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Effects of Supplementation of Rearing Water with Diatom 

Thαtαssiosira sp. and Dietary n・3Highly U nsaturated Fa町

Acids on the Survival and Developmenta1 Period 

of Horsehair Crab Erimαcrus isenbeckii Zoeae 

Takashi IcHlKAWA 1，てAkioIWAMoTo
2
， Tatsuo TSUZAK九KengoOHTA

4
， 

Katsuyuki HAMASAKI
5 
and Toshio TAKEUCHI

5 

Abstract: To improve the larval survival during seed production in the horsehair crabs， we 
examined the effects of dietary n-3 highly unsaturated fa向Tacids (HUFA) and supplementation 
of rearing water with the diatom Thαlassiosira sp. on the survival and developmental period of 
zoeae. Six different仕eaむnentswere examined， and zoeae were fed with Artemia sp. in 1-1 beakers 
until reaching the megalopa stage (MG) or 55 days after hatching. Furthermore， larvae were 
mass cultured in a 100-kl tank， and the fa向Tacid profiles of the larvae， Artemia， and Thαlαssiosira 
were examined. The survival and developmental rates of larvae in beakers supplemented with 
Thalassiosira were significantly higher than those of unsupplemented larvae. The n-3HUFA content 
in Artemia did not signi宜cantlyaffect the larval survival rates， but feeding Artemia enriched 
wi由 n-3HUFAtended to improve the rates of survival to MG when Thalassiosira was given to 
the larvae. The n-3HUFA content in the larvae tended to be stable from the zoeae stage to MG， 

possibly because of the supplements of Thalassiosira (a species containing n-3HUFA in its cell). 
Supplementation of the rearing water wi由 Thalassiosiraled to improved survival and development 
of larvae for the seed production of the horsehair crab. 

Key words: Horsehair crab; Larvae; Mass culture; n-3HUFA 

The horsehair crab Erimacrus isenbeckii 

is distributed in the N orth Paci:fic， from the 

Alaskan coast through Kamchatka to 出e

Japanese cold waters (Miyake 1982). It is a 

large edible crab with a maximum carapace 

length of 120 m m  (Miyake 1982). This crab is 

an important resource for J apan' s N orthern 
Paci:fic coastal fishery. The 1955 catch was 

27，384 tons; however， the stock declined sig-
ni:ficantly thereafter because of overfishing 

(Sasaki 2003). The total catch since 2000 is 

Received 21 November 2012; Accepted 23 July 2013. 

about 2，500 tons. This represents approximately 
1/10 of the catch in 1955. Fishing regulations 

have been implemented to increase the stock 

of the horsehair crab， including prohibition of 

capture of females and male catches， and only 

over a single threshold size value (Sasaki 2003). 

Stock enhancement programs provide another 

too1 for management of stock by supplementing 

recruitment through the release of artificial1y 

produced juvenile crabs into the natura1 habitat. 

The Japan Sea-Farming Association has 
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studied 1arge-scale 1arva1 cu1ture techniques 
for production of the juvenile horsehair crab 
since 1981. These techniques enab1e 1arvae to 
survive to出emega10pa stage α1G) by feeding 
Artemia and supp1ementing the 1arva1 rearing 
water wi出 adiatom， Thalassiosira sp. (Kumagai 
1990). However， mass 1arval morta1ity occurs 
frequently， and mass culture techniques have not 
yet been established for the 1arvae of this spe-
cies. Shortage of diatoms is considered to be one 
of出ecauses of mass 1arva1 mortality (Kumagai 
1991). However， the effect of Thalassiosira sup-
p1ementation in rearing water on the survival and 
deve10pment of 1arva1 horsehair crabs has not 
been eva1uated experimentally. 

Dietary n-3 high1y unsaturated fa町Tacids 
(n-3HUFA)， such as eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA)， affect 
the larva1 surviva1 and deve10pment of some 
brachyuran crabs， including the swimming 
crab Portunus trituberculatus (Hamasaki et al. 
1998; Takeuchi et al. 1999)， the mud crab Scylla 
serrata (Suprayudi et al. 2002a， 2004)， and the 
snow crab Chionoecetes 0戸ilio(Kogane et al. 
2007， 2009). Enrichment of 1arval food organ-
isms， including rotifers Brachionusρlicatilis 
sp. complex and Artemia sp.， which contain 
n-3HUFA， improves the 1arva1 surviva1 and 
growth rates of their predator crabs (Takeuchi 
et al. 1999; Suprayudi et al. 2002a; Kogane 
et al. 2009)， and the n-3HUFA content in the 
food organisms is known to be influenced by 
the 1eve1 of enrichment materia1s supplied to 
them (Suprayudi et al. 2002a; Kogane et al. 
2009). The fa町Tacid profi1es of food organ-
isms have been reported to affect those of 
cu1tured 1arvae of the mud crab (Hamasaki et 
al. 2002; Suprayudi et al. 2004) and the snow 
crab (Kogane et al. 2007). The fa向Tacid pro-
fi1es of food organisms and cu1tured 1arvae are 
therefore important information for deve10ping 
an enrichment protoco1 for food organisms to 
improve the 1arval surviva1 and deve1opment. 
However， the effect of n-3HUF A enrichment of 
food organisms (Artemia) on the survival and 
deve10pment of the 1arva1 horsehair crabs has 
not been examined. Furthermore， the fa町Tacid
profi1es of cu1tured 1arvae of the horsehair crab 

have never been ana1yzed. 
The aim of the present study was to experi圃

mentally eva1uate the effectiveness of rearing 
water supp1emented with Thαlαssiosira and 
n-3HUF A-enriched Artemia on the surviva1 and 
developmenta1 period of the horsehair crab 
1arvae reared in small containers. We ana1yzed 
the fa町Tacid profi1es of Thalassiosira， Artemia， 

and the horsehair crab zoeae and mega10pae 
cultured in a 1arge tank as a basis for improving 
our knowledge of the fa町Tacid demand by the 
horsehair crab 1arvae during their deve1opment. 

