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บทคัดย่อ 
 อาร์ทีเมียเป็นอาหารมีชีวิตที่ใช้เลีย้งปลาแมนดารินเขียว Synchiropus splendidus ซึ่งเป็นปลาที่มีพฤติกรรมการกิน
อาหารช้า  แต่อย่างไรก็ตามขนาด และคณุค่าทางอาหารที่มีผลต่อการสืบพนัธุ์ของปลาแมนดารินเขียว ควรต้องมีการศึกษา             
ท าการทดลองเลีย้งพ่อแม่พนัธุ์ปลาแมนดารินเขียว (F1) เร่ิมต้นอายุ 14 เดือนจ านวน 12 คู่  ในตู้กระจกบรรจุน า้เค็ม 90 ลิตร  
กินอาหารทดลอง 4 ชนิดวนัละ 2ครัง้ 1) อาร์ทีเมียตวัเต็มวยั 3 ตวั/ลิตร/ครัง้ 2) อาร์ทีเมียแรกฟัก 0.5 ตวั/มล/ครัง้ 3) อาร์ทีเมีย
ผสมระหว่างตวัเต็มวยัและอาร์ทีเมียแรกฟัก อตัราสว่น 2 ตวั/ลิตร/ครัง้: 0.5 ตวั/มล/ครัง้ และ 4) อาร์ทีเมียผสมระหว่างตวัเต็ม
วยัและอาร์ทีเมียแรกฟัก  อตัราส่วน 1 ตวั/ลิตร/ครัง้: 0.5ตัว/มล/ครัง้ ท าการเลีย้งอาร์ทีเมียด้วยสไปรูไลนาอบแห้งและเสริม
สารอาหารอาร์ทีเมียทุกวันด้วยแพลงก์ตอนพืชผสมกันระหว่างTetraselmis gracilis และ Isochrysis galbana หรือ T. 
gracilis และ Nanochrolopsis oculata  เป็นเวลา 1 – 3  ชม ผลการทดลองพบว่าอาร์ทีเมียแรกฟักมีโปรตีนและไขมนัสงูกว่า
อาร์ทีเมียตวัเต็มวยั อาร์ทีเมียตวัเต็มวยักินแพลงก์ตอนพืชผสม T. gracilis และ N. oculata มีโปรตีนสงูกว่าอาร์ทีเมียกิน T. 
gracilis และ I. galbana แต่อาร์ทีเมียเหลา่นีม้ีไขมนัไม่แตกต่างกนั อาร์ทีเมียทัง้สองขนาดมีกรดไขมนัที่จ าเป็นขนาดโซ่ยาว 
eicosapentaenoic acid 3%  แต่ไม่มีกรดไขมัน docosahexaenoic acid  อาร์ทีเมียตัวเต็มวัยที่กินแพลงก์ตอนพืชผสมมี  
arachidonic acid 1% แต่ไม่พบกรดไขมนัชนิดนีใ้นอาร์ทีเมียแรกฟัก ผลการทดลอง 9 เดือนพบวา่ปลา S. splendidus 1 คู่ที่
กินอาร์ทีเมียตวัเต็มวยั 3 ตวั/ลิตร/ครัง้ มีพฤติกรรมการผสมพนัธุ์ออกไข่เมื่ออาย ุ19 เดือน ปลาออกไข่ตัง้แต่เดือนมิถนุายนถึง
กนัยายน ไข่ปลามีปริมาณ 48 – 253 ฟอง (ขนาดเฉลี่ย 0.78  ± 0.02 มม) จ านวนไข่ที่ได้รับการผสมพฒันาและเป็นตวัอ่อน
เพิ่มขึน้ตามจ านวนครัง้การออกไข่แสดงว่าการเสริมสารอาหารในอาร์ทีเมียตวัเต็มวยัด้วยแพลงก์ตอนพืชผสมกนัและให้ปลา
แมนดารินเขียว (F1) อายุ 14 เดือน  กินอัตราอย่างน้อย 3 ตัว/ลิตร/ครัง้ จ านวน 2 ครัง้ต่อวนัเป็นระยะเวลานาน 9 เดือน             
มีสารอาหารพอเพียงในการเลีย้งปลา S. splendidus ในที่กักขงัและปลาสามารถสืบพันธุ์ได้แต่อย่างไรก็ตามวิธีการเสริม
สารอาหารในอาร์ทีเมียที่เหมาะสมควรท าการวิจยัตอ่ไป  
ค าส าคัญ  :  อาร์ทีเมีย  คณุคา่ทางอาหาร  การสบืพนัธุ์  ปลาแมนดารินเขียว  
*Corresponding author: e-mail: jarunan@buu.ac.th 
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Abstract 
 Artemia are used intensively for slow feeding species like the green mandarinfish, Synchiropus 
splendidus, however, the size and nutritional content of Artemia on their reproductive performance, requires 
determination. To investigate this, 12 pairs of 14-month old F1 progeny were maintained in glass aquaria 
containing 90L of seawater and fed twice daily on either: 1) adult Artemia (AA) at 3 individuals (ind.) L-1; 2) newly 
hatched Artemia (NHA) at 0.5 ind.mL-1; 3) mixtures of AA and NHA at a ratio of 2 ind.L-1: 0.5 ind.mL-1; and 4) 
mixtures of AA and NHA at a ratio of 1 ind.L-1: 0.5 ind. mL-1, respectively. Maintained with dry Spirulina sp., 
Artemia were enriched daily with microalgae mixtures, i.e., either Tetraselmis gracilis and Isochrysis galbana or T. 
gracilis and Nanochrolopsis oculata. NHA contained higher protein and lipid levels than AA; the protein levels of 
AA fed mixed T. gracilis and N. oculata were high but their lipid levels were similar to that fed T. gracilis and            
I. galbana. All Artemia contained eicosapentaenoic acid  (ca. 3%), but they lacked docosahexaenoic acid,               
while only AA fed mixed microalgae had ca.1% arachidonic acid. During the 9-month trial, only one pair of 
mandarinfish, reared on AA at 3 ind.L-1, spawned at 19-months old. The pair subsequently spawned ten times 
throughout June-September; the number of eggs laid within each batch ranged from 48–253; average diameter of 
the eggs was 0.78±0.02 mm. Irrespective of the egg number within a batch, the number of fertilized eggs 
increased in successive batches indicating that application of microalgae-enriched AA at least 3 ind.L-1, when 
presented to 14-month old green mandarinfish (F1) at least twice daily for 9 months, may provide sufficient 
nutrients to promote the reproduction of the green mandarinfish reared in captivity, although the enrichment 
methods   require further investigation.   
  

