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ABSTRACT: The mangrove red snapper (Lutjanus argentimaculatus) inhabits seawater and brackish water environ-
ments, but the optimal salinity for rearing the species in aquaculture systems has never been assessed. Here, triplicate
groups of juvenile L. argentimaculatus (9.16–9.17 g body weight) were reared in various salinities (0, 7.5, 15, 22.5,
and 30‰) for eight weeks; and growth, feed utilization, digestive enzyme activities, muscle quality, and whole-body
composition were investigated at the end of trial. Food rejection and mortality gradually increased over the first three
weeks among fish reared in 0 and 7.5‰ treatments; while the growth performances of the other three remaining
treatments were similar, with a specific growth rates of 1.78–2.08% body weight/day, p > 0.05. However, feed
conversion ratio of the fish reared in 30‰ treatment, which was 4.12 g feed/g gain, was significantly (p < 0.05) lower
than those of the fish reared in 15 and 22.5‰ treatments, which were 5.31 and 5.16 g feed/g gain, respectively. In
addition, it was observed that digestive enzyme activities, muscle quality, and whole-body composition were not affected
by the different levels of water salinity. These findings confirm the euryhaline characteristics of juvenile mangrove red
snapper, and the observed feed conversion ratios support rearing this species in a salinity of 30‰.
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INTRODUCTION

The mangrove red snapper (Lutjanus argentimacula-
tus) is an economically important edible fish found
in the waters of Asian countries, which include Thai-
land, Malaysia, Singapore, and the Philippines; and
Australia [1]. The species is also naturally distributed
in the Atlantic on the coastal shelf from Massachusetts
to Florida and around the Gulf of Mexico [2, 3]. In
areas where the species is available, market demand
and prices are high; and in Southeast Asia, aquaculture
production of the fish is the highest [4].

The mangrove red snapper is a small fish classified
as carnivorous. Adults of the species spawn at deep
offshore reefs [5, 6], and the newly hatched larvae
spend several weeks in the plankton before settling in
brackish coastal waterways, around mangrove forests,
or estuaries [7, 8]. A number of reports have con-
firmed the presence of larvae and juveniles of this fish
in estuaries, coastal areas, and freshwater [6, 9–12].
Although, the breadth of range is a characteristic of a
euryhaline species [13], the tolerance of mangrove red
snapper to hyper- and hypo-salinity could vary with its

development.
Newly hatched mangrove red snapper larvae have

been reported to tolerate abrupt salinity changes from
32‰ to 8, 16, 24, and 40‰ [13]. A growth trial
conducted by Chi and True [9] investigated tolerances
of 10, 17, and 25‰.

However, short-term observations of fish of various
sizes and ages have been made without reference
to feed utilization or existing records, and have not
matched the long-term observations from aquaculture
production. Therefore, the present study aimed to de-
termine the optimal salinity for rearing juvenile man-
grove red snapper. A growth trial covering freshwater,
brackish, and seawater salinities was formulated with
reference to available documents. To match local con-
ditions, a maximum salinity of 30‰, the approximate
salinity of seawater in Thailand, was chosen [14]. The
effects of various levels of water salinity were observed
on fish performance, including survival, growth, feed
utilization, digestive enzyme activities, muscle quality,
and whole-body composition. The findings from this
study would support Thailand’s decision makers on
aquaculture production.
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MATERIALS AND METHODS

Animal protocols

This project was conducted at Phang-Nga Coastal Fish-
eries Research and Development Center, under the
regulation of the Department of Fisheries. All the
animal protocols conformed to the “Ethical Principles
and Guidelines for the Use of Animals for Scientific
Purposes”, National Research Council, Thailand (Ap-
plication No. U1-06514-2560).

Fish trial

Juvenile mangrove red snapper was provided by
Phang-Nga Coastal Fisheries Research and Develop-
ment Center, Phang-Nga, Thailand. Before starting
the eight-week growth trial, the fish were acclima-
tized for two weeks in a 500 l cylindrical plastic tank
(1.8 m diameter ×0.8 m height). The acclimatized
fish were screened and individuals of uniform size
(n= 150, 9.16–9.17 g body weight) were selected and
randomly distributed into five alternative treatments.
Each treatment was conducted in triplicate aquaria
(49 cm wide×50 cm long×38 cm high, containing
70 l of seawater) containing ten fish each. The fish
were reared in diluted natural seawater adjusted to
treatments of 0, 7.5, 15, 22.5, and 30‰ salinity levels.
The water for each treatment was prepared by serially
diluting the natural seawater and, then, dechlorinating
the diluted seawater by aeration with air pumps.