Materials and Methods 

La問 αsouγ'ce

A tota1 of 327 female horsehair crabs with 

fertilized， eyed eggs were collected from the 

Pacific Ocean coast of Iwate Prefecture between 

February and Apri1 1995.官官 meancarapace 

1ength of the fema1es was 65 mm (range， 44-
96 mm). Fema1es were maintained in four circu四

1ar 2-kl fiberg1ass tanks (35-103 crabs per tank) 
with flow-through water systems using sand-

fi1tered seawater at the Miyako Laboratory， 
Tohoku Nationa1 Fisheries Research Institute， 

Fisheries Research Agency. The 1arvae that 

hatched on March 13 and March 17， 1995， were 

used for 1arva1 cu1ture in small containers and 

in a 1arge tank， respective1y. Hatching occurred 

after dusk. At night， newly hatched 1arvae were 

put into a 500・1circu1ar tank with a flow-through 

water system. The following morning， high1y 

mobile active1y swimming 1arvae were se1ected 

and used for cu1加re.

Diato悦 cultuγeαηdA:γtemiαhαtching

The chain-forming diatom Thalassiosira sp. 
was cultured in seawater at 1.9-12.9

0

C in 60-

to 100み1rectangu1ar tanks. The seawater was 

UV-sterilized， ch10rinated with 0.01% sodium 

hypochlorite， and dech10rinated with sodium 

thiosu1phate. Culture water was fertilized with 

an exclusive medium composed of 0.023 g/l 
potassium nitrate， 0.0023 g/l sodium phosphate， 
0.0001 g/l sodium metasilicate， and 0.0023 g/l 
che1ating agent (CLEWAT32， Nagase ChemteX 
Co.， Osaka， J apan) every other day. 



Survival of the Larval Horsehair Crab 

Arfemia cysts (Utah strain) were incubated in 

a1・.kltank for 42 h at 24
0

C. 

Reαγing e.ゆeγi飢餓fusing smα11 coηfainers 

A rearing experiment using small containers 

was performed during the period from March 

17 to May 14， 1995. Six treatment groups (T1-
T6) were designed to investigate the effects 

of Thalassiosira supplementation and Arfemia 
enrichment on the larval survival and devel-

opmental period of the horseshoe crab larvae 

(Table 1). Thalassiosira was added to the larval 

rearing water in T1-1'3 but not in T4-T6. To 

examine the effects of n-3HUF A contents 

of Arfemia， Arfemia enriched with 2 levels 

(250 g/ kl and 400 g/ kl) of fish egg powder con-

taining n・3HUFA (Aquaran， Takeda Kagaku 
Jiryo Co.， Tokyo， J apan)， and a control without 

enrichment were used for food organisms. In 

T1 and T4， larvae were fed unenriched Arfemia. 

Arfemia enriched with 250 g/kl egg powder 

were fed to the larvae in T2 and T5， and those 
enriched with 400 g/ kl egg powder were fed to 

the larvae in 1'3 and T6. Enrichment of Arfemia 

was performed for 20 h at 16
0

C in 4-1 containers 

with 120 individuals/ ml (ind./ ml) according to 

the designated enrichment treatments. 

Newly hatched zoeae were stocked in 1-1 plas同

tic beakers at a density of 20 larvae per beaker， 
and 2 beakers were prepared for each treatment 

group. Larval rearing beakers were placed in a 

water bath with a f1ow-through water system to 
maintain the water temperature at 8.1:::!:: 1.0oC. 

百lewater in each beaker was lightly aerated to 

provide 0河rgensaturation and prevent Arfemia 

Table 1. Treatments for rearing experiment of the 
horsehair crab Erimacrus isenbeckii larvae using small 
contamers 

Thalassiosi:γα 
supplement to rearing 
water (3000 cells/ m[) 

Amountof 
Treatment enrichment material * 

forA:γtemiα(g/kl) 

T1 0 
1'2 250 
T3 400 
T4 0 
T5 250 
T6 400 

* Arfemia enriched using fish egg powder containing n-3 highly 
unsaturated fatty acids (HUFA; Aquaran， Takeda Kagakushiryo 
Co.， Tokyo，]apan). 

+

+

+
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from sett1ing. Arfemia density was regulated 
at 0.3 ind./ ml during the first， second and 

third zoeae stages and at 0.5 ind./ ml from the 

fourth zoeae stage to MG (Zl-Z5， first to fifth 

zoeae stages). Thalassiosira was added daily to 

the larval rearing waters at a concentration of 

3，000 cells/ml from Zl to Z3. 
Every morning， the larvae were transferred 

into new plastic beakers with new seawater， 
Arfemia， and Thαlαssiosira. During the transfer， 

the larvae were counted and their developmenta1 
stages con宜rmed.Larval rearing was terminated 

55 days after hatching， when a1most a11 the zoeae 
had metamorphosed to MG. The surviva1 rate 
to each larval stage was defined as the percent-

age of Zl (n = 20) that molted to each stage. 

A tota1 of 6 samples (approximately 5 g for 

each sample) of Arfemia were collected from 

each仕eatmentevery 10-15 days throughout the 

experiment. Arfemia were washed with fresh 

water and stored at -80
0

C untillipid and fa町7

acid analysis. Two samples of Arfemia were 

pooled for ana1ysis in each of the early， middle， 
and late experimental periods for each treatment. 