Keywords : Artemia,  nutritional content,  reproduction,  green mandarinfish 

 

 
Introduction 

The colourful marine ornamental fish, green mandarinfish, Synchiropus splendidus (Herre, 1 9 2 7 ) , or 
mandarin dragonet (Family Callionymidae) is among the top twenty species collected from coral reefs (Rhyne          
et al., 2012) and overfishing has placed increasing pressure on wild populations (Sadovy et al., 2001). Although 
the development of a sustainable, captive breeding programme offers a solution to this problem, practices and 
information relating to the rearing and breeding of adults in captivity is needed. The quality of nutrients in 
broodstock diets, for example, can influence the reproductive performance of marine aquatic species (Forteath, 
1997; Wong & Benzie, 2003; Foster & Vincent, 2004; Lin et al., 2007; Fernández-Palacios et al., 2011; Migaud         
et al., 2013). The long chain, highly unsaturated n-3  family of fatty acids (FA), e.g. eicospentaenoic acid (EPA; 
C20:5n-3) and docosahexaenoic acid (DHA; C22:6 n-3), and the n-6 family of fatty acids, e.g. arachidonic acid 
(AA; C2 0 : 4  n-6 ) , are considered essential for the normal growth and reproduction of marine fish species.                  
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In broodstock diets, a deficiency of these essential fatty acids (EFAs) can reduce fecundity and fertilization rates, 
can result in embryo deformities and can damage larval quality (Izquierdo et al., 2001, 2005).   

