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Abstract

The physiological and gill health responses of juvenile spotted rose snapper (Lutjanus gut-
tatus) were evaluated at four salinities—8, 16, 24, and 32‰—over a 70-day period. Fish
reared at 8‰ exhibited the highest final body weight (126.8 ± 2.6 g), which was signifi-
cantly higher than their congeners kept at 24‰ (116.0 ± 2.3 g) and 32‰ (116.0 ± 2.3 g).
This superior growth at 8‰ coincides with the complete absence of parasitic monogenean
infestations. In contrast, parasite prevalence increased with salinity, reaching 87.5% at
24‰, and was associated with gill pathologies like hyperplasia. Plasma osmolality and
chloride levels decreased at lower salinities, while sodium and potassium levels showed
a compensatory increase. Plasma cortisol and glucose levels remained stable across all
treatments, indicating an absence of chronic stress. These findings suggest that the optimal
rearing salinity for juvenile L. guttatus is near 8‰. The enhanced growth at this salinity
appears to be the result of a net energy gain, stemming from a trade-off between the minor
cost of osmoregulation in a hypo-osmotic environment and the major energetic benefit of
avoiding parasitic disease.

Keywords: spotted rose snapper; salinity; growth; osmoregulation; physiological response

Key Contribution: This study identifies the optimal rearing salinity for juvenile L. guttatus near
8‰. The key contribution is the finding that this optimum is not solely due to osmoregulatory
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energy savings but is strongly linked to improved gill health via the complete avoidance of
monogenean parasites. This highlights the potential of using low salinity as a dual-purpose tool
for enhancing both growth and health management in snapper aquaculture.

1. Introduction
A key premise in aquaculture is to diversify production with new species and/or

methodologies that enable adapting production to different culture environments [1,2],
including adapting marine fish to farming in low-salinity conditions. Adapting marine fish
to farming in low-salinity conditions is a key goal in aquaculture diversification, offering the
potential for inland production, reducing reliance on coastal areas, and potentially lowering
operational costs associated with water management. Salinity is a critical parameter in
the marine environment that can alter the osmotic balance of organisms by affecting
their metabolism and biological rhythms, as it directly influences osmotic regulation and
hormone and enzyme levels [3,4]. Euryhaline fish can maintain a stable internal osmotic
balance by regulating osmotic pressure across the gills, kidneys, and intestines. However,
abrupt changes in salinity can alter this mechanism, affecting the internal environment and
energy distribution [5–7].

The energetic cost of osmoregulation for marine teleosts is not negligeable, and it is
generally accepted that minimizing the osmotic gradient by rearing fish in lower salinities
allows for the reallocation of energy towards growth [8,9]. In this study, we selected a
range of salinities from 8‰ to 32‰ to evaluate the physiological response of L. guttatus
from a strongly hypoosmotic condition up to full-strength seawater, aiming to define its
tolerance range and identify an optimal level for aquaculture in estuarine environments.
This capacity would open up new aquaculture possibilities in estuarine areas and even in
freshwater environments.

To determine the effects of salinity on marine fish kept in captivity, it is common to use
biochemical blood analyses that allow the determination of how the concentration of salts
in the water affects the concentration of serum or plasma electrolytes (Na+, Cl−, K+) [3,10],
cortisol levels [11,12], osmolality [3,10,11,13], and glycemia [3,8,12]. The effects of salinity
on the tissues and cells of the gills and the intestine have also been analyzed [3,8,10].
The goliath grouper (Epinephelus itajara) can gradually adapt and survive in waters of
low salinity (30‰ to <1‰) [6], and even in freshwater. Suárez-Bautista and Rodríguez-
Forero [14] found that swordspine snook (Centropomus ensiferus) is a species with great
ion regulation capacity, where ion concentrations in the internal environment are not
affected by salinity in the external environment (0‰, 10‰, and 20‰). Watson et al. [15]
demonstrated that the red drum (Sciaenops ocellatus) effectively regulates Na+ balance
upon exposure to freshwater while also regulating ion excretion mechanisms, which has
enabled a physiological adaptation for the culture of this species in freshwater. In other
species, such as the shi drum (Umbrina cirrosa), the osmoregulatory tolerance limit towards
low salinity is lower, as studies have shown that this species does not experience any
osmoregulatory imbalance until it reaches isosmotic salinity (10‰). In contrast, specimens
raised in hypoosmotic water (4‰) showed osmoregulatory deterioration and low growth
performance [10]. This capacity to adapt to a wide variety of conditions in fish implies that
correctly establishing osmoregulatory tolerance limits can not only open the possibility of
culturing them in low salinity but also allows for determining the range of salinity where
growth can be optimal. This information can be used to identify the optimal areas for the
sustainable culture of marine fish, thereby achieving adequate Marine Spatial Planning
in areas where other activities co-occur [16]. In addition, marine fish culture in brackish
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waters brings cultures closer to land areas, thereby reducing production costs (such as
transportation and security) and the risk of frequent adverse environmental conditions in
the open sea. Additionally, greater control over wastewater discharge can be achieved, for
example, through the use of Recirculating Aquaculture Systems (RAS) [17].