The fiα均 αcidprofiles 01 1α何 aeand lood 0γgan-

isms in慨 αsscultuγe 

Mass culture of the horsehair crab larvae was 

performed between March 14 and May 2，1995. 

A 100-kl rectangular tank with a f1ow-through 
water system was stocked with 600，000 newly 

hatched larvae. Sand-filtered seawater was used 

for larva1 rearing and was renewed at a rate of 

2 kl/h from Zl to Z3 and at 4 kl/h from Z4 to 

MG. Water temperature was not controlled and 

ranged between 6.5 and 10.0
o
C. 

Larvae were fed Arfemia (0.1， 0.2， and 
0.3 ind./ ml for Zl， Z2， and Z3-Z4， respectively)， 

grown Arfemia (0.1 ind./ml for Z4-Z5)， and 

a formula feed for kuruma prawn (1 g/kl for 

Z5). Thalassiosirlαwas added to the larval rear-

ing water at 3000 cells/ ml throughout the 

rearing period. This feeding regime has been 
adopted for mass culture of the horsehair crab 

larvae. Arfemia were enriched with Aquaran 

(200 g/kl) and the diatom Phaeodacかlumsp. (1 

X 106 cell/ml) for 20 h at 20
0

C before feeding 

them to the crab zoeae. The grown Arfemia 
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were raised in 1・kltanks using Phαeodactylum 
sp. (4 X 105 cell/ml) and formula feed (Artemia 
feed No. 4， Nichiku Yakuhin Kogyo， Co.， To防0，

J apan) for several days after harvesting from 
the hatching containers. 

One sample (10-20 g per sample) of newly 
hatched Zl and subsequent stage zoeae， up 
to and including MG， were collected from the 
旬nk.A total of 4 samples (approximately 10 g 
per sample) of Artemia were collected every 10-
15 days. Two samples were pooled for analysis 
in each of the first and second halves of the 
experimental period， respectively. Two culture 
batches (20 g in each batch) of Thalassiosirlα 
cells were collected through centrifugation of 
their culture medium. All samples were washed 
with fresh water and stored at -80

o
C. 

Lipid andfiα均 αcidanα:lysis 
Lipids were extracted by the chloroform-

methanol (2:1， v/v) method described by Folch 
et al. (1957). Total lipids were saponified by 
mixing wi出 1ml of 50% KOH in 15 ml of etha司

nol and heated for 40 min at 80
o
C. The saponifi-

able matter was then etherified by adding 6.7% 
BF3 in methanol， and heated for 20 min at 80

0

C 
(Morrison and Smith 1964). Fa町Tacid methyl 
ester was diluted in n-hexane (10 mg/0.5 ml) 

and analyzed using gas-liquid chromatogra-
phy (Shimadzu， GC-14B) with a si1ica capillary 
column (30 m x 0.32 mm x 0.25μm film thick-
ness; SUPELCO， Bellefonte， USA). Helium 

was used as the carrier gas and the pressure 
was adjusted to 100 kPa. The temperature in 
the column， injection port， and detector were 
adjusted to 205， 250， and 250

o
C， respectively. 

Fa町Tacid methyl esters were identified by com-

paring the retention times against a standard. 

Stαtisticαlαnαlysis 

The effect of treatments on the larval survival 
rate and number of days required to reach each 
larval stage from hatching were evaluated using 
one-way analysis of variance and the Tukey-
Kramer multiple range test at a 5% significance 
level. Arcsine transformed survival rate data 
were used for the statistical test. 

Results 

Reαγinge:坤eγimentusing smαII co叫αzners

Enriched Artemia had higher total lipid， 

EPA， and n-3HUFA contents than unenriched 
Artemia， but the level of enrichment did not 
affect the total lipid content and the fa同Tacid 
profiles (Table 2). D HA was not detected in the 
unenriched Artemia. 

Larvae supplemented with Thαlαssiosira (T1-
T3) tended to have higher survival rates than 
unsupplemented larvae (T4-T6). The survival 
rates of T1-T3 larvae to MG were not sign出-
cantly different between treatments at 45%-
65% (Table 3， Fig. 1). On the other hand， larvae 
reared without Thαlassiosira supplementation 
(T4-T6) experienced a high mortality rate 
during Zl-Z3， occurring when molting to the 
next stage. The survival rates of these larvae 
to MG were not significantly different between 

treatments at 2.5%-7.5%， but the survival 
rates tended to be lower in larvae fed unen-
riched Artemia (T1) than in those fed enriched 
Aγ'temia. 

Artemia enrichment did not affect the 

number of days needed to reach each larval 
stage (Table 4). However， larval development 
to Z3， Z4， and Z5 was significantly faster for 
groups supplemented with Thαlassiosira (T1-
T3) than for groups that were notσ4-T6). 
Because all the larvae had died in 1 beaker in 
treatments T4 and T6， the statistical test was 
not performed on the number of days to MG 
between treatments. 

