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Summary

Growth, energy content, ingestion and respiration rates
and energetic efficiencies were measured in the larvae of
two marine fish (Solea senegalensiand Sparus auratd
whose eggs have a similar diameter (approximately 1 mm)
and energy content (approximately 1J), but whose larvae
reach a quite different mass after the first month of life.
Experiments were carried out in populations reared under
the same conditions in the laboratory during the first
month after hatching. Solea senegalensiggrow from
hatching to the start of metamorphosis (approximately day

consumption were observed when comparing the same
larval mass range. Larvae of both species showed an
allometric relationship between respiration rate and
biomass. The energetic efficiencies calculated in the present
study denoted different metabolic patterns in each species.
In Solea senegalensithe energy used for growth increased
progressively during the larval (pelagic) period and then,
from the first signs of metamorphic transformation,
remained almost constant. In this species, the energy
allocated to growth was greater than that allocated to

14) at twice the rate ofSparus aurata(specific growth rate
for Solea senegalensi®.25ugday?; specific growth rate
for Sparus aurata0.12ugday™?). The tissues in Solea
senegalensidarvae accumulated energetic reserves that
were used during metamorphosis, which occurred during
the third week after hatching. Ingestion and respiration
rates differed in the two species during the experimental
period. Although Solea senegalensicontinued eating
during metamorphosis, the specific ingestion rates Key words: fish, larva, larval growth, energetic efficiency, ingestion
decreased during the process. Nevertheless, no greatrate, respiration rate, Senegal sofglea senegalensigjilthead
differences in specific ingestion rates and rates of oxygen seabreamSparus aurata.

metabolic processesSparus auratainvested less energy in
growth than in metabolic processes and displayed a
constant energy allocation throughout the experimental
period. During the first month after hatching, Solea
senegalensislways allocated more energy for growth than
did Sparus aurata.