Twice daily, at 09.00 h and 15.00 h, the fish were
fed ad libitum a floating diet for marine carnivorous
fish (Charoen Pokphand PCL., Bangkok, Thailand).
The feed comprised > 42% crude protein, > 6% crude
lipid, < 4% crude fiber, and < 12% moisture. Hand
feeding was used throughout the experiment. Uneaten
feed was collected 30 min after feeding, oven-dried
at 60 °C for 48 h, and weighed. After deducting the
weight of dried uneaten feed, the weight of consumed
feed was used to calculate feed conversion ratios
(FCR). Eighty percent of the water in every aquarium
was changed twice daily, and the water quality pa-
rameter ranges during the trial were pH, 7.03–8.32;
temperature, 25–28 °C; and dissolved oxygen, 5.40–
8.61 mg/l.

Mortality was recorded daily. At the end of the
trial, all the fish were fasted for 24 h and, then,
sacrificed by chilling in ice. The body weight (BW)
and total length of all the fish were recorded. The
BW and the total length values were used to calculate
weight gain (WG), condition factor (CF), and spe-
cific growth rate (SGR). The viscera were carefully
removed; stomach, intestine, and liver were identified
and weighed; and the values were used for the calcula-
tion of stomasomatic index (SSI), intestosomatic index
(ISI), and hepatosomatic index (HSI). Stomachs and
intestines of three fish from each tank were used in the
analysis of digestive enzyme activities. Epaxial white
muscle (n= 3 per tank) from below the dorsal fin was

used for muscle quality analysis. The remaining fish
(n = 4) from each tank were used for the whole-body
composition study.

Survival, growth performance and feed conversion
parameters were calculated as follows:

Survival (%)= 100× final fish number
initial fish number

,

WG (g)= final BW (g)− initial BW (g),

CF= 100× BW (g)

total length (cm)3 ,

SGR (% BW/day)= 100× lnWt − lnW0

t− t0
,

where Wt =mean BW (g) at day t, W0 =mean BW (g)
at day t0,

FCR (g feed/g gain)=
dry feed consumed (g)

wet WG (g)
,

SSI (%)= 100×wet weight of stomach (g)
BW (g)

,

ISI (%)= 100×wet weight of intestine (g)
BW (g)

,

and HSI (%)= 100×wet weight of liver (g)
BW (g)

.

Digestive enzyme activity

Stomach and intestine samples were weighed and
immediately homogenized in cold 0.2 M Na2HPO4-
NaH2PO4 buffer (pH 8) at a 1:3 (w/v) ratio in a
tissue homogenizer (THP-220; Omni International,
Kennesaw GA, USA). The homogenate was centrifuged
at 15,000× g for 30 min at 4 °C. Supernatants were
collected and kept at −20 °C. Following the method
described by Lowry et al [15], protein concentrations
in the crude extracts were assayed using bovine serum
albumin (BSA) as the standard.

Pepsin activity was determined at pH 2 at 40 °C
using a hemoglobin substrate according to the method
of Worthington [16]. One enzyme unit was de-
fined based on an increase of 1.0 in absorbance
at 280 nm. Trypsin (pH 9 at 50 °C) and chy-
motrypsin (pH 7 at 50 °C) activities were assayed us-
ing N-benzoyl-L-Arg-p-nitroanilide and N-succinyl-Ala-
Ala-Pro-Phe-p-nitroanilide as the respective substrates,
following the protocols described by Rungruangsak-
Torrissen et al [17]. In both assays, liberated p-
nitroanilide was determined at 410 nm. Lipase activity
was determined at pH 7.5 at 30 °C using p-nitrophenyl
palmitate as the substrate, according to the protocol
described by Winkler and Stuckmann [18]. Liberated
p-nitrophenol was spectrophotometrically quantified
at 410 nm against the linear range of the standard.
Alpha-amylase activity was assayed at pH 9 at 45 °C
using a soluble starch substrate [19]. Liberated mal-
tose was quantified by spectrophotometry at 540 nm.
One unit of trypsin, chymotrypsin, lipase, and amylase
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was defined as the amount catalyzing the conversion
of 1 µmol of substrate per minute under the specified
condition.