百zefiα:ttyαcid争γofiles01 lαγ叩 eαねdlood org，側-

isms in mαss culture 

In a mass culture tank， some larvae survived 
to MG and 35，300 individuals were harvested 49 
days after hatching (5.9% survival rate). 
Enriched Artemia used for larval mass 

culture had higher total lipid and n・3HUFA
contents than the Artemia used for rearing 
experiments using small containers (Table 2). 
In Thalassiosira， n-3HUFA， including EPA and 
DHA， were detected at higher concentrations 
than were found in the unenriched Artemia in 



297 Survival of出el.arval Horsehair Crab 

20 

10 

15 

5 

20 

ハ
リー

15 

5 

。。
20 

5 

10 

15 

O 

T3-b帥 kerl 20 

10 

15 

5 

0 

20 

10 

15 

5 

0 

20 

10 

5 

15 

T4-beakerl 

0 

20 

nu 
l
 

ω
吋と
2
・M
O
包門戸
E
P
Z

15 

5 

O 

TS-beakerl 20 

10 

5 

15 

。
20 

5 

10 

15 

T6-be渇ker2

O 

T6-beakerl 20 

10 

15 

5 

0 

20 

10 

15 

5 

50 10 20 30 40 

Days after haching 

。。50 10 20 30 40 

Days after hatch泊g

A
V
 

A
り

Fig. 1. Changes in the number of the horsehair crab Erimacrus isenbeckii larvae in each larval stage. 
Larvae were subjected to 1 of 6 different treatments σ1-T6， see Table 1) and reared in beakers. Each 
trea加lentwas applied to出e2 beakers (beaker 1 and beaker 2). Larval stages are indicated as follows: 
Z1-Z5， first to fifth zoeae stages; MG， megalopa stage.・， Z1;ム，Z2;・， Z3;口Z4;+， Z5; 0， MG. 

Discussion 

The present study clearly demonstrated that 

supplementing rearing water with the diatom 

Thαlassiosira signi:ficantly improved the survival 

and developmental rates of the horsehair crab 

zoeae， which have been established for larval 
culture of the 3組 omurancrab species of the 

rearing experiments using small containers. 

τbe total lipid content increased from 8.7% 

in Zl to 12.9% in Z3 and then decreased to 8.8% 

in MG (Table 5). The EPA (2.0%-2.5%)， DHA 

(0.6%ー1.0%)，and n-3HUFA (2.1%-2.6%) co任

tents of larvae did not fluctuate considerably 

during larval development. 
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Table 2. Moisture， total lipid συ， and fa町Tacid content of unenriched and enriched Artemia used in the rearing 
experiment with small containers [Mean:t standard deviation (SD)， n = 3]， and enriched Artemia and Thalassiosira used in 
mass culture (Mean:tSD， n = 2) in larvae of the horsehair crab Erimacrus isenbeckii 

Rearing experiment Mass culture 

Unenriched Enriched Artemia 

Aγte:悦 iα Enriched Artemia Thalassiosira 
250 g/kl 400 g/kl 

Moisture (%) 90.45 :t 0.17 87.09:t 0.20 86.21士0.56 85.15:t 0.50 84.99:t 1.31 
TL (%) * 15.45:t 1.12 22.93土3.24 23.08:t 1.20 24.65 :t 3.89 10.93士0.01

Fa町Tacid (%) * 
14:0 0.12:t 0.02 0.16:t 0.04 0.24:t0.03 0.26:t0.03 0.74:t0.15 
15:0 0.02土0.00 0.06:t 0.02 0.07:t0.01 0.07:t 0.01 0.04:t 0.01 
16:0 1.86:t 0.20 2.63:t 0.52 2.75:t 0.21 2.98:t 0.01 0.68土0.08
6:n-7 0.80:t 0.12 1.10土0.24 1.13:t 0.06 1.93:t 0.15 2.82:t 1.25 
17:0 0.15:t 0.01 0.14:t 0.02 0.16:t 0.01 0.18:t0.00 0.35:t 0.01 

16:3n-6 0.16 :t0.01 0.15 :t0.01 0.15:t 0.01 0.17:t0.00 0.63:t 0.49 
16:3n-3 0.05:t0.00 0.02:t 0.01 0.18:t 0.01 0.15:t 0.02 0.01 :t0.00 
18:0 0.88:t0.07 0.98:t0.08 0.99士0.05 0.86:t0.23 0.01:t 0.00 
18:1 4.97:t 0.41 6.66:t 0.99 6.77:t0.57 6.47士1.42 0.05:t 0.01 

18:2n-6 0.76:t 0.05 0.86:t0.12 0.85土0.06 0.88:t 0.11 0.06:t0.01 
18:3n-6 0.03:t 0.00 0.04:t0.00 0.04:t0.01 0.05土0.00 0.02 :t0.00 
18:3n-3 3.13:t0.17 3.21:t 0.39 3.04 :t0.19 3.03 :t0.29 0.01:t 0.01 
18:4n-3 0.28:t0.01 0.32 :t0.05 0.30:t 0.02 0.38:t0.02 0.48:t 0.02 
20:0 0.02 :t0.00 0.02:t 0.00 0.03:t 0.00 0.03士0.01 0.01 :t0.00 
20:1 0.08土0.01 0.70:t0.10 0.73土0.11 0.52:t 0.22 0.02:t 0.01 

20:2n-6 0.02 :t0.00 0.06:t0.01 0.06士0.01 0.05:t0.02 0.01土0.00
20:3n-6 0.01:t 0.00 0.02 :t0.00 0.02:t0.00 0.01:t 0.01 0.00:t 0.00 
20:4n-6 0.24士0.02 0.48:t 0.03 0.50:t 0.05 0.46:t 0.14 0.02 :t0.03 
20:3n-3 0.04:t 0.00 0.06:t 0.00 0.06:t 0.01 0.05:t0.03 0.01 :t0.00 
20:4n-3 0.04:t0.01 0.15:t 0.02 0.16:t 0.02 0.17:t 0.05 0.05:t0.04 