In nature, S. splendidus obtains its EFAs from a variety of live feeds, e.g. from polychaetes, amphipods, 
gastropods and various zooplankton species such as harpacticoid copepods (Randall et al., 1 9 9 2 ; Lieske & 
Myers, 1994 ; Sadovy et al., 2001). Maintaining a continuous supply of a spectrum of live feeds is, however, in 
most aquaria, not an easy undertaking in practice. For captive reared species of fish etc, Artemia has been 
traditionally used worldwide as a live feed for some of the slower swimming and feeding aquatic species (Wong & 
Benzie, 2003; Lin et al., 2007; Otero-Ferrer, 2012). The rearing of various seahorses, i.e. Hippocampus spp., with 
EFA enriched-Artemia has proven successful in getting captive-held stocks to breed and to produce viable, 
healthy offspring (Forteath, 1997 ; Chang & Southgate, 2001; Wong & Benzie, 2003; Woods & Valentino, 2003 ; 
Woods, 2005; Lin et al., 2007; 2008; 2009). Consistent with this, it was hypothesized that EFA enriched-Artemia 
may also serve as an appropriate live feed for the slower moving S. splendidus broodstock.  

In this preliminary study, adult Artemia were maintained with dry Spirulina sp., an algae recommended 
for the culture of Artemia (see Zarei, 2 0 1 3 ) , throughout the trial. Alongside this, mixtures of either Tetraselmis 
gracilis and Nanochloropsis oculata or T. gracilis and Isochrysis galbana were used to enrich the Artemia prior to 
presenting them to the S. splendidus. The T. gracilis and N. oculata represent diets enriched for and containing  
ARA and EPA (Pratoomyot et al., 2005; Jaritkhuan & Chomrung, 2007; Praiboon et al., 2012), while the diet with            
I. galbana represents a diet enriched for and containing ARA and DHA (Chomrung et al., 2007 ; Praiboon et al., 
2012). Consistent with this, the adult Artemia, representing large prey, and newly hatched Artemia, representing 
small prey, were assessed as live feeds presented to the F1  progeny from S. splendidus broodstock. It was 
anticipated that the basic information gathered from this trial regarding the utility of Artemia as a potential live feed 
will make a valuable contribution in developing protocols for the culture of captive bred green mandarinfish.   
 
Methods 
Source of the S. splendidus F1 progeny 

Three pairs of wild broodstock originating from the Philippines were obtained from a commercial dealer 
and then maintained in 150 × 50 × 50 cm (375 L) glass aquaria under a natural photoperiod regime.                      
The broodstock tanks were connected to a >70 m3main recirculation water system within the research hatchery at 
the Institute of Marine Science Bangsaen, Burapha University; the water flow through these tanks was 6.0 L min-1. 
The broodstock were maintained on a mixture of natural zooplankton and Artemia. Each evening, a fine plankton 
net was positioned next to the tank outlet so that eggs released overnight could be collected and then assessed 
the following morning. After egg hatching, the newly hatched F1 S. splendidus were transferred into 20 L glass 



บทความวิจยั 

วารสารวิทยาศาสตร์บรูพา  ปีที่  21  (ฉบบัที่ 2)  พฤษภาคม – สิงหาคม   พ.ศ. 2559  155  
 

aquaria containing 33-34 ppt seawater. During the nursing period, the larval fish were fed rotifers and newly 
hatched Artemia, while live adult Artemia were fed to the juvenile fish. 
Sources of Artemia 