Muscle quality

Protein synthesis capacity

Each frozen muscle sample (approximately 50 mg) was
weighed and sonicated in 1 ml of TRIzol® reagent
(Invitrogen, Carlsbad CA, USA). The sonicated muscle
was mixed with 200 µl of chloroform and centrifuged
at 5,000× g for 10 min at 4 °C to separate RNA (upper
aqueous phase) and protein (lower organic phase)
layers. To precipitate RNA and protein, aliquots of
approximately 200 µl of each layer were mixed with
1 ml of isopropanol, washed with 90% ethanol, and
then dried in a hot-air oven at 55 °C for 20 min. The
dried samples of RNA and protein were dissolved in
1 ml of 0.1 M sodium acetate (pH 5) and 1 ml of
1% sodium dodecyl sulfate (SDS) before spectrophoto-
metrically measuring absorbances at 260 and 280 nm,
respectively. The quantification of RNA and protein
was based on their extinction coefficients of E260 =
40 µg RNA/ml and E280 = 2.1 mg protein/ml, after
comparing to standards of yeast RNA dissolved in
0.1 M sodium acetate buffer (pH 5) and BSA dissolved
in 1% SDS, respectively [20].

Actin and myosin determination

Based on protein denaturation temperature, a dif-
ferential scanning calorimeter (DSC7, Perkin Elmer,
Waltham, Massachusetts, USA) was used to determine
denaturation enthalpy (∆H) of myosin and actin [21].
Approximately 10 mg of white muscle were placed
in an aluminum pan sealed with an aluminum lid;
and the pan was placed in a calorimeter and heated
from 20 to 120 °C at a rate of 5 °C/min in 20 ml/min
of N2. Peaks of individual proteins were identified
according to Schubring [22]; and onset (To), peak
(Tp), and conclusion (Tc) temperatures were labelled
from thermograms. Native myosin and actin contents
were determined from the amount of energy used
to completely denature each protein within a specific
temperature range, and the values were automatically
converted from the areas under peaks in the thermo-
grams.

Whole-body composition

Moisture, crude protein, crude lipid, and crude ash
from the whole-body of reared fish were determined
according to the methods described by the AOAC [23].
Gravimetric analysis of moisture was determined us-
ing oven-dried sample (WOF-155; Wisd Laboratory
Instruments, Wertheim, Germany) at 105 °C for 24 h.
The Kjeldahl analyzer (Kjeltec™ 8100; Foss, Höganäs,
Sweden) and Soxhlet extraction unit (Soxtec™ 8000;
Foss, Suzhou, China) were used for crude protein and

crude lipid analyses, respectively. Crude ash was gravi-
metrically determined using sample burned at 600 °C
for 2 h in a muffle furnace (E30-HT; Thai Furnaces
Engineering, Lampang, Thailand). All values were
expressed as % of wet weight.

Statistical analysis

This study followed a completely randomized design
with triplicate observations and ten fish in each group.
The data were analyzed using the Statistics Pack-
age for the Social Science (SPSS) Version 17 (SPSS
Inc., Chicago, USA). Data were expressed as the tank
means± standard error of means (SEM). Differences
between means were evaluated by one-way analysis
of variance followed by Duncan’s multiple range test
(p < 0.05) as a post hoc test.

RESULTS

Survival, growth, and feed utilization

All fish in 0 and 7.5‰ treatments slowly died within
the first three weeks of the trial, while survival in the
other three treatments was 96.7 to 100% at the end
of trial (p > 0.05, Table 1). Among the 15, 22.5, and
30‰ treatments, growth performances (final weight,
WG, total length, CF, and SGR) and organ indexes (SSI,
ISI, and HSI) did not differ (p > 0.05). Superior feed
utilization characteristics, indicated by lower FCRs,
were observed in fish reared in 30‰ salinity compared
with the 15 and 22.5‰ (p < 0.05).