20:5n-3 (EPA) 0.94:t0.06 1.82:t 0.16 1.75土0.18 2.76:t0.69 2.89 :t0.25 
22:0 0.02 :t0.00 0.02:t 0.00 0.02 :t0.00 0.02:t 0.01 nd 
22:1 0.01 :t0.00 0.38:t 0.06 0.32 :t0.06 0.14:t0.09 nd 

22:4n-6 0.01:t 0.00 0.08:t 0.03 0.03土0.01 0.03 :t0.01 tr 
22:5n-6 0.02:t 0.00 0.01:t 0.01 0.03:t 0.00 0.01:t 0.01 tr 
22:4n-3 nd 0.07土0.02 0.08:t 0.01 0.05:t0.03 nd 
22:5n-3 nd 0.04:t0.02 0.06:t 0.01 0.31:t 0.14 tr 

22:6n-3 (DHA) nd 0.33土0.06 0.36:t 0.07 1.15:t 0.51 0.18土0.06
L: Saturate 3.08:t0.29 4.00:t0.62 4.26土0.30 4.39:t0.27 1.82:t 0.06 
L:Monoene2 5.85:t0.53 8.84:t 1.36 8.96:t0.79 9.06土1.59 2.88:t 1.25 

L:n-33 4.42:t 0.19 6.01:t 0.59 6.01土0.48 8.04:t 1.79 3.61:t 0.27 
L: n-64 

1.24:t 0.08 1.70:t0.17 1.67:t 0.14 1.68:t 0.28 0.74:t0.54 
L:n-3 HUFA5 1.01:t 0.06 2.47:t 0.23 2.49:t 0.27 4.48士1.45 3.12:t 0.28 
DHA/EPA 0.00 0.18:t 0.02 0.21士0.03 0.41 :t0.08 0.06:t 0.02 

See Table 1 for Artemia enrichment in the rearing experiment. 
*Drybasis. 
112:0; 14:0; 15:0; 16・0;18:0; 20:0; 22:0. 
216:1; 18:1; 20:1; 22:1. 
316:3n-3; 18:3n-3; 18:4n-3; 20:3n-3; 20:4n-3; 20:5n-3; 22:5n-3; 22:6n-3. 
416:3n-6; 18:2n-6; 18:3n-620・2n-6;20:3町 6;20・4n-6;22:4n-6; 22・5n-6.
520:3n-3; 20:4n-3; 20:5n-3; 22:5n-3; 22:6n】 3.
nd: not detected;廿:trace 

Table 3. Survival rate (%) of the horsehair crab Erimacrus isenbeckii larvae at each larval stage in the rearing experiment 
using small containers [Mean:t standard deviation (SD) ， n = 2] 

Tre~~ ~ ~ M ~ ~ 

T1 85.0 :t O.Oa 82.5 :t 3.5a， b 75.0 :t 7，1 a 60.0 :t 7.1 a 45.0 :t O，Oa， b， c 
T2 92，5 :t 3.5a 87.5 :t 3，5a 80.0土 7.1a 77.5 :t 10.6a 5δ，0 :t 21.2a， b 

τ'3 87.5 :t 3，5a 77，5土 3.5a，b 72.5 :t 10，6a 6る，0土 7.1a 65.0:t 7，la 

T4 50.0土 7.1a 20.0:t 14，lb，c 17，5:t 10.6b 15.0:t 7，lb 2.5土 3.5d

T5 65.0 :t 28.3a 30.0士 28.3a，b 17.5 :t 10，6b 12，5 :t 3.5b 7.5 :t 3.5b， c， d 

T6 42，5 :t 10.6a 15，0 :t 14.1 b， c 10.0 :t 7.1 b 7.5 :t 3，5b 5.0 :t 7.1 c， d 

See Table 1 for treatment. 
Z2-Z5: second to朗 hzo回 lestages; MG: megalopa stage. 
Different superscript letters in each column indicate significant differences伊く0.05).
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Table 4. Mean number of days requi民 dby the horsehair crab Erimacrus isenbeckii larvae to reach each larval stage in the 
rearing experiment using small containers [Mean:t standard deviation (SD) ， n = 2] 

Treatment 22 23 24 

Survival of the Larval Horsehair Crab 

MG 

U

2
百

四

百

羽

50.4 :t 0.0 
44.9 :t 4.7 
50.2 :t 0.3 

51.01 

49.5 :t 2.1 
50.51 

25 

38.9 :t Oa 
36.6 :t 0.7a 

38.2 :t 0.1 a 
42.6 :t 1.2b 

40.5 :t 3.5b 

48.5 :t 7.8b 

29.0 :t 0.3a 

28.1 :t 0.4a 

28.9 :t 0.1" 
34.5 :t 2.1 b 

33.1 :t 2.7b 

39.2 :t 5.4b 

20.2 :t 1.0a 

19.5 :t 0.3a 

20.2 :t 0.1" 
25.1 :t 0.6b 

25.0 :t 2.2b 

25.1 :t 4.1b 

11.3 :t 0.5a 

10.9 :t 0.2" 
11.5 :t 0.3" 
14.4 :t 0.0" 
11.5 :t 2.3a 

14.3 :t 1.0" 

See Table 1 for treatment 
Z2-Z5: second to fifth zoeae stages; MG: megalopa stage 
Different superscript le恥 rsin each column indicate significant differences (Pく 0.05).
1 n = 1 (In beaker 1， no larvae developed into the megalopa stage) 

Table 5. Moisture， totallipid σL)， and fa町Tacid content in the larval horsehair crabs Erimacrus isenbeckii reared in a mass 
culture tank (n = 1) 

