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Abstract:

The compensatory growth of juvenile brown flounder (Paralichthysolivaceus) with an average initial weight of 0.8g
exposed to high temperature for a single phase of different length was determined. Nine hundred juvenile flounders
were randomly distributed in 15 re-circulating glass aquaria. The fish were exposed to high temperature 26°C for 0
(control group), 10, 20, 30 and 40 days, followed by optimal temperature 20°C for 70, 60, 50 and 40 days, respectively.
The weights of fish exposed for 10 and 20 days to 26 °C were recovered to the levels of control fish, while those of
the other two treatments for 30 and 40 days to 26 °C were still significantly lower than the control. During the high
temperature stress for different length, weight, specific growth rate (SGR) and feed conversion efficiency (FCE) of fish
were significantly lower, while the feeding rate (FR) were higher (P <0.05) than those of fish in the control treatment
(P <0.05). There were no significant differences in feeding rate between the high temperature for 10 and 20 days and
control treatment during the recovery period. The feed conversion of high temperature exposed fish improved in re-
covery periods but not exceed the control treatment. Analysis of the data indicated that the compensatory growth in the
recovery period depended on greatly improved feed conversion efficiency and slightly higher feeding rate. Results of
this study support a reference function and have practical significance for juvenile P.olivaceus culture and enhancement.
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ate a false illusion that high temperature adaptability of teleosts
is inferior to low temperature adaptability. It also obstructs the
better development of the culture of some economical import-
ant fish. The brown flounder (Paralichthysolivaceus), is one of
the most important species for mariculture and enhancement in
the coastal areas of northern Chinal'”, The optimal temperature
range for brown flounder (20-25°C at 4-176 g) decreases in
proportion to body mass (c. 15°C when fish mass is >700 g)!''l.
So, culture of brown flounder rarely encountered the challenge
of high temperature in northern china. In recent years, brown

Introduction

Temperature is a dominant abiotic factor controlling
feeding and growth, it is of high interest to study the effects of this
critical ecological factor on fish growth performances. Reports
revealed that temperature could be manipulated to achieve com-
pensatory growth in several species of teleosts. Following being
kept at low temperature for a period, compensatory growth ap-
peared in Atlantic salmon (Salmo salar)"3, Arctic charr (Salve-
linusalpinus)!", Mossambicatilapia (Oreochromis mossambicus)
Bl Atlantic cod (Gadusmorhua), Schlegel’s black rockfish (Se-
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tory growth achieved by high temperature manipulating is still
scarcely reported, except for!® reported the complete compensa-
tory growth of juvenile brown flounder following 10 days 26.5
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flounder was also cultured in outdoor ponds, indoor tanks, and
net cages in southern coastal regions. In this case, they may be
exposed to a long term high temperature in summer. So poten-
tial mechanism to adaptive the pressure of high temperature is
crucial for this species, or it would be disadvantageous in an
environment which high temperature last for a long period.
Observed completely compensatory growth of brown flounder
following a short period of warm water exposure and concluded
that short periods of high-temperature stress may not delay the
annual growth of brown flounder. But high temperature could
last for several months in coastal areas of southern china. The
capacity of high temperature induced compensatory growth
would be important to selection of site, time, and size of fry for
brown flounder culture. So, the present study was based on pre-
vious research and extended to investigate whether the juvenile
brown flounder could compensate the growth delay caused by
longer period of high temperature exposure.

Material and Methods

Source and acclimation of fish

The juvenile P. olivaceus used in the present experiment
were collected from a commercial fish hatchery in Wendeng,
Shandong Province, P.R. China. The study used experimental
ecology methods and was conducted from April 20", 2011 to
June 4", 2012 in the laboratory of Ocean University of China.
The juvenile fish purchased were about 70 days old and weighed
about 0.5 g. Prior to the experiment, the fish were transferred
to aquaria (150 x 200 x 100 cm, about 3 m?) with recirculating
water at controlled temperature and experienced a 15-day accli-
mation period, during which the water temperature was about 20
°C and the fish were fed commercial formulated feed to satiation
level twice a day (at about 07:00 and 18:00). The composition of
the feed was: moisture 13.9 g/kg, protein 486.8 g/kg, lipid 227.0
g/kg, carbohydrate 182.9 g/kg, ash 62.5 g/kg, and energy 23.65
MlJ/kg.

