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Abstract : 2 Table Il. Dry weight growth
Since larval rearing is still the main bottleneck for the development of Tr:::m Equation ' SE fn equations for O. vulgaris 3.3 Histological study
octopus culture, the aim of the present study was to obtain some information A DW= 0.2587 exp (0.0488*d) | 0.99 | 0.04 | 5 [jparalarvae from different

on the feeding strategy and nutritional requirements during this larval stage.
For that purpose just hatched out octopus paralarvae were fed with live preys
in three different combinations, trying to match their natural food. Enriched
Artemia metanauplii, Grapsus grapsus zoeas supplemented with enriched
Artemia, and Plagusia depressa zoeas supplemented with enriched Artemia.
Larval treatments were carried out during 28 days in triplicates; fibre glass Figure 1I. Survival of
120 | tanks in flow through system were used. Growth, in terms of dry body BAG | foctopus paralarvae at
weight, mantle length and width was determined each seven days. A 3% e —] day 22 and at the end of
histological study of the paralarval development was carried out. Biochemical the experimental period.
composition of preys and paralarvae were determined. Growth was 28d (P<0.05)

significantly better in paralarvae fed with zoeas and Artemia than in those fed *q
only with Artemia, from day 8 after hatching. Besides a clear effect on the
digestive gland histology morphology was observed. g
4
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1. Introduction

On growing of octopus at a commercial scale is a common practice in the  se.
northwest of Spain and fast growth is being also achieves in several

experimental experiences are been conduced in Canary Islands. Juveniles are - 224
feed with frozen crabs and fisheries by-products, reaching growth rates close
to 1kg/month (Garcia-Garcia 2001), and compound feeds are being
developed for this species. But such production is exclusively based on the
capture of young octopus from the wild, since its life cycle has not been yet
completed in captivity. Thus, mass production of octopus settled juveniles is
still the main bottleneck for commercial octopus culture. Despite pioneer &
studies showing the complete development of larval stages of Octopus
vulgaris and obtaining settled individuals were early conducted (Itami et al.,

AG | DW=03456exp (0.0466%d) | 0.95 | 009 | 11 [jtreatments. DW: total dry
AP DW= 0.3042 exp (0.0485%d) . weight (mg); d: age in days;
g SE: standard error; n: groups
of paralarvae.
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"3.2 Biochemical analysis

PICTURE 1. a) 22d A b) 22d AG c) 22d AP, d) 28d AP digestive gland
morphology in reared paralarvae (SV) Secretion vacuoles, (EV) Excretion
vacuoles, (LV) lipids vacuoles and (GV) Glicoproteic vacuoles.

Plagusia zoeas

1963), studies on the further development of the rearing techniques have only | T’ea‘:”e"t - _ '

i i Initial Paralarvae 88.07
r_ecently been addrs_:ssed. I_=ew au?hors have tried different culture_ systems, m, NG S eission)
live preys and feeding regimes with various degrees of success (Villanueva, . . e Paralarvae fed Artemia alone showed a progressive mortality along the third
1994, Iglesias et al., 2000, Moxica et al., 2002, Roo et al., 2003), but unable §AG22d 5 _ 8e0s > i i i i i
b rodgul:e B 1 oUTHGF <cilediveniles Rece)ntl special M AC 2509 5205 week of feeding, leading to the epd of the experiment for this feeding treatment on day
atte?ltion Al b%en po?nte E . octoples .4 qu);nti,:alive % Sk 22. Best survival rate was obtained when Artemia was supplemented with Grapsus

grapsus zoea, improving that obtained by Itami et al. (1963) and being closed to those
reported by Villanueva (1994). Growth was also highest with this feeding treatment
and similar to the Iglesias (2000) growth results, probably associated to prey type and
feeding regimes reared but lower than the ones obtained by Villanueva et al. (2002),

requirements for essential fatty acids (EFA) and aminoacids and several trials §f Ap 284 8 F
using artificial diets and live preys have been carried out (Navarro and 4 il . .
Villanueva, 2000, 2003). Paralarvae digestive system development and Table I11. Proxllma.te analysis (% dry basis) of diets and paralarvae.

ton! ) is ST“lIPOOf'yI JI d i’e\_/eral ph();siolodgi_cal ﬂndl r:]istological w“ . [ which could be related with the higher prey density in the experiment of the later

:)trisle(:ft (;Sggetea:r yz(?g; %apasrttagszucﬁcgsg:rlhui;ee p'rr;sgﬁ: s{aut;)yriggs:; L LR, author, or a difference in the nutritional value of live preys used as discussed bellow.
i i i i . 13,952 ¥ \ 2 . .

