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ABSTRACT
Juvenile turbot (5-125 g) were reared under two experimental temperatures: 10°C and 16°C, and three
experimental photoperiods: LDN (natural photoperiod), LD16:8 (16 h light: 8 h darkness), LD24:0 (continuous light), to study effects of temperature and photoperiod on growth, activity and oxygen consumption. Growth was strongly affected by temperature and was higher at 16°C than at 10°C.
Continuous light had a growth-promoting effect at 10°C from mid-December to late March, while at
16°C this effect was restricted to December and January. A seasonal change in the condition index
was found. The groups reared in continuous light had higher condition indices in winter. The experimental groups held at 16°C had a higher 02 consumption than those at 10°C. The LD24:0 groups invariably had a higher overall 02 consumption than did the LDN and LD16:8 groups, the differences being
caused by reduced 02 consumption in the latter groups during darkness. The LD24:0 groups displayed higher activity than the LDN groups, in which activity was very low at night.
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1. INTRODUCTION
Experiments to cultivate turbot have been going on
for more than a century (Holt, 1892; Malard, 1899;
Anthony, 1910), and techniques for large-scale rearing of turbot fry were developed in Europe during the
1970s and 1980s (Jones, 1972; Bromley, 1979; Howell, 1979; Bromley & Sykes, 1985). Growth studies
have focused on all stages from metamorphosis to
market size, with temperature being the main factor
investigated (Purdom et al., 1972; Jones et aL, 1981 ;
Person-Le Ruyet et al., 1981; Iglesias et al., 1987).
Smith (1976) has demonstrated that a relatively high
growth rate may be obtained over the temperature
range from 10 to 18°C. However, more detailed studies have shown that a higher growth rate can be
obtained at 16°C than at 10°C (Jones et al., 1981;
Person-Le Ruyet et aL, 1981; Iglesias et al., 1987).
Information concerning the effects of other environmental factors, e.g. photoperiod, on growth of juvenile
turbot is scarce. When studying the ecology of wild
turbot, Jones (1973) found that growth of juvenile turbot showed a distinct seasonal pattern: higher in

summer than in winter. He suggested that this growth
pattern was partly due to seasonal changes in day
length.
Extended photoperiod (i.e. beyond the natural day
length) has been shown to lead to increased growth
rate of several fish species, e.g. Atlantic salmon,
Salmo salar, juveniles in freshwater (Saunders et al.,
1989; Stefansson et aL, 1989; Berg et aL, 1992) and
postsmolts in seawater (Saunders & Harmon, 1988;
Kr&kenes et al., 1991). Corroborative evidence for the
growth-promoting effect of extended photoperiod has
been demonstrated in studies with green sunfish,
Lepomis cyanellus (Gross et aL, 1965), channel catfish, Ictalurus punctatus (Kilambi et aL, 1970), plaice,
Pleuronectes platessa, and sole, Solea solea,
(Fonds, 1979), juvenile splitnose rockfish, Sebastes
diploproa (Boehlert, 1981) and Atlantic cod, Gadus
morhua, (Folkvord & Otter&, 1993).
The following experiment was designed to investigate the effect of temperature and photoperiod and
their interaction on growth of juvenile turbot. Based on
the knowledge of the life history of turbot and earlier
experiments on this and other species, two tempera-

