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INTRODUCTION 

A good knowledge of the daily food intake at age, of larval fisches is 
useful in aquaculture projects. Information on food intake at age allows 
to estimate the amount of prey to be produced daily and provides a basis 
for studying changes in the metabolism of the larvae throughout their growth. 

Information on daily food intake of larval fish is given by several authors 
for various marine species: ALESSIO (1975) for Sparus aurata, FLVCHTER (1974) 
for Solea solea, FUJITA (in press) for Pagrus major, HOWELL (1973) and 
RILEY (1966) for Pleuronectes platessa, HUNTER (1976) and LASKER (1976) 
for Engraulis mordax, RosENTHAL and HEMPEL (1970, 1971) for Clupea 
harengus, STEPIEN (1976) for Archosargus rhomboidalis. The results obtained 
by different authors on similar species frequently do not match; this is possibly 
because of the wide variability of individual feeding rates and of the diffe
rent rearing conditions. 

We analyze and model the daily amount, both in number and in weight, 
of prey eaten by European Sea Bass (Dicentrarchus labrax L.) larvae, as a 
function of age, weight and length of the larvae. 

(1) Contribution n.O 639 du Centre Oceanologique de Bretagne. Name of authors 
is set by alphabetic order. 

(*) Faculdade de Ciencias, Departamento de Zoologia, Lisboa - Portugal. 
(.*) Centre Oceanologique de Bretagne, B.P. 337 - 29273 Brest cedex. 
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MATERIAL AND METHODS 

Source of data 

The larvae were reared at a constant temperature of 19 ± I QC at the 

facilities of Centre Oceanologique de Bretagne. The general rearing routine 

has been described by BARAHONA-FERNANDES (1978). Seven ISO I tanks 

and two 60 I tanks were available for the experiment. A density of 50 lar

vae/I was set in all tanks at the beginning of the experiment. 

The daily food intake was assessed between the ages of 10 days and 

75 days. BARAHONA-FERNANDES and GIRIN (1977) have shown in similar 

laboratory conditions, that larval stages after mouth opening, still have a 

very low predatory efficiency prior to the age of 10 days. During this early 

period of life, a high prey density of about 6 Brachionus plicatilis/ml is main

tained in the rearing tanks. After the age of 10 days, the larvae already 

feed well on Artemia nauplii. A daily adjustment of prey density is made 

thereafter as it is recommended by most authors (ROSENTHAL and 

HEMPEL, 1970: THEILACKER and Mc MASTER, 1971 ; WAYATT, 1972; HouDE, 

1973 and 1976; NAsH and Kuo, 1975 ; HUNTER, 1976; LAsKER, 1976). Out 

of the seven 150 I tanks two appeared to be overfed (many prey individuals 

always remained uneaten from one day to the next, and five were normally 

fed. Similarly, one 60 I tank appeared to be overfed, and the other was 

normally fed . 

The routine feeding scheme involves periods during which several types 

of prey are simultaneously given (BARAHONA-FERNANDES and GIRIN, 1977). 

In order to simplify the analysis of data , the amount of each type of prey, 

originally expressed in number of individuals, was converted to wet weight. 

These weights were added to obtain the overall wet weight of prey eaten 

per day. The average wet weights of the different types of prey used in our 

laboratory conditions have been calculated by PERsoN-LE RUYET et al. (1978) . 

The method we used for estimating the daily food intake in each of the 

tanks, has been described by RILEY (1966), HUNTER (1976), STEPIEN (1976), 

BARAHONA-FERNANDES and GIRIN (1977). The number of uneatcn prey 

remaining in the tank is routinely estimated once a day at a given hour. 

A calculated amount of fresh prey is then added in order to complement 

adequately the remaining stock. 