?n ll:je i Ol MOI M s, al_ternhallve_:z A_nemlg, wh|c|_1 e C commlonly = Better growth and survival obtained with the supplementation with zoeas seem
oun a[no:g parafarva‘:m?reys m.t T W:1 t'h n or_legl toklmplro(;/e cu [tlhre 0,000 to be related with the marked differences in their biochemical composition in
sutf:fs '"I tta_rlr‘ns t9 gr?r o Lt G 4'053 comparison with Artemia. In one hand, Artemia metanauplii lipid contents were very
cutritiora Uthzaton of Ave preys. = - ! Bt 31' .. high in comparison with the newly hatched octopus paralarvae, whereas contents for
2. Material and methods mﬁl — ) 501 & both zoeas were closer to the paralarvae and adult octopus (lower than 10%). Besides
bne thousand five hundreds just hatched Octopus paralarvae (density = 18206 4,895 clear differ_ence_s ele _found in the fa}tty RGO C L OlRE g enrichet_i Anemia
equivalent to 15 paralarvae per L) were stocked in each of 12 cylinder- " ‘;1.3134]-3 & 1690 metanauplii being p_artlculal_'ly lower in AA, whereas levels of this fatty acid in both
conical fibber glass of 100 I filled with natural seawater (37%) filered wans 0sss e (e A EFIE VN TR (Eglpieg e GG o
{hrough a 50pum mechanical filter in an open flow system 200 paralarvae fed Artemia alone_ were markedly reduced and in paralaryae fed
Mhree feeding regimes were established for 28 days. The first one consisted o o155 supplemented zoea were kept similar to those of the newly hatched. Regarding fatty

acid composition there is a general lack of information for this species. Newly hatched
octopus presented high levels of n-3 HUFA (EPA and DHA) and AA, the essentiality
of these fatty acids being clearly demonstrated in fish larvae (Watanabe and Kiron
1994, Izquierdo,1996, Sargent 1999, Izquierdo et al., 2000). Thus, differences in
growth and survival in Artemia treatment could be related with the level of other
essential fatty acid as AA which in this case was ten times lower for Artemia diet than
in crab zoeas. This fatty acid is specifically involve in stress response which could be

in enriched Artemia metanauplii (2 indv/ml) (A); the second one Grapsus Saturated . 20,566
grapsus zoeas (0.05 zoea/ml/day) supplemented with enriched Artemia (AG); psaturated

and Plagusia depressa zoeas (0,12 zoeas/ml/day) supplemented with
enriched Artemia were fed in the last feeding regime (AP). Feed was
supplied once a day in each experimental tank.

Paralarval growth was determined by dry weight, obtained after drying 15

individuals per tank in an oven for 48 h at 100 °C at days 7, 16, 22 and 28. AAJEPA 0363 005 di . _ 4 f
. o irectly related with obtained survival (Izquierdo et al., 2000).
Mantle length and wide were measured in these days. Dead paralarvae were EPA/DHA 15,017 2,239 y (Izg )
i I
daily COHEmbd a,n[:j,s“';"vfl was delerrr;lm:]d alt d;xy 22 and at Illje end of the glz:i :z:g;:_';ﬁum szf:; :zgi The Artemia and crab zoeas used in this trial show similar levels of EPA and
CTEUIEIL |5 I EIEY EiE €F 63 Y G S e : . DHA, with a EPA/DHA relation of 2.2 for all of them, in contrast with the results find
stained with Hematoxiline eosine (H&E), and Peryodic Acid- Reactive n-3/n-6 3514 3,057

for newly individuals reflecting a relation of 0.6. Navarro and Villanueva 2000, found
higher levels of n-3 HUFA especially EPA and DHA with EPA/DHA relation of 1:1 in
A. longicornis and P. prideaux zoeas, closer to that of newly hatched octopus. These
difference in the fatty acid profiles of preys from both studies may be related with the

schiffs - hematoxiline (PAS-H).