Adult Artemia (AA) were obtained from a local dealer three times each week and were maintained in a 
100 L fibre glass tank containing 33-34 ppt seawater. Each batch of Artemia were fed a daily diet of ca. 1 g of dry 
Spirulina sp. and live T. gracilis at a density of 1.4×103 - 2.0×104 cells mL-1. Prior to each feed presented to the           
S. splendidus broodstock (F1), the adult Artemia were enriched with mixtures of T. gracilis (3.5×1 0 5  – 5.0×105           
cell mL-1) and  I. galbana (2.3×1 0 6 - 2.4×106 cell mL-1) or with T. gracilis (3.5×1 0 5  – 5.0×105cell mL-1) and             
N. oculata (1.6×106 – 3.6×106cell mL-1) for a period of 1-3 h. Artemia cysts were bought from a local shrimp feed 
supplier and kept  at -20oC until required. Artemia were hatched on a daily basis in 32 ppt seawater and the newly 
hatched Artemia (NHA) were used within 24 h. The NHA were enriched with mixtures of microalgae using the 
same methods used for the adult Artemia.   
Experimental aquaria 

The 45 × 120 × 50 cm experimental aquaria, which contained 270 L of 33-34 ppt seawater, were sub-
divided into a rearing area, which measured 45 × 40 × 50 cm (90 L), and an egg collecting zone, which measured 
45 × 80 × 50cm (180 L); both zones were aerated by air stones. Sand and artificial rocks were added to              
the rearing zone of each tank; 1L of plastic biomedia was used within a biological filter positioned in the egg 
collecting zone. 
Experimental protocol 

Twelve pairs of 14 month-old S. splendidus with a mean weight of 1.52 ± 0.22 g (females) to1.81 ± 0.33 g 
(males) and length of 3.61 ± 0.26 cm (females) to 3.82 ± 0.22 cm (males) were randomly assigned to                   
the experimental aquaria. Three pairs of S. splendidus were fed enriched adult Artemia (AA) at 3 individuals (ind.) 
L-1 twice per day, a further three pairs were fed newly hatched Artemia (NHA) at 0.5 ind. mL-1 twice per day, while 
the remaining six pairs were fed a combination of enriched AA and NHA at ratios of 2 ind. AA L-1: 0.5 ind.                 
NHA mL-1     (3 pairs of fish) and 1 ind. AA L-1: 0.5 ind. NHA mL-1 (3 pairs of fish). The trial ran for 9 months. Every 
evening,   a 15 cm long ×15 cm diameter PVC pipe sealed with 50 µm mesh was positioned in the egg collecting 
zone of each aquarium so that any eggs released overnight could be collected and enumerated the following 
morning.  

Throughout the trial, dead or uneaten Artemia from the bottom of the aquaria were siphoned daily and 
the sea water was then refilled to the previous level. Every two months, algae growing on the sides of the tanks 
were manually scrapped down and siphoned out prior to a 50% sea water change.  Consistent with this, water 
quality was maintained within the following parameters: pH 8.2-8.7, temperature 25.5-27.7oC, salinity 32-33 ppt, 
alkalinity 93-140 mg-l, ammonia-nitrogen < 0.08mg-l, and nitrite-nitrogen 0.02-0.07mg-l.  
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Proximal analysis 
The proximate compositions of the NHA and the microalgae-enriched adult Artemia were determined 

following standard methods (AOAC, 2000) and the instrumentation protocols. In brief, the samples were placed in 
a freeze drier to obtain their dry weight. The crude protein was analysed using Kjeldahl analysis on a Tecator 
Kjeltec TM 2300 analyser (Foss, Warrington, UK), while the crude lipid content was extracted by petroleum ether 
(40-60oC boiling point) using a Tecator Soxtec System 2050 Auto Extraction Apparatus (Foss, Warrington, UK). 
The total ash content of each species was determined by burning samples in a muffle furnace at 550oC for 16 h.                 
The nitrogen free extract (NFE) and fibre content of each sample was subsequently determined by subtracting   
the crude protein, crude lipid and ash values from 100%. 
Total lipid extraction and fatty acid analysis 