A daily evaluation of the number of surviving larvae in a tank by a 

cumulative mortality curve technique could not be directly performed before 

the age of 25 days. During this early period of «black mortality» the dead 
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larvae are too small to be removed and counted. According to W A YA TT (1972) 
and STEPIEN (1976), the mortality curve affects the shape 'of -a' negative expo
nential. During this early period, the number of individuals still alive at 
any given time was therefore estimated by retrocalculation from the infor
mation on density and mortality rate which were available for slightly older 
individuals. The model used is N t = No exp (-mt) where N t is the number 
of individuals alive at time t, No is the initial number of individuals at hat
ching and t is the age in days from hatching. Parameters No and m were 
fitted to observations made after 25 days and N t is estimated by retrocal
culation (HUNTER, 1976; STEPIEN, 1976). The individual daily larval food 
consumption is calculated by dividing the total number of prey eaten in 
each tank over a 24 hours period, by the number of surviving larvae estimated 
on the same day. 

The length and wet weight of the larvae were measured from samples 
preserved in 5 % neutralized formalin diluted in sea water. In the present 
paper, for practical reasons, the larval lengths and weights are always given 
for preserved individuals. BARAHONA-FERNANDES (1978) fitted a linear 
relationship between the length of preserved larvae (Ld) and the length of 
live larvae (Lt): Ld = - 2.2433 + 0.9696 Lt with R = 0.98 and 488 degrees 
of freedom; within the range of sizes studied, this yields a correction of 
about 25 %. LocKwooD and DALY (1975) give a conversion formula for 
weights: Lt ", = 32.22 + 0.20 W, where Lt", is the value to be added to the 
weight W of preserved fish. This relationship, however, was calculated 
for flat fishes Pleuronectes platessa and Limanda limanda. 

The weights and lengths at age of the larvae to which the daily con
sumptions are referred, are average figures. Currently, in our laboratory 
conditions, standard deviation to mean ratios vary from .02 to .2 for indi
vidual lengths at a given age and from .1 to .5 for individual wet weights 
at age. 

Statistical analysis of data 

Three types of relationships were studied: the average wet weight of 
prey eaten per larva per day I) as a function of age of the larvae, 2) as a 
function of average wet weight of a larva, and 3) the number of prey eaten 
per larva per day as a function of average length of the larvae. 

Simple linear models were used for processing the data. Logarithmic 
transformations (allometric model) and semi-logarithmic transformations 
(exponential model) were tried in order to improve the fit of predictive linear 
regressions. Predictive regressions were used, rather than functionnal 
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regressions (RICKER, 1973) because the errors on the independent variable 
were considered in all cases either null (amount of prey eaten per larva per 
day vs age), or smaller than on the dependent variable (amount of prey eaten 
per larva per day vs weight of larva). When several types of transformations 
were compared, the best fit was selected on a criterion of lowest residual 
variance i.e. the solution providing the smallest sum of squares for the diffe
rences between untransformed predicted and observed Y values was retained. 

The three major factors of heterogeneity between sets of data from 
different tanks were expected to be I) tank volume (60 I and 150 I tanks 
were used), 2) stage of larvae (some tanks contained larvae in pre-metamor
phosis stages, others contained larvae in post-metamorphosis stages), and 3) 
the amount of feeding (some tanks were overfed, the others were normally 
fed). In a first instance, the sets of data from each of the 11 tanks were 
separately studied and compared. These individual sets of data were later 
pooled by groups sharing similar characteristics in order to detect more 
efficiently possible differences between groups. 

The regression lines fitted to different sets of data could never be com
pared by an analysis of variance technique, because the residual variances 
always differed significantly. The regression lines were compared by graphi
cal analysis of the plots of elliptic joint confidence limits for slopes and ele
vations (CONAN, 1978). On a common graph are plotted the elevation esti
mates a(i) against the slopes estimates 6(i) for each of the regressions i. 
Around each point (a(i), 6(i» are drawn joint confidence limits at a given 
probability level a for the true paremeters a(i) and b(i). The estimates of 
a(i) and b(i) are not independent and usually have unequal variances, there
fore the joint confidence region affects the shape of an elongated ellipse 
circumscribing acceptable paired values a(i) and b(i). Two or more regres
sion lines may be compared at a time by this type of graph analysis; differences 
between paired estimates for elevations and slopes are significant when the 
ellipses do not intersect. Comparisons are possible even if residual variances 
are significantly different. 