150

A.K. IMSLAND, A. FOLKVORD & S.O. STEFANSSON

tures (10°C and 16°C) and three light regimes (natural
photoperiod, LDN, 16 h light and 8 h darkness,
LD16:8, and constant light, LD24:0) were chosen. In
addition, activity and oxygen consumption were
measured to study how these variables were influenced by temperature and photoperiod, as well as
their interaction with growth rate.
2. MATERIALS AND METHODS
2.1. FISH STOCK AND REARING CONDITIONS
Eggs from one female turbot and sperm from two
males were pooled and incubated on 7 July 1991.
After hatching the larvae were transferred to £1astic
bags (Berg et al., 1985) floating in a 53000 m° seawater basin at Selv&g (just south of Bergen), with a
rearing temperature of -18°C. From 16 July the larvae were fed natural zooplankton filtered from the
basin. After metamorphosis the juveniles were transferred to rearing tanks (1 m 3) with a temperature of 13
to 16°C and fed a commercial dry diet. In October the
juveniles were brought to the Industrial Laboratory
(ILAB) at the Bergen High Technology Centre
(BHTC) and reared at 13°C. The fish were reared
under the natural light regime of Bergen (60°25'N,
5°20'E), from first feeding until the start of the experiment. The experimental fish used came from a group
of 2800 juvenile turbot of which 1200 were used in
this study. At the start of the experiment the fish had a
mean weight of 7.1 g (s.d. = 1.7 g).
The studies were carried out from 7 November
1991 to 23 April 1992. The experimental tanks were
square, grey, covered fibreglass l m 2 tanks with a
rearing volume of 400 dm 3. Seawater with a salinity of
S=34.5+0.2 was pumped from 90 m depth. Water flow
was initially set at 20 dm3.min -1 for all experimental
tanks. The oxygen concentration was always kept
above 6.5 mg O2-dm 3. Light was provided by one 36
W fluorescent daylight tube installed in the tank cover
and photoirradiance at the tank bottom was approximately 4.24 pE.m-2.s -1. A computer program (Lysstyr
2.00; Hansen, 1990) generated a simulated natural
light regime including twilight periods.
2.2. EXPERIMENTAL DESIGN
On 7 November the fish were weighed and randomly
distributed over 12 tanks (100 in each tank). The fish
were transferred from the holding temperature of
13°C directly to the two experimental temperatures of
10°C and 16°C. Temperatures remained within
_+0.2°C of that prescribed throughout the experimental
period. On 4 December, three light regimes were
established for groups of fish held on each temperature regime, making a total of six experimental groups
all consisting of two replicate tanks. One group under
each thermal regime remained on natural photoperiod of Bergen, LDN (-7 h light in mid-December, -16

h light in mid-April). The two other experimental photoperiods were 16 h light : 8 h darkness, LD16:8
(04.00 - 20.00), and constant light, LD24:0. Commercial dry diet for flatfish (Flatfiskf6r, Felleskjepet A/S,
sizes 1.8, 3.0 and 4.0 mm pellets) was dispensed in
excess from automatic feeders every 4 min during the
natural photophase.
All fish were weighed individually to the nearest
0.01 g every 2 weeks during the experiment, except
during the period from 21 November to 4 January
when the fish were weighed every 3 weeks. Along
with weighing, 20 fish were randomly chosen from
each group and their standard length (SL) recorded to
the nearest mm. Specific growth rate (SGR) was calculated according to the formula of Houde & Schekter
(1981).

SGR=(e g-1).100%
where g = (In(W~)-In(Wl)) (t2-tl) -1 and W2 and W 1 a r e
mean weights a-t days t2 and tl, respectively. SGR
was regressed against geometric mean (GM) weight
in the time interval:

GM= (WI'W2) 1/2
The growth rates during acclimation (first two weeks)
were not included in the analysis. The SL and corresponding weight measurements were used to obtain
a log weight -log length regression for each temperature. The regression coefficient (p) was tested for
homogeneity
using
analysis
of
covariance
(ANCOVA). Provided homogeneity was documented, pooling of the data was performed in order to
calculate common p-value to be used in calculation of
the condition index (K). The condition index was
defined as:
K= 100- W. L-~
where W is the weight of the fish (g) and L the corresponding standard length (ram).
Open respirometry experiments were conducted in
the rearing tanks for all six groups on 25-26 March, 89 April and 22-23 April. 02 measurements in inlet and
outlet water were carried out every hour during the
24-hour cycle and the fish were weighed immediately
afterwards. The fish were fed during the respirometry
experiments. Open respirometry has several limitations (Steffensen, 1989), but the waterflow in the
tanks were reduced to obtain a more precise estimate
of the difference between oxygen content of inflowing
and outflowing water.
The specific 02 consumption rate (~202 ,
mg-kg-l'h -1) was calculated according to the formula:
V 02 = ( V F " 8PO2) (B) -1

