
  
  アミメノコギリガザミ,Scylla serrata幼生の成長と生残に及

ぼすワムシ中のn-3高度不飽和酸の影響

  誌名 水産増殖 = The aquiculture
ISSN 03714217
著者名 Suprayudi,M.A.

竹内,俊郎
浜崎,活幸
廣川,潤

発行元 水産増殖談話会
巻/号 50巻2号
掲載ページ p. 205-212
発行年月 2002年6月

    
農林水産省 農林水産技術会議事務局筑波産学連携支援センター
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council
Secretariat

Powered by TCPDF (www.tcpdf.org)



SUISANZOSHOKU　50（2），205－212（2002）

The Effect of N-3HUFA Content in Rotifers on
the Development and Survival of Mud Crab,

Scylla serrata, larvae

M. Agus SUPRAYUDI
＊1, Toshio TAKEUCHI

＊1,2, Katsuyuki HAMASAKI
＊2,

and Jun HIROKAWA
＊2

（Accepted May 2, 2002）

Abstract:  This experiment was conducted to determine the effect of the nutritional value of roti-
fers enriched with different kinds of lipids, especially n-3 highly unsaturated fatty acids (n-3HUFA), 
on the growth and survival of mud crab, Scylla serrata larvae. Rotifers were enriched with four 
kinds of materials including corn oil (R-E0, containing 0.3% n-3HUFA), four different levels of 
EPA28G (R-E10, R-E20, R-E40 and R-E80, containing 0.5%, 0.8%, 1.3% and 3.2% n-3HUFA, respec-
tively), two different levels of single cell algae Nannochloropsis oculata (R-N18 and R-N42, contain-
ing 1.8% and 3.1% n-3HUFA, respectively) and Yugen (R-YG, containing 1.7% n-3HUFA). Mud crab 
larvae were reared in one-liter plastic beakers at a stocking density of 30 larvae/L.

The growth performances of mud crab larvae were affected by n-3HUFA levels and the ratio of 
docosahexaenoic acid (DHA; 22:6n-3) and eicosapentaenoic acid (EPA; 20:5n-3) contained in roti-
fers. Mud crab larvae fed rotifers containing 0.8% of n-3HUFA had a highest percentage of reaching 
the fi rst crab stage. Increasing the n-3HUFA content of rotifers in excess of 0.8% caused a high rate 
of megalopa molting failure, and most mud crab larvae were failed to molt to megalopa when larvae 
were fed rotifers containing 3.1% n-3HUFA.

The results suggested that n-3HUFA content in rotifers should be adjusted to 0.8% (containing 
0.33% EPA and 0.13% DHA) in terms of growth performance for the mud crab, Scylla serrata larvae.
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period
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Introduction

The mud crab, Scylla serrata which is known 
as “Amimenokogiri  Gazami” in  Japan and 
“Kepiting Bakau” in Indonesia, is a large, com-
mercially important portunid crab found in most 
parts of the Indo-Pacifi c region. This species can 
grow to a weight exceeding 2 kg1,2). Declining 
fi sheries throughout its range have stimulated 
the production of mud crabs by culture.

Many studies have been conducted to inves-
tigate the standard biological requirements for

rearing mud crab larvae and juveniles. Haesman 
and Fielder3) conducted laboratory spawning 
and mass rearing of the mangrove crab, from 
the fi rst zoea to the fi rst crab stage. Other stud-
ies on S. serrata include those on larval rear-
ing of mud crab, combined effects of salinity 
and temperature on the hatching, survival and 
growth of zoea4); oxygen uptake and nitrogen 
excretion of juveniles at different temperature 
and salinity levels5); salinity and temperature tol-
erance of zoea6); and effects of temperature on 
feeding and activity in the crab, S. serrata7).