RESULTS 

An exponential relationship provided the best fit for modelling daily 
wet weight of prey eaten per larva as a function of age. W p = 0.4682 
exp (0.0948 t), where W p is the wet weight of prey in milligrams and t the 
age of the fish larvae in days. Correlation coefficient R is equal to 0.9549 
with 267 degrees of freedom for the linear regression Log Wp = a + bt. 



Daily food intake of reared larvae of Dicentrarchus labrax 33 

Observed data points and fitted line are presented in fig. 1. Data from 
all tanks were pooled for this regression. Lack of fit around age 30 days 
is attributed to changes in physiological processes due to metamorphosis. 
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FIGURE 1 - Exponential curve fitted to data on average wet weight Wp of prey eaten per 
larvae per day versus age (t) of the larvae. The equation fo the curve is Wp = 0.4682 exp 
(0.0948 t) . Data from all tanks used for the rearing experiment are presented jointly. 

In fig. 2 data from all tanks were pooled and presented in the form of 
wet weight of prey W p eaten per larva per day as a function of individual 
average wet weight of a larvae W p at that time. A logarithmic scale was 
chosen both for abscissa and ordinate in order to linearize the relationship 
which appears to be best fitted by an allometric regression of the form W p = 
= a wt The discontinuity around Ln(W1) = 3 and In(W1) = 4.2 is attri
buted to metamorphosis physiological processes. Before metamorphosis the 
relationship is fitted as Ln(W p) = - 0.0572 + 1.0575 Ln(W1) with R = 
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FIGURE 2 - Allometric regression lines fitted to data on average wet weight of prey Wp eaten per larvae per day versus average wet weight W. 
of a larvae. Before metamorphosis the equation of the regression line is Ln (Wp) = - 0.0572 + 1.0575 Ln (W.), after metamorphosis it is Ln 
(Wp) = 0.5521 + 0.9665 Ln (W.). Data from all tanks are presented jointly. During metamorphosis, larvae first seem to have a decreased 

feeding (A) later followed by a compensatory feeding (B). 
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= 0.9271 and D.F. = 191 , after metamorphosis, it is fitted as Ln(Wp) = 
0.5521 + 0.9665 Ln(W\) ,with R = 0.9308 and D.F. = 48. 

In fig . 3 a comparison is made between the allometric relationships 
of the average wet weight of prey eaten per larvae per day versus the average 
wet weight of a larvae at the time of feeding. The method of ellipses of joint 
confidence limits allows to compare linear relationships of the form 
Ln(Wp) = Ln a + b Ln(W,) where Ln(a) is the elevation and b the slope. 
Linear relationships may be taken as different when their ellipses do not 
intersect (CONAN, 1978). No clear differences can be evidenced between 
the different regressions presented in figure 3. Values for the parameters 
of each of these regressions can be found in table number I. 

In fig. 4 are presented the ellipses of confidence limits for the regressions 
of sets of data pooled in 5 groups sharing con;unon characteristics : 150 1 tanks 
containing normally fed larvae before metamorphosis, 150 I tanks contai
ning over fed larvae before metamorphosis, 60 I tanks containing normally 
fed larvae before metamorphosis, 60 1 tanks containing overfed larvae before 
metamorphosis, 60 I tanks containing normally fed larvae before metamor
phosis and 60 I tanks containing normally fed larvae after metamorphosis. 
The differences are not always significant at the 5 % level. Differences tend 
to exist between overfed and normally fed tanks of same volume prior to meta
morphosis and between ' tanks , of different volu'mes but. with the same type 
of feeding prior to metamorpho~l s . Large tank' :v0lumes and over!feeoing 
seem to have similar effects i.e. enhance feeding rates ; no ' differ~nce is fou,nd 
between 150 I tanks with normal feeding and overfe~ : 60 J St~nk., ' 'post
metamorphosis and pre-metamorphosis rates of feeding widely differ. 

An allometric regression provided the best fit for the relationships 
between the average number of prey (Np) eaten per larvae per day and the 
average length (L,) of the larvae in mm. 

