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ABSTRACT: Effects of prey concentrations and photoperiods on survival and growth of larval sea bream Archosargus
rhomboidalis (Sparidae) were determined in laboratory experiments. Larvae were reared from eggs to 16 d after hatching on
copepod nauplii at 25, 50, 100 or 500 1! combined with photoperiods of 7, 13 or 19 h light. Survival was highest at 13 h light
duration and increased as the prey level was raised. Growth was best at 13 h light when prey concentrations were 100 or 500 17},
but was best at 19 h light when prey concentrations were 25 or 50 1! At high prey levels the larvae survived and grew best at
ambient light durations; at low prey levels they benefited in growth, but not in survival, from a longer than normal photoperiod.

INTRODUCTION

Year-class size in marine fishes is determined in
large part by mortality during the larval stage (Hunter,
1976) when food availability is an important factor
(Cushing, 1975). Effects of food availability on larval
growth and survival have been examined in laboratory
and field experiments (Lasker, 1975; Houde, 1978;
Houde and Taniguchi, 1979). Because larval fishes are
visual feeders and cannot feed at most night light
levels (Blaxter, 1966, 1968a, 1968b), their growth and
survival may be limited by the daylight hours avail-
able for feeding as well as by prey availability (Blaxter,
1966). In a laboratory study we have examined effects
of photoperiod and prey concentration on growth and
survival of larval sea bream Archosargus rhomboidalis.

Some aspects of the role of light in larval fish ecology
have been investigated. The structure of the eye of
larval plaice Pleuronectes platessa and sole Solea
solea, larval responses to visual stimuli and the role of
light in vertical migration were investigated by Blaxter
(1968a, b, 1969, 1972, 1973, 1974). Light, its uses and
role in successful larval fish culture have been
reviewed in '‘Marine Ecology’, Volume III by Kinne
(1977), and the responses of fishes to light, in ‘Marine
Ecology’, Volume I by Blaxter (1970). The number of
daylight hours required for adequate feeding by larval
herring Clupea harengus, given the estimated food
requirements and average prey concentration in the
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field, were estimated by Ivlev (1960) and Blaxter
(1966). Laurence (1977), using data on the number of
hours of light available and food requirements of lar-
vae, predicted limiting prey concentrations for winter
flounder Pseudopleuronectes americanus. Laboratory
experiments to determine effects of light intensity and
photoperiod on larval fish growth and survival were
reported by Barahona-Fernandes (1979) on sea bass
Dicentrarchus labrax and Kiyono and Hirano (in press)
on black porgy Mylio macrocephalus. The effect of
photoperiod on growth and survival of sole larvae was
examined by Fuchs (1978).

Objectives of our research were (1) to examine the
effect of length of photoperiod on growth and survival
of larval Archosargus rhomboidalis, and (2) to deter-
mine whether required prey concentrations differed in
relation to length of photoperiod.

METHODS

Fertilized eggs of Archosargus rhomboidalis (family
Sparidae) were collected in 1-m diameter plankton
nets in Biscayne Bay, Florida (USA) and stocked in 76-1
rectangular tanks at a density of 2 1. Rearing proce-
dures were similar to those described by Houde (1978).
Water temperatures were maintained at 26 °C = 1 C°
and phytoplankton blooms of Anacystis sp. and
Chlorella sp. were added as a water conditioner. Vari-
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ous size fractions of live zooplankton from Biscayne
Bay were used as food: larvae < 10 d old received the
53-110 um fraction which consisted mainly of copepod
nauplil and copepodites; those > 10 d old received the
110-280 pum fraction which was mostly copepodites.
Prey concentrations were checked at least three times
daily (Houde, 1978) and prey was added when neces-
sary. To maintain water quality, 20 % of the tank
volumes were exchanged every other day.

Rearing tanks were placed in black plastic sheet
enclosures to isolate tanks from incidental light. Rear-
ing systems were exposed to controlled light-dark
cycles. During the light phase of the cycle, fluorescent
lights provided 2500-2800 lux at the water surface.
This level is routinely used to culture fish larvae in our
laboratory and is near the optimum level found by
Kiyono and Hirano (in press) for rearing black porgy
larvae.

Experiments were conducted during spring and fall
1979. Initially, 140 eggs were stocked in each experi-
mental tank. Four prey concentrations, 2517, 5017,
100 I"! and 500 1! and three photoperiods, 7 h of light,
13 h and 19 h, were tested. Three replicates were run
at each prey density-photoperiod combination giving a
total of 36 experiments. All experiments were run until
larvae were 16 d old, or terminated earlier if all larvae
died. At the end of an experiment survivors were
measured and stored in 5 % formalin. Later, preserved
larvae from each experiment were dried at 70 °C for
24 h and mean dry weights were obtained.

