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ABSTRACI': The ongrowing of a batch of post metamor
phosed larvae of Dover sole was carried out in an open seawater 
circuit, at 20.0-21.8.oC and 29.4-30,40 / 00 of salinity, The 
daily amount of food in the form of dry pellets was from 15 
to 35 % of the wet body weight of the fish. Both the formula
tion and the chemical composition are detailed in the text. 

The growth and survival were followed and calculations 
of the food conversion rate, the food conversion efficiency and 
of the specific growth rates were made. Results show a mode
rate growth rate, a relatively low survival, due mainly to disease 
problems, but Quite good daily growth rates (ranging from 0.16 
to 0.48 mm/day, 0.66 to 15.99 mgfday and 0.1 to 2.8 % / day) 
and the specific growth rates ranging from 0.11 to 2.82. 

INTRODUCTION 

The development of mariculture in a country such as Portugal, must 
be directed at a guaranted market of high priced species, for which the tra
ditional fishery catches are insufficient. Furthermore, trials to adapt the 
techniques used in other countries to the local conditions, must have priority 
over any new research line. 
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In Dover sole artificial rearing, there is already much literature on 
spawning, larvae rearing, larval weaning and juvenjle nutrition. But the 
main problem with this species is that the ongrowing, up to the commercial 
size, is quite moderate and not yet very weU studied. It is a major aim to 
obtain growth rates, food conversion rates and survival rates compatible 
with a marketable price. 

This work is a first attempt to study a peUet formulation suitable to 
conditions appertaining to Portugal. However, aU the basic work as already 
been described by BOWERS & LANDLESS (1969), GIRIN & HARAcHE (1976), 
BROMLEY (1977), FONDS (1976), GIRIN & PERSON-LE RUYET (1977) METAILLER 
& GIRIN (1976) and by the White Fish Authority. 

The criteria of the quality of the peUets used was based on the assumption 
that the food conversion rate, the specific growth rate and the daily growth 
rates, are the the best indicators. These data were foUowed closely and 
the food composition I growth rates were assessed in order to obtain more 
data on the actual price of the artificiaUy reared sole fish. 

MA TERTAL AND METHODS 

The larvae were reared at the Marine Farming Unit at Hunterston and 
gently sent by White Fish Authority 120 days from hatching, with a mean 
weight of 268.87 mg and 31.81 mm mean total length. 

Immediately upon their arrival at the laboratory, the total of 1,567 larvae 
were distributed between ten 18 liter tanks, each one receiving about 150 fish. 
The initial density was about 30 fish/m3, 943 fish/m2, in accordance with 
the densities used by BROMLEY (1977). 

All tanks were in an open water circuit and, during the experiment that 
lasted for seventy days, the water temperature ranged from 20.0 to 21.8oC, 
the salinity from 29.4 to 30.4%0, the oxygen levels from 7.3 to 8.4 mgl l and 
the water flow was maintained at about 43 I/h. The fish were maintained 
under continuous and very low light intensity (15 to 30 lux). 

The weaning method was the same as descri bed by GIRIN (1979) and 
FucHs (1979), that is, a progressive decrease of the amount of frozen Arlemia 
salina and an increasing amount of composed dry food peUets, initiaUy with 
dry-frozen Arlemia salina powder included in it as an appitizer. The amount 
of daily food given to each tank varied from 15 to 30 % of tbe .mean live body 
weight. of the fish . 

The peUet composition was similar to that described by ALLlOT et 
al. (1974) and the vitamin content was the same as described by METAILLER 
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& GIRIN (1976). The detailed formula of the pellets and their percentage 
of proteins, lipids, water content and ashes is given in Table I. The pellet 

PI P, P, 

Pellet composition: 
Fish meal (Sadop) 418.8 - -
Fish meal (Pros tart) 24.9 1510.6 3466.5 
Cod liver oil 24.9 348.7 160.0 
Dextrin 80.9 386.1 520.0 
Cellulose 28.6 354.0 184.0 
Vitamins & minerals (Hoecht) 49.8 237.6 320.0 
Water 120.6 635.6 930.1 
Sodium alginate 0.06 3.18 4.65 
Frozen Artemia 2.0 % 6.0% -

Chemical analyses : 
Moisture 7.3% 8.5 % 9.3% 
Crude protein (N x 6.25) 4 1.6% 42.0 % 52.5% 
Crude fat 10.6% 11.5 % 10.8% 
Ash J 1.2 % 5.6 % 3.7 % 
Crude fibre 4.9% 9.0 % 1.3% 
Digestible protein - 32.8 % 47.0 % 

TABLE I - Food composition and the results of the chemical analyses of the different pellets 
used during the experiment. 

formulation PI was given from day 130 to day 135, P2 from day 135 to day 164 
and P3 from day 165 to day 200. 