Experimental design

Following acclimation, the fish experienced 24 h food
deprivation, then 900 healthy fish with an initial mean weight of
about 0.8 g were selected and randomly assigned to 15 aquaria
for five treatments. The fish were exposed to 5 different treat-
ments: the fish of controlwere continuously reared at optimal
temperature 20°C and the fish of other four treatments were
reared at high temperature 26°C for10 days (H10) and recovery
20°C for 70 days, high temperature 26°C for20 days and recov-
ery 20°C for 60 days (H20), high temperature 26°C for 30 days
and recovery 20°C for 50 days (H30), and high temperature 26
°C for 40 days and recovery 20°C for 40 days (H40) respec-
tively. When high-temperature exposure finished, the tempera-
ture was gradually adjusted to 20°C within 3 days to observe
the compensatory growth. Three aquaria were assigned to each
treatment and each aquarium was stocked with 60 fish.

Rearing conditions

Juvenile P. olivaceus were held in glass aquaria (800 x
500 x 350 mm, water volume 140 L) with re-circulating water
at controlled temperature (electronic-controlledheating rods and
chillerwas adopted to keep the water temperature). Aeration was
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provided continuously and the water flow rate for each rearing
unit was around 3.0 L/min. During the course of the experiment,
dissolved oxygen was maintained at > 5.5 mg/L, pH about 7.8,
salinity between 30 and 33. A simulated natural photoperiod
(14L: 10D) was used.

Sample collection and analysis

During the experiment, fish were starved for 24 h every
tenth day and then weighed. Daily feed supplied was weighed
and recorded. Uneaten feed was collected after feeding 1 h and
then dried to constant mass in an oven at 70°C. An experiment
was designed to measure the feed mass loss caused by immer-
sion in sea water over 1 h.

Calculation of data

Specific growth rate (SGR), feeding rate (FR), and FCE
were calculated each ten days, and during the whole experimen-
tal period, high-temperature exposure period, and recovery peri-
od, respectively. SGR (% weight/d), FR (% weight/d) and FCE
(%) were calculated as follows:

SGR= 100 x In (Wt2/Wt1)/(t2-t1)
FR= 100 x FI/((Wt2+ Wt1)/2)/(t2—t1)
FCE = 100 x (Wt2-Wt1)/FI;

Where t2 and t1 were the final and initial time in the
experiment, and Wt2and Wtl werethe weight at the final and
initial time, respectively. FI was feed ingestion during the period
of the experiment.

Statistical analysis

Statistics were performed using SPSS statistical soft-
ware (SPSS 11.5 for Windows; SPSS, Chicago, IL, U.S.A.). The
comparisons among the body weight of fish in different treat-
ments were tested by one-way ANOVA and Duncan’s multiple
range tests were used to test the differences of each variable
between treatments. The data of specific growth rate (SGR),
feeding rate (FR), and feed conversion efficiency (FCE) were
analyzed by ANCOVA. Differences were considered significant
at a probability level of 0.05.

Results

Weight and specific growthrate

Following different lengths of high-temperature expo-
sure, the body weights of fish were significantly smaller than the
control (Figure 1). After being transferred to 20°C, the weight
of fish exposed to 10 days high temperature caught up to the
control weight in 10 days and the weight of fish exposed for 20
days caught up to the control weight in 40 days (no significant
difference was observed at the twentieth and thirtieth day after
temperature adjusting, but they were still smaller than the con-
trol) (Figure 1). Weight of fish exposed to 26°C for 30 days and
40 days were still significantly lower than the control at the end
of the experiment (Figure 1).
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Figure 1: Body fresh weight (g) of the juvenile P.olivaceus. Column
without same letter in the same cluster were significantly different from
each other (P<0.05).

It was found that the SGRs of high-temperature ex-
posed fish were significantly lower than in days 1-10 and were
not significantly different from the control in any of the follow-
ing periods (Figure 2). Compared to the control, significantly
higherSGR only appeared in fish exposed for 10 days high tem-
perature for 11-20 days (the first ten days of recovery) and no
difference between high-temperature exposure and the control
was observed in recovery periods (Figure 2). SGR of the whole
experimental period after 30 and 40 days high-temperature
exposure were significantly lower than the control (Figure 2).
During 26 °C exposed periods, the average SGR of all fish were
significantly lower than the control (Table 1). For the recovery
period, average SGR of 10and 20-day exposed fish were slightly
higher than the control, whereas the average SGR of 30 and 40-
day exposed fish were slightly lower than the control (Table 2).
Average SGRs in all recovery treatments were not significantly
different to the control (Table 2).

Table 1: Specific growth rate (%weight/day) of juvenile P. olivaceus
during exposure to high temperature

Periods | 10 days 20 days 30 days 40 days
(days)

High-tem- | 8.52 +16.38 +15.96 +1]5.26 +
perature ex- | 0.17* 0.02%* 0.02%* 0.02*
posure

control 9.46+0.07 | 7.25+0.11 | 6.22+0.04 | 5.85+0.11

* indicates significant difference between high-temperature exposure
and control.