GROWTH AND ACTIVITY OF JUVENILE TURBOT

151

14Q

*
ab

•

120

100
F

C~

8060•

a

n

~

=

f

0

f

~

=

b

Nov

'

G

Dec

'

-

~
¢1

~te

Jan

e

'
Feb
Month

b-

~

(

£

d

d

'

Mar

'

Apr

'

Fig• 1. Mean weight of juvenile turbot under two temperatures and three photoperiods.
Different letters indicate statistical differences with a as the highest value, A=LDN,
C1=LD16:8,O= LD24:0. Broken lines = 10°C, solid lines = 16°C, n.s. = not significant•
• indicatessignificant interaction between photoperiod and temperature.
(Jobling, 1982; Brix, 1992), where 12F is the water
flow (dm3'h-1), through the tank, (5/302 the difference
in 02 concentration between the inlet and outlet
water, and B is the total biomass in the tank. As the
biomass of the 10°C groups was lower than of the
16°C groups, water flow was reduced in the 10°C
groups to 12 dm3.min 4 in order to conduct accurate
measurements of the oxygen concentration in the
outlet water. The water flow at 16°C was kept at 20
dm3.min 4 . When analysing the oxygen data we combined three adjacent measurements based on a visual interpretation of the different phases in 02
consumption during the 24-hour cycle. The hour of
first light (dawn) in the LDN groups was used as the
starting point for combining the measurements.
Activity observations were carried out in March and
April 1992. Observations lasted 15 min and were
video-taped for subsequent analysis. Four groups
(tanks) were studied: LDN-10°C, LD24:0-10°C, LDN16°C and LD24:0-16°C. The LD16:8 groups could not
be included for practical reasons. Observations were
performed when feeding commenced (morning), at
noon, and when feeding was terminated (evening);
additional observations were made at: 22.00, 24.00,
02.00, 04.00 Central European Time (CET), and
when feeding commenced the following morning. An
infrared light source and an underwater camera were
used to observe the fish at night in the LDN groups. In

order to quantify the activity, every movement was
recorded and counted. Movement was defined as
every event that involved either vertical or horizontal
movement of the whole fish. Of the 15 min filmed,
three randomly chosen 2-min subsamples were analysed. During feeding hours, filming began at the start
of each feeding pulse. The number of movements
counted in each subsample was divided by the total
number of fish in the tank and by duration of the
period (min), to give activity frequency as movements
• fish-1 • min q.
2.3. STATISTICAL ANALYSIS
To assess for normality of distributions a Kolmogorov-Smirnov test (Zar, 1984) was used. The
homogeneity of variances was tested using the Levene F test (Brown & Forsythe, 1974). Three-way
nested Model III ANOVA (Scheffe, 1959), where the
replicates were nested within temperature and photoperiod groups, was applied to calculate the effect of
photoperiod and temperature on weight, condition
index, oxygen consumption and activity at respective
time periods• The growth rates of the different photoperiod groups were tested in a one-way Model I
ANOVA. Significant ANOVAs were fotlowed by a Student-Newman-Keuls multiple comparison test to
determine differences among experimental groups•
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Fig. 2. Growth rate of juvenile turbot under two temperatures and three photoperiods.
The SGR and GM linear regressions were analysed
using a covariance analysis (Sokal & Rohlf, 1981).
Data on mortality were tested in a chi-square test
(Zar, 1984). If not otherwise stated, a significance
level of 0.05 was used.
3. RESULTS
3.1. MORTALITY
In December a bacterial infection, Aeromonas sp.
(Roberts, 1993) was detected in the fish (O.M. Rodseth, Institute of Marine Research, Bergen, pers.
comm.). Oral antibiotica, Flumequine; 30 mg.kg-l.d "1,
treatment was given from 13 December to 18 DecemTABLE 1
Results from growth rate - geometric mean weight regression
of juvenile turbot at two temperatures and three photoperiods. The regression equation is given as Yi = cc+ ~Xi.o~is the
regression constant, I~is the regression coefficient, and R2 is
the coefficient of correlation. In the regression,/4o: ~ = 0; thus
rejection (p < 0.05) means that growth of the fish varies with
size.
a
p (~)
Rz
n
b
p ~)
LD24:0-16°C
LD16:8-16°C
LDN-16°C
LD24:0-10°C
LD16:8-10°C
LDN-10°C