Digestive enzyme specific activities

There were no differences in specific activities of
pepsin, trypsin, chymotrypsin, lipase, and amylase
among the fish reared in 15, 22.5, and 30‰ treatments
(p > 0.05, Table 2).

Protein synthesis capacity in white muscle

RNA concentrations, protein concentrations, and
RNA/protein ratios (µg/mg) in fish white muscle did
not differ between the 15, 22.5, and 30‰ treatments
(p > 0.05, Table 3).

Myosin and actin in white muscle

The major muscle proteins in mangrove red snap-
per were first characterized using DSC. The To, Tp,
and Tc of muscle myosin were in the ranges (min–
max) of 42.4–46.6 °C, 48.9–51.9 °C, and 52.9–58.4 °C,
respectively. The respective ranges for actin were
65.7–67.7 °C, 70.3–71.9 °C, and 72.9–74.4 °C (Fig. 1).
Based on enthalpy values, the amounts of native form
myosin and actin in white muscle were not significantly
different across the 15, 22.5, and 30‰ treatments
(p > 0.05, Table 3).
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Table 1 Survival, growth performance, and feed utilization parameters of juvenile red snapper (L. argentimaculatus) reared
in different water salinities for eight weeks.

Parameter Salinity level (‰) p-value

0 7.5 15 22.5 30

Survival (%) 0±0b 0±0b 100±0a 100±0a 96.7±3.3a < 0.001
Final weight (g) – – 25.8±1.3 26.6±1.0 30.7±1.5 0.066
Total length (cm) – – 10.5±0.1 10.4±0.1 10.9±0.1 0.235
WG (g) – – 24.8±1.3 25.7±1.0 29.8±1.5 0.066
CF – – 2.23±0.02 2.35±0.02 2.38±0.07 0.105
SGR (%BW/day) – – 1.78±0.08 1.84±0.06 2.08±0.08 0.066
FCR (g feed/g gain) – – 5.31±0.23a 5.16±0.18a 4.12±0.08b 0.006
SSI (%) – – 1.36±0.21 1.76±0.03 2.25±0.09 0.103
ISI (%) – – 1.11±0.06 1.05±0.04 1.14±0.08 0.920
HSI (%) – – 0.81±0.06 0.76±0.05 0.60±0.04 0.619

WG, weight gain; CF, condition factor; SGR, specific growth rate; BW, body weight; FCR, feed conversion ratio; SSI,
stomasomatic index; ISI, intestosomatic index; and HSI, hepatosomatic index. Data are expressed as tank means±SEM
(n= 3). Significant differences are indicated by different superscripts (p < 0.05). Means were tested by one-way ANOVA
using Duncan’s multiple range test for post hoc analysis.

Table 2 Specific activities of main digestive enzymes in juvenile red snapper (L. argentimaculatus) reared in different water
salinities for eight weeks.

Digestive enzyme Salinity level (‰) p-value

15 22.5 30

Pepsin (U/mg protein) 3.22±0.68 3.35±0.30 3.07±0.29 0.549
Trypsin (mU/mg protein) 279±18 275±15 294±8 0.738
Chymotrypsin (mU/mg protein) 139±6 180±9 173±5 0.314
Lipase (mU/mg protein) 32.3±0.2 25.0±2.1 28.3±5.3 0.336
Amylase (U/mg protein) 17.3±2.2 15.6±2.8 14.1±1.8 0.300

Data are expressed as tank means±SEM (n = 3). Means were tested by one-way ANOVA using Duncan’s multiple range
test for post hoc analysis.

Whole-body composition

There were no differences in moisture, crude protein,
crude lipid, and crude ash across the 15, 22.5, and
30‰ treatments (p > 0.05, Table 4).

DISCUSSION

While there were no differences in survival, growth
performance, and organ indexes between the 15, 22.5,

and 30‰ treatments, the FCR was significantly im-
proved in the 30‰ treatment. This finding indicated
that the 30‰ salinity was more suitable for juvenile
mangrove red snapper than the 22.5‰, or the 15‰.
This observation was in partial agreement with the
findings of Chen et al [24], who reported a high sur-
vival rate of mangrove red snapper fingerlings reared
for five days at 30 or 35 °C, within a salinity range of
10 to 40‰. Since L. argentimaculatus is a euryhaline

Table 3 Qualities of white muscle of juvenile red snapper (L. argentimaculatus) reared in different water salinities for eight
weeks.

