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Feeding Pacific Sandeel Enhances DHA Level
in Common Octopus Paralarvae

Ayako KURIHARA1, Late Shigenobu OKUMURA2, Akio IWAMOTO2

and Toshio TAKEUCHI
1, ＊

Abstract:  This study was conducted to investigate the effect of feeding flakes of the Pacific 
sandeel, Ammodytes personatus, on the survival, growth and docosahexaenoic acid (DHA) contents 
of the common octopus, Octopus vulgaris, paralarvae. The experiment consisted of four paralarval 
groups: fed large or small type Artemia supplemented with or without sandeel flakes. The survival 
rates of the two paralarval groups which were fed small type Artemia were low and independent 
of sandeel flake feeding. The survival rate of paralarvae fed both large type Artemia and sandeel 
flakes was higher than the group fed only large type Artemia. The mean arm sucker count and the 
mean body weight showed the highest values when paralarvae were fed large type Artemia and 
sandeel flakes. DHA levels of the paralarvae showed high values in the sandeel flake fed groups. 
This result indicates that a mixed feed of sandeel flakes and large type Artemia is an effective 
feeding strategy for common octopus paralarvae.
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The common octopus,  Octopus vulgaris,  is 
an important fisheries species worldwide. This 
species is a potential candidate for aquaculture 
due to its rapid growth and high marketability 
(Vaz-Pires et al. 2004). The common octopus 
paralarvae pass through a planktonic life stage 
and develop to benthic juveniles (Young and 
Harman 1988). Researchers have succeeded 
to obtain benthic juveniles by feeding crusta-
cean zoea and/or Artemia (Itami et al. 1963; 
Villanueva 1995; Carrasco et al. 2003; Iglesias 
et al. 2004) in the laboratory. However, large 
scale paralarvae rearing has not been carried 
out because of the difficulty of obtaining suf-
ficient quantity of crustacean zoea. On the 
other hand, Hamasaki et al. (1991) were able 
to rear a large amount of octopus paralarvae by 
feeding with ongrown Artemia which could be 
obtained easily and stably. However, Artemia 
did not seem to be the best food for early stages 

of cephalopods, since it contains a low concen-
tration of polyunsaturated fatty acids (PUFA), 
specifically docosahexaenoic acid (DHA), com-
pared to mysids or crab zoeae (Navarro and 
Villanueva 2000). In order to enrich the PUFA 
to the Artemia, Hamasaki and Takeuchi (2001) 
examined the enrichment trials of Artemia; and 
Navarro and Villanueva (2003) examined mixed 
feedings of Artemia and millicapsule diet. In 
both studies, however, the DHA level of reared 
paralarvae could not be maintained to equal 
level in hatchlings or wild juveniles. Recently, 
Okumura et al. (2005) clarified that mixed feed-
ing of large type Artemia and flakes of Pacific 
sandeel, Ammodytes personatus, could maintain 
the DHA level of pre-benthic paralarvae and 
improve the survival and growth of the paralar-
vae. Although they estimated that the paralar-
vae ingested DHA from Pacific sandeel flakes, 
they did not directly confirm the feeding effect 
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of the sandeel flakes. This study aimed to con-
firm the feeding effect of the sandeel flakes as 
a DHA source to octopus paralarvae by rearing 
under mixed feeding with large or small type 
Artemia and sandeel flakes or mono feeding 
with Artemia.

Materials and Methods

Paralarvae
Fifteen mature females (1.31±0.26 kg, mean
±standard deviation in body weight) were 
caught using octopus pots around Shodo Island, 
Kagawa Prefecture and transported to Yashima 
Station at 3rd September 2004. They were 
reared in three concrete 7 m3 tanks until spawn-
ing. Six females commenced spawning during 
5th to 10th September. Each female was trans-
ferred to a 500 l cylindrical hatching tank and 
reared individually. Hatching occurred from 1st 
October. Paralarvae used in this experiment 
were less than 24 hours after hatching. Hatched 
out paralarvae in six hatching tanks were gath-
ered to a 500 l cylindrical tank by using a siphon 
hose and introduced into four rearing tanks. 