9 -0.015 <0.001
9 -0.008 <0.001
9 -0.012 <0.001
9 0.005
0.593
9 0.047 0.014
9 0.028
0.009

2.398 <0.001
2.118 <0.001
2.237 <0.001
0.783
0.002
0.086
0.562
0.304
0.051

0.87
0.88
0.97
0.04
0.78
0.64

ber. An average mortality of 11.6% was recorded.
The mortality was higher at 10°C (17.2%) than at
16°C (6.0%). Total treatment mortality was significantly higher at 10°C than at 16°C (XL= 44.89, p <
0.01 ). Mortality varied among photoperiod groups and
was significantly higher in the LD16:8 groups at both
temperatures than in the LDN groups (X2= 11.15, p <
0.01, X2 = 16.67, p < 0.01 ). No differences were found
in mortality of the LDN and LD24:0 groups at both
temperatures. A size-dependent mortality was found
as the dead fish were significantly smaller than the
surviving fish (t-test) in the LD16:8 groups at 16°C,
and in all groups at 10°C.
3.2. GROWTH
Mean weights were higher at 16°C than at 10°C from
late November onwards (three-way nested ANOVAs,
p < 0.01, Fig. 1). At 10°C the LD24:0 group had
higher mean weight than LDN from early February
onwards. At 16°C the mean weight of LDN and
LD24:0 was higher than that of LD16:8 from early
December to mid-February. The LD16:8-16°C had
the highest final mean weight in late April. However, a
size-dependent mortality was found in this group
which could have led to higher mean weight than
found in the other groups at 16°C. Significant interactions (three way nested ANOVAs, Fig. 1) between the
effects of photoperiod and temperature on mean
weights were found from mid-February onwards.
At 10°C the fish on LDN showed a growth pattern
(Fig. 2) where growth rate changed according to
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Fig. 3. Growth rate-geometricmean regression of juvenile turbot at 10°C (a) and 16°C (b).
Symbols: - - - and A= LDN, - - - - and I=LD16:8,
and O= LD24:0. The regression
equations are given in Table 1. Replicates are combined. The growth rates during acclimation are not included in the analysis.
changes in day length, reaching a low in January and
increasing throughout the study. In contrast, at 16°C
growth rate of the LDN group was highest in November and decreasing throughout the experimental
period.
Under both thermal regimes the growth pattern of
LD24:0 groups differed from that of the LDN groups
(Figs 2 and 3). At 10°C the LD24:0 groups had a
higher growth rate than LDN groups between midDecember and late March. In this period the LD24:0
groups displayed a significantly higher growth rate
than the other groups at 10°C (one-way ANOVA, F218
= 3.90, p = 0.038). At 16°C the LD24:0 groups had a
higher growth rate than LDN groups from midDecember to late January. Growth rate at 10°C and
16°C showed a different pattern and was highly significant (ANCOVA, F2 48 = 278.29, p < 0.001, Fig. 3).
The size specific growth rate differed between the
two temperatures. Growth rate at 10°C increased with
increasing weight in the LDN and LD16:8 groups (Fig.