Table 2: Specific growth rate (%oweight/day) of juvenile P. olivaceus
during recovery periods

Periods | 70 days 60 days 50 days 40 days
(days)

recovery 3.63+0.05 | 3.48+0.09 |2.83+0.15 | 249+0.11
control 3.51+0.07 | 3.27+0.01 |3.10+£0.09 | 2.67 +0.01

* indicates a significant difference between recovery and control
(P<0.05).
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Figure 2: Specific growth rate (%.d-1) of the juvenile P.olivaceus. Col-
umn without same letter in the same cluster were significantly different
from each other (P<0.05).

Feeding rate

Through the first 20 days of exposure to high tempera-
ture (only 10 days for 10-day exposed fish), the FRsof fish were
significantly higher than the control and FR of 40-day exposed
fish were higher than the control at 31-40 days (Figure 3). In dif-
ferent periods of recovery, only the FR of 20 and 30-day exposed
fish during 41-50 and 71-80 days respectively, were higher than
the control (Figure 3). It was found that throughout the whole
experiment period, FR after 30 and 40 days high-temperature
exposure were obviously higher than the control, and FR after
10 and 20 days exposure were slightly higher than the control
(Figure 3). For the whole period of exposure to high tempera-
ture, FR of 20, 30, and 40-day exposed fish were obviously high-
er than the control and FR of 10-day exposed fish was slightly
higher than the control (Table 3). For the whole recovery period,
FR of high-temperature exposed fish was slightly higher than the
control (Table 4).

Table 3: Feeding rate (%weight/day) of juvenile P. olivaceus during
exposure to high temperature

Periods | 10 days 20 days 30 days 40 days
(days)

High-tem- | 536 £ 0.17 | 5.1540.26* | 4.09+0.19* | 3.26 + 0.11
perature ex- *

posure

control 4.66+0.12 | 3.92+0.09 | 3.21+0.03 | 2.48+0.01

* indicates a significant difference between high-temperature exposure
and control.

Table 4: Feeding rate (%weight/day) of juvenile P. olivaceus during
recovery periods

Periods | 70 days 60 days 50 days 40 days
(days)

recovery 1.59+0.06 | 1.71 £0.05 | 1.75+£0.11 | 1.62 +£0.09
control 1.53+0.04 | 1.59+£0.04 | 1.62+0.06 | 1.59 +0.05

* indicates a significant difference between recovery and control.
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Figure 3: Feeding rate (% body weight.d™!) of the juvenile P.olivaceus.
Column without same letter in the same cluster were significantly dif-
ferent from each other (P<0.05).

Discussion

For most fishes, growth rate is positively related to tem-
perature as it is below the optimal temperature for growth, but the
growth rate of fish would decrease (still higher than the growth
rate at lowtemperature) as temperature exceeded the upper lim-
itation of suitable scopel'>'). In general, fish reared at high tem-
perature would consume large amount of food no less thanfish
reared at optimal temperature for growth!'*!4"1, But large food
consumption at high temperature may not result in fast growth.
Fish consume more food at high temperature could attributed to
fast stomach evacuation!. But as they allocated more energy
in metabolism of maintenance demand!”2%?%, less energy could
be used to growth andpoor feed conversion efficiency(FCE) or
feed conversion ratio (FCR)appeared!'*!¢1%221, Thus, fish reared
at high temperature growth slower than those reared at optimal
temperature. Juvenile brown flouder reared at 26.5°C for 10
days consumed slightly lessfoodthan those reared at 22.0°CI6-3,
In the present study, feeding rate of fish exposed to high tem-
perature was significantly higher than the control as they were
challenged by high temperature for 20, 30, and 40 days (table 3).
But similar to previous study, Juvenile brown flounder reared at
26.5°C did not grow faster than fish reared at optimal tempera-
ture (22.0°C). As revealed by the previous energetics study on
brown flounder, fish consumed more oxygen and excreted more
ammonia at high?®2! and it meant more energy demand for me-
tabolism maintenance!'?! believed that more energy expenditure
on metabolism and excretion in juvenile brown flounder reared
at high temperature leaded to less energy deposition. And it ac-
counted for poor growth and feed conversion efficiency of high
temperature stress period in the present study and previous study
conducted by™. Compensatory growth of fish is considered as
an important ecological strategy to adaptive fluctuant environ-
ments!!#231, Several species demonstratedhigh capacity of low
temperature adaptivity by compensating the growth depres-
sion caused by low temperature!’>#%], High temperature stress
induced compensatory growth was rarelyreported. Consistent
withthe findings ofl¥), juvenile brown flouder achieved com-
pletely compensatory growth following being reared at 26.5°C
for 10 days and 20 days. But no compensatory growth appeared
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in 30 and 40 days high temperature exposuregroup.It suggested
thatjuvenile could be reared at 26.5°C for no longer than 20 days
and it would not produce negative effects on the growthin a long
period.In another benthic fish, tongue sole (Cynoglossussemi-
laevis), complete compensatory growth appeared in juvenile fish
reared at 28°C for 2 and 3 weeksP!. It could be concluded that
of brown flounder and tongue sole possess similar adaptivity to
high temperature. Brown flounder and tongue sole are important
species for mariculture and enhancement in coastal China. The
culture and enhancement of these two species were developed
firstly in northern coastal region of China and spreaded to south-
ern coastal region of China in the recent years. High temperature
would occur more frequently and last for longer time in southern
coastal region of China. The results of the present study and®
exhibited high capacity of high temperature adaptively of brown
flounder and tongue sole. Overall, these findings may have im-
portant consequences for optimization of culture and enhance-
ment of brown flounder and tongue sole.