The analysis of effects of food density and photo-
period on survival and growth of sea bream larvae was
carried out in a two-way Analysis of Variance. Differ-
ences were considered significant at the a = 0.05
level. Because survivals were reported in percentages,
data were arcsin transformed before the ANOVA was
run. Missing values for data on mean lengths and
mean weights (when there were no survivors) were
treated using standard statistical procedures (Snedecor
and Cochran, 1967). Weight data were transformed to
log,; values to normalize their distribution and
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Fig. 1. Archosargus rhomboidalis. Survival, lengths and dry
weights of larvae in relation to prey concentration for three
photoperiods. Lines connect mean values for three replicates

at each prey concentration-photoperiod combination

homogenize variances. When significant differences
among means were shown by the ANOVA, a Newman-

Table 1. Archosargus rhomboidalis. Percent survival at 16 d after hatching of larvae in relation to light duration and prey
concentration. Each entry represents the mean percent survival of three experiments; numbers in parentheses are standard errors
of the mean

Prey concentration

Light duration (h)

(Number 171) 7 13 19 Mean
25 0 7.62 ( 7.26) 2.14 ( 0.41) 3.25 (2.39)
50 0.24 ( 0.24) 762  ( 3.72) 0.71 ( 0.71) 286  (1.62)
100 1.67 ( 1.04) 32.14 (16.07) 9.05 ( 4.05) 14.28 (6.64)
500 45.96 (12.26) 80.47 ( 5.44) 61.91 (12.24) 62.78 (7.24)
Mean 11.96 ( 6.48) 31.96 ( 9.83) 18.45 ( 8.11)

F value for light duration = 11.6 (P < .001) for 2,24 degrees of freedom
F value for prey concentration = 49.7 (P < .001) for 3,24 degrees of freedom
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Keuls multiple comparison test was run to determine
which of the means differed significantly.

Growth

Growth also was influenced by both prey concentra-
tion and photoperiod; there was no significant interac-

RESULTS tion effect between the two factors. Mean standard
lengths were highest at 13 h light, intermediate at 19 h
Survival and least at 7 h (Table 2); standard lengths differed

Both photoperiod and prey concentration affected
survival significantly. No significant interaction oc-
curred between these two factors. Highest mean survi-
val at all prey concentrations occurred at 13 h light
(Table 1). Percent survivals at both 7 und 19 h differed
significantly from that at 13 h but not from each other.
Mean percent survival over all prey levels at 13 h was
2.7 times higher than at 7 h and 1.7 times higher than
that at 19h light duration. Mean survival over all
photoperiods was highest at 500 1"! prey concentration
(Table 1). Survival rates did not differ significantly
between the 25 17! and 50 1! prey levels but these rates
were significantly lower than rates at 100 and 500 17!
prey levels. At each photoperiod, percent survival
tended to increase as prey concentration increased;
mean survival always was highest at 13 h light (Fig. 1).

significantly among all three photoperiods. Mean stan-
dard length was highest at 500 1-! prey concentration.
Standard lengths did not differ significantly at 50 and
100 17! prey levels but lengths at those levels did differ
from those at 25 and 500 17! levels. For each photo-
period, mean standard lengths tended to increase as
prey concentrations were raised (Fig. 1). At 100 and
500 17! prey levels, mean lengths were highest at the
13 h light duration but at 25 and 501! prey levels
mean lengths were highest at 19 h light (Table 2).
Mean weights of survivors also were affected by
photoperiod and prey concentrations (Table 3). The
highest mean weight over all prey levels was observed
at 13 h light duration; it did not differ significantly
from that at 19 h but did differ from the 7 h mean.
Highest mean weights were observed at the 500 17}
prey level. Mean weights at 50 and 100 prey 1! did not

Table 2. Archosargus rhomboidalis. Mean standard lengths (mm) at 16 d after hatching of larvae in relation to light duration and
prey concentration. Each entry represents the mean standard length of three replicates; numbers in parentheses are standard
errors of the mean

Prey concentration Light duration (h)

(Number 1) 7 13 19 Mean
25 398  (0.18) 466  (0.12) 439  (0.19)
50 4.48 . 5.31 (0.13) 5.33 . 5.15 (0.18)
100 407 (0.01) 589  (0.18) 503 (0.17) 5.11 (0.28)
500 4.81 (0.38) 7.19 (0.38) 6.30 (0.39) 6.10 (0.40)
Mean 4.51 (0.23) 5.74 (0.36) 5.33 (0.25)

F value for light duration = 53.9 (P < .001) for 2,15 degrees of freedom
F value for prey concentration = 32.5 (P < .001) for 3,15 degrees of freedom
* Only 1 survivor

Table 3. Archosargus rhomboidalis. Mean dry weights {mg) at 16 d after hatching of larvae in relation to light duration and prey
concentration. Each entry represents the mean dry weight of three replicates; numbers in parentheses are standard errors of the
mean

Prey concentration Light duration (h)

(Number 171 7 13 19 Mean
25 0.098  (0.048) 0.183 (0.017) 0.149 (0.027)
50 0.104 . 0.329 (0.041) 0.380 : 0.294 (0.054)
100 0.093 (0.013) 0.520 (0.063) 0.305 (0.050) 0.332 (0.068)
500 0.234 (0.089) 1150  (0.167) 0.788 (0.170) 0.724 (0.152)
Mean 0.166  (0.050) 0.563 (0.129) 0.421 (0.095)