MG 25 24 23 22 21 

86.77 
8.84 

88 
10.28 

85.85 
10.72 

85.39 
12.94 

86.86 
11.02 

87.63 
8.66 

Moisture (%) 
TL (%) * 

0.77 
0.02 
1.11 
0.29 
0.03 
0.04 
0.03 
0.24 
0.75 
0.18 
0.03 
0.50 
0.04 
0.01 
0.05 
0.03 
0.01 
0.20 
0.06 
0.03 
2.51 
0.01 
0.03 
0.02 
0.00 
0.01 
0.06 
0.60 
2.17 
1.12 
3.16 
0.52 
2.60 
0.24 

0.44 
0.02 
1.29 
0.39 
0.03 
0.03 
0.05 
0.34 
1.08 
0.25 
0.03 
0.75 
0.06 
0.02 
0.10 
0.04 
0.01 
0.25 
0.07 
0.04 
2.43 
0.01 
0.03 
0.02 
0.01 
0.07 
0.05 
0.66 
2.15 
1.60 
3.40 
0.65 
2.54 
0.27 

0.30 
0.04 
1.33 
0.67 
0.05 
0.06 
0.07 
0.40 
1.54 
0.31 
0.03 
0.92 
0.11 
0.02 
0.15 
0.03 
0.01 
0.23 
0.09 
0.05 
1.99 
0.01 
0.03 
0.03 
0.01 
0.01 
0.11 
0.75 
2.15 
2.39 
3.24 
0.72 
2.13 
0.37 

0.29 
0.04 
1.48 
1.24 
0.06 
0.05 
0.18 
0.34 
1.59 
0.34 
0.04 
1.12 
0.30 
0.01 
0.17 
0.04 
0.01 
0.20 
0.06 
0.07 
2.32 
0.01 
0.02 
0.04 
0.01 
0.01 
0.11 
0.68 
2.23 
3.02 
4.06 
0.72 

2.46 
0.29 

0.50 
0.04 
1.32 
1.03 
0.04 
0.11 
0.11 
0.25 
1.89 
0.26 
0.03 
0.86 
0.23 
0.01 
0.10 
0.02 
0.03 
0.17 
0.04 
0.07 
2.36 
0.01 
0.04 
0.05 
0.01 
0.01 
0.10 
0.69 
2.17 
3.06 
3.67 
0.68 
2.47 
0.29 

0.40 
0.16 
1.26 
0.35 
0.01 
0.01 
0.04 
0.26 
1.16 
0.08 
0.03 
0.03 
0.01 
0.03 
0.05 
0.04 
0.05 
0.26 
0.02 
0.02 
2.34 
0.01 
0.06 
0.02 
0.01 
0.01 
0.06 
0.99 
2.14 
1.62 
2.45 
0.49 
2.37 
0.42 

Fa町Tacid (%) * 
14:0 
15:0 
16:0 
16:n-7 
17:0 

16:3n-6 
16:3n-3 
18:0 
18:1 

18:2n-6 
18:3n-6 
18:3n-3 
18:4n-3 
20:0 
20:1 

20:2n-6 
20:3n-6 
20:4n-6 
20:3n-3 
20:4n-3 

20:5n-3 (EPA) 
22:0 
22:1 

22:4n-6 
22:5n-6 
22:4n-3 
22:5n-3 

22:6n-3のHA)
ISaturate1 

IMonoene2 

In-33 

In-64 

In-3 HUFA5 

DHA/EPA 

Zl-Z5: first to 自立hzoeae stages; MG: megalopa stage. 
* Drybasis 
112:0; 14:0; 15:0; 16:0; 18:0; 20:0; 22:0. 
216:1; 18:1; 20:1; 22:1. 
316:3n-3; 18:3n-3; 18:4n【 3;20:3n司 3;20:4n-3; 20:5n-3; 22:4n-3; 22:5n-3; 22・6n-3
416:3n-6; 18:2n-6; 18:3n-6; 20:2n-6; 20:3n-6; 20:4n-6; 22:4n-6; 22:5n-6. 
520:3n-3; 20:4n-3; 20:5n-3; 22:4n-3; 22:5n-3; 22:6n-3. 
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genus Paralithodes (Nakanishi1981; Kittaka et 
al. 2002; Stevens et al. 2008). Moreover， feed-
ing Artemia enriched with n-3HUFA tended 
to improve the rate of survival to MG when 
Thalassiosira was fed to the larvae of the horse-
haircrab.官官refore，to increase the likelihood of 
achieving higher survival rates， we conclude出at
a reliable supply of Thalassiosira to larval rearing 
tanks is crucial， and recommend that n-3HUF A 
enrichment of Artemia becomes a common pro司

tocol for rearing the horsehair crab larvae. 
Prey density affects the larval survival and 

development in many decapod crustaceans 
(Paul et al. 1989; Minagawa and Murano 
1993; Suprayudi et al. 2002b; Epelbaum and 
Kovatcheva 2005). Jinbo et al. (2005) examined 
the effects of 6 levels of Artemia density (0， 
0.25， 0.5， 1， 2， and 4 ind./ml) on the survival 
and development of the horsehair crab larvae 
reared in small containers without a diatom 
supplementation and suggested that the opti-
mal prey density was 2-4 ind./ ml. The mean 
survival rates (2.5%ー7.5%)of larvae reared 
without a Thalassiosira supplement in our 
experiment (0.3-0.5 ind./ml Artemia) were 
lower than (14.0%) that for larvae reared by 
Jinbo et al. (2005) using 0.25 ind./ ml Artemia， 
whereas the mean survival rates (45.0%-
65%) of larvae reared with Thalassiosira in 
our experiment (0.3-0.5 ind./ ml Artemiα) 
were equivalent to those of larvae reared by 
Jinbo et aL (2005) at densities of 1-2 ind./ ml 
(44.0%-71.0%).官官 horsehaircrab larvae may 
ingest Thalassiosira because many diatom cells 
are detected in the digestive tracts of these 
larvae (lchikawa et aL personal observation). 
Therefore， it can be inferred that the diatom 
Thalassiosira was directly consumed by the 
horsehair crab larvae and this improved the 
larval survival and development under condi-
tions of limited animal prey. 
This study revealed preliminary aspects of 