Compensatory growth was defined as a phase of ac-
celerated growth when favorable conditions are restored after
a period of growth depression®, so higher growth rate of fish
was the main feature of this stage. The time length of this phase
differs among fish species and studies!'*¢#92627] In the pres-
ent study, juvenile fish reared at high temperature for 10 days
need only 10 days to achieved completely compensatory growth
and juvenile fish reared at high temperature for 20 days need
more than 30 days (Figure 1). As mentioned by?®], for those fish
achieved partially compensatory growth, specific growth rate
(SGR) could not be used as a direct parameter to discriminate
compensatory growth and should be adjusted (several methods
provided in their review). It was also difficult to point out in
“which 10 days” the compensatory growth occurred in fish re-
ceived 20 days high temperature exposure because no phase with
significant higher specific growth rate (SGR) appeared (Figure
2), though completely compensatory growth appeared (Figure
1). So, it could be supposed that the compensatory growth of
juvenile brown flounder in this treatment was not burst in a short
period, but continuous and cumulative.

So far, the mechanisms for compensatory growth of
P.olivaceushave been mostly explained as individual, mostly
by analyzing the dynamics of feeding, feed conversion efficien-
cy and energy use in stress and recovery period. Compensato-
ry growth is partly a response to hyperphagia® and improved
FCE B%31, Compensatory growth in P.olivaceusexperienced low
temperatures could be attributed to improvement in the feeding
rate!®!27], Similar results have also been reported in other fish
speciest?’l. However, improved feed conversion efficiencies have
been observed in other studies®™*'? found that higher feed effi-
ciency and apparent digestion rate during recovery period might
account for the compensatory growth in tongue sole following
high temperature exposure. In the present study, juvenile brown
flounder reared at 26.5°C for 10 days and 20 day achieved com-
pletely compensatory growth. Superficially, in high temperature
exposed juvenile brown flounder, only short-term significant
higher feeding rate appeared in recovery periods and the feed
conversion did never exceed the control. This may lead to a false
conclusion that the compensatory growth of the present study
achieved mainly by higher feeding rate, hyperphagia. Careful
analysis of the data in table 3-6 indicated that in the recovery
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periods, the feed conversion efficiency (FCE) of high tempera-
ture exposed fish improved greatly. Though FCE were not better
than the control, but the gap, which were larger than 40% in
high temperature stressing period, narrowed to not obviously in
treatments and achieved completely compensatory growth. On
the contrary, though the feeding rate of these two treatments in
recovery periods did not fall below the control, the gap between
high temperature exposed fish and the control reduced to not
obviously. It means that no continuous hyper phage appeared in
recovery periods. So, it could be concluded that the compensa-
tory growth of the present study should mainly be attributed to
greatly improvement on feed conversion efficiency and slightly
higher feeding rate played a less important pole. Results in the
present study on brown flounder and™ study on tongue sole indi-
cated that though hyperphagia played an important role in com-
pensatory growth for feed-restricted fish, it may not be a major
pole in the compensatory response in high temperature stressed
fish.

Conclusion

In conclusion, this study presents the length of high
temperature exposure and growth of juvenile brown floun-
der (Paralichthysolivaceus) and the underlying compensatory
mechanisms. The high temperature stress period should not ex-
ceed 20 days. Once high-temperature exposure reached 30 days,
the fish could not gain complete compensatory growth in 50
days. The slow growth of juvenile brown flounder exposed to
high temperature was caused primarily by low FCE, the com-
pensatory growth in the recovery period depended on greatly
improved feed conversion efficiency and slightly higher feeding
rate.
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