F value for light duration = 43.8 (P < .001) for 2,15 degrees of freedom
F value for prey concentration = 27.4 (P < .001) for 3,15 degrees of freedom
* Only 1 survivor




184 Mar. Ecol. Prog. Ser 3: 181-185, 1980

differ significantly from each other but did differ from
both the 25 and 500 prey 1! levels. At all light dura-
tions, mean weight tended to increase as prey concen-
tration rose (Fig. 1). Mean weights were highest at the
13 h light durations when prey concentrations were
100 and 500 1! but were highest at 19 h light when
prey concentrations were 25 and 50 11

DISCUSSION

Length of photoperiod significautly affected growth
and survival of larval Archosargus rhomboidalis. Mean
survival at each food concentration was always highest
at the 13 h light duration and lowest at the 7 h dura-
tion. Growth at moderate to high prey levels was best
at 13 h light. At the lowest prey levels tested, survivors
reared at 19 h light grew fastest but survivorship was
higher at 13 h light.

Archosargus rhomboidalis is a subtropical species
which spawns in spring and fall when average day-
length is between 12 and 13 h. Observed survival and
growth apparently reflected the adaptation of larvae to
the prevailing photoperiod regime. At 7 h light, most
larvae apparently did not have sufficient time to con-
sume enough prey to gain the necessary energy for
growth and survival. Even at the highest prey level
used, survival was significantly lower at 7 h than at 13
or 19 h light durations. During the lighted portion of
the day, larvae swam actively and their metabolic rates
presumably were high, perhaps 2.5 times higher than
those during the inactive dark period (Ware, 1975;
Laurence, 1977). If the amount of food that can be
processed by larvae in a 24-h period is limited, larvae
reared under longer than optimal light regimes may
swim actively, expending energy, but consuming prey
at decreased rates. Thus, metabolic demands might
increase significantly at long light durations causing
less food energy to be available for growth and causing
mortality of those individuals that were feeding at
below average rates. This explanation could account
for the lower growth and survival rates at 19 h light
when prey levels were moderate or high compared to
those at 13 h. Only under poor feeding conditions,
when the probability of a larva encountering sufficient
food for maintenance and growth in 13 h light is low,
might the benefit of additional hours to search for food
outweigh the disadvantage of additional energy
expenditure. At 25 and 501! prey levels, A. rhom-
boidalis larvae did grow slightly faster at 19 h than at
13 h light, but survival remained best at 13 h. The
advantage gained by a few individuals, in terms of
increased growth, did not confer an overall survival
advantage to the larval population. At prey levels
between 50 and 500 17}, which are usually present in

Biscayne Bay, Florida (Houde, 1978), where A. rhom-
boidalis is common, the larvae seem to be well adapted
to survive and grow best under the prevalent photo-
period.

Survival of sea bass larvae (Barahona-Fernandes,
1979) and black porgy larvae (Kiyono and Hirano, in
press) was best at the same light duration as in our
experiments (i. e. 12-13 h light). Photoperiod did not
affect survival of sole larvae (Fuchs, 1978). Highest
growth, however, in those three investigations was
obtained at 18-24 h light. Although the reason for this
difference has not been determined, it may be related
to the type and concentration of prey used in the
experiments. Fuchs, Barahona-Fernandes and Kiyono
and Hirano reared larvae on rotifers, Brachionus sp.,
and brine shrimp Artemia salina, while larvae in our
experiments were reared on wild plankton. Taniguchi
(in press) has shown that spotted seatrout Cynoscion
nebulosus larvae reared on brine shrimp and rotifers
have lower growth rates than larvae reared on wild
plankton. Larvae in the experiments of Barahona-Fer-
nandes (1979) and Fuchs (1978) were reared at high
prey levels, up to 7.5 ml~!. Exact prey levels were not
given by Kiyono and Hirano (in press). In our experi-
ments only larvae reared at low prey levels obtained
their best growth at 19 h light. It appears that when
either prey quality or prey level is low, longer photo-
periods can benefit larval growth.

For the subtropical Archosargus rhomboidalis, day-
light, beyond that normally present, did not benefit the
larvae when prey levels were near those usually found
in its environment. Larvae of species from more tem-
perate latitudes may be subject to quite different light
regimes, with daylength changing greatly as seasons
progress. Under those conditions the interaction be-
tween photoperiod and prey concentration could be
very significant as Ivlev (1960), Blaxter (1966) and
Laurence (1977) have suggested. The timing of spawn-
ing could be critical, both to insure that larvae are
produced when prey levels are adequate and also to
insure that larvae have sufficient daylight hours to
consume a ration that will provide enough energy for
growth and survival. It is possible that for those tem-
perate species with relatively long spawning seasons,
critical prey concentration may not be constant but
may change as the season progresses, dependent on
the hours of light that are available for larvae to feed.
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