Feed
Two types of Artemia were fed to the paralar-

vae. Large type Artemia (L-Ar) was collected 
in Qinghai Province of the People’s Republic 
of China, and small type (S-Ar) was collected 
in Utah State of the United States of America. 
The total lengths of the nauplii were 656.8±
30.8μm (n = 30) in the large type and 546.9±
83.4μm (n = 30) in the small type. Significant 
dif ference was recognized in the mean total 
length between large and small type Artemia 
(Student’s t-test, p＜0.01). The Pacific sand-
eel (PS) were caught by purse seine in the 
northwestern water of f Awaji Island, Hyogo 
Prefecture, Japan on March 2004. Landed sand-
eel were frozen and stored at －25℃ until feed-
ing to octopus. The total length of the sandeel 
was 33.8±6.4 mm (n = 30).

Rearing experiment
The feeding protocol of the experiment is 

shown in Table 1. The experiment consisted 

of  four groups,  fed on two types of  Artemia 
with or without Pacific sandeel flakes. A total 
number of 22,000 paralarvae were collected 
from the hatching tanks and divided equally 
into two rectangular 4,500 l tanks (L-Ar +PS 
and S-Ar +PS) on 4th October 2004. The arm 
sucker count and mean wet weight of the 
paralarvae were 3.0±0.0 and 1.1 mg (n = 10), 
respectively. The next day, each number of 
11,000 paralarvae was introduced into the two 
tanks (L-Ar and S-Ar) in a similar manner. The 
size of these paralarvae in arm sucker count 
was 3.0± 0.0 and in mean wet weight was 1.3 
mg (n = 10). The rectangular 4,500 l tank is 
shown in Fig. 1. Two 32 W fluorescent lights 
were placed 70 cm above each tank (Fig. 1, 
G) and were illuminated from 8 a.m. to 6 p.m. 
everyday. Water temperature was set at 25℃ 
using the heat exchanger (Fig. 1, C). Water 
temperature, dissolved oxygen, salinity and 
water surface illuminance were measured twice 
a day (10 a.m. and 2 p.m.). Ammonia nitrogen 
concentration was monitored once a day (10 
a.m.). Gently aeration was provided into the 
tank through two distribution hoses (126 cm 
long, Fig. 1, B). The dissolved oxygen level was 
adjusted to maintain over 5 mg/l. The paralar-
vae were reared in still sand filtered seawater 
until 4 days after hatching and water exchange 
was commenced from 5 days after hatching 
at the rate of 3.1 l/min (ca. 100%/day, Fig. 1, 
A). The effluent was drained through the rect-
angular column strainer attached to 0.5 mm 
polyethylene mesh (Fig. 1, D, E). Enriched 
Artemia nauplii of each type were  supplied  
throughout  the  experimental duration. The 
large type Artemia was incubated for 30 hours 
at 25℃ and small type Artemia was treated for 
24 hours at 28℃. Both types of Artemia were 
enriched with fish egg powder (Plus Aquaran, 
BASF Japan) at 250 ppm for ca. 18－24 h

Table 1. Feeding condition of the rearing groups

Feeding condition Artemia Pacific sandeel flakes

L-Ar+PS
S-Ar+PS

Large type
Small type

⎫
⎬
⎭

Feeding

L-Ar
S-Ar

Large type
Small type

⎫
⎬
⎭

No feeding
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before feeding. Artemia densities in the rear-
ing tanks were monitored at 10 a.m. and 2 p.m. 
everyday and supplied to maintain the density 
of 2 individuals/ml. The Pacific sandeel flakes 
were supplied to L-Ar +PS and S-AR +PS 
groups from 5 days after hatching. The frozen 
sandeel block was shaved using a scalpel. The 
shaved sandeel flakes (10－20 mm in diameter, 
0.5－1.0 mm in thickness and 50－300 mg in 
weight) were added from the long side of the 
tank (Fig. 1, F) and circulated around the tank 
with water movement caused by aeration. The 
sandeel flakes were supplied 5 times a day 
(30 g/time in each tank), ensuring ad libitum 
feeding. Condensed freshwater chlorella (Super 
Fresh Chlorella V12, Chlorella Industry) was 
added in each tank (about 20×104 cells/ml) at 
hatching and from 5 days after hatching at the 
volume of 100 ml/tank. Ten paralarvae were 
sampled from each tank every 5 days and the 
total wet weight was measured to calculate the 
mean wet weight of the batch. Additionally, 
the arm sucker counts of the ten paralarvae 
were counted at the beginning and the end of 
the experiment. The final arm sucker count of 
each group was compared statistically by using 
ANOVA and Turkey’s multiple comparisons. 
In order to maintain the water quality, bottom 
cleaning took place once a day from 5 days after 
hatching. Any remaining sandeel flakes, dead 
paralarvae and fecal material were separated 
from the tank by using a siphon hose. The 
number of dead paralarvae was counted every-