Parameter Salinity level (‰) p-value

15 22.5 30

Protein synthesis capacity
RNA (µg/g) 1,687±33 1,554±182 1,443±192 0.772
Protein (mg/g) 172±19 187±8 209±8 0.197
RNA/protein ratio (µg/mg) 9.81±0.27 8.01±1.22 6.73±1.42 0.216

Myosin and actin enthalpy
Myosin (J/g) 1.08±0.13 1.19±0.10 1.09±0.13 0.764
Actin (J/g) 0.25±0.02 0.25±0.02 0.26±0.02 0.905
Myosin + actin (J/g) 1.33±0.14 1.44±0.11 1.35±0.13 0.811
Actin/myosin ratio 0.24±0.02 0.22±0.02 0.26±0.03 0.493

Data are expressed as tank means±SEM (n = 3). Means were tested by one-way ANOVA using Duncan’s multiple range
test for post hoc analysis.
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Fig. 1 Thermogram of myosin and actin in white muscle of juvenile mangrove red snapper (L. argentimaculatus). All treatments
showed common thermal characteristics, with only one sample from the fish reared in 30‰ used as representative. To = onset
temperature, Tp = peak temperature, Tc = conclusion temperature.

Table 4 Whole-body compositions (% of fresh weight) of
juvenile red snapper (L. argentimaculatus) reared in different
water salinities for eight weeks.

Component Salinity level (‰) p-value

15 22.5 30

Moisture 72.0±0.5 70.2±1.7 71.8±1.1 0.529
Crude protein 18.0±0.4 19.0±1.0 18.1±0.8 0.647
Crude lipid 2.10±0.23 2.54±0.41 2.20±0.30 0.442
Crude ash 5.45±0.54 5.59±0.50 5.39±0.54 0.965

Data are expressed as tank means±SEM (n = 3). Means
were tested by one-way ANOVA using Duncan’s multiple
range test for post hoc analysis.

fish, larvae and juveniles of the species can be found
in freshwater areas, as well as in estuaries and coastal
areas. Meanwhile, adults spawn in deeper seas on
offshore reefs [5, 6, 10–12]. However, our long-term
trial showed the unsuitability of rearing this species in
freshwater (0‰) and brackish water at 7.5‰. It is
possible that the fish can physically acclimatize their
osmoregulation over a short period of time, such as
during foraging, migration, or spawning. Nonetheless,
the ability to adapt to changes in salinity for a short
duration is of no benefit in aquaculture where fish must
have time to grow reaching the market size.

Chi and True [9] reported a survival rate of ∼40
to 60% after rearing juvenile mangrove red snapper
(∼0.3 g initial body weight) in salinities of 10, 17, and
25‰ for four weeks. In the present study, fish (9.16–
9.17 g initial body weight) reared in salinities of 0‰

and 7.5‰ failed to survive the first three weeks due
to food rejection, whereas fish reared in salinities of
15, 22.5, and 30‰ exhibited relatively high survival
rates (96.7 to 100%) at the end of the eight-week
trial. It is possible that the initial size of the fish and
the duration of rearing, as well as the condition, may
affect the survival of juveniles. In general, younger
fish of many teleost species tolerate a wider range of
salinity than adults [25, 26]. In embryos and yolk-
sac larvae, osmotic pressure is regulated through the
skin, probably with the aid of ion pumps, such as
chloride cells [27]. This assumption is supported by
the observed tolerance to abrupt salinity changes of
newly hatched larvae (day 0) of mangrove red snapper
compared with day 7, day 14, and day 21 larvae [13].