3a, Table 1). The LD24:0 groups showed a different
growth pattern, displaying onl X a weak correlation
between growth and weight (RL = 0.04, Table 1). At
16°C all groups showed a decline in their growth rate
with increasing weight (linear regression, p < 0.005,
Fig. 3b, Table 1).
3.3. CONDITION INDEX
The regression coefficients were not significantly different (ANCOVA, F 1 1376 = 1.28, p > 0.5) so a common J3-value could be used to calculate the condition
index. The common 13-valuewas 2.87, which gave the
condition index (K):
K = 100 W . L-287

The condition index declined in all groups from early
November until mid-January (Fig. 4). Between midJanuary and late March the condition index was
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LD24:0 groups on both thermal regimes had higher
02 consumption than the respective LDN and LD16:8
groups (three-way nested ANOVAs, p < 0.005). From
late morning until late afternoon (10.00-18.00) 02
consumption peaked and plateaued, with only slight
differences among the different treatment groups
within thermal regimes. As feeding ceased in late
afternoon the 02 consumption declined in all groups,
the changes being less pronounced in the LD24:0
group than in the LDN and LD16:8 groups.
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Fig. 4. Condition index of juvenile turbot reared under two
temperatures and three photoperiods. A=LDN, I=LD16:8,
O = LD24:0. a. Broken lines = 10°C, b. solid lines = 16°C.
Due to disease in the fish, length was not measured at 10°C
in December.
higher at 16°C than at 10°C. The condition index of
the 10°C groups increased from mid-February
onwards. In April there were no longer significant differences among the experimental groups.
At both temperatures the LD24:0 groups had generally a higher condition index than the LDN groups
(Fig. 4). At 16°C both the LD24:0 and LD16:8 groups
displayed generally higher Kthan LDN.
3.4. OXYGEN CONSUMPTION
At both temperatures the LDN groups showed a clear
diurnal rhythm in their 02 consumption (Fig. 5) with
an increase in 02 consumption in the morning following commencement of feeding and a decline in Q2
consumption in the afternoon. The LD16:8 groups
showed a diurnal rhythm in 02 consumption similar to
that of the LDN groups.
The LD24:0 groups showed a different diurnal
rhythm in 02 consumption (Fig. 5). At night the