day to estimate the daily survival rate. Survival 
rate of n days after hatching was estimated 
as [initial number of hatchlings - cumulative 
number of collected dead paralarvae untill n 
days)]×100/initial number of hatchlings. All 
groups were reared until 42 days after hatching.

Chemical analysis
Samples  of  Artemia,  Pacific  sandeel and 

paralarvae were taken for analyses of the lipid 
content and fatty acid composition. Lipids were 
extracted by the chloroform-methanol (2 :1, v/v) 
method according to Folch et al. (1957). Crude 
lipids were saponified by using 1 ml of 50% 
KOH in 15 ml ethanol and heated for 40 min at 
80℃. The saponifiable matter was then esteri-
fied by using 6.7% of boron fluoride in methanol 
and heated for 20 min at 80℃ (Morrison and 
Smith 1964). Fatty acid methyl ester was diluted 
in hexane (20 mg/ml) and analyzed by gas 
liquid chromatography (GC-14B, Shimadzu, 
Co. Ltd., Kyoto, Japan) equipped with a silica 
capillary column (30 m×0.32 mm×0.25μm 
film thickness, SUPELCO, Inc., Bellefonte, 
Pennsylvania, USA). Helium was used as the 
carrier gas and the pressure was adjusted to 
100 kPa. Temperatures in the column, injection 
port, and detector were adjusted to 205, 250 
and 250℃, respectively. Fatty acid methyl esters 
were identified by comparing the retention 
times against the standard (SUPELCO, Inc., 
Bellefonte, Pennsylvania, USA).
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Fig. 1.  Profiles of rearing system used for the octopus paralarvae rearing experiment. A, filtered seawater; B, air hose; 
C, heat exchanger; D, strainer; E, effluent; F, sandeel flakes; G, fluorescent lamp.  Units of the numbers are meter.



416 A. Kurihara, S. Okumura, A. Iwamoto and T. Takeuchi

Results

Table 2 shows moisture, crude lipid contents 
and fatty acid composition of the large and 
small type Artemia and Pacific sandeel which 
were supplied to the paralarvae. A large differ-
ence was found in the fatty acid composition 
of 18 :3n-3 (LNA) and 20 :5n-3 (EPA) between 
large and small type Artemia. LNA level was 
high in small type Ar temia and EPA level 
was high in large type Artemia. Although the 
enrichment resulted in elevation of DHA levels 
in both types of Artemia, DHA levels of Artemia 
were far lower compared with that of Pacific 
sandeel.

Fig. 2 shows the transition of the mean wet 
weight and the survival rates of paralarvae fed 
different diets. Although the mean wet weights 

of the S-Ar +PS, L-Ar and S-Ar groups stag-
nated from 30 days after hatching, the mean 
wet weight of the L-Ar+PS group continued to 
increase and showed the highest values. The 
estimated survival rate of the L-Ar +PS group 
always showed the highest values among the 
groups. The final survival rates and the initial 
and final sizes of the paralarvae are shown in 
Table 3. The highest value of final survival rate 
was observed in the L-Ar +PS group (10%). 
Significant difference was recognized in arm 
sucker count of L-Ar+PS compared with that of 
S-Ar and S-Ar+PS (Table 3) at the end of the 
experiment.