At present, mud crab farming is limited by 
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the availability of seed. Most of the seed for 
grow-out and fattening come from the wild, and 
the supply is not suffi cient to meet the demand. 
Additionally, larval rearing of mud crab is still 
faced with problems of unstable production due 
to the high mortality that occurs from the zoea 
stage up to megalopa stage and poor diet has 
been suggested as one of the possible causes 
of the mass mortalities during larval rearing8). 
However, little information is available on the 
nutritional requirements of mud crab larvae.

Rotifers and Artemia are usually used as live 
food for marine fi sh and crustacean larvae but 
they have a low content of n-3 highly unsatu-
rated fatty acids (n-3HUFA), particularly doco-
sahexaenoic acids (DHA) and eicosapentaenoic 
acid (EPA). It has been well documented that 
n-3HUFA are essential for the growth and sur-
vival of marine fi sh and crustaceans. Many stud-
ies have demonstrated the benefi ts of dietary 
enrichment9-12). Furthermore, Hamasaki et al.13) 
suggested that in mass seed production of the 
swimming crab, Portunus trituberculatus the 
enrichment of rotifers should be a routinely car-
ried out to improve the quality of the rotifers.

Recent  studies  on  P. trituberculatus  have 
shown that a low concentration of n-3HUFA in 
rotifers and Artemia resulted in a low survival 
rate, molting rate, intermolt period to reach 
each larval stage, and small carapace width13-16). 
Sheen and Wu17) indicated that juvenile mud 
crabs require lipids at a the range of 5.3-13.8% in 
their diet to achieve the optimum requirement.

This study was conducted to examine the 
larval development and survival rate of mud 
crab S. serrata fed on rotifers enriched with dif-
ferent kinds of enrichment materials from the 
viewpoint of the n-3HUFA content.

Materials and Methods

Larval source
Broodstock were held in a 5 ton rectangu-

lar fi berglass tank supplied with shelters and 
fl owthrough water system at The Japan Sea-
Farming Association (JASFA), Yaeyama Station. 
A berried female was transferred to a 50 L hold-
ing tank, that was equipped with a fl owthrough 

water system. One day before hatching, the ber-
ried female was transferred into the hatching 
tank (1000 L cylindrical polycarbonate tank). 
After hatching, only the active swimming larvae 
were used in this experiment. The scientifi c 
name of Scylla serrata in this study is based on 
Keenan et al.18).

Larval rearing
First stage zoea (Z1) from one broodstock 

mud crab were held in 1 L aerated plastic bea-
kers and placed in the water bath. The stocking 
density of mud crab larvae was 30 individuals/L. 
During larval rearing, water temperature was
maintained at 30±0.5˚C with a heater connected 
to thermostat. Salinity was maintained at 33±
1 ppt during the zoeal stages and 24±0.5 ppt 
during the megalopal (MG) stage.

Larvae were daily transferred into new plas-
tic beakers with new culture media. During 
the larval transfer, the number of larvae were 
counted and the developmental stages were 
also noted. When different stage larvae were 
observed during larvae transfer  in  the  bea-
kers, these larvae were temporarily placed in 
separate beakers until the same stages were 
reached. The development of zoea were judged 
from the distance between eyes. Upon reaching 
the fi rst crab (FC) stage, larvae were preserved 
in 10% neutralized formalin for one day and then 
transferred into 70% ethanol for carapace mea-
surement.

Experimental design
S type rotifers Brachionus rotundiformis (40 

ind./mL) were given from the Z1 until the Z5 
stage and Artemia were given from Z3 until the 
fi rst crab stage. The number of Artemia was 
increased with the larval growth. The feeding 
schedule and amount of live food (ind./mL) are 
shown in Figure 1.