At first the bottom of the tanks were covered with sand and with no 
air-lifts. This induced the appearence of a bacterial disease, due to the poor 
hygienic conditions, as described by WILLlAMS & CALDWELL (1978). The 
disease was successfully treated twice with furanace (Abbott Lab.) by the 
method described by BARAHONA-FERNANDES (1977), that is, 20 min bath 
treatement at 12 mg/ I. The sand was progressively removed after 35 days 
from the beginning of the experiment and thereafter no further incidences 
of diseases occurred. 

The dead fish were daily removed and weighed. Every ten days, a 
sample of ten fish from each tank was measured and weighed. Calculations 
of the daily growth rate (both in wet weight and in total length) were made 
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along with the food conversion rate, the food conversion efficiency and the 
specific growth rate (HUlSMAN, 1976): 

W, = Wo (I + a / lOO)' 

where W, is the final weight, Wo is the initial weight, t is the interval between 
two measurements and a is the specific growth rate. 

The calculations for the daily growth rate were somewhat different from 
the method advised by WILLlAMS & CALDWELL (1978) and were made by 
the graphic calculation method. 

RESULTS 

The total mortality over the period of the experiment was 67.56 % and 
mainly due to the appearence of a bacterial disease. The curve of mortality 
is shown in Figure I. 

The growth curves, both in total length and in wet weight, are shown 
in Figure 2, with the mean values obtained in the samples and their 95 % con
fidence intervals. 

Table II shows, in more detail, the growth of the total population by 
giving the initial and final wet weights within each period between two sam
ples, the best and worst results within each sam ple, th" daily growth rates 
in wet weight and in total length, expressed both as the daily growth increase 
and as the daily percentage growth, and the specific growth rates over that 
period. 

Table " shows the evolution of the survival, the mean and the best 
food conversion rates and the mean food conversion efficiency between 
each 10 days interval between each sampling. 

DISCUSSION 

As previously indicated, the fish were cultivated in brackish water 
(29-300 / 00); this seems to be irrelevant to the experiment results because it 
has been prooved by FONDS (1975) that it does not interfere with the sur
vival and with the food conversion rates of the fish, at least within the limits 
observed. 

In spite of the bacterial disease, probably due to the levels of the hydro
gen sulfide emanating from the decomposition of uneaten food and faecal 
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FIGURE 2 - Growth curves, both in total length and in wet weight, with the mean values 
obtained in the samples and their confidence intervals for 95 %. 
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wastes, the total mortality was similar to that referred to by GIRIN & 
HARACHE (1976) and BROMLEY (1977). Both, by the figure, and by the data 
shown in the tables, it is clear that the disease interfered not only with the 

AGE (DAYS FROM HATCHINO) l30-14O 140-150 150-160 160-170 170-180 180-190 190-200 

Daily growth 
LlW (mg) 10.94 13.75 0.66 11.05 5.82 12.46 15.99 
LlW (%) 2.8 2.7 0.1 1.7 0.8 1.5 1.7 
LlL (mm) 0.48 0.26 0.31 0.39 - 0.25 0.16 
LlL (r.J 1.3 0.7 0.7 0.9 - 0.5 0.3 

Best results within the samples 
Wo (mg) 890 880 llOO 1820 1850 1990 2160 
Wt (mg) 880 llOO 1820 1850 1990 2160 3070 

Worst results within the samples 
Wo (mg) 70 80 240 300 280 220 190 
Wt (mg) 80 240 300 280 220 190 350 