Introduction

Embryonic development, the start of feeding and larvakeabream larvae start to feed on day 4 after hatching, when the
growth in the early stages of marine fish are greatly affectegblk sac is completely exhausted, and metamorphosis occurs
by biotic and abiotic conditions. Thus, the rate of mass gaigradually during the second month of life, after which the
and the duration of the larval period depend on factors such ps/eniles continue their pelagic way of life. In contrast,
water temperature and food availability. Nevertheless, there Benegal sole larvae start to feed on day 2 after hatching, when
also a noticeable interspecific variability in the ontogeny an® % of the yolk reserves remains, and metamorphosis occurs
larval development among sympatric species. A good exampley approximately the third week after hatching. During this
of such variability can be observed when comparing the soleicpid transformation, the larvae lose their bilateral symmetry
Senegal solejolea senegalendi@up) and the sparid gilthead and change swimming plane, acquiring the typical morphology
seabreamQparus auratd..). Both species occur throughout of flat fish changing from a pelagic to benthic mode of life.
the northeastern Atlantic Ocean and the Mediterranean SeaAlthough there is very little information about these larval
(Bauchot and Hureau, 1986; Quéro et al., 1986), and theitages in nature, rearing procedures in the laboratory for
distribution areas overlap along the Atlantic coast of théoth species are similar and well standardised during the first
Iberian Peninsula and in the western basin of thetages of development. Both species spawn eggs with a
Mediterranean Sea. The spawning seasons of these sped@asilar diameter (approximately 1mm) and energy content
partially coincide during late winter and early spring, at leastapproximately 1J) (Pascual and Yufera, 1993; Yfera et al.,
in the Gulf of Cadiz (Arias and Drake, 1990). Gilthead1999). However, under similar rearing conditions, it is usual
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to obtain gilthead seabream larvae of around 500pg@0fty = development were measured as described by Hunter (Hunter,
mass DM) with a 15-20% survival rate at the end of the first1981) and Yufera et al. (Yufera et al., 1993a) respectively. The
month of culture, while Senegal sole larvae reach a dry ma¥8m pattern as a function @fL in Senegal sole was compared
of 2000-250Qug and show a survival rate of over 80 % duringwith data for gilthead seabream taken from Fernandez-Diaz et
the same period. These similarities in the starting conditional. (Fernandez-Diaz et al., 1994).
and differences in the potential for growth provide a chance to Ingestion rate of fish larvae was determined directly in the
compare the two patterns of development from the point afearing tanks. Ingestion during the rotifer-feeding period was
view of the transformation of matter and energy. Some aspeatetermined using the method of Yufera et al. (Yufera et al.,
of metabolism during the egg, yolk and first feeding phases ih993b) and Parra and Yufera (Parra and Ydudfera, 2000).
these species have been examined in previous studies (Parrédpproximately 20—30 larvae were sampled periodically (every
al., 1999; Yufera et al., 1999; Parra and Yufera 2000). In thg, 10 or 15min) over a period of 2 or 4h depending on larval
present study, the energetic balance and the energy allocatiage, and then anaesthetised with ethyl-4-amino-benzoate. The
during the first month of larval development of the two speciekarvae were examined under a light microscope to examine the
have been measured under laboratory conditions to examiget contents. This method is based on the use of green-coloured
the mechanisms that control differential growth in larvalrotifers by means of a short re-feeding period in a dense
marine fish. suspension of microalgae cells. These green rotifers can be
distinguished from those that have been in the rearing tanks for
several hours, because the latter appear brown. The fullness of
Materials and methods the gut follows an asymptotic function:
Eggs ofSparus auratdL.) and Solea senegalens{&aup) C = Crman(1 - €71) 1)
were obtained by natural spawning from captive broodstocks ma '
and were incubated at 19.5°C. Newly hatched larvae wenghere C is the number of green rotifers (per larva
transferred to 3001 tanks with sea water supplied from a weihowing gut contents)Cmax is the asymptote of the curve
at a constant temperature of 19.5+1°C and a salinity of 33 %rotifers larva?l), T is time (h) and is a regression parameter
Constant slight aeration and continuous illumination werahat indicates the instantaneous rate of gut filling)(HThis
provided. Initial larval density ranged from 50 to 70larvdel model was fitted by the iterative method to the asymptotic
From day 3 to day 15, approximately 15-20% of the watefunction. The ingestion ratel)( was calculated as the
volume was renewed daily, and approximately 200% wasderivative of this function against time at the starting point,
renewed daily from day 15 onwards. $parus auratathe  when no green rotifers had yet been evacuated:
rotifers Brachionus rotundiformiandB. plicatilis (at 10 mf1) | = b 5
were given as live food for 11 days of exogenous feeding T ma )
starting on day 4 after hatching. Bolea senegalensi®. During the Artemiafeeding period, the ingestion rate was
plicatilis (at 10 mr) were supplied for 4 days starting on daycalculated from the decrease in prey density (Ylfera and
2 after hatching. After this, both fish species were fed witlRodriguez, 1987) using the equation:
Artemia nauplii (at 2mf1) until the end of the experiment. | = DCY/L 3)
These are the same experimental conditions that we have used T
in previous studies with these species. Larval growth andhereD is the decreasing rate of prey number in the water
changes in energy content, ingestion rate and respiration ratalculated as the slope of the exponential regression of prey
were studied in both species over the first month oflensity on timeCx is the geometric mean of the initial and
development. final prey concentrations andis the density of larvae in the
Growth, ingestion and respiration patterns were obtainedater.
from pooled data using different egg batches obtained over In both cases, ingestion rate was expressed as dry mass
several years. Larvae for analyses were sampled periodicallygested per larva per day, (uglarvalday?). Values of
during the experimental period and anaesthetised withotifer dry mass and energy content used for the calculations
200p.p.m. of ethyl-4-amino-benzoate. Body dry mass wawere determined as a function of the egg/female ratio observed
determined by drying samples of approximately 15-30 larvam the larval gut (Ydfera et al., 1997). The dry mass and energy
at 85°C to constant mass. The accuracy of the method wasentent of recently hatchéitemianauplii were calculated in
previously checked by comparison with freeze-dried sampleshe present study (dry mass 2.540 energy content
Specific growth rate®) was calculated as the slope of the21.3+0.2Jmg!; means 1s.0., N=3). The energy ingestetk)
exponential regression of larval body dry mass on time. Energyas calculated from the ingestion rates and the energy content
content was determined using a semimicro bomb calorimetef the prey.
(Parr 1421) using samples weighing approximately 20mg. Rates of oxygen consumptioWo]) were measured in a
Three subsamples per determination were used in each casespiratory chamber equipped with a polarographic oxygen
Energy employed in growthGg) was calculated using the sensor. The electrode was attached to a dissolved oxygen meter
larval energy content and the daily dry mass increase. Mou{strathkelvin Instruments model 781b with 1302 oxygen
width (Wm) and total lengthT(L) in Senegal sole larvae during electrode). The output was wireth a data-acquisition board
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Table 1.Description of the energetic efficiencies 10000,