The overall activity was lower at 10°C than at 16°C
(Fig. 6). At night the activity of the LDN groups was
low, and it was generally lower for LD24:0-10°C than
for LD24:0-16°C. All groups showed a distinct diurnal
activity pattern, with greatest activity in the morning at
commencement of feeding (Fig. 6) followed by a
gradual decline until late afternoon. Activity declined
rapidly in the afternoon in the LDN groups and was
very low at night (Fig. 6). From late afternoon and at
night the activity remained stable or decreased only
slightly in the LD24:0 groups. The nocturnal activity of
the LD24:0 groups was always significantly higher
(three-way nested AN©VAs, p < 0.005) than in the
LDN groups. At the commencement of feeding the
LD24:0 groups were always more active (three-way
nested ANOVAs, p < 0.01 ) than the LDN groups.
4. DISCUSSION
Growth rate of juvenile turbot was influenced by temperature, fish size and photoperiod. From the beginning of the study until April, the 16°C groups had a
higher growth rate than those at 10°C. This is in
accordance with earlier studies on this species
(Jones et aL, 1981; Heap & Thorpe, 1987). Further,
size-dependent growth was significantly influenced
by temperature. At 10°C there was an inverse relation
between the slopes of the size versus growth rate
regressions, with significant positive slopes in the
LDN and LD16:8 groups. At 16°C, however, all
regressions were negative. The increase in growth
rate with increasing size seen at 10°C indicates that
the optimum temperature for growth shifted downwards as the fish grew larger, in accordance with findings of Heap & Thorpe (1987) and Iglesias et al.
(1987) on turbot, as well as the general pattern suggested by Brett (1979). At 16°C, which is near the
optimum temperature for growth of juvenile turbot
(Jones et aL, 1981), the overall negative correlations
between fish size and growth rate are in accordance
with findings on various other fish species (see review
by Brett, 1979). The relation between body size, temperature and growth seen in this study, and the shift
to lower optimum temperature for growth with
increasing size observed at 10°C may have important
ecological implications. It could, for instance, help to
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Turbot can be found from North Africa and the Mediterranean to the Northeast Atlantic (Nielsen, 1973),
an area characterized by seasonal changes in day
length. Juvenile turbot are observed in large numbers
1.5
in the surf zone of beaches (Liewes, 1984), where
they are frequently found within a depth of 2 m and
thus are exposed to intense sunlight and long days in
1.0
summer. In a study of the ecology of young turbot at
Borth, Wales, Jones (1973) found that growth showed
t-//~.
a distinct seasonal pattern. The growth was rapid in
03
4i'-~- - - ~ ~ ' ~ ~ ' / /
0.5
summer, and very slow in winter. He concluded that
"7¢~t,~'!k---,.
~///
this growth pattern was mainly regulated by temperaE
"\
///
ture, although he suggested that other factors such
0.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
as day length might be involved. Some studies on
(9
other flatfish have, however, not revealed any signifi>
O
2.0
(b)
cant effect of photoperiod on growth (sole, Fuchs,
E
;
1978; Atlantic halibut, Hippoglossus hippoglossus,
Hallar&ker et al., 1995). In contrast, Fonds (1979)
>
1.5
reported seasonal variation in growth rate of sole and
0
plaice reared under natural light regime and at constant temperature. Some effects of photoperiod on
growth rate have been found in other marine species
1.0
(Boehlert, 1981" Folkvord & Otter&, 1993), but these
, \~
~
..~ / , / / ~
findings and those reported by Fonds (1979) are not
~ ' ~ \~,..
.
~
"~./ / //
as dramatic as those found in anadromous species
0.5
--~ -~
-(Stefansson etal., 1989, 1991" Berg etal., 1992).
-& ~
,
'
Studies with anadromous species have shown the
"
importance of photoperiod as a 'zeitgeber' for endo0.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
genous rhythms influencing growth rate and rate of
08
12
16 20
24
04
08 12 development (Eriksson & Lundqvist, 1982; StefansCET
son etal., 1989). The marine environment as a whole
is characterized by seasonal changes in external facFig. 6. Diel pattern in activity of juvenile turbot under two tors which are lower in magnitude than those found in
temperatures and two photoperiods. (a) 19-26 March, (b) shallow lakes and streams. The importance of pho16-23 April. A=LDN, O= LD24:0. Broken lines = 10°C, solid toperiod as a 'zeitgeber' for endogenous rhythms
lines = 16°C. CET=Central European Time.
influencing growth rate could thus be expected to be
somewhat less in the marine environment than in the
freshwater environment. The results of the present
explain why size classes have different spatial distri- study and results from other growth studies on marine
bution pattern,
species (Fuchs, 1978; Fonds, 1979; Boehlert, 1981;
Continuous light enhanced the growth rate above Folkvord & Otter&, 1993; Hallar&ker etal., 1995) supthat of other light regimes in the present study, in port the hypothesis of a reduced growth-promoting
accordance with earlier findings on other fish species, effect of photoperiod on marine species as compared
This growth enhancement was significant at 10°C with freshwater species.
from mid-December to late March, and from midIn a study with wild caught juvenile halibut Haug et
December to late January at 16°C. A growth-promot- aL (1989) reported a seasonal change in condition
ing effect of extended day length and continuous light index with lower K in winter. The results from the