the ontogeny of the fa句Tacid profile of the 
larval horsehair crabs， including Thalassiosira 
and enriched Artemia used in mass culture. 
Variations in n・3HUFAcontent were small in 
Zl to MG of the horsehair crab larvae. The 
highest DHA concentration， or DHA/EPA 

ratio (0.42)， was observed in Z1. However， it 
did not vary greatly and was 0.24-0.37 in Z2 to 
MG.百leDHA/EPA ratio of live foods plays an 
important role in the morphogenesis and the 
survival of the mud crab larvae (Suprayudi et 
aL 2002a). Kogane et al. (2007) examined the 
relationship between the survival of the snow 
crab larvae and the fa町Tacid profile of live 
foods and cultured larvae. In that study， Zl had 
a high DHA content and DlliνEPA ratio (0.65 
-0.68)， but these values largely decreased in 
Z2 and MG， with DHA/EPA ratios of 0.04-0.15. 
This was at凶butedto the low DHA content 
of live foods， ultimately resulting in low larval 
survival rates. The enriched Artemia used for 
mass culture of the larval horsehair crabs in the 
present study had higher DHA content (1.15%) 
than that (0%ー0.58%)in出eArtemia used by 
Kogane et al. (2007). In addition， Thalassiosira 
contained EPA and DHA in its cells at con-
centrations greater than those in unenriched 
Artemia in the present study. Therefore， live 
foods with relatively high EPA and DHA con-
tent may have contributed to the maintenance 
of n・3HUFA，EPA， and DHA of the horsehair 
crab larvae in our experiment， compared with 
the lower levels of these components found by 
Kogane et aL (2009) in the snow crab. 
The present study showed the effect of supple-

menting the rearing water of the horsehair crab 
larvae wi出 thediatom 1halassiosira. In addi泊tion1 

tωo providing n 

larvae by the direct consumption 0ぱfl訪7五kαlaαSおsz白osiraα，
the crab larvae could consume 1hαlαssi白osiraα 
nut仕ri尚tionin excess by flた'eed品ingon Artemia αthat 
had consumed Tl克kωαlaαssiosirawhile in the larval 
rearing tank. Phytoplankton can supply fa均r

acids， vitamins， protein， carbohydrates， and pig-
ments that may not be available in sufficient 
quantities from unenriched Artemia (Stevens 
et aL 2008). Furthermore， Thalassiosira may 
assist in removal of ni仕ogenouswastes， provide 
O可gen，and help to balance the pH of the culture 
water (Kitiaka et aL 2002). Therefore， supple-
mentation of rearing water with Thαlassiosira 
promises betier survival and development of 
the horsehair crab larvae， especially under the 
limited animal prey conditions that have been 
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adopted in large-scale larval cultures of this spe-

cies. To establish reliable mass seed production 

techniques for the horsehair crab，長lrtherstud-

ies are required to clariかtheoptimal Artemia 
density and Thalassiosira cell concentration in a 

larg令scaletank. 

Acknowledgmen白

We thank the staff of Miyako and Akkeshi 

Laboratories， Fisheries Research Agency， for 
their support with the laboratory work. 

References 

Epelbaum， A. B.加dN. P. Kovatcheva (2005) Daily food 

intakes and optimal food concentrations for red king 
crab (Paralithodes cαmおchαticus)larvae fed Artemia 

nauplii under laboratory conditions. Aquacult. Nutr.， 
11，455-461. 

Folch， ].， M. Lee and G. H. S. Stanley (195ηA simple 

method for the isolation and purification of totallipids 

from animal tissue.f Biol. Chem.， 226， 477-509. 

Hamasaki， K.， T. Takeuchi and S. Sekiya (1998) Dietary 

value for larval swimming crab Portunus tritubercula-

tus of marine rotifer Brachionus rotundiformis cul-

tured with several feeds. Nippon Suisan Gakkaishi， 

64，841-846 (inJapanese with English abstract). 

Hamasaki， K.， M. A. Suprayudi and T. Takeuchi (2002) 
Effects of Dietary N-3HUFA on Larval Morphogenesis 

and Metamorphosis to Megalops in白eSeed Production 

of the Mud Crab， Scylla serrata (Brachyura: Por飢凶dae).
Suisanzoshoku， 50， 333-340. 

Jinbo， T.， K. Hamasaki and M. Ashidate (2005) Effects of 

Artemia nauplii density on survival， development and 
feeding of larvae of the horsehair crab Erimacrus 

isenbeckii (Crustacea， Decapoda， Brachyura) reared 
in the laboratory. Nippon Suisan Gakkaishi， 71， 

563-570 (in J apanese with English abstract). 

阻社aka，].， B. G. Stevens， S. Teshima and M. Ishikawa 

(2002) Larval culture of the king crabs Paralithodes 

camtschaticus and P brevipes. In “Crabs in Cold 防'ater

Regions: Biology， Management，αnd Economics" (ed. 

by A.]. Paul， E. G. Dawe， R. Elner， G. H. Kruse， R. S. 
0仕0，B. Sainte-Marie，主 C.Shirly and D. Woody)， 

University of Alaska Sea Grant Program， Anchorage， 
pp. 189-209. 

