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Bao-Quey Huang and Chi-Syang Hu (1990) Feeding circadian in the early
stage of silver bream, Sparus sarba Forsskal. Bull. Inst. Zool., Academia Sinica 29(4):
233-241. In order to find the appropriate time for food presentation and to investi-
gate the potential role of light in controlling circadian, the feeding chronology of
the silver bream in the early stages was studied under three photoperiods (natural,
reversed and all light). A longer photoperiod did enhance the larval growth. Both
juvenile and young increased their feeding after light-on, and decreased after light-
off, and continued their intensive feeding during the light period and sparse feeding
during the dark period, under either natural or reversed photoperiods. No significant
differences among six tested feeding intervals were noted when either juvenile or
young were fed under all light. Feeding circadian of silver bream in the early
stages may be regulated by some endogenous mechanism and therefore demonstrates

a diurnal feeding.
in triggering feeding activity.

Key words:

Most pelagic marine teleosts in the
larval stage have first develop vision
followed by the other sensations. Time
of food presentation required to produce
maximum growth has been proven to be
closely linked with sensory development
but varies with species and with many
environmental factors (Schwassmann,
1980; Houde and Schekter, 1980; Sudo et
al., 1987). It is likely that the diel feeding
chronology in teleosts is affected by the
interactions of both the endogenous and
exogenous rhythms (Priede, 1978; Mashiko,
1979; Baba and Sano, 1987; Brodeur and
Pearcy, 1987; Huang, 1989a).

Silver bream, Sparus sarba, inhabits
rocky coastal waters. It is an usual com-
ponent of the surf ichthyofauna and is
widely distributed along the waters from

Light, an exogenous factor, probably functions as a key factor

Feeding circadian, Silver bream, Juvenile, Young.

Japan to Taiwan. The evidence of
having square cone mosaic with a wide
range of sensitive spectrum indicates
that adult breams might have a day-life
mode and are visual feeders (Huang,
1989b). Silver breams are closely related
to the black porgy, Acanthopagrus schle-
geli, in taxonomy, and both of them show
a similar living habitat, but porgies
demonstrate their nocturnal activities
from evaluated heart-rate rhythms and
feeding circadian (Huang, 1988, 1989b).
Since the interval of the feeding perio-
dicity is a species-specific characteristic,
it is a crucial factor in deciding the time
when the food should be offered (Baba
and Sano, 1987; Brodeur and Pearcy, 1987;
Houde and Schekter, 1980; Townsend and
Winfield, 1985).

The scotopic vision of marine teleosts
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- (e. g, silver bream) develop during their

metamorphosis from larvae to juveniles
(Hu, 1989). - As the larvae have been con-
sidered as diurnal feeders, the present
research sets out solely to look for the
effects of photoperiod on the growth of
larvae.

Mashiko (1981) proved that the daily
activities of catfish, Silurus asotus, were
regarded as a result of the synchronous
cooperation of the endogenous rhythmical
system and the daily light/dark stimuli.
It was also proven that the intensity of
light was a key factor controlling noc-
turnal action in another species of catfish,
Pseudobagrus aurantiacus (Mashiko, 1979).
The effects of light intensity on the
prey-capture for 2-month-old silver
bream were not significant (Huang and
Hu, 1989). It is likely that the perform-
ance capacity of prey-capture (perception
and recognition of prey, swimming and

searching patterns corresponding to prey)

increasingly developed during its growth
(Blaxter, 1980; Lasker, 1981). The feeding
ability of the later stage may be related
to the development of sensory systems
other than vision which is believed to
predominate only in the very early larval
stages (Blaxter, 1975; Iwai, 1980; Werner
and Blaxter, 1981). The objective of the
present study is to obtain the feeding
circadian of juveniles and young and to
know the potential roles of light in
regulating feeding activities by reversed
photoperiods or continuous light.

MATERIALS AND METHODS

Larvae

Fertilized eggs of silver bream,
Sparus sarba, were obtained from the
Pescadore Branch of the Taiwan Fisheries
Research Institute during the spawning
season, 1988, The filtered seawater (34%)
holding the eggs in room temperature,
was changed every two days. Two
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hundred newly hatched larvae were reared
in each 20-liter circular aquarium. A
light intensity of about 1300 lux was used
and the photoperiods were adjusted to
light/dark=16/8 and 8/16 hours for the
long and the short photoperiods, respec-
tively. Feedings were started at the end
of the yolk-sac stage at a prey (Rotifera)
density above 10 individuals/ml. Ten
larvae were sampled from each aquarium
for measuring their total lengths (T. L)
every five days. Three replicated ex-
periments were carried out under each
photoperiod. : '
compare the effects of the two photo-
periods.