Efficiency Derivation Description 1 A Solea senegalensis

K1 Gdle Gross growth efficiency
K2 Ge/(GetMe Net growth efficienc 10004+
A (Ge(+Me)/Ie) Assi?nilation efﬁcien)cl:y 1 DM=18.20¢">! o
M1 Mg/le Gross metabolic efficiency ] r=0.94 N=58
M2 Me/(MetGe) Net metabolic efficiency
100

Ge, energy used in growthg, the energy ingestedle, the energy ]
used in metabolic processes.

(Metrabyte DAS8-PGA) to a PC program used for continuou 1OOOO§ ' ' ' ' ' ' i

data logging. The Weiss equation was used to estimate oxyg
solubility with respect to temperature and salinity (Weiss, 1970 1
After a 5-15min equilibration period, the electrodg stabilised 1000, DM=13.690-124t
and oxygen concentration declined at a constant Vatevas 3 r=0.92 N=168
estimated as the slope of the regression line of oxyge ]
concentration on time for 1-2 h following electrode stabilisation
Sterilised and air-saturated sea water (salinity 33 %o) was use 100
The respiratory chamber was kept at a constant temperature ]
19.50+0.05 °C in accordance with the temperature of well wate |
used for larval rearing studies in our Institute from 1986. Th : :
water volume in the respiratory chamber was chosen accordi 0 5 10 1 20 25 30
to the number and size of the larvae and ranged between 3 ¢
5ml. The larvae were held without food in the chamber, but they
had been held under normal rearing conditions in the tanks priFig. 1. Changes in dry mass during larval development foSg¢a
to measurements. When the larvae died inside the chamber, senegalensiand (B)Sparus aurataDM, larval body dry massug);
data were excludedlo, was calculated in nmol@arvalh1. t, time (days)r, correlation coefficientN, number of samples.
The energy expended in metabolic procesdels) (was
calculated using Vo, and the oxycalorific coefficient overestimation. Larval growth iSparus auratais shown
(13.56 Jmgtdrymass; from Brett and Groves, 1979) forin Fig. 1B. In this case, the data were fitted to only one
conversion into energy units. Energetic efficiencies wer@xponential curve, and the growth rate was 0.124'd&he
calculated using the energy ingestig, the energy employed mouth width of Senegal sole larvae increased linearly with the
in growth Ge) and the metabolic energylé) (Table 1). increase in total length (Fig. 2). The linear regression line fitted
In all cases, polynomial regressions were fitted to energetio the data lies above that for gilthead seabream (from
data as a function of age or mass. The maximum power of theernandez-Diaz et al., 1994) over the entire larval length range.
polynomial functions with statistical significance was chosen The energy content of sole larvae was minimal at the onset
following the method described by Zar (Zar, 1984). of feeding (approximately 19Jm§ and increased to a
maximum (approximately 23Jm¥ by 12-14 days after
hatching, when eye migration began. The energy content then
Results decreased, reaching values of approximately 20.53byghe
Larval growth in Senegal sole during the experimentaknd of eye migration (Fig. 3). In gilthead seabream, the energy
period is presented in Fig. 1A. Larval dry mass data were fittecontent increased initially up to 20Jmidoy 15 days after
to two exponential curves in accordance with twohatching and then decreased slightly, reaching values of
differentiated developmental stages (Fernandez-Diaz et ahpproximately 19Jmg by the end of the experimental period
2001). The first regression line shows the growth from firs{Fig. 3; Table 2).
feeding to 14 days after hatching during the pelagic stage, The ingestion ratel; uglarvalday?) of Senegal sole
while the second regression line shows the growth from liéhcreased progressively with the increase in larval mass from
days after hatching until the end of the experiment. Dailghe beginning of growth (Fig. 4A). Nevertheless, this increase
growth rates G) were 0.245 and 0.127 ddy respectively. was not continuous: it slowed between gGnd 100Qg dry
Most Solea senegalensidarvae initiate metamorphosis mass and then increased again. In gilthead seabream,
approximately 14 days after hatching, and at 17 days aftémcreased continuously with larval dry mass (Fig. 4B),
hatching most larvae have completed eye migration and lie athough the incrementing slope tended to decrease gradually.
the bottom of the tank. We have used an intermediate value Dlata were fitted to a polynomial function in each case. The
0.186 to estimat&se during the transition between the two equations used to determine the energy ingestedn(both
growth rates (13-15 days after hatching) to avoid an unrealist&pecies are shown in Table 3.