Three kinds of enrichment materials were 
used in this experiment, Nannochloropsis, Yugen 
(Kirin Brewery Co., LTD, Japan; containing 
5.0% EPA and 5.7% DHA) and EPA28G (Nippon 
Kagaku Shir yo Co.,  LTD,  Japan;  contain-
ing 27.63% EPA and 8.61% DHA). Treatment 1 
(negative control), rotifers were enriched with 
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corn oil at a level of 100μL/L; referred to R-E0. 
Treatments 2 to 5 contained rotifers enriched 
with four levels of EPA28G oil (10, 20, 40 and
80μL/L), referred to R-E10, 20, 40 and 80, 
respectively. The amount of oil was adjusted to 
100μL/L by adding corn oil. In treatments 6 and 
7, rotifers were enriched with Nannochloropsis at 
4×107cells/mL and of 16×107cells/mL respec-
tively, referred to R-N18 and R-N42. Yugen at 
a level of 0.3 g/L was used for treatment 8, 
referred to R-YG. In all treatments rotifers were 
enriched for 18 hours, except those in R-N42, 
that were enriched for 42 hours. Experiments 
were  conducted  in  duplicate.  Experimental 
designs are shown in Table 1.

Enrichment method
Rotifers (1000 ind./mL) were held in a 10 

L tank fi lled with 5 L of sea water (33±1‰) 
and temperature was maintained at 25±0.5˚C. 
Rotifers were enriched by the direct method, 
where 0.5 mL of lipid with 0.1 g of raw egg yolk 
and 99.5 mL water was emulsifi ed for 2 min19). 
However, Artemia was not enriched.

Evaluating parameters
Survival rate, intermolt period in each larval 

stage, carapace width, fatty acid composition 
and lipid classes were evaluated in this experi-
ment. The survival rate at each larval stage was 
calculated as the percentage value of the larvae 
that successfully molted compared to the initial 
numbers of Z1.

Chemical analysis
Samples of rotifers and Artemia were taken 

for analysis of the lipid content, fatty acid com-
position and lipid classes.

Rotifers were homogenized at 1500 rpm for 
5 min in chloroform/methanol (2/1 : v/v) for 
lipid extraction20). Lipid samples (50-100 mg) 
were saponifi ed and esterifi ed as described by 
Takeuchi18). Fatty acid were analyzed by gas 
liquid chromatography (Shimadzu, GC-14 B, 
Japan). Fatty acid methyl esters were identifi ed 
from the retention times against standards.

Silica car tridges (Sep-Pak, Waters Assn., 
Milford, USA) were used for polar and nonpo-
lar lipid separation18). Both polar and nonpolar 
lipids were eluted using high grade chloroform 
(Wako Chemical, Japan). Polar and nonpolar 
lipids were injected into chromarods (Rod S-III) 
and were separated by using 1,2-dichloroeth-
ane, chloroform, acetic acid (98:2:0.1 v/v) and 
chloroform, methanol, distillated water (65:35:4 
v/v). Both polar and nonpolar lipid fractions 
were determined using Iatronscan MK-5 (Iatron 
Laboratories, Inc. Japan).

Statistical analysis
A completely randomized design was used in 

this experiment. The experiment consisted of 
8 treatments, with each treatment being repli-
cated. Tukey’s test was performed to compare 
the mean values of the evaluated parameters21).

Results

Lipid content and lipid classes in rotifers
Fatty acids composition and lipid classes of 

the enriched rotifers are shown in Tables 2 and 
3. Rotifers enriched with the three kinds of 
enrichment material showed different contents 

Stage

Z1 Z2 Z3 Z4 Z5 MG FC

Rotifer
(ind./mL)
Artemia
(ind./mL)

Harvest

0.5 1.0 1.5 4.0

40 40 40 40 40

Fig. 1. Feeding schedule during the rearing period (Z1 to 
Z5, zoea 1 to zoea 5; MG, megalopa; FC, fi rst crab).