Total lipids were extracted from each Artemia sample following the methods detailed by Folch et al. 
(1957). Each 1 g dry sample was homogenised in 20 volumes of ice-cold chloroform:methanol (2:1, by vol.) 
containing 0.1 % butylated hydroxytoluene (BHT) and then left for 1 h. The liquid layer was transferred to a 
separating funnel and the residues were once again extracted using the same conditions detailed above and then 
by removing the liquid phase into the separating funnel. To separate the non-lipid phase, 0.88% (w/w) KCl              
(ca. 25% of the total volume) was added to the funnel, then agitated, and then left until the solution separated into 
two layers. Thereafter, the top phase was removed and the lower fraction was filtered through anhydrous sodium 
sulphate before evaporating the collected fraction (Folch et al., 1957). The sample was then placed in                   
a desiccator for 1 h before it was weighed and then dissolved in chloroform:methanol (2:1, by vol.) containing 
0.01% BHT to give a final concentration of 10 mg mL-1. The samples were subsequently stored in brown vials              
at -40°C until required. Fatty acid methyl esters (FAME) were subsequently prepared from the total lipid samples 
by subjecting each to acid-catalysed transesterification by adding 1% sulphuric acid and then incubating them      
at 50oC for 16 h (Christie, 1993) and quantifying them by gas-liquid chromatography (Agilent Technologies GC 
7820A, USA). The individual FAMEs within each sample were identified by their comparison to known standards 
(Supelco 37-Component FAME Mix, Supelco, USA). The FAMEs were split injected (ratio) through a wall-coated 
capillary column (HP-Innowax column, 30 m × 0.25 mm id, 0.25µm film thickness, Agilent J & W, USA) and then 
detected by a flame ionisation detector (FID) at 250°C. Helium gas was used as the carrier at a constant flow rate 
of 1.1 mL min-1. The temperature program used was an initial 150°C for 0.5 min, increasing to 170°C at a rate of 
5°C min-1, hold at 170°C for 10 min, after that increasing to 190°C at a rate of 3°C min-1, and then hold at 190°C 
for 28 min. Temperatures at the injection and detection ports were 230°C and 250°C respectively. 
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Reproduction determination 
Reproduction was determined from the mean age of the fish at each spawning, the number of spawning 

events, egg quantity and quality, and, the hatch rate (i.e. no. of pro-larvae obtained). Egg diameter and larval 
development was determined microscopically under an Olympus SZ30 stereo microscope at magnifications of 
×1-×4. Egg quality was calculated using the following: 

% of fertile eggs = no. of clear floating eggs ×100/ total no. of eggs from each spawning 
% of unfertile eggs = no. of opaque sinking eggs ×100/ total no. of eggs from each spawning 

Statistical analysis 
All data are presented as the mean ± st. dev. Differences between samples were determined using                

a one-way analysis of variance (ANOVA) and Duncan’s post-hoc test using SPSS 22 for Windows. Statistical 
significance was set at p<0.05. 

 
Results and discussion 

As filter feeders, the nutritional composition of adult Artemia and consequentially their offspring is 
influenced by the adult’s diet (Lavens et al., 1989). In this study, the NHA were found to contain ca. 65% protein 
and 14% lipid while the adult Artemia contained 48 - 52% protein and 7 - 8% lipid (Table 1). The NHA have higher 
protein and lipid as this is derived from the maternal source deposited in eggs while the adult Artemia have 
already depleted   the maternal source and rely on protein and lipid obtained from its diet. The Great Salt Lake 
nauplii and juveniles from super-intensive culture systems have levels of between 41.6 - 47.2% to 49.7 - 62.5% 
protein and lipid levels that range from 20.8 - 23.1% and 9.4 - 19.5% (Dhont & Lavens, 1996). 

From the current study, the adult Artemia fed a mixture of T. gracilis and N. oculata had over 50% 
protein, while the Artemia fed the other mixtures contained almost 50% protein. The farmed Artemia and             
the Artemia fed the mixed microalgae had lipid contents of around 7 - 8% which were significantly (p<0.05) 
different from those fed freshwater Spirulina, which were determined to contain only 3% lipid (Table 1).                
The nutritional composition of the Artemia used in this study were in the same range as various Artemia meals, 
which typically have 40 - 60% protein and 8 - 20% lipid (Zarei, 2013). Spirulina is classified into the class 
Cyanophyceae, and cyanophytes including Spirulina do not contain high levels of fat (De Oliveira et al., 1999; 
Uslu et al., 2011). Cultured in a mineral medium under continuous light at temperature of between 20 - 40oC,            
S. maxima and S. platensis contain 5.97 - 7.3% and 6.32 - 7.24% lipid respectively (De Oliveira et al., 1999).            
As mentioned above, the nutrients content of adult Artemia is dependent on their diets, therefore, the low level of 
lipid found in the adult Artemia fed on freshwater Spirulina is due to low level of lipid in the freshwater Spirulina.  
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Table 1   Proximate composition of newly hatched Artemia, adult Artemia obtained from farms, Artemia fed  