B sparus aurata

Body dry mass(ug)

Time from hatching(days)
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Table 2.Equations describing changes in energy content as a function of larval Sgéein senegalensasd Sparus aurata

larvae
Species Equation r N
Solea senegalensis EC2.64¢<1075t5+2,26x1073t—6.95¢1072t3+0.91t2-4.53+26.40 0.91 9
Sparus aurata EE€-1.14<1075t5+1.05¢1073t4-3.61x1072t3+0.562—3.75+26.80 0.94 10

EC, energy content (Jm#; t, time from hatching (days); correlation coefficientN, number of mean values.

Table 3.Equations describing changes in ingestion rate as a function of the larval body dry rBa¢sairsenegalensad
Sparus auratiarvae

Species Equation r N
Solea senegalensis logl=0.67loddM3-5.17lodDM?+13.55l0dDM—-9.55 0.89 30
Sparus aurata logl=—0.78lodM?+4.63lod>OM-3.84 0.92 168

I, ingestion ratey(g larvarlh=1); DM, larval body dry massug); r, correlation coefficenty, number of samples.

0.8 T T T T T
---- Solea senegalensis 24 |
R 0.7] —— Sparus aurata go :g E—i
€ 0 E 221 ya N
E 0.6 4 2 N
= S Y, AN
3 o5 2 2014 -
ER RN
£ S, —~
3 041 g 18 :
= 5 -o- Solea senegalensis
0.3 161 —o— Sparus aurata
0.2 - ' | y y y
; - ; ; i 1 1 2 2
2 3 4 5 6 7 8 ° 0 ° 0 ° 30

Time from hatching(days)
Total length (mm)

Fig. 3. Energy content (Jrm¥ of Solea senegalensié\=3) and
Sparus aurata(N=3) larvae during the first month after hatching.
Values are mean <.

Fig. 2. Mouth width with respect to total larval length fBolea
senegalensiand Sparus aurataTL, total length (mm)Wm, mouth
width (mm). Sparus auratadata are taken from Fernandez-Diaz
et al. (Fernandez-Diaz et al., 1994). F@&@parus aurata
Win=0.044+0.088L; r=0.95; N=113. For Solea senegalensis €fficiencies K1, A andM1) decreased during the first stages of
Win=0.214+0.05TL; r=0.67;N=119. development; after a minimum at approximately 1004200
dry mass, they increased progressively, reaching the highest
values between 1500 and 2Q@pdry mass, after which they

In Senegal sole, changes\h, (nmol Qxlarvalh™1) with  decreased again. Over the entire period, the gross growth
respect to larval dry mass showed the same pattern as tb#iciency K1) was always higher than the gross metabolic
ingestion rate (Fig. 5A). The incrementing slope decreaseefficiency M1). Gilthead seabream also displayed an initial
when larval dry mass ranged from approximately 100 talecrease in efficiencie&{, AandMy), but a slight increase in
1000pg. Data obtained over the entire experimental perio@fficiencies occurred above 2A9 dry mass (Fig. 7B). In
were fitted to a polynomial function (Table 4). From thecontrast to Senegal sole, the gross growth efficieeywas
beginning of feeding until larval dry mass reacheddh0/o,  always lower than the gross metabolic efficiendy)( As the
values were also fitted to a power function, the slope of whicmaximum dry mass of gilthead seabream during the
was 1.06 (Table 4). In gilthead seabreais, values were experimental period was 560, values of the efficiencies in
fitted to a power function and showed a similar trend over th8enegal sole have also been plotted over the same range of dry
entire experimental period (Fig. 5B; Table 4). As above, thenass to provide a better comparison of the two species
curves presented in Table 4 were used to determine the enel@yg. 7A). The initial trend is similar in both species, but
allocated to metabolisniM) in both species. Senegal sole showed highkf and A values than gilthead