Table 1.  Materials for enrichment of rotifers

Treatments Abbreviation Enrichment materials

1 R-E0 Corn oil 100μL/L＊1

2 R-E10 EPA＊2 10μL/L + Corn oil 90μL/L
3 R-E20 EPA＊2 20μL/L + Corn oil 80μL/L
4 R-E40 EPA＊2 40μL/L + Corn oil 60μL/L
5 R-E80 EPA＊2 80μL/L + Corn oil 20μL/L
6 R-N18 Nannochloropsis (4×107cells/L)
7 R-N42 Nannochloropsis (16×107cells/L)
8 R-YG Yugen＊3 (0.3 g/L)

＊1 Corn oil containing 55.6% linoleic acid.
＊2 EPA28G containing 27.6% eicosapentaenoic acid and 8.6% doc-

osahexaenoic acid.
＊3 Yugen containing 5.0% eicosapentaenoic acid and 5.7% docosa-

hexaenoic acid.
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of EPA, DHA and ratio of DHA/EPA. Rotifers 
enriched with EPA28G at the lovel of 80μL/L 
had a higher lipid content compared to the 
other treatments. Using Yugen as the enrich-
ment material resulted in similar levels of DHA 
and EPA in the rotifers, and rotifers enriched 
with Nannochloropsis had mainly EPA as the 
n-3HUFA. Increasing the level  of  EPA28G 
resulted in increased EPA and DHA concentra-
tions in the rotifers. There was no signifi cant 
difference between R-E40, R-YG and R-E20 in 
terms of EPA. These treatments were signifi -
cantly higher in EPA than R-E0 and R-E10 and 

lower than R-N42, R-E80 and R-N18. R-N42 had 
signifi cantly higher levels of EPA in rotifers 
compared to the other treatments. The DHA 
concentration of R-E80 was signifi cantly higher 
than that of R-YG, R-E40 and R-E20. However, 
the DHA concentration of R-E0, R-E10, R-N18 
and R-N42 was at trace levels.

Live foods supplemented with the different
enrichment materials produced different polar 
and nonpolar lipid contents, especially for sterol 
ester, triglyceride, free sterol, phosphatidyletha-
nolamine and phosphatidylcholine contents. 
The triglyceride content of rotifers increased 

Table 2. Crude lipid and certain fatty acid contents of unenriched Artemia and rotifers enriched with different kinds of 
enrichment materials (% dry basis)＊

Treatment of rotifers

Crude lipid 13.4±0.12b 14.8±1.2d 15.4±0.4d 16.2±0.12e 16.9±0.3f 11.7±0.12a 14.0±0.15c 15.1±0.21d 22.4±0.51
Monoene 2.7±0.30 3.1±0.37 3.3±0.12 3.5±0.29 3.4±0.38 2.3±0.16 4.0±0.34 3.7±0.49 8.3±0.08
Saturated 3.0±0.07 3.4±0.13 3.4±0.21 3.6±0.34 4.3±0.39 3.1±0.18 3.9±0.09 4.6±0.13 4.4±0.02
Σn-3 1.1±0.08a 1.4±0.22a,b 1.7±0.10b 2.3±0.27c 4.3±0.27e 2.6±0.19c 3.4±0.38d 2.7±0.07c 6.9±0.10
Σn-6 5.7±0.32d 6.2±0.12d 6.2±0.18d 5.9±0.25d 3.8±0.27c 2.9±0.43b 1.8±0.16a 3.5±0.23c 2.0±0.03
n-3 HUFA2 0.3±0.14a 0.5±0.04a 0.8±0.08a,b 1.3±0.25b,c 3.2±0.32d 1.8±0.39c 3.1±0.50d 1.7±0.12c 0.5±0.08
AA3 0.1±0.02 0.1±0.02 0.1±0.03 0.2±0.02 0.3±0.01 0.2±0.05 0.4±0.05 0.2±0.02 0.1±0.01
EPA4 0.1±0.1a 0.2±0.01a 0.3±0.04a,b 0.6±0.14b 1.7±0.17e 1.2±0.26c 2.4±0.45e 0.6±0.06b 0.33±0.06
DHA5 tr6 tr6 0.1±0.03a 0.3±0.07b 0.8±0.12d tr6 tr6 0.6±0.04c nd7

DHA/EPA - - 0.4±0.07 0.4±0.03 0.5±0.02 - - 1.0±0.04
＊ Means±standard deviation (n=5).
 1 Values with different superscripts in the same row are significantly different (P＜0.05).
 2 n-3 highly unsaturated fatty acids (20:3n-3+20:4n-3+EPA(20:5n-3)+DPA(22:5n-3)+DHA(22:6n-3)).
 3 Arachidonic acid.
 4 Eicosapentaenoic acid
 5 Docosahexaenoic acid.
 6 trace.
 7 not detected.