Overall survival (Y.J 96.5 94.7 73.3 59.3 89.0 96.4 95.0 

M. F. C. E. 24.7 19.5 10.7 10.5 6.7 6.1 4.8 

M. F. C. R. 4.0 5.1 9.3 9.1 15.0 16.4 20.8 

Best F. C. R. 1.8 3.0 3.7 4.9 7.6 3.5 3.9 

(0) 2.82 2.70 O.ll 1.72 0.79 1.52 1.67 

TABLE 11 - Daily growth rates of the total length and for the wet weight, both in gross calculated 
values and as a percentage, the best and the worst results obtained within each sample, the survival. 
the food conversion efficiency and the food conversion rates. Ll W - daily growth in wet weight; 
L1L - daily growth in total length ; Wo - initial mean wet weight observed within each sampling; 
Wt - final mean wet weight observed within each sampling; (a) - specific growth rates; No - ini
tial number of fish ; N t - number of fish remaining in the tanks ten days after; M. F. C. R. - mean 
food conversion rates; M. F. C. E. - mean food conversion efficiency; F. C. R. - food 

conversion rates. 

overan survival, but also with the growth rates, the food conversion rates 
and on the specific growth rates. These less encouraging results on the overan 
survival may in part be discounted due to the very poor technical conditions 
of the experiment. 
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The mean growth of the population was inferior to that obtained by 
METAILLER & GIRIN (1976), FONDS (1976), BROMLEY (1977) and B. THAIN 
(pers. corn .) under similar rearing conditions. But if only the best indivi
dual growth rates are taken into account, they are all similar or better than 
the ones referred to by the previous authors. The daily growth rates, both 
in absolute growth increase and expressed as percentage, were, in any case, 
hetter than those obtained by BROMLEY (1977), THAIN (pers. corn.) and 
WILLlAMS & CALDWELL (1978). This may he a first indication o f the quality 
of the food pellets made from products available in the national market. 

The mean food conversion rates were higher than those obtained by 
most authors. They ranged hetween 4.05 and 20.76, too high to be acceptable 
in fish culture. But the best food conversion rates obtained were better 
or similar to those obtained by HUlSMAN (1976), WILLlAMS & CALDWELL (1978) 
and THAIN (pen;. corn.). The mean food conversion efficiency was obviously 
unsatisfactory. 

The total daily food given each day and expressed as a percentage of 
the body weight was between 15 % and 30 %; nevertheless, the hest food 
conversion rates were acceptable. This partial result, along with the daily 
growth rates, points out clearly that the pellet formul ation is promising and 
seems well adapted to the requirements of the fi sh. This idea is reinfo rced 
by the mean specific growth rates obtained, all of them being simila r to 
those obtained by HUlSMAN (1976). 

The discrepancy observed between the mean growth and the mean food 
conversion rate values, all of them worst than those obtained by the referred 
authors, and the good mean daily growth rates and the mean specific growth 
rates, all of them similar or hetter than the ones obtained by other authors, 
may be explained by the high di spersion of sizes, with high coefficients of 
variability, and by the diversity of the feeding hehavior observed. The next 
step will be to study the pattern of fish size dispersion under laboratory 
conditions. 

However, the price of the laboratory cultivated sole is 4OO$OOjKg, while 
the market price to the retai ler is around 500$OOjKg. Further experiments 
are to he made in order to obtain hetter growth rates using a less expensive 
food, and also to increase both the overall growth and survival. 
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RESUME 

La croissance d'un lot de larves de sole deja metamorphosees a ete 
suivie dans une serie de dix bacs en circuit ouvert d'eau de mer, a 20,0---21,8°C 
et 29,4 - 30,40 / 00 de salinite. La quantite de nourriture fournie par jour, 
sous la formc d'alimcnt granule '"'c, a ete entre 15 et 30% du poids humide 
des poissons. Soit la formulation, soit la composition chimique des aliments 
composes, sont detaillees dans le texte. 

La croissance et la survie ont ctc n.~gulicrement sui vies et des calcules du 
taux de conversion alimentaire, de l'efficacite alimentaire et du taux de crois~ 
sanec specifiquc ont ete determines. Les resultats montrent une croissance 
assez mediocre, un taux de sUfvie assez bas, du a des problt!mes de maladie, 
mais, par c~ntre, d'assez bons resultats sur le plan du taux de croissance 
journalier (entre 0,16 et 0,48 mm/jour, 0,66 et 15,99 mg/jour et entre 0,1 
et 2,8 %) et du taux de croissance specifique qui a ete entre 0,11 et 2,82. 
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