For larvae before metamorphosis, normally fed with Artemia salina 
nauplii: 

Np = - 2.6126 L, 3.53'5 (for the linear regression R = 0.9351, D.F.= 115) 

For larvae before metamorphosis, overfed with Artemia saUna nauplii : 

Np = - 2.6665 L, 3.7457 (for the linear regression R = 0.9443, D.F. = 35) 

For larvae after metamorphosis, normally fed with 4 day old Artemia 
salina: 

Np = - 0.2060 L' 2,3920 (for the linear regression R = 0.7696 , D.F. = 30). 
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can be evidenced graphically since most of the ellipses of joint confidence limits for slope and elevation of the lines intersect. 
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DISCUSSION 

The variability introduced in the feeding rates by rearing conditions 
which slightly differ from tank to tank (i.e. tank volume and overfeeding 
or regular feeding) tends to be statistically significant when data from homo
logous tanks are pooled. These differences between tanks are sufficiently 
slight however to allow us to summarize the data by pooling observations 
in two separate sets (for pre-metamorphosis and for post-metamorphosis 
larval stages) for modelling the relationship between average wet weight 
of prey eaten per larvae per day and average wet weight of a larva. Allometric 
relationships fit the data very satisfactorily (fig. 2). During metamorphosis 
(fig. 1, 2) larvae seem to have a reduced feeding for a while (fig. 2, A), later 
there seems to be a phase of compensatory feeding (fig. 2, B). After meta
morphosis feeding rate slows down again and is close to what it was before 
metamorphosis. Relationships between average. wet weight of prey eaten 
per larvae per day and average wet weight of a larvae before and after meta
morphosis are similar although statistically different . Similar impairements 
in feeding rates during morphogenetic stresses have been described by 
KINNE (1960) and PALOHEIMO and DICKIE (1965). 

Within the limits of our observations an exponential relationship fit s 
satisfactorily the data of average wet weight of prey eaten per larvae per day 
versus age of the larvae. However when larvae grow older we suggest that 
an inflexion point is likely to be expected and a curve of the logistic family 
would possibly be a better model for data extending over a wider age ange. 

Allometric relationships also fit well the data of number of prey (Np) 

eaten per larva per day as a function of average length of a larva L,. This 
could have been expected because the relationship between weight (W,) and 
length of a larva is allometric: We = aL,b and because the weight of prey 
eaten (W p) is proprotional to the number of prey eaten : W p = cNp 
if W p = d W,e , sub5tituting, 

Most authors define prey requirement in number as a function of larval 
length. Although practical for estimating daily allowance of prey per tank 
this relationship is not very usefell for comparing results for different species 
of prey or of larvae. Further it does not provide any informations for phy
siological studies of growth and assimilation efficiencies. The relationship 
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between average weight of prey eaten per larva per day and average weight 
of a larva is undoubtly the best. 

It is of common use to express daily requirements of food in weight 
as a percentage of the weight of an individual. Because the relationship 
is well fitted by an allometric model , the representation in the form of a 
percentage of individual weight is inaccurate. The amount of prey eaten 
by an individual, when expressed in percentage of its own weight will not 
remain constant when the individual grows. In the present case this percen
tage would increase before matephosis (b > I) and decrease after (b < 1). 
For purposes of comparison however we calculated that one Dicentrarchus 
larvae eats 75 to 102 % of its own wet weight per day when normally fed, 
and 105 to 200 % when overfed. Other authors mention similar values : 
GUNKEL (in press) mentions 91 % for white fish, STEPIEN {I 796) 80 to 151 % for 
sea bream, FUJlTA (in press) mentions 80 % as an ideal percentage. Fish 
larvae contain about 75 % of water, Artemia about 90 %, thus when expressed 
in dry weight Dicentrarchus larvae would eat 40 to 64 % of their own weight. 