 R-E01 R-E101 R-E201 R-E401 R-E801 R-N181 R-N421 R-YG1 Artemia

Table 3. Main lipid classes of enriched rotifers (% dry basis)＊

 Crude lipid 13.2±0.31 14.7±0.14 15.3±0.32 16.2±0.18 17.0±0.26 11.6±0.14 14.4±0.40 15.7±1.07
 Nonpolar lipid1 8.0±0.26 8.4±0.06 7.9±0.30 9.8±0.10 9.8±0.19 6.6±0.09 7.7±0.32 7.9±0.09
 SE 0.6±0.03b 0.3±0.02a 0.5±0.03b 0.6±0.03e 0.5±0.15f 0.9±0.03a 1.0±0.07b 0.5±0.02c

 TG 4.5±0.15b 5.3±0.07c,d 5.7±0.27d 6.9±0.05c 7.6±0.10b 3.1±0.05a 4.3±0.30a 5.2±0.10c

 FFA 0.4±0.02 0.5±0.02 0.3±0.03 0.4±0.03 0.3±0.06 0.8±0.06 0.7±0.04 0.5±0.02
 FS 0.6±0.02a 0.6±0.03a 0.6±0.0a,b 0.9±0.02c 0.7±0.12b 0.5±0.02a 0.5±0.03a 0.9±0.03c

 DG 0.2±0.02 0.3±0.02 0.3±0.02 0.2±0.01 0.2±0.08 0.2±0.02 0.2±0.02 0.3±0.02
 MG 1.7±0.08 1.4±0.03 1.1±0.02 0.5±0.01 0.5±0.08 1.1±0.04 0.9±0.03 0.5±0.03

 Polar lipid2 5.2±0.04 6.2±0.08 7.3±0.04 6.4±0.16 7.1±0.10 5.0±0.08 6.7±0.14 7.8±1.10
 PE 2.0±0.02a 2.5±0.08a,b 3.2±0.06b,c,d 2.6±0.05a,b,c 3.6±0.04c,d 2.3±0.04a,b 3.5±0.15b,c,d 4.2±1.12d

 PC 2.3±0.05d 2.1±0.06c 2.7±0.06f 3.0±0.05f 2.7±0.05f 1.2±0.10a 1.5±0.03b 2.6±0.11e

 Others 1.0±0.11 1.7±0.03 1.5±0.02 0.7±0.06 0.8±0.02 1.5±0.12 1.7±0.03 1.0±0.07
＊ Means ±standard deviation (n=5).
 1 SE, sterol esters; TG, triglycerides; FFA, free fatty acids; FS, free sterols; DG, diglycerides; MG, monoglycerides.
 2 PE, phospatidylethanolamine; PC, phosphatidylcholine.
 3 Values with different superscripts in the same row are significantly different (P＜0.05).

 R-E0 R-E10 R-E20 R-E40 R-E80 R-N18 R-N42 R-YG

Treatment of rotifers3
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with the enrichment levels of the R-E treat-
ments, and R-E80 showed a higher level of 
trygliceride (7.6%). R-N treatments produced a 
signifi cantly higher concentration of sterol ester 
(0.9 and 1.0%) compared to the other treatments 
(Table 3).

The R-YG treatment had a  high level  of 
phosphatidylcholine compared to the other 
treatments. There was no signifi cant dif fer-
ence between R-E20, 40 and 80 in phosphati-
dylcholine concentration, although these three 
treatments had a higher phosphatidylcholine 
concentration than that of the other treatments.