Gross growth efficiencyK3i), assimilation efficiency A) seabream. The metabolic efficienciedli) were constant
and gross metabolic efficiencif) patterns in Senegal sole (approximately 10-12%) in both species in individuals
with respect to dry mass are shown in Fig. 6. All theweighing 100-56Qg (Fig. 7A,B).
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Table 4.Equations describing changes in oxygen uptake rate as a function of larval dry rBa$sarsenegalensand
Sparus auratkarvae

Species Period Equation r N

Solea senegalensis A logVo,=0.48lodM3-3.51loddM?+8.92loddM—-6.05 0.94 58
B Vo,=0.36M1-06 0.87 21

Sparus aurata A Vo,=0.48@M0-992 0.95 99

A, over the entire experimental period; B, in individuals weighing 20450
Vo,, rate of oxygen consumption (nmaif@rvarth-1); DM, larval body dry massu@); r, correlation coefficientN, number of samples.

10000 ————rrrr————rr———rrrg 1000
A Solea senegalensis . 3
o
1000 + e 1004
a 1 —~
z 7
g 100 | ] = 10
- ] ] g
g =
& ] S 1000
(o))
2 10000 ;—————— g ke
% 1B arus arata ] E
5 S
% % > 100+
¢ 10004 -
= E E
| 10
100 - -
10 100 1000 10000
10 100 1000 10000 Body mass(ug)
Body mass(jig) Fig. 5. Rates of oxygen uptake radh{ nmolQylarvalh?) as a

function of larval body dry mass for (Aolea senegalensénd (B)

Fig. 4. Ingestion ratd (ug larval day?) as a function of larval body Sparus aurata

dry mass for (ASolea senegalensisid (B)Sparus aurata

Discussion

The net growth efficiencyKp) and net metabolic efficiency =~ As expected, the two species exhibited different growth
(M) indicate the amount of the assimilated energy that is usqghtterns during the first monttSparus auratashowed a
in growth and in metabolic processes, respectively. Theseonstant growth rate throughout this period. The growth rate
efficiencies for Senegal sole varied over the experimentalbtained in the present study (0.12dyis close to values
period (Fig. 8A). At first feeding, sole larvae allocated areported in other studies under laboratory conditions (Tandler
similar amount of energy to growth and to metabolic processeand Helps, 1985; Yifera et al., 1993a). Gilthead seabream
but the energy used for growth increased progressively duringolong their larval period over the 2 first months of life
the first days of feeding and growth. Above a dry mass ofPerson-Le Ruyet and Verillaud, 1980) and, although gastric
200-30Qug, just before metamorphosis started, the efficiencieglands and acid digestion appear by the fifth week, scales and
remained almost constant, with 65—70 % of this energy beindefinitive juvenile anatomical features appear gradually during
allocated to growth and 30-35% to metabolic processes. the second and third month (M. Ylfera, unpublished data).
contrast, the gilthead seabream showed an almost constént contrast, Solea senegalensishowed a growth rate of
allocation of assimilated energy over the entire experimentdl.25day? during the larval period that was almost twice
period, allocating approximately 35 % of this energy to growttthat observed in gilthead seabream.Solea senegalensis
and 65 % to metabolic processes (Fig. 8B). growth rate decreased to 0.13dlawhen the larvae started
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Fig. 6. Patterns of gross growth efficiencKi), assimilation
efficiency (&) and gross metabolic efficienci{) as a function of
larval body dry mass fd8olea senegalensis
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Fig. 8. Patterns of net growth efficienciKofj and net metabolic
efficiency (M) as a function of larval body dry mass for (B9lea
senegalensiand (B)Sparus aurata

different in the two species. Nevertheless, both species
exhibited a similar trend when compared over the same range
of larval dry mass. Surprisingly, the amount of ingested matter
for a given larval size was always lower in Senegal sole.