 Spirulina sp. and also Artemia fed a mixture of either Tetraselmis gracilis and Nanochoropsis oculata or 
 a mixture of T. gracilis and Isochrysis galbana.  

 

Proximate 
composition 

NH 
Artemia 

Farmed 
Artemia 

Adult Artemia sp. fed on a variety of phytoplankton 
Spirulina sp. T. gracilis+N. oculata T. gracilis+I. galbana 

Protein 65.2 ± 0.2a 47.7 ± 0.2cd 48.2 ± 0.6c 52.5 ± 0.1b 47.2 ± 0.1d 
Lipid 14.1 ± 0.2a 6.6 ± 0.2c 3.4 ± 0.4d 7.9 ± 0.1b 7.9 ± 0.1b 
Ash 10.7 ± 0.2e 20.6 ± 0.3a 11.3 ± 0.4d 13.1 ± 0.3c 18.5 ± 0.2b 
NFE + fibre 11.0 ± 0.1d 25.1 ± 0.3c 37.0 ± 0.9a 26.4 ± 0.2b 26.4 ± 0.2b 
NFE= nitrogen free extract 
 

The fatty acid (FA) composition of the NHA, the farmed adults and the adult Artemia that were enriched 
by feeding them mixtures of microalgae are shown in Table 2. The NHA contained comparatively higher quantities 
of the essential n-3 polyunsaturated fatty acid (PUFA) and PUFAs than monounsaturated fatty acids (MUFAs) and 
saturated FAs. In this study, the farmed adult Artemia and the Artemia fed on a mixture of T. gracilis and                  
N. oculata contained 3% n-3 highly unsaturated FA (n-3 HUFA); much of which was represented by 
eicosapentaenoic acid (EPA, C20:5n-3). High levels of EPA were seen in the farmed Artemia and this is most 
likely because they are reared on a mixed diet consisting of microalgae, dry algae, protozoa, bacteria and various 
yeasts (Dhont & Lavens, 1996), while the Artemia fed the mixture of T. gracilis and N. oculata derive this EFA 
directly from both species of microalgae (Pratoomyot et al., 2005; Jaritkhuan & Chomrung, 2007; Praiboon et al., 
2012). The Artemia fed the mixture of T. gracilis and I. galbana was found to contain lower quantities of EPA,            
a consequence of I. galbana containing little amounts or are lacking in this EFA (Chomrung et al., 2007), and             
so the EPA measured in this diet is derived principally from T. gracilis. 
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Table 2  The fatty acid compositions (% of total fatty acid) determined in samples of newly hatched Artemia,  
farmed adult Artemia sp. and in farmed Artemia sp. fed on two different mixtures of microalgae. 