Biodata of feeding experiment
Molting rate to reach each larval stage, cara-

pace width of the fi rst crab and intermolt period 
of reared mud crabs are shown in Tables 4 and 
5. Fig. 2 also shows the patterns of survival rate 
in each stage for R-E0, R-E20 and R-N42. All 

treatments showed the same molting rate when 
the larvae were molt to Z2, 3 and 4 (p＞0.05). 
R-E20, 40, 80 and R-N18 showed a signifi cantly 
higher survival reaching Z5 stage compared to 
the other treatments (p＜0.05). The percentage 
of larvae reaching the fi rst crab stage in R-E40, 
R-YG and R-N 18 were signifi cantly lower than 
that of R-E20 but higher than the other treat-
ments and R-N 42 had the lowest percentage 
survival of FC ( p＜0.05). There was no sig-
nifi cant difference in carapace width for larvae 
reaching the FC stage between the different 
treatments (p＞0.05) (Table 4).

The intermolt periods to reach each stage 
were signifi cantly different between treatments, 
(p＜0.05) (Table 5). As the levels of n-3HUFA 
(EPA and DHA) increased, the intermolt period 
tended to become shorter. Furthermore, R-N18 
and 42 showed a signifi cantly shorter intermolt 
period to reach FC than the rest.

Table 4. Survival rate (%) to reach each larval stage and carapace width at the first crab stage of mud crab fed on enriched 
rotifers＊

＊ Mean (n=2).
＊＊ All larvae in one of replicate were dead at the Z5 stage.
1 Values with different superscripts in the same column are significantly different (p＜0.05).

 R-E0 100a1 98.3a 88.3a 75.0a 65.0a 49.7a 9.9a,b 3.2±0.11a 6
 R-E10 100a 96.7a 90.0a 86.7a 68.3a,b 44.7a 18.3b 3.2±0.17a 11
 R-E20 100a 100a 91.7a 88.3a 81.7b,c 56.7a 33.3d 3.4±0.20a 20
 R-E40 100a 100a 98.3a 93.3a 80.0b,c 51.7a 26.7c 3.4±0.17a 16
 R-E80 100a 100a 91.7a 90.0a 85.0c 60.0＊＊ 20＊＊ 3.5±0.18a 6
 R-N18 100a 100a 95.0a 88.3a 86.7c 76.7b 23.3c 3.6±0.21a 14
 R-N42 100a 100a 88.3a 88.3a 81.7b,c 45.0a 3.3a 3.6±0.33a 2
 R-YG 100a 95.0a 90.0a 81.7a 68.4a,b 49.9a 25.0c 3.6±0.21a 15

Z1 Z2 Z3 Z4 Z5 MG FC

Carapace
width

Treatment
of rotifers

Stage
n

Table 5. The intermolt period (days) in each larval stage and total days to reach FC of mud crab fed on enriched rotifers＊

Stages Total days to
reach FCZ1 Z2 Z3 Z4 Z5 MG

 R-E 0 3.0a1 4.4c 3.3b 3.5a 4.8b,c 7.9c 26.8c

 R-E 10 3.0a 4.2c 3.5b 3.6a 4.4a,b 8.3d 27.1c

 R-E 20 3.0a 4.1b,c 3.0a 4.1b,c 5.1c 7.8c 27.1c

 R-E 40 3.1a 4.0b,c 3.0a 4.1b,c 4.8b,c 7.9c 27.0c

 R-E 80 3.0a 3.3a,b 3.7b,c 3.6a 3.9＊＊ 7.4＊＊ 24.9＊＊
 R-N 18 3.0a 3.3a 3.9c 3.5c 4.3a 7.4b 25.5a

 R-N 42 3.0a 2.7a 4.3c 4.2a,b 5.1c 7.0a 26.3b

 R-YG 3.1a 4.1c 3.1a 3.9a,b,c 4.9c 7.8c 26.9c

＊ Means (n=2).
＊＊ All larvae in one of replicate were dead at the Z5 stage.
 1 Values with different superscripts in the same column are significantly different (p＜0.05).
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Discussion