Although some flatfish species stop feeding during

metamorphosis (Tanaka et al., 1996), Senegal sole continue to
eat during the transformation, but the total daily amount

ingested remains almost constant during this stage in spite of
the fact that the body continues to grow. The slight decrease
in specific ingestion rate is compensated by the energetic
reserves that have been accumulated during the larval period.
After the start of feeding, the carbon content and energy
content of the larval tissues of Senegal sole increase

aurataand (B)Solea senegalensiarvae with a dry mass of less than rogressively and reach relatively elevated values for marine

600ug.

fish larvae (Yufera et al., 1999). The present study shows that
these reserves are used during metamorphosis. A decrease in

metamorphosis by day 14 after hatching, although thearbon, energy and lipid content in larval tissues during the
completion of eye migration and the change to a benthic haltitansformation has been observedHleuronectes platessa

occurred by 18-20 days after hatching, after which acigChristensen and Korsgaard, 1999) and in other species
protease activity starts to increase (Martinez et al.,, 1999)Youson, 1988). Senegal sole start feeding earlier and feed
Nevertheless, gastric glands and acid digestion in the Senedaster than gilthead seabream. A few hours after the opening
sole appear by the end of the first month of life (Martinez edf the mouth, all sole larvae from the same egg batch are

al., 1999; Ribeiro et al., 1999).

eating, whereas seabream larvae require several days to reach

The ingestion pattern during the first month was alsd00% feeding activity in the population (Parra and Ydufera,
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2000). In addition, sole larvae possess an anatomical featureHoude and Zastrow (Houde and Zastrow, 1993) reported
that appears to be of primary importance to mass gain, a widaverage values of approximately 30% Karand 60 % forA
mouth, which allows them to ingest larger-sized prey andn fish larvae. However, there is inter- and intra-specific
consequently, to obtain a higher energy input per prey itemariability. In the present study and above a larval mass of
consumed. Therefore, the energetic balance between expendéDug, K1 ranged from approximately 15 to 35% $vlea
and ingested energy during the process of catching armbnegalensiand from 4 to 7% itfsparus auratandA ranged
ingestion is more favourable for Senegal sole than for giltheafdlom 35 to 52 % irSolea senegalens@d from 14 to 20% in
seabream during early development. Sparus aurataSuch values are, in general, low because the
Gilthead seabream and Senegal sole are species that livelanvae were being reared under conditions of high prey density
temperate habitats. During the larval stages, both species gr¢Rarra and Yufera, 2000). The initial decline Kn and A
continuously in the presence of prey. In contrast, several houlater switched to an increase, describing-ahaped trend in
of starvation causes an immediate cessation of growth and paaifation to larval mass, during early development prior to
larval health. In the absence of prey, the larvae tend to retametamorphosis. This pattern fidi has also been observed in
ingested food in the gut. Therefore, respiration experimentsther fish larvae (Houde and Schekter, 1983; Yamashita and
were performed with individuals with gut contents, and weBailey, 1989) and has been associated with changes in the
assumed that our measurements represented routine metabaligestion rates and in the cost/benefit relationship of energy
rate plus specific dynamic action. This metabolic status iaptake (Checkley, 1984; Kigrboe et al., 1987; Theilacker,
assumed to be continuous in larvae under rearing conditidt®87; Tucker, 1989).
(Parra and Yufera, 2000). In the present study, the larvae of both species were reared
The metabolic ratevp,) of gilthead seabream larvae during under satiation conditions and under similar conditions of prey
the first month of life increased isometrically with larval massdensity to remove, as far as possible, the influence of feeding
(mass exponerft=0.99). This value is quite close to that found conditions. There was, however, some variation in the feeding
in Sparus auratdarvae by Quantz and Tandler (Quantz andregime becaus@rtemia nauplii were offered earlier to sole
Tandler, 1984) and by us in a previous study (Parra and YUuferarvae, although in terms of larval mass the difference was
2000). It has been suggested that this exponent is close to uniglatively small (8Qug dry mass in sole larvae compared with
in the early stages of development of marine fish larva@0ug dry mass in seabream larvae). In any case, considering
(Wieser, 1995), although reported values in different specigbe difficulties of measuring and simulating the potential
are quite variable (Walsh et al., 1989; Oikawa et al., 1991). Ioptimum feeding conditions of larvae in nature, the approach
juveniles and adults, this relationship between metabolic rateas been to provide the best possible feeding conditions for
and body mass is allometric, and the mass exponents feach species in a realistic way to compare larvae growing in
regression of metabolic rate on body mass are usually less thidne laboratory. It is obvious that feeding behaviour and ability
1. This decrease is associated with a progressive increaseaiso differ in the two species, as explained above. This fact
mass of structural tissues with low metabolic activity (bonesprobably contributes to differences in the energy expended in
scales, etc.) (Oikawa et al., 1991; Segner et al., 1994). Bretearching for and handling prey and may, consequently,
and Groves (Brett and Groves, 1979) suggested that tlexplain the differences in energy allocation.
average value for this mass exponent in fish was 0.86. InIn addition, survival during the first month was not
Senegal sole, the metabolic rate during the pelagic period alsonsidered in the calculation of biomass production. Therefore,
scales isometrically with body mask=(.06), as has been the estimates presented here have to be considered at an
reported for the closely related spec@sea solegDay and individual level and out of an ecological context in which
Jones, 1996). However, the value lotalculated forSolea  mortality by predation and prey quality and availability are
senegalensiswith a dry mass of 150-150@ does not important aspects of the metabolic response of a larval fish
correspond with those of larvae and adults. The relatively loyopulation. In any case, it is evident that Senegal sole invest
metabolic demand observed during all or part ofmore energy in growth than do gilthead seabream during the
metamorphosis could be a way to save energy. This kind éifst developmental stages. It is worth noting that the
response has also been described Hseudopleuronectes percentage of assimilated energy used for growth is always
americanusduring metamorphosis (Laurence, 1975) and forhigher than that used for metabolic processesSoiea
Paralichthys olivaceugKurokura et al., 1995). Although not senegalensignd that the opposite is true f8parus aurata
as pronounced as in flatfish, a switch in metabolic demang@Fig. 7). Such variability in food conversion efficiency in
during early development at the beginning of metamorphosiarvae of species sharing resources and environmental
has also been observed in other fish species (Appelbaum acmhditions has also been observed in other species (Kneib and
Kamler, 2000). This pattern of energy allocation allowsParker, 1991).
Senegal sole larvae to develop the differentiation processesThere are some methodological constraints in the present
associated with metamorphosis and to continue growing, evestudy. As pointed out above, it is difficult to define and
with a lower energy intake per unit of biomass. Neverthelessneasure the routine metabolic rate of small fish larvae eating
a limitation in energy intake prevents growth and thecontinuously. They have a high basal energy expenditure and
completion of transformation (Fernandez-Diaz et al., 2001). low metabolic scope (Wieser and Medgyesy, 1990; Wieser,
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1995). Faeces and energy expenditures in searching for foatl, 1999). After the start of feeding during early development,

