitic acid (C16:0)
and stearic acid (C18:0) were the main SFAs found, whilst
palmitoleic acid (C16:1n-7) and oleic acid (C18:1n-9) were the
main MUFAs that were encountered in all samples (Table 1).
The eggs and newly hatched zoea stage 1 also contained
higher levels (p<0.05) of palmitic and palmitoleic acid than
those found in the juveniles, however, the palmitoleic acid
content of the newly hatched zoea stage 1 was less than that
in the eggs (Table 1).

Over 90% of the PUFA content found in all shrimp
samples consisted of n-3 PUFA and n-3 HUFA, while less
than 1% n-6 PUFA was present with no arachidonic acid
(ARA, C20:4n-6) being found. Across all samples, the levels
of PUFA, n-3 PUFA and n-3 HUFA, notably eicosapentaenoic
acid (EPA, C20:5n-3) and docosahexaenoic acid (DHA, C22:6
n-3), were higher in the juveniles and the newly hatched zoea
than the levels found in the eggs. The juveniles though had
the highest levels of EPA and DHA among the developmental
stages of H. picta. Although the EPA content was higher
than that of DHA, both FAs showed a marked increase
between the egg and zoea stage 1. The juveniles were found
to contain a higher level of EPA indicating that levels continue
to rise, but the levels of DHA across the samples remained
constant. The DHA/EPA ratio across the samples appeared to
remain fairly constant whilst the n3/n6 ratio was found to
double between the egg and juveniles stages (i.e. 21 to 44
respectively; see Table 1).
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Table 1. Total lipid and fatty acid composition (% of total fatty acid) of the eggs, newly hatched
zoea stage 1 and juveniles of wild harlequin shrimp, Hymenocera picta, and of the comet
sea star, Linckia multiflora, the sole food item given to juvenile shrimp.

Parameters Eggs Zoea stage 1 Juveniles L. multiflora
Total lipid 4.0+0.1° 4.8+0.7" 1.3+£0.0° 0.7+0.1
Fatty acids
Cl14:0 6.3+0.1° 3.7+£04° 3.0+0.1° 02+0.2
C16:0 22.6+0.5" 22.0+1.6" 14.2+0.5° 3.5+0.1
C18:0 9.440.6 112434 10.8+0.3 8.1+0.6
C20:0 22408 tr 1.1+0.0° n.d.
C22:0 0.6+0.5° 0.5+0.5° 2.7+0.1° n.d.
SFA 422+1.0° 38.8+3.8 32.6+1.0° 12.5+03
Cl6:1 8.7+0.8" 53+0.1° 3.0+0.0° 0.9+0.1
C181 249+0.6 257405 24.6+0.8 5.1+0.7
C20:1 0.4+0.1° 28+1.4° 1.7+0.4° 1.6+0.2
MUFA 34.0+1.4° 33.9+0.9° 294+1.1° 7.6+0.7
Cl18:2n-6 0.3+0.0° 0.9+0.1° 0.6+0.0° 1.7+£0.2
C20:4n-6 n.d. n.d. n.d. 1.6+£0.2
n-6PUFA 0.3+0.0° 0.9+0.1° 0.6+0.0° 33+04
C18:3n-3 0.7+0.2 tr 0.6+0.0 27402
Cl18:4n-3 1.1£0.5° n.d. 0.4+0.1° 02+0.2
C20:3n-3 n.d. n.d. n.d. n.d.
C20:4n-3 0.6+0.2 03+05 0.5+0.0 n.d.
C20:5n-3 2.6+0.4° 8.1+23° 18.5+0.4° 13.1+£0.7
C22:6n-3 1.3+0.5° 6.0+2.6" 6.2+0.0" 32402
Total n-3PUFA 62+0.7° 145+2.7° 26.1+0.3° 193+12
Totaln-3HUFA 45+1.0° 143+3.1° 25.1+0.4° 163+£0.9
TotalPUFA 6.5+0.7° 15.5+2.8° 26.7+0.3° 25+13
Total HUFA 45+1.0° 143+3.1° 25.1+0.4° 18.0+1.1
n-3/n-6 20.7+3.9° 15.6+2.6° 43.6+1.5° 6.0+0.9
DHA/EPA 0.5+0.1 0.8+0.3 0.3+0.0 0.2+0.0

For each value the mean = S.D. is given. All values are based on triplicate samples.
Abbreviations: HUFA = highly unsaturated FAs; MUFA = monounsaturated FAs;
n.d. = not determined; PUFA = polyunsaturated FAs; SFA = saturated FAs; tr =<0.2 %.