Kogane， T.， S. Dan and K. Hamasaki (2007) Improvement 

of larval rearing technique for mass seed production 

of snow crab Chionoecetes opilio. Fish. Sci.， 73， 
851-861. 

Kogane， T.， S. Dan and K. Hamasaki (2009) Effect of 

dietary n-3 highly unsaturated fa町Tacids on survival， 

molting and growth of larval snow crab Chionoecetes 

opilio reared in the laboratory. N伊'pon Suisan 

Gakkaishi， 75， 1004-1010 (in Japanese with English 
abstract). 

Kumagai， A. (1990) Seed production of horsehair crab. 
Annu. Rep. Jpn. Sea-Farming Assoc.， Fiscal 1988， 
249-255 (in Japanese). 

Kumagai， A. (1991) Seed production of horsehair crab. 
Annu. Rep. Jpn. Sea-Farming Assoc.， Fiscal 1989， 

194-197 (inJapanese). 

Minagawa， M. and M. Murano (1993) Effects of prey den目

sity on survival， feeding rate and development of 

zoeas of the red frog crab Ranina ranina (Crustacea， 

Decapoda， Raninidae). Aquaculture， 113， 91-100. 

Miyake， S. (1983) Japanese Crustacean Decapods and 

Stomatopods in Color 防1.2Brach戸lran(Crabs)， First 

edition. Hoikusha Publishing， Osaka， p. 72 (in 
Japanese). 

Morrison， W. R. and L. M. Smith (1964) Preparation of 

fa向Tacid methyl esters and dimethylacetals from 

lipids with boron tluoride-methanol.]. Lipid Res.， 5， 
600-608. 

Nakanishi， T. (1981) The effect of temperature on growth， 

survival and 0可genconsumption of larvae and post-

larvae of Paralithodes brev妙es(Decapoda: Anomura). 
Bull. Jap. Sea. Reg.日sh.Res. Lab.， 32， 49-56. 

Paul， A. ].， ]. R. Paul and K. O. Coyle (1989) Energy 

sources for first-feeding zoeae of king crab 

Paralithodes camtschatica (Tilesius) (Decapoda， 

Lithodidae).f Exp. Mar. Biol. Ecol.， 130，55-69. 

Sasaki， ]. (2003) Hokkaidou syuuhenn no kegani. In 

“Crustacean Resources and their Diversity" (ed. by ]. 

Ootomi and S. Watanabe)， Kouseishakouseikaku， 

To匂0，pp. 31-35 (inJapanese). 

Stevens， B. G.， S. Persselin and ]. Matweyou (2008) 

Survival of blue king crab Paralithodesρlatypus 
Brandt， 1850， larvae in cultivation: effects of diet， tem-

perature and rearing density. Aquacult. Res.， 39， 

390-397. 

Suprayudi， M. A.， T. Takeuchi， K. Hamasaki and ]. 

Hirokawa (2002a) The effect of n-3 HUFA content in 

rotifers on the development and survival of mud crab 

Scylla serrat，αlarvae.Aquacult. Sci.， 50， 205-212. 

Suprayudi， M. A， T. Takeuchi， K. Hamasaki and ]. 

Hirokawa (2002b) Effect of Artemia feeding schedule 

and density on the survival and development of larval 

mud crab Scylla serrata. Fish. Sci.， 68， 1295-1303. 

Suprayudi， M. A， T. Takeuchi and K. Hamasaki (2004) 

Essential fa町Tacids for larval mud crab 8の，Uaserrata: 

implications of the lack of ability to bioconvert C18 

unsaturated fa向T acid to highly unsaturated fa町r

acids.Aquaculture， 231， 403-416. 

Takeuchi， T.， Y. Nakamoto， K. Hamasaki， S. Sekiya and T. 

Watanabe (1999) Requirement of n-3 highly unsatu-

rated fa町Tacids for larval swimming crab Portunus 

trituberculatus. N:か'ponSuisan Gakkαishi， 65， 797-803 

(in J apanese with English abstract). 



302 T Ichikawa， A. Iwamoto， T Tsuzaki， K. Ohta， K. Hamasaki and T Takeuchi 

飼育水への珪藻タラシオシラ Thalassiosirasp.の

添加および餌料中の n-3HUFAが

ケガニ Erimacrusisenbeckiiのゾエア幼生の

生残および発育期間に及ぼす影響

市川 卓・岩本明雄・津崎龍雄・太田健吾・浜崎活幸・竹内俊郎

ケフヴニ Erimαcrusisenbeckiiの種苗生産における幼生の生残率の向上を目的に，11ビーカーを

用いて本種幼生を第 1齢ゾエアからメガロパまで飼育して，栄養強化したアルテミアおよび珪藻

7為alassiosirasp.の飼育水への添加が幼生の生残率に及ぼす影響を検討した。併せて種苗生産から

得た幼生および使用した生物餌料(アルテミア，珪藻)の脂肪酸分析を行った。その結果，飼育

実験における幼生の生残率は飼育水に珪藻を添加することで有意に高くなったが，アルテミア中の

n-3HUFA量は幼生の生残率に影響を及ぼさなかった。しかし， n-3HUFA量が少ないアルテミアを与

えた場合にメガロパへの脱皮時に高い死亡率を示した。また，ケガニ幼生中の n-3HUFA量はゾエア

幼生期からメガロパ幼生の期間に大きく変動しなかった。これらの結果から，幼生中の n-3HUFA量

は n-3HUFAを含有する生物餌料を摂餌することで維持され 珪藻の飼育水への添加は種苗生産にお

けるケガニ幼生の生残および発育を改善すると考えられる。
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