and in eating were not measured and were not consideredsole larvae show a higher predatory capacity than seabream

the calculation of assimilation efficiency. Therefore, thelarvae, i.e. they are able to ingest larger prey and they

possible causes of the differencekin between Senegal sole presumably have a higher metabolic efficiency given the

and seabream require some consideration. After the openingaiove-mentioned assumptions. This greater efficiency in

the mouth, larvae of both species exhibit low swimmingutilizing the ingested energetic resources, and not a higher

activity. Sole larvae become progressively more active duringpecific ingestion rate, is the main reason for the fast larval

the first days of feeding up to the point when they acquire growth of the Senegal sole in comparison with the gilthead

benthic habit and settle on the bottom 2 weeks lateseabream.

Conversely, seabream larvae show active prey-searching

behaviour only from approximately day 10 onwards. The same We thank Dr E. Pascual for his instructive assistance in the

swimming behaviour was observed during the respiratiomespirometry techniques and J. M. Espigares and J. A. Miquel

experiments. Energy expenditure in searching tends tr their helpful technical assistance. The comments of two

decrease with increasing prey concentration (Laurence, 197 gnonymous reviewers significantly improved the manuscript.

In the present study, under conditions of high prey densityfhis work was supported by the Comision Interministerial de

feeding success depends largely on encounter opportuni@jiencia y Tecnologia, Spain (CICYT Project MAR97-0924-

rather than on searching effort. In addition, the energy0201).

expended in swimming and sucking during attack is very low

compared with the energy supplied by the prey (Drost and van
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