Juveniles and Youngs

Juveniles (T.L.=12-15mm) and young
(T.L.=30-40 mm) were fed with Arfemia
nauplii (density more than 1.6/ml) and
fresh prawn flesh, respectively. The
light intensity was about 600 lux. Photo-
periods were manipulated automatically
into three regimes: (1) natural, (2) all
light, and (3) reversed photoperiods. The
reversed one referred to being illuminat-
ed during night hours of natural photo-
periods. Thirty juveniles or 5 young
were kept in each aquarium. Every four
hours, the prey density was examined or
the prawn meat (aftéer removal of excess
water) was weighed on an analytical
balance (Mettler PC 400). Water tem-
perature was recorded at the same time.
The experiment for each group continued
for three days. For both stages three
replicated experiments were carried out.
One-way ANOVA (Analysis of variance)
and Duncan’s multiple-range tests were
used to assess the difference among 6
measured data of daily records.

RESULTS

Larvae

The long (light: dark, L/D=16/8

A t-test was applied to -
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hours) and the short (L/D=8/16) photo-
periods showed different effects on the
growth of the newly hatched larvae. The
differences became significant after 10-
day and 15-day rearings ({-test; p>0.05
and p<0.01, respectively, Fig. 1).

Juveniles

Juveniles reared under a natural
photoperiod demonstrated a diurnal feed-
ing periodicity with superior and inferior
peaks at 16:00-20:00 and 8:00-12:00, re-
spectively (Fig. 2A). Their feeding was
significantly different among six intervals
(Table 1, F=6.60, p<0.01) tested by
Duncan’s multiple-range test and a feeding
peak was noted at 16:00-20:00. Similarly,
significant differences were also found
among the six intervals of feeding under
a reversed photoperiod (F=3.52, p<<0.05).
Fig. 2B showed feeding circadian with
peaks at 0:00-4:00 and 20:00-24:00 which
were lighted periods. Under either of
these photoperiods, feeding amounts
were gradually increasing after light-on,
and remained high during light-period,

Total tength (mm)
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while the amounts were declining after
light-off, and remained low during dark-
periods (Figs. 2A, 2B). In contrast,
feeding under continuous light showed no
significant differences (F=1.34, »>0.05)
among six tested intervals (Fig. 2C).

Youngs

The youngs fed with fresh prawn
meat were noted to have the same feed-
ing periodicity as the juveniles (Figs. 2,
3). Under either natural or reversed
photoperiods, feeding was significantly
different among six tested intervals
(Table 1, F=3.44, p<005 and F=3.79,
$<0.05, respectively). The patterns of
diel feeding under either of these two
photoperiods were nearly identical in
increasing after light-on, remaining high
during the light period, decreasing after
light-off and remaining low during the
dark period (Figs. 3A, 3B) On the contrary,
there was no significant difference in the
feeding amount (Table 1, F=1.23) under
the all-light photoperiod. Their feeding
activity was characterized by remaining
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Fig. 1. Growth in length of larval Sparus sarba under two different photoperiods (LD=8/16 and

16/8).

Standard deviations were indicated by the vertical bars.

Note the different growths

(in total length) were clearly shown after 15 days of rearing and no significant differences

during the shorter rearing period.
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Fig. 2. Daily feeding of juvenile Sparus sarba (TL=12-15mm) feeds with Artemias nauplii under
patural (A), reversed (B) and continuous (C) illumination. The horizontal bar indicates
the dark-period. The dashed curve shows the water temperature (°C). Standard deviations
are indicated by the vertical bars.
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Daily feeding of Sparus sarba (TL=30-40 mm) feeds wih shrimp meat under natural (A),
reversed (B) and continuous (C) illumination. The horizontal bar indicates dark periods.
The dashed curve shows the water temperature (°C). Standard deviations are indicated by

the vertical bars.
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Table 1
F values of ANOVA of the daily feeding in the early juvenile
(TL=12-15mm) and the late juvenile (TL=30-40 mm)
of the silver bream (Sparus sarba)

Ear1§ ju.{/enilé” -
(TL=12-15mm)

Late juvenile
(TL.=30-40 mm)

Natural photoperiod
Reversed photoperiod
Continuous light

A =6.60%* D=3, 44%
B=3.52% E =3.79%
C=1.34 F=1.23

* Significant at p<<0.5
** Significant at p<0.01

similar throughout the whole period

(Fig. 3C.)