is well documented for salmonids in freshwater present study also indicate seasonal changes in
(Saunders etaL, 1985; Stefansson etal., 1989; Berg growth and condition index in juvenile turbot, in
etaL, 1992) and postsmolts in seawater (Kr&kenes et accordance with these earlier findings on flatfish in
al., 1991). Similar results have been found in studies nature. The condition index was significantly lower in
with some marine fish (Fonds, 1979; Boehlert, 1981; winter than in late autumn and early spring. At both
Folkvord & Otter&, 1993). In the present study, how- temperatures the LD24:0 groups had highest K in
ever, the overall effects of photoperiod were less pro- winter indicating that these groups added more
nounced and the duration of the growth enhancement somatic tissue than the other experimental groups. In
at continuous light shorter than previous studies on nature seasonal changes in growth have been seen
anadromous species, suggesting that juvenile turbot in halibut (Sigurdsson, 1956) and in turbot (Jones,
have a photo-response which differs from that of 1973), with more rapid growth in summer and autumn
anadromous species,
than in winter.
2.0
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GROWTH AND ACTIVITY OF JUVENILE TURBOT
Photoperiod affected the oxygen consumption of
juvenile turbot. This was most clearly demonstrated at
night when the LD24:0 groups invariably had a higher
02 consumption than the LDN and LD16:8 groups at
corresponding temperatures. Studies on the relationship between photoperiod and oxygen consumption
in fish are scarce. Waller (1992) studied the oxygen
consumption of juvenile turbot in relation to season.
He found that the 0 2 consumption during the evening
and night was higher in summer than in winter and
suggested that this was due to changes in both temperature and photoperiod. The results of the present
study are thus in agreement with his findings. The
exposure of fish to continuous light may have affected
the oxygen consumption directly by altering the level
of activity.
Several studies on fish activity (Verheijen & De
Groot, 1967; Gibson, 1973; MQller, 1978; Fern5 et aL,
1986) show that low activity is to be expected at night.
In turbot, inactive phases at night alternate with active
phases during the day (Champalbert et aL, 1989;
Waller, 1992). In the present study the activity of the
fish in the LDN groups was very low at night, whereas
in the LD24:0 groups the nocturnal activity was
always significantly higher than for the LDN groups.
Thus, it seems evident from the present study that
photoperiod directly affects the activity pattern of turbot by altering the nocturnal activity. This is in accordance with Eriksson (1978), who reported that in
brown bullhead, Ictalurus nebulosus, there was a
direct effect of photoperiod on the amount of activity.
Kryuchkov et aL (1989) studied the daily periodicity of
motor activity of the common carp, Cyprinus carpio,
and concluded that photoperiod exerts a strong influence on motor activity. In some species photoperiod
exerts a stronger influence on motor activity than
does temperature (M[Jller, 1978; Kryuchkov et aL,
1989). Evidence from the present study indicates that
extended photoperiod does indeed exert a strong
influence on activity in juvenile turbot.
5. SYNOPSIS
A growth-promoting effect of continuous light was
seen in the LD24:0 groups but the duration of this
growth enhancement was limited, especially at 16°C.
Greater activity and higher oxygen consumption were
seen in the LD24:0 groups, coinciding with low growth
rate in the LD24:0-16°C groups compared to growth
rate in the LDN and LD16:8 groups.
Boehlert (1978) reported that juvenile splitnose
rockfish acclimated to short photoperiods had higher
standard metabolic rates than those acclimated to
long photoperiods at the same temperature. He found
enhanced growth of the fish in the longer photoperiod
and suggested that the enhanced growth could be
related to a greater scope for growth. In contrast to
Boehlert (1978), the oxygen consumption of the
LD24:0 groups was higher than that of the LDN and
LD16:8 groups, while the growth rate of the LD24:0-
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16°C group was lower than growth rate in the LDN16°C and LD16:8-16°C groups. A possible explanation could be that the lower growth rate in the LD24:016°C group from January onwards, than in the LDN16°C and LD16:8-16°C groups, is related to a limited
scope for growth as a consequence of higher metabolic rates.
The activity of fish is reflected in their oxygen consumption and energy demand (Beamish & Mookherjii,
1964). In this study the fish in the LD24:0 groups
showed greater overall activity than the fish in the
LDN groups. An increased energy demand as a consequence of increased activity has been confirmed in
several studies (Nahhas et aL, 1982; Butler, 1985).
Consequently, because of their greater activity, the
LD24:0 groups would have the highest energy
demand. The fish were not fed at night, but a considerable activity was noted in the LD24:0 groups. This
may have led to an inadequate fulfilment of the
energy requirements of the fish in these groups and
limited their scope for growth. However, in nature
when juvenile turbot live in shallow water at high latitudes (Jones, 1973) they will presumably have
access to food during the entire period of light. Therefore, an investigation is needed on the effect of continuous feeding, or several feedings over the 24-hour
cycle, when juvenile turbot is reared under LD24:0
conditions.
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