Information regarding the growth performance
of juvenile mangrove red snapper reared in cultured
conditions is still lacking. The growth performance
of juvenile fish in the present study, in terms of SGR,
was within the range observed in other euryhaline
carnivorous fish [14, 28, 29]. Corroborating with our
results, SGR values ranging from 1.45–1.60% BW/day
were reported in mangrove red snapper with an initial
weight of 13.4 g after receiving a practical diet with
45.4% crude protein for 17 weeks [30]. However, the
SGR of fish in this study (1.78 to 2.08%/day) was
inferior to the value reported by Chi and True [9] of
∼4.33%/day. The difference in SGR might be due
to the difference in feeds used in the present study,
which was floating pellets for older juveniles, and the
combination of minced fresh fish and Artemia nauplii
for younger juveniles in the aforemention report.
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Since the correct feeding regime for this species is
still a matter of conjecture, over-feeding was applied in
the present study since it inhibited aggressive behavior
in the juveniles. Consequently, FCRs were relatively
high. Nonetheless, the fish reared in a salinity of
30‰ exhibited superior feed utilization relatively to
the fish reared in 15‰ and 22.5‰. However, the
desirable feed utilization in the preferred treatment
was not sufficient to improve SGR during the eight-
week study period. Prolongation of the rearing du-
ration might clarify the effect of salinity in improving
SGR. In general, marine teleost fish regulate blood
osmotic pressure to maintain the body-fluid salinity
at around 10–15‰ and keep the salt concentration
below the seawater’s level [31, 32]. Hence, the energy
cost of osmoregulation under isosaline and isosmotic
conditions would be lower than under hypersaline
and hyperosmotic conditions. Moreover, fish reared
in suboptimal salinity might ingest more food to gain
sufficient energy for ionic regulation, as well as for
growth compensation [33].

Water salinity could alter pH, ion concentrations
and composition; therefore, the physicochemical con-
dition of the gut would be modified, and the zymogen
activation could be affected [34–36]. In addition,
fish adjusted their drinking rates to control digestive
enzyme activities [36]. Therefore, it was possible to
track the utilization of feed through the activity of di-
gestive enzymes. Based on our observations, different
salinity levels of 15, 22.5, and 30‰ had no effects
on specific activities of proteolytic (pepsin, trypsin,
and chymotrypsin), amylolytic (amylase), and lipoly-
tic (lipase) enzymes. The results suggested that the
enzyme activities of the studied juvenile red snapper
were highly flexible to make ingested food accessible.
Interestingly, our findings were in line with the insignif-
icant effects of salinity on pepsin activity reported in
hybrid grouper (Epinephelus coioides×E. lanceolatus)
reared in salinities of 10, 15, 20, and 30‰ [14] and
the unchanged amylase activity reported in yellowfin
seabream (Acanthopagrus latus) and Asian seabass
(Lates calcarifer) reared in 6, 12, 24, 35, and 48‰
salinities [37]. In general, digestive enzyme activi-
ties are significantly correlated with feed utilization
[38, 39]. However, enzymes involved in nutrient
utilization include not only digestive enzymes that
break down macromolecules, but also enzymes such as
brush-border and metabolic enzymes. Further investi-
gations into these enzymes might reveal the connection
between water salinity and feed conversion.

RNA (protein synthesis capacity), protein, and the
RNA/protein ratio (protein turnover rate) in white
muscle have been used as a sensitive indicator during
growth phases; whereas amounts of myosin and actin,
the major myofibrillar proteins, directly reflect the
quality of fish muscle [21, 22, 29]. For proximate com-
position, the values are associated with many aspects

of fish biology and ecology such as appetite, growth,
feed utilization, survival, and reproduction [40]. In
the present study, no negative effects of salinity were
observed in the analyses of muscle quality and whole-
body composition. These findings indicated that fish
maintain muscle quality and body composition when
reared in different salinities.

In conclusion, based on our observations in the
present growth trial, juvenile mangrove snapper ex-
hibited euryhaline traits. They tolerated freshwater
(0‰) and slightly brackish (7.5‰) conditions for a
short time. Although the fish briefly tolerated these
conditions, they increasingly rejected food; and 100%
mortality occurred at week 3. Therefore, the fish
should not be reared for a long-term under these
conditions in an aquaculture system. In the salinity
treatments of 15, 22.5, and 30‰, all fish grew at
similar rates, but the 30‰ treatment fish exhibited a
superior feed utilization. The unchanged parameters
over a wide range of salinity strongly supported the
plasticity of these fish to compensate growth, digestive
functionality, muscle quality, and whole-body compo-
sition. Our findings suggested that juvenile mangrove
red snapper should be reared in a salinity of 30‰
to maximize feed conversion. Further studies on diet
quality and feeding practice might benefit the rearing
of mangrove red snapper (L. argentimaculatus) in less
saline conditions.
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