RESUME 

La quantite journaliere de proies ingen:es par des larves de bar (Dicen
trarchus labrax L.) maintenues en elevage a ete etudie entre les ages de 10 et 
75 jours. Les larves ont ete elevees avant et apres leur metamorphose a 
une temperature constante de 19 ± l OC dans des bacs de 60 et 150 I, elles 
etaient soit surnourries, soit nourries normalement. Ces trois facteurs 
d'heterogeneite (stade larvaire, volume du bac, quantite de nourriture) ont 
eu des effets relativement legers sur la quantite de proies ingerees. Les 
larves ne se nourrissent pas durant la metamorphose. La relation entre le 
poids humide (W p) en mg de proies consommees par larve et par jour et 
l'age (t) des larves est representee de maniere satisfaisante dans l'intervalle 
des ages etudies par W p = 0,4682 exp (0.0948 t). La relation entre W p et 
le poids humide moyen (W.) en mg de larves fixees au formol est representee 
de maniere satisfaisante par Wp = 0.9444 W. ( •. 0575) avant la metamorphose 
et par W p = 1.7369 W. (0.9665) apres la metamorphose. 
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SUMMARY 

The daily food intake of reared larvae of the European Sea Bass 
(Dicentrarchus labrax L.) was surveyed between age ID and 75 days. The 
larvae were reared before and after metamorphosis at a constant temperature 
of 19 ± I°C in 60 and 150 1 tanks, they were either overfed or normally fed. 
All three factors of heterogeneity (larval stage, tank volume, amount of 
feeding) had slight effects on feeding rates. Larvae stop feeding during 
metamorphosis. The relationship between daily wet weight (W p) in mg of 
prey eaten per larva per day and age (t) of the larvae in days is satisfactorily 
modelled over the age range surveyed by W p = 0.4682 exp (0.0948 t). The 
relationship between W p and average wet weight of a preserved larva (W\) 
in mg is satisfactorily modelled over the age range surveyed by W\ = 
= 0.9444 W\ (1 .0575) before metamorphosis and by Wp = 1.7369 W\ (0.9665) 

after metamorphosis. 
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REGRESSION PARAMETERS 

I I I I . I I I ' 
TANK NUMBER I I 2 I 3 I 4 5 ! 6 I 7 ' 8 I 9 i 10 11 

1- -------- 1 - I -I - - I 1 I : 
a 0.1179 0.3888 ; -0.5648 1 - 0.2108 0.2822 ~ 0.1639 1 -0.1077 -0.5369 1 0.0924 : 1.4099 0.6263 
b 1.0853 0.9904 ' 1.0671 0.9992 0.9311 I 1.0533 1.0276 1.2819 0.8000 0.7880 1 0.9847 
R : 0.9790 0.9365 0.9829 ' 0.9744 0.9688 /' 0.9489 1 0.9498 0.9302 ' 0.9253 0.9272 ' 0.8526 
N I 11 26 20 20 24 I 29 : 24 20 19 I 7 15 
ELn(x) ; 18.2307 39.6208 20,7749 25.9411 36.9825 45.0771 I 34.2482 ! 29.5334 16.1782 90.6769 76.4139 
ELn(xx) 45.9305 77.7204 37.2480 45.1123 75.0537 92.6314 72.3525 54.9704 36.7569 'I' 487.5782 1

139
1.1445 

ELn(xy) I 51.9971 92.3776 28.0127 39.6094 80.3204 104.9530 70.6632 54.6079 30.9029 512.0497 433.0058 
ELn(yy) ' 59.7195 113.0598 24.3792 35.6120 87.4432 121.8701 71.7917 58.3474 28.5527 1 538.4168 1480,0577 
ELn(y) 21.0824 49.3485 10.8720 21.7051 41.2078 52.2308 32.6095 27. \196 14.6992 95.4203 84.6369 

, I I I I i _ 

REARING CONDITIONS 

Larval stage B.M . B.M . B.M. B.M. B.M. B.M. B.M. B.M. B.M . I B.M. A.M. 
Tank volume (I) 150 150 150 150 150 150 150 60 60 

I 
60 60 

type of feeding over. over. nor. nor. nor. nor. nor. over. nor. nor. nor. 
I 
I 

TABLE 1 - Summarized data for allometric predictive linear regressions of average wet weight of prey in mg eaten by a larvae per day and average 
wet weight of a larvae: Ln(Y) = a + b Ln x. R is the correlation coefficent, N the number of observations. Data is either for larvae before meta
morphosis (B.M .) or after metamorphosis (A.M.), the larvae were either overfed (over.) or normally fed (nor.). 
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