Figs. 2 and 3 revealed a diel change
of feeding activity along with the
experimental water temperatures. Any
sychronous changes of temperatures with
the light on or off were not noted.

In summary, the results of the pre-
sent experiments demonstrate that larvae,
juveniles and young silver breams are
likely to be visual feeders, since larvae
grow better under a longer photoperiod,
while juveniles and youngs have higher
feeding activity during the light period.

DISCUSSION

Many studies on teleost larval feeding
demonstrated that the effects of light
on the feeding behaviour are crucial
(Blaxter, 1980; Kiyono and Hirano, 1981;
Tandler and Help, 1985) and that the
larvae of most studied species are visual
feeders (Gunzo and Shiro, 1980). In the
present study, silver bream larvae reared
under the longer photoperiod increased
their growth rate. Two possible causes
could account for the result: (1) longer
photoperiods increased feeding hours, (2)
longer photoperiods increased food con-
sumption. The feeding of the early stage
larvae limited within the daylight hours
has been related to the lack of rods.
Kiyono and Hirano (1981) worked on the
effect of light on the feeding and growth

of black porgy, concluded that longer
photoperiod increased the food consump-
tion and the growth of post-larvae, but
did not increase those of juveniles. He
also proved that the larvae fed almost
continuously in the daytime and stopped
at night but continued to feed even in
the night if under artificial light. Tandler
and Helps (1985) demonstrated the effects
of photoperiods on the growth and
survival of Sparus aurata from hatching
to metamorphosis and proved that the
longer photoperiod did enhance their
prey-gaining, food-digesting and growing.
Okautchi ef al. (1980) found the number
of rotifer, Brachions plicatilis, consummed
daily by larvae and juveniles of black
porgy, Acanthopagrus schlegeli, increased
with lighting during the night hours.
Temperature and photoperiod often
interact with each other or act indepen-
dently on some physiological activities
(Connors et al., 1978; Priede, 1985). A
long-term change in temperature may
affect metabolism, while daily change in
light intensity may influence the short-
term feeding chronology (Brady, 1982;
Priede, 1983; Ross and McKinney, 1988).
Kauffman et al. (1981) studied the
vertical distribution and food selection
of larval atherinids, and concluded that
they were diurnal feeders. Bowman (1981)
pointed out that the juveniles of the
haddock had daily feeding period be-
tween 12:00 and 14:00 which possibly
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related to their diurnal vertical move-
ment. Marliave (1981) found that the
soft sculpin, Gilbertidia siglutes, larvae
was visually feeding and might choose
an optimal luminosity from a daytime to
a crepuscular feeding, but the juveniles
might develop from visual to “distant
touch” feeding behaviour and shift their
twilight feeding to nocturnal feeding.
It is clearly noted that the entire develop-
ment in most species demonstrated the
adaptive functions to meet the maximiza-
tion of feeding opportunities for them-
selves. The results of the present experi-
ments showed that larvae have a higher
growth rate under a longer photoperiod,
and juveniles and youngs prefer the light-
time feeding. These evidences demonst-
rated that the entire development of silver
bream is based on visually feeding and
they choose light time feeding to maxi-
‘mize their feeding success.

Brothers and McFarland (1981) cor-
related the otolith microstructure with
life history transitions in French grunts,
Haemulon flavolineatum. From the eco-
behavioral results, it appeared that the
fish developed from diurnal plankton
feeding larvae to noctural benthic feeding
juveniles. By reading the chronologically
daily growth of the otolith microstruc-
ture, Brothers (1981) pointed out that
temperature played a predominant role
in determining the time relation and
protein content of growth increments,
with light being a subordinate factor.
The present studies are not designed to
compare the predominance or subordina-
tion between light and temperature. It
is likely that the growth is influenced by
the integrative function of light and
temperature, but light is a direct and
emergent key factor in controlling cir-
cadian rhythm and feeding periodicity
(Mashiko, 1979; Brady, 1982; Brodeur and
Pearcy, 1987).
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