Table 4 shows the range of water tem-
perature, dissolved oxygen, salinity, water 
sur face illuminance and ammonia nitrogen 
concentration of the rearing tanks. The water 
temperature, dissolved oxygen, salinity, water 

Table 2. Moisture, lipid contents and fatty acid composition of the food items

L-Ar S-Ar
Pacific sandeel

Unenriched Enriched Unenriched Enriched

Moisture  (%)
Crude lipid  (%)＊1

Fatty acid  (area %)

80.5
24.4

87.8
26.2

82.5
23.8

85.7
23.9

81.7
12.0

14 :0
15 :0
16 :0
16 :1n-7
17 :0
16 :3n-6
16 :3n-3

1.2
0.4
9.8

17.0
0.6
0.7
0.4

0.9
0.3
9.4

13.9
0.5
1.2
0.2

0.9
0.3

11.7
5.5
0.4
0.8
0.3

0.8
0.3

11.9
4.8
0.4
0.6
0.1

2.8
1.0

17.1
7.3
0.2
0.2
0.1

18 :0
18 :1
18 :2n-6
18 :3n-6
18 :3n-3 (LNA)
18 :4n-3

3.0
26.2
3.5
0.2
5.6
4.4

3.8
28.5
3.2
0.2
5.5
3.2

3.0
36.1
4.6
1.1

20.1
3.6

4.0
36.0
3.6
0.7

15.9
2.2

2.8
6.1
0.7
0.1
0.9
2.1

20 :0
20 :1
20 :2n-6
20 :3n-6
20 :4n-6
20 :3n-3
20 :4n-3
20 :5n-3 (EPA)

0.1
0.4
0.1
0.1
0.8
0.1
0.6

15.2

0.1
0.6
0.1
0.1
1.2
0.1
0.7

16.4

0.1
0.5
0.1
0.1
0.8
0.1
0.2
2.3

0.1
1.3
0.1
0.1
1.6
0.1
0.3
4.9

0.0
0.2
0.1
0.0
0.7
0.1
0.3

20.9

22 :0
22 :1
22 :4n-6
22 :5n-6
22 :5n-3
22 :6n-3 (DHA)

0.2
0.1
0.2
0.0
0.0
0.4

0.2
0.2
0.2

ND
0.3
1.0

0.2
0.1
0.2

ND
0.1
0.0

0.2
0.4
0.1
0.0
0.6
1.4

0.2
0.3
0.2
0.2
0.7

23.5

  ＊1 dry basis.  ND: Not  Detected.  L-Ar: Large type.  S-Ar: Small type.
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sur face illuminance and ammonia nitrogen 
density of all tanks ranged 24.0－26.9℃, 5.3－
7.6 mg/l, 28.3－29.9 psu, 1,800－3,400 lx and 
0.03－1.81 ppm, respectively.

Table 5 shows moisture, crude lipid contents 
and fatty acid composition of initial paralarvae 
and 42 days old paralarvae of all feeding con-
dition. The initial paralarvae showed 0.0% in 
LNA, 15.1% in EPA and 21.8% in DHA. The DHA 
levels of the 42 days old paralarvae showed 
higher values in the sandeel flakes fed groups 
than those of other groups (Table 5). The crude 
lipid contents of the paralarvae showed slightly 
higher values in 42 days old paralarvae (13.2
－14.6%) than the 0 day old paralarvae (10.9%). 
The fatty acid composition of the paralarvae 
reflected the composition of supplied Artemia 
and sandeel flakes. LNA level was higher in 
small type Artemia fed group than those in 
the large type Artemia fed group (Table 5). 
EPA level was higher in large type Artemia fed 
group than those in the small type Artemia fed 
group (Table 5).

Discussion
  
Okumura et al. (2005) found that feeding 

large type Artemia with sandeel flakes was 
an  effective  method  for  improving  survival 
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Fig. 2.  Estimated survival rate and mean body weight 
of the reared common octopus paralarvae. Solid square, 
L-AR +PS; open square, S-Ar +PS; solid triangle, L-Ar; 
open triangle, S-Ar.