All treatments contained a number of larvae 
that survived until the FC stage. However, the 
development of larvae and the acceleration of 
development varied between treatments. These 
variations were due to the different levels of 
n-3HUFA in rotifers. Takeuchi et al.15) demon-
strated that n-3HUFA is effective in accelerating 
the rate of development between stages and 
helping to maintain a high survival rate in the 
swimming crab, P. trituberculatus. Similar results 
were also reported by Levine and Sulkin22) that 
n-3HUFA enhanced the survival rate and accel-
erated the intermolt periods of the brachyuran 
crab, Eurypanopeus depressus.

The survival rate in each zoeal stage gradually
decreased and R-E0 and R-E10 had the lowest 
survival reaching Z5 compared to the other 
treatments (Table 4). Both R-E0 and R-E10 had 
a lower content of n-3HUFA especially EPA and 

DHA compared to the other treatments (Table 
2). These results are similar to those reported 
for P. trituberculatus larvae fed rotifers with a 
low content of EPA and DHA13). Furthermore, 
McConaugha23) reported that Rhithropanopeus 
harrisi larvae fed “freshwater Artemia” con-
tained a low level of polyunsaturated fatty acids 
resulted in a low survival rate and slow develop-
ment rate.

Increasing the levels of both EPA and DHA 
in rotifers (R-E20, R-E 40, R-E80) or EPA alone 
(R-N18 and R-N42) maintained a high survival 
rate until the last zoeal stage. However, in 
R-YG, R-E0, and R-E10 groups, the survival to 
reach each zoeal stage gradually decreased. 
The results in Fig. 2 show the development of 
reared larval mud crab fed different levels of 
n-3HUFA in rotifers. From that picture, two 
mortality patterns due to the level of n-3HUFA 
in rotifers were observed. Zoea fed rotifers con-
taining a low level of n-3HUFA (i.e. R-E0 and 
R-E10, containing 0.3% and 0.5% of n-3HUFA), 
tended to have survival rates that gradually 
decreased and weak at megalopal stage that 
tended to die after molting. Hamasaki et al.13) 

and Takeuchi et al.14) demonstrated that the 
survival rate of P. trituberculatus was lower and 
the development rate was delayed when the 
larvae were supplied with rotifers contained low 
n-3HUFA. Mud crab larvae fed on rotifers con-
taining high n-3HUFA (R-N42, containing 3.10% 
of n-3HUFA), had a high percentage survival up 
to Z5 stage. However, a high percentage of Z5 
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N-3HUFA(%) 0.32 0.46 0.76 1.29 3.19 1.79 3.10 1.66
☆ All larvae in one replicate were dead at the Z5 stage

Fig. 2. The development of reared mud crab larvae fed 
on R-E0 and R-N42 (R-E0 and R-N42 containing 0.32% 
and 3.10% of n-3HUFA).

Fig. 3. Relationship between the n-3HUFA content in roti-
fers and the percentage of megalopa molting failure 
(Abbreviations of Z1 to Z5, MG and FC are the same 
as Fig. 1.).

＊ Survival rate at each larval stage was calculated as the 
percentage value of larvae that successfully molted 
compared to the initial number of Z1.
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stage larvae failed to molt or incomplete molt-
ing to the megalopa stage in this treatment. We 
suggest that the high percentage of megalopal 
molting failure occurrence was due to undesir-
able effects caused by excessive n-3HUFA.

The megalopa stage could be cited as the crit-
ical point in crab larval development because of 
high mortality occurs prior to molting, during 
molting or after molting to megalopa. Fig. 3 
shows the correlation between the n-3HUFA 
content  in  live  food and the  occurrence  of 
megalopa molting failure.  Mud crab larvae 
fed on rotifers containing suboptimal levels of 
n-3HUFA, showed a negative effect when larvae 
metamorphose to megalopa. Increasing the 
n-3HUFA content of rotifers in excess of 0.8% 
caused a high rate of megalopa molting failure. 
Most the Z5 larvae failed to molt to the mega-
lopa stage when the larvae were fed rotifers 
containing 3.1% n-3HUFA (R-N42).