Fatty acids 
Newly hatched 

Artemia 
Farmed 
Artemia 

Adult Artemia fed on microalgae 
 Spirulina sp. T. gracilis + 

N. oculata 
T. gracilis+ 
I. galbana 

C14:0 0.62 ± 0.04 d 1.34 ± 0.06 b 0.83 ± 0.10 b 1.34 ± 0.07 b 2.08 ± 0.03 a 
C16:0 10.05 ± 0.39 c 14.14 ± 0.20 b 14.39 ± 0.70 b 15.0 ± 0.23 b 16.36 ± 0.63 a 
C18:0 4.92 ± 0.18 c 5.48 ± 0.03 cb 7.82 ± 0.64 a 6.25 ± 0.80 b 6.18 ± 0.23 b 
C16:1n7 1.87 ± 0.07 d 0.15 ± 0.02 e 2.40 ± 0.14 c 4.59 ± 0.31 a 3.92 ± 0.12 b 
C18:1n9 22.08 ± 0.51 b 22.65 ± 0.15 b 21.55 ± 0.78 b 25.40 ± 0.71 a 22.52 ± 0.73 b 
C20:1n9 0.70 ± 0.13 a 0.55 ± 0.06 b nd nd nd 
C18:2n6  4.25 ± 0.22 e 12.46 ± 0.15 a 9.79 ± 0.73 c 7.62 ± 0.62 d 11.00 ± 0.20 b 
C18:3n6 0.36 ± 0.02 a 0.22 ± 0.02 b 2.38 ± 0.20 a 0.37 ± 0.07 a 0.32 ± 0.06 a 
C18:3n3 26.83 ± 0.89 a 8.32 ± 0.08 c 11.25 ± 0.48 b 7.87 ± 0.68 c 8.39 ± 0.27 c 
C20:4n6 nd 1.76 ± 0.04 a nd 1.13 ± 0.17 b 1.11 ± 0.05 b 
C20:5n3 1.34 ± 0.05 c 3.23 ± 0.03 a 1.41 ± 0.11 c 3.16 ± 0.49 a 1.97 ± 0.15 b 
C22:6n3 nd nd nd nd nd 
Others 26.96 ± 2.17 29.70 ± 0.40 28.16 ± 2.74 27.27 ± 2.09 26.16 ± 1.22 
SFA 15.36 ± 0.58 c 19.62 ± 0.23 b 22.22 ± 1.34 a 21.25 ± 1.00 a 22.54 ± 0.81 a 
MUFA 25.36 ± 0.52 c 23.35 ± 0.13 c 23.96 ± 0.92 c 29.99 ± 1.00 a 26.44 ± 0.84 b 
PUFA 32.79 ± 1.13 a 25.99 ± 0.28 b 24.83 ± 1.03 bc 20.16 ± 1.92 d 22.78 ± 0.63 c 
n-3PUFA 28.18 ± 0.90 a 11.55 ± 0.09 bc 12.66 ± 0.52 b 11.03 ± 1.16 c 10.36 ± 0.42 c 
n-3HUFA 1.34 ± 0.05 c 3.23 ± 0.03 a 1.41 ± 0.11 c 3.16 ± 0.49 a 1.97 ± 0.15 b 
Data represent the mean ± st. dev., n=3. The C20:0, C22:0 and C22:1n9 content of the samples was less than 
0.4% and are not shown. nd = not detected. 
 

In the present study, a single pair of S. splendidus fed on marine microalgae-enriched Artemia given as 
3  ind. L-1 twice per day began spawning after five months on this dietary regime and when the breeding pair of 
fish were aged 19 months old (female 3.0 g, 5.39 cm; male 3.7 g, 5.54 cm). The S. splendidus pair subsequently 
spawned 10 times over the period June through to September (Figure 1). Determining the age at which wild 
dragonets mature is difficult as this depends on the species and the sex of the fish (Chang, 1951; Gibson & Ezzi, 
1979). It has been reported that S. splendidus mature once they exceed 30 mm in length (Sadovy et al., 2001) 
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which is smaller than the captive bred F1 progeny used in the present study, however, the age and size of fish 
may not be correlated especially when comparing wild and captive bred individuals. The number of eggs 
produced ranged from 48 to 253 eggs per batch, with an average 151.40 ± 70.91 eggs per batch; the eggs were 
0.78 ± 0.02 mm in diameter; these figures agree with egg data gathered from individuals spawning in the wild, 
i.e.12 - 205 eggs; 0.7 - 0.8 mm in diameter (Sadovy et al., 2001). Green mandarinfish are partial spawners, 
releasing small batches of eggs on a regular basis. Eggs within the ovary develop at different rates, with small 
numbers of mature eggs only being released. This mode of egg release is different to total spawners where there 
is  a synchronized development and release of mature eggs in a single batch (Miranda et al., 1999). From Figure 
1,   it can be seen that there was gradual improvement in the number/proportion of fertilized eggs produced with 
each sequential spawning event irrespective of the number of eggs produced in a batch. It has been suggested 
from previous studies that the number of eggs produced in a batch and the proportion that are fertilized is 
influenced by nutrition (Carcupino, 2002; Foster & Vincent, 2004; Callan et al., 2014), and also by the age and 
quality of the broodstock, and, by egg and sperm quality (Wong & Benzie, 2003; Dzyuba et al., 2006; Fernández-
Palacios, 2011; Callan et al., 2014). 
 