At the beginning of the experiment and at days 22 and 28, samples of
paralarvae, as well as samples of preys, were collected for analysis of
biochemical composition. Total lipid extraction was carried out using a

Table IV. Total lipids fatty acid composition (% of total fatty acids) of the
different preys.

X . " Initial higher survival found by Navarro and Villanueva (2000), and suggests that prey
chloroform/methanol (2:1, viv) r'mxture as described by Folch etv e_ll. (_1956). Paralarv combination used in this experiment do not support the high n-3 HUFA demand
Fatty acid methyl esters (Fame’s) were prepared by transesterification an Fatty acids ae A22d AG22d AP22d AG28d  AP28d suggested for this species at least in terms of EPA and DHA content.
analysed in a Shimadzu GC-14A gas Chromatograph. Crude protein was 16:0 20,1607 11,6508 123363 14,3680 157679 16,5663
determined by Kjedahl method. i:: o 102.“91::3 22;22 :gzzi 3;23 2:;:; zzzzi Big brown vacuoles identified in the digestive gland cells were considered as
T Reie BAnS 18635 200805 186370 168218 203401 155301 excretions vacuoles (E\_/) as |t_ was reported by Boucher-Rodonl, (1976) and

AR 20867 B0 5016 ame 5w ame Budermann et al. (1997) in adult individuals, who described them as brown or yellow
3.1. Growth and survival BAnG 05081 acse sz sooic o005 32238 vacuoles that seems to content metabolic residues regularly released into the [umen of
wina an an we s osm ym el Tooseondupe ot wae conomed o e sl ot
Treatment | Day (n’\:lrla) s.d. n | Day (’l‘\ﬂ/I;) sd. [ n 20 g Ged e Gl nial el histological evidential differences in form or number of these vacuoles among
20:5n-3 112605 153256 148504 151835 10,7330 12,0126 treatments. The third and fourth type are absorption vacuoles of lipidic (LV) or
A 22 | 2.002 0.14 A || = 22:6n-3 17,2555 94000 104787 111611  7,8655 11,0319 glicoproteic (GV) nature, respectively. In the present trial paralarvae, glicopreoteic
AG 22 2.440 0.18 45 28 2.329 | 0.04 | 28 Saturated 358348 210233 21,7862 24,8218 28,3388 29,2583 absorption vacuoles increased in paralarvae co-feed with crab zoea, in comparison
AP 2 221¢ 018 45 28 2329 | 0.09 | 30 Monounsaturated 13,6417 ~ 32,0688 30,2766 27,8645 32,9095 26,4738 with those fed Artemia alone. This suggest the presence in zoea of a nutritional stimuli
n-3 32,7999 352581 345444 344123 258060 29,3882 improving absorption mechanism and feed utilisation. According with Nixon (1996)
Table 1. Statistically significant differences at the 95% confidence level. n-6 97202 90845 101121 93824 93843 10,1023 young paralarvae are planktonic feeders before settling on the bottom, during this first
ML: mantle length. n-9 74081 21,9308 20,7362 18,6470 223682 17,8981 stage are active predators, consuming a lot of different preys as larval stages of
n-3HUFA 31,6813 26,7015 274267 28,3453 20,3318 25,0065 different crustaceans, mollusc and fish, that provide the adequate amount of each
AAJEPA 05581 01952 02091 02724 03784 0,434 essential nutrients. Feeding habits and, particularly feed manipulation and sucking
Growth in dry weight of Octopus paralarvae EPA/DHA 06526 16304 14172 13604 13645  1,0889 previously to ingestion in this species, difficult to develop an appropriate find a prey to
1"13’00 oleic/DHA 01080 21362 17785 15072 25859 14077 substitute the natural ones. So although Artemia does not seem to be the right prey to
12100 oleic/n-3HUFA 00588 07520 06795 05935 10004  0,6210 feed early life stages of octopus, still co_nstitutgs one _of the I'ife prgy}_whit_:h can
1000 . =3 n-3/n-6 33713 3881 34161 36677, .27504 29001 supp_o_rt a con_slant _demand for octopus mdL_JsmaI rearing, whll_e artlf_laal diets or
800 . e Table V. Total lipids fatty acid composition (% of Total fatty acids) of specific Arteml(a ennchmejjt procedures are being developed for this specie
6,00 / e "
4,00 .
2,00
000 +
days

e,

Figure I Growth in dry weight of octopus paralarvae (|
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