Table 3. Survival rates, arm sucker count and growth of the rearing groups for the 42-days feeding experiment

Feed condition
Initial Final

Age (0 days) Age (42 days)
Arm sucker count＊1 Weight (mg)＊2 Survival rate (%) Arm sucker count＊1 Weight (mg)＊2

L-Ar+PS
S-Ar+PS

L-Ar
S-Ar

3.0±0.0
1.1
 

1.3

10.0
1.7
2.2
1.7

18.7±2.4a＊3

13.5±3.1b

15.7±2.3ab

13.3±4.4b

26.6
14.3
16.0
15.0

 ＊1 Mean±standard deviation (n=10).
 ＊2 In wet basis.
 ＊3 Significant differences (Tukey’s test, p＜0.05) between the groups are indicated with different alphabet letters.

Table 4. Water quality parameters in the rearing tanks

Feeding condition
Water

temperature
(℃)

DO
 

(mg/l)

Salinity
 

(psu)

Surface
illuminance

(lx)

NH3-N

(ppm)

L-Ar+PS
S-Ar+PS

L-Ar
S-Ar

24.4－25.4
24.0－26.9
24.3－25.7
24.1－25.2

5.3－7.6
5.7－7.6
5.6－7.3
6.2－7.4

28.3－29.9
28.3－29.9
28.4－29.9
28.4－29.9

2000－3500
1800－2500
1940－3400
1850－2500

0.13－1.53
0.08－1.81
0.03－0.91
0.03－0.61
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and growth of common octopus paralarvae. 
Additionally, they presumed feeding sandeel 
flakes was ef fective in improving the DHA 
content  of  the  common octopus  paralarvae. 
However, they did not directly confirm the 
feeding effect of the sandeel flakes. The pres-
ent study have confirmed the feeding effect 
of the sandeel flakes as a DHA supplement on 
octopus paralarvae, by comparing the develop-
ment of paralarvae mixed fed with Artemia and 
sandeel flakes with that fed solely with Artemia. 
The DHA level of sandeel flakes was higher 
than that of Artemia, and the DHA levels of 
the paralarvae fed sandeel flakes were higher 
than that of the paralarvae fed only Artemia. 
The survival rate of the L-Ar +PS group was 
superior to that of the L-Ar group. Navarro and 
Villanueva (2000) indicated that the paralarvae 
require DHA, since the DHA levels of hatch-

lings and wild juveniles of common octopus 
were higher than those of the paralarvae fed 
only Artemia or with Artemia and millicapsule 
diet. These results suggest that DHA levels 
of paralarvae were improved by supplement-
ing with sandeel flakes. And consequently, 
the survival rates of the paralarvae were also 
improved. 

Artemia is used as the major food source 
for many cultured marine larvae. However, 
Artemia has been found to be lacking in DHA 
and for this reason, Ar temia needs to be 
enriched before they can be used for feeding 
marine fish larvae which require DHA as essen-
tial fatty acid (EFA) for their normal growth 
(Takeuchi et al. 1992, Watanabe 1993). As the 
main feed of common octopus paralar vae, 
Artemia also need to be enriched with DHA. 
However, the enrichment effect occasionally 
fluctuates with the feed and the rearing condi-
tions, and the nutritional value of the enriched 
Artemia is varied when time progress even if 
they were reared under the same condition 
(Furuita et al. 1996). Furthermore, it would be 
difficult to maintain a high DHA level of the 
Artemia in a paralarvae rearing tank for a long 
time, as Artemia convert DHA to DPA or EPA 
even in the case where sufficient enrichment 
is completed (Coutteau and Mourente 1997; 
Evjemo et al. 1997; Navarro et al. 1999). In the 
present study, the DHA level of sandeel flakes 
(23.5%) was higher than that of Artemia (L-Ar: 
1.0%, S-Ar: 1.4%). It is therefore difficult to 
elevate the DHA level of Artemia to the same 
level of sandeel flakes. Navarro and Villanueva 
(2003) indicated that the microdiet was ineffi-
ciently digested and/or assimilated to common 
octopus paralarvae by rearing under mixed 
feedings with enriched Artemia and microdiet. 
Therefore, feeding sandeel flakes seems to be 
an effective method for providing DHA level to 
the common octopus paralarvae.  