The present study also demonstrated that 
the ratio of DHA and EPA contained in the 
live food plays an important role in the mor-
phogen development and survival of mud crab 
larvae. R-N18 resulted in a lower percentage 
of megalopa molting occurrence compare to 
R-E40 and R-YG. However, R-N18 had a higher 
or the same content of n-3HUFA, but only a 
different DHA/EPA ratio (Table 2). Takeuchi 
et  al.24) reported  that  Scylla  tranquebarica 
larvae were fed rotifers containing an imbal-
anced DHA and EPA concentration, had a low 
survival rate at the megalopa stage. Takeuchi 
et al.14) also reported that DHA and EPA have 
different roles in swimming crab larvae devel-
opment. DHA played an impor tant role in 
molting acceleration and growth of P. trituber-
culatus, while EPA was effective in maintaining 
a high survival rate. However, another study by 
Kobayashi et al.25) stated that S. tranquebarica 
fed Artemia enriched with DHA only resulted in 
an increased carapace width.

The  R-N  treatments  produced  a  shorter 
developmental period compared to the other 
treatments (Table 5). Tables 2 and 3 show 
that both R-N18 and 42 have a higher value of 
sterol ester (0.9-1.0%) compared to the other 
treatments. Sterols are essential material for 

crustaceans as a cell constituent, and metabolic 
precursors of steroid hormones and molt-
ing hormones. Sterols must be present in the 
diet due to the fact that crustacean are unable 
to synthesize sterols de novo26). However the 
importance of sterol in mud crab larvae still 
need more investegation.

The highest survival rate (33.3%) of larvae 
to the fi rst crab stage was observed in R-E20. 
However, the survival rate was low compared 
to S. tranquebarica (90.0%)24) and P. trituber-
culatus (51.7%)15). In the present study rotifers 
and unenriched Artemia were fed from Z3. 
Based on visual observations, the Z3 of mud 
crab larvae more readily consumed Artemia 
than rotifers in all treatments. The unenriched 
Artemia used in this experiment had a low con-
tent of n-3HUFA, and EPA was the main source 
of EFA since DHA was not detected. Therefore, 
the next study will be conducted on the effect of 
feeding n-3HUFA (EPA, DHA and EPA : DHA) 
enriched Artemia to S. serrata larvae.
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アミメノコギリガザミ，Scylla serrata幼生の成長と生残に及ぼす
ワムシ中の n-3高度不飽和酸の影響

M. Agus Suprayudi・竹内俊郎・浜崎活幸・廣川　潤

　アミメノコギリガザミ，Scylla serrataをゾエア 1（Z1）期から第 1齢稚ガニ（C1）まで，異なる
濃度の n-3高度不飽和酸（n-3HUFA）を含むワムシで飼育し，成長や生残に及ぼす影響につい
て調べた。飼育には 1Lビーカーを 1区 2個ずつ用い，それぞれ 30尾収容し，30℃で稚ガニ
になるまで飼育した。ワムシ中の n-3HUFAの濃度は0.3から3.2%までの 8段階とした。なお，
Z3期以降無強化のアルテミアを併用した。生残率や各齢期に達するまでの日数はワムシ中の
n-3HUFA含量と相関し，n-3HUFA 0.8% 含有区で優れた結果が得られた。それ以上の含量になる
と，Z5期からメガロパ（M）期へ，あるいはM期から C1への変態失敗によるへい死が多く見ら
れた。そのため，ワムシを主な餌料とした場合の n-3HUFA適正量は0.8%程度（その時の EPAと
DHAの内訳は 0.33%および 0.13%）であるものと推察された。
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