 
Figure 1  The total number and the quality of the eggs of Synchiropus splendidus obtained from ten separate  

spawning events that were reared on adult Artemia (3 ind. L-l) twice per day that began after 
approximately five months on this feeding regime. The spawning data is from a single pair of fish aged 
19 months old.  
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In studies looking at the nutrition of broodstock fish, apart from amino acids, vitamins and carotenoids, 
lipids are also commonly studied. Lipids not only provide energy for growth but also are a source of EFA required 
for the formation of cell membranes in marine organisms (Sargent et al., 2002). ARA and DHA are essential for           
the early development of the eggs and larvae from marine species e.g. European sea bass, Dicentrachus labrax 
(L.), (see Bruce et al., 1999; Sorbera et al., 2001). EPA, for example, is particularly important for the fertility of 
gilthead seabream, Sparus aurata L., broodstock (Fernández-Palacios et al., 1995). Thus qualities of egg and 
larvae are dependent on nutrient delivery from the female (Izquierdo et al., 2000, 2001) and from the broodstock 
diet (Izquierdo et al., 2001). EFA requirements in fish are species dependent; Mediterranean fish species require 
between 0.64 and 2.2 % n-3 highly unsaturated fatty acid (n-3HUFA) in their broodstock diets (Izquierdo et al., 
2001). Optimum EFA levels are found around 0.6-2.3% for DHA, 0.7 - 2.3% for EPA and up to 1% for ARA 
(Izquierdo et al., 2001). Specifically, the inclusion of 0.6% ARA dry weight (DW) in the broodstock diet was found 
to improve the egg quality of Japanese flounder, Paralichthys olivaceus (Temminck et Schlegel, 1846) (see 
Furuita et al., 2003). Atlantic halibut, Hippoglossus hippoglossus (L.), fed on a diet containing 1.8% ARA of the 
total fatty acid content resulted in significantly higher fertilization and hatching rates when compared to a group of 
fish fed 0.4% ARA (Mazorra et al.,2003). Gilthead seabream broodstock require a minimum dietary DHA level of 
about 0.6% DW and EPA at 1.2% DW (Fernández-Palacios et al., 1995). It is also important to consider the ratio 
between the polar lipids ARA, EPA and DHA and the competition between them, as an excess of one will    
displace the others, to the potential detriment of egg quality (Izquierdo et al., 2000; 2001; Sargent et al., 2002).           
In the present study, the enrichment of Artemia with a mixture of microalgae gave1% ARA and 2-3% EPA and            
the S. splendidus spawned. The results suggest that these levels may be appropriate for S. splendidus to spawn 
when they are ca. 19 months old. The absence of DHA in their diet, however, suggests that alternative methods of 
dietary enrichment must be sought to allow for its incorporation into diets given to captive reared S. splendidus.  

 
Conclusions 

Green mandarinfish are difficult to maintain in aquaria as they typically feed on a broad spectrum of 
zooplankton and as such, maintaining a continuous and varied supply of live feeds for their culture is a limiting 
factor to their broader commercial aquaculture. In the current trial, a pair of F1 progeny from captive bred S. 
splendidus broodstock, were fed adult Artemia enriched with microalgae for a period of 9 months during which 
the pair spawned ten times from June to September. The trial findings highlight that fish maintained on this diet 
are able to breed and suggests that adult Artemia enriched with various species of phytoplankton may serve as 
an alternative live feed for S. splendidus broodstock cultured in captivity. 
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