Another interesting result was found in the 
present study is that the survival rate, arm 
sucker count and weight of the L-Ar+PS group 
was higher than those of the S-Ar +PS group, 
although DHA level of S-Ar+PS group was the 
same as that of L-Ar+PS group. Geographically 

Table 5. Moisture, lipid contents and fatty acid composition 
of common octopus paralarvae

Initial L-Ar+PS S-Ar+PS L-Ar S-Ar

Moisture  (%)
Crude lipid  (%)＊1

Fatty acid  (area %)

82.7
10.9

80.5
14.6

80.3
14.2

80.7
13.2

80.1
14.2

14 :0
15 :0
16 :0
16 :1n-7
17 :0
16 :3n-6
16 :3n-3

0.9
0.2

17.2
0.2
0.5
0.2
5.7

0.4
0.2

13.3
3.6
0.5
0.4
3.0

0.4
0.2

15.5
1.5
0.7
0.2
5.0

0.3
0.2

12.3
3.9
0.6
0.5
3.6

0.4
0.2

14.5
1.4
0.6
0.3
3.2

18 :0
18 :1
18 :2n-6
18 :3n-6
18 :3n-3 (LNA)
18 :4n-3

8.5
3.6
0.6
0.0
0.0
0.1

8.7
13.4
1.2
0.1
1.4
0.4

8.5
12.9
1.5
0.1
3.9
0.2

9.4
15.2
1.6
0.1
1.8
0.5

8.9
19.6
2.3
0.2
6.5
0.3

20 :0
20 :1
20 :2n-6
20 :3n-6
20 :4n-6
20 :3n-3
20 :4n-3
20 :5n-3 (EPA)

0.0
2.8
0.5
0.0
7.0
1.4
0.1

15.1

0.1
1.8
0.4
0.0
3.2
0.9
0.4

23.0

0.1
1.9
0.4
0.1
4.3
1.0
0.2

13.3

0.1
2.4
0.5
0.1
4.1
1.0
0.4

25.7

0.1
2.7
0.6
0.2
5.9
1.2
0.4

13.9

22 :0
22 :1
22 :4n-6
22 :5n-6
22 :5n-3
22 :6n-3 (DHA)

0.4
0.2
0.5
0.4
1.8

21.8

0.3
0.3
0.2
0.1
1.3

13.5

0.4
0.2
0.2
0.1
0.9

16.5

0.4
0.3
0.2
0.1
1.7
3.4

0.4
0.2
0.2
0.1
1.3
4.6

 ＊1  dry basis.  ND: Not Detected.



DHA level in Octopus vulgaris paralarvae 419

different strains of Artemia have different nutri-
tional values for marine fish (Beck et al. 1980; 
Johns et al. 1980; Klein-Macphee et al. 1980; 
Olney et al. 1980; Watanabe et al. 1980). These 
differences influence on the survival rate of red 
sea bream and the percentage of albinism in 
flounder (Watanabe et al. 1980; Seikai et al.1987). 
These suggest that Artemia type is influenced 
the survival rate of common octopus paralarvae 
when co-feeding with sandeel flakes. Large type 
Artemia may have unknown nutrients which 
interfere with the growth of the common octo-
pus paralarvae. Further research is needed to 
clarify this issue.
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イカナゴ給餌におけるマダコ幼生のDHAレベルの向上

栗原紋子・故奥村重信・岩本明雄・竹内俊郎

 マダコ幼生の飼育におけるイカナゴ給餌の有効性について検討するため，大型と小型のアルテミ
ア（Ar）のみを給餌する区と，それぞれに冷凍イカナゴフレークを併用給餌する区の 4試験区を設けて，
孵化後42日間飼育した。生残率をみると，小型 Ar，大型 Ar，および小型 Arとイカナゴ併用区では低
かったが，大型 Arとイカナゴ併用区では10％と最も高かった。さらに，飼育終了時の平均吸盤数と
体重は，大型 Arとイカナゴ併用区において，それぞれ18.7個および26.6 mgと他の区に比較して高い
値を示した。幼生のDHAレベルは，いずれもイカナゴ併用区で高かった。これらのことから，大型
Arとイカナゴの併用給餌はマダコ幼生の成長促進およびDHAレベルの維持に有効であると考えられ
た。
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