4. Discussion

Triacylglycerides (TAG) are neutral lipids and the
main source of energy storage in shrimp, particularly during
embryogenesis (Clarke, 1982). In the present study, high total
lipid contents were found in the eggs and newly hatched
zoea stage 1 of H. picta when compared to the levels found
in juveniles. The low levels of lipid found in the juveniles,
however, are a reflection of the levels found in their natural
diet which consists basically of L. multiflora. The SFAs
palmitic and stearic acid and the MUFAs palmitoleic and
oleic acid were high in all samples, notably the eggs and
newly hatched zoea. There was an important reduction in the
levels of these FAs, and particularly of the SFA C16:0 in the
juveniles, indicating that these are preferentially mobilised
as energy sources for growth (Calado et al., 2005b; Calado,
2008).

ARA, EPA and DHA are required for the formation of
phospholipids which serve as structural components of
healthy tissue (Harrison, 1990; Sargent et al., 2002). The
present study found high levels of PUFA, notably EPA and
DHA, in newly hatched zoea and juveniles, which are
required for tissue growth as the harlequin shrimp develop.
Interestingly, very little n-6 PUFA and no ARA were found in
the shrimp samples. These results indicate that harlequin
shrimp, like many other marine organisms, require lower
amounts of n-6 PUFA than n-3 PUFA (Sargent et al., 2002).

In addition to this, the harlequin shrimp had lower
levels of linoleic acid (C18:2n-6), linolenic acid (C18:3n-3)
and ARA than those provided in the diet indicating that these
FAs were selectively catabolised as energy sources.

EPA and DHA have been reported to promote the
growth and survival of crustaceans (Hamasaki ef al., 2002;
Suprayudi et al., 2002a,b), however, it is the ratio of DHA/
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EPA that is more critical for growth performance in aquatic
animals including shrimp (Palmtag and Holt, 2007; Tziouveli
and Smith, 2012). Low DHA/EPA ratios have been
documented to result in the high production of larvae
(Woods, 2003; Biswas et al., 2006). Newly hatched Lysmata
amboinensis De Man, 1888 (see Tziouveli and Smith, 2012)
and starved phyllosoma spiny lobster, Jasus edwardsii
(Hutton, 1875) (see Smith ef al., 2004) with a DHA/EPA ratio
of ~1 were able to molt to the second zoea 1 stage. The
current study found that the wild H. picta samples had a
DHA/EPA ratio of <1, which is in the same range as that
reported for other marine shrimp species, e.g. Palaemon
elegans (Rathke, 1837) and Palaemon serratus (Pennant,
1777) (0.2 and 0.4 respectively; Morais et al., 2002), newly
hatched J. edwardsii (0.9; Smith et al., 2003); phyllosoma
stage of J. edwardsii (0.5; Smith et al., 2004); ornamental
Lysmata seticaudata (Risso, 1816) (0.6; Calado ef al., 2005a),
and, newly hatched Panuliru shomarus (L.) (0.4; Chakraborty
et al.,2010). The ratio DHA/EPA found in the newly hatched
zoea of another ornamental shrimp species Lysmata
amboinensis, reared under aquaculture conditions, was
found to be close to 1, thereby explaining their survival and
development to the next stage (Tziouveli and Smith, 2012).
Further work, however, is required to define the appropriate
DHA/EPA for optimal growth and survival but it is suggested
that it may lie within the range of 0.3-1 of the H. picta
requirements.

The n-3/n-6 ratio is an index used to determine the n-3
and n-6 PUFA requirements for growth in aquatic animals
(Holman, 1986; Sargent, 1995). In this study, a high n3/n6
ratio was found in all samples indicating that harlequin
shrimp require high levels of n-3 PUFA, particularly EPA and
DHA, for growth, but have limited need for n-6 PUFA, as
suggested for other aquatic species (Wickens et al., 1995;
Caladoet al., 2009).

5. Conclusion

As the FA composition of the tissues reflects levels
found in the respective diets of each species (Mourente et al.,
1995; Leonardos and Lucas, 2000; Fernandez-Reiriz et al.,
2011), the high n-3/n-6 ratio, high levels of SFA, EPA, DHA
and a low DHA/EPA ratio provide critical clues as to the
nutritional requirements of H. picta. This information should
be carefully factored into the preparation of enrichment
techniques for the sustainable culture of harlequin shrimp.
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