The L. guttatus is considered a promising candidate for the development of commercial
marine fish farming on the tropical and subtropical Pacific coast of Latin America in the
species range that extends from the Gulf of California to Peru [18] and has an attractive ex-
port market in the U.S. [19]. This species has been extensively studied in Mexico and Costa
Rica, achieving significant advances in all culture phases (reproduction, larval culture, and
fattening) [16,19–21]. Importantly, juveniles of this species are frequently found in estuarine
and mangrove areas, indicating a natural tolerance to variable and lower salinities during
this life stage [22]. Previous studies on this species found a tendency to improve growth at
salinities lower than 30‰, with acceptable performance down to 15‰ [23,24]. However,
its physiological responses and performance limits at salinities below this level remained
unknown. Furthermore, snapper species in aquaculture are often susceptible to ectopara-
sitic monogenean infections, which can impair health and growth [25]. As the viability of
many monogenean species is salinity-dependent, investigating the effects of low-salinity
rearing on both fish performance and parasite load is of significant practical importance.

Therefore, the objective of this research was to determine the physiological response of
spotted rose snapper at different environmental salinities (8–32‰) to establish the optimal
growth range and culture potential of this species.

2. Materials and Methods
Juveniles of L. guttatus were selected from a population of 1500 specimens that were

kept in a 10,000 L tank (salinity = 32‰) and were produced from captive broodstock at the
Aquaculture and Biotechnology Laboratory of the Pacific Marine Park, Puntarenas, Costa
Rica (9◦58′36.23′ ′ N; 84◦49′42.21′ ′ W).

2.1. Experimental Design

As an initial reference, 8 juvenile subjects were randomly selected from population to
determine their weight, total length (TL), hepato-somatic index (HSI%), viscero-somatic
index (VSI%), and blood biochemistry (Figure 1). In the experimental phase, the physi-
ological response of juvenile L. guttatus (46.0 ± 7.6 g, 14.00 ± 0.8 cm: mean ± standard
deviation) to different seawater salinities (8‰, 16‰, 24‰, 32‰) was determined in an
experimental random block system of four treatments with four replicates each, for a 70-day
period (Figure 1).

A total of 480 juvenile L. guttatus, were randomly distributed in 16 (1300 L) circular
fiberglass tanks (1.5 m diameter; 0.75 m water depth). Treatments (T) were as follows:
salinity 8‰ (T1), 16‰ (T2), 24‰ (T3), and 32‰ (T4), with 120 fish per treatment, four
replicates ach (30 fish/tank, density 23 fish/m3). Each treatment utilized an RAS unit
comprising a centrifugal pump, a mechanical filter with a glass filter media, a biological
filter, a foam fractionator, and an ultraviolet sterilizer. Each tank received a daily water
renewal equivalent to 44% of its volume (575 L day−1). Four 10 m3 tanks were used to mix
water and adjust the salinity levels of each treatment. This was achieved by mixing filtered
natural seawater (32‰) sourced directly from the adjacent bay with municipal tap water
that was previously dechlorinated and aerated for 48 h. The new water was replaced by
using a submersible pump (300 L tank−1 = 23%). The continuous water exchange in the
RAS was 12 L min−1 in each tank. Each tank was equipped with two diffuser stones to
ensure airflow between 7–11 L min−1 and a surface foam fractionator to collect and extract
food debris and fat.
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Figure 1. Schematic of the experimental design to determine the physiological response of spotted
rose snapper (L. guttatus) exposed to different rearing salinities. Sampling measurements at 14 days
(D14) were repeated in all subsequent samplings.

Dissolved oxygen fluctuated as expected due to changes in temperature and salinity
over time (5.2–7.4 mg O2 L−1). The temperature was the natural temperature of the adjacent
unregulated seawater (27.4–30.1 ◦C). The photoperiod in Costa Rica was characteristic
of the tropics, with approximately 12 h of light (L) and 12 h of darkness (D). The pH in
the tanks remained relatively constant at 8.0, with occasional small fluctuations between
7.8 and 8.2. Salinity was adjusted daily for one week until the final salinity level of the
treatments (8‰, 16‰, 24‰, and 32‰) was reached. Finally, the total ammonium and
NH3-N concentrations remained constant at near-zero mg L−1 throughout the experimental
phase. In all phases of this study, the physicochemical variables monitored, except for
salinity, were in the normal range reported for the species [19].

Fish were acclimatized to the conditions of the culture tanks 15 days before changing
salinity. The target salinities of each treatment were met proportionally 9 days after the
experiment began. Feeding was adjusted to achieve satiety, which was determined by
providing a pre-weighed amount of feed and removing and weighing any uneaten pellets
30 min after feeding. The ration was then adjusted daily to ensure minimal waste, indicating
that fish were fed to apparent satiation. Rations ranged from 1.4% to 2.6% of average body
weight per day. Food was provided twice a day (8:00 and 16:00). Their diet consisted of 50%
protein and 9.3% lipids, supplemented with a 4.5 mm caliber “FaryAqua Peces Marinos”
FARYVET, manufactured in Costa Rica.

Fish were anesthetized with clove essential oil [2-methoxy-4-2-(2-propenyl)-phenol] at
40 ppm for blood sampling. Subsequently, each subject was weighed (g) and measured Lt
(cm) using an OHAUS PX323 SERIES analytical balance (SD ± 0.001) (OHAUS Corporation,
Parsippany, NJ, USA) and a 100 cm Wildco #118 ichthyometer (Wildco Wildlife Supply
Company, Yulee, FL, USA), respectively. Fish were then euthanized with an overdose of
the same anesthetic for collection of liver, visceral fat, gill and anterior intestine.
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2.2. Sampling and Analysis
2.2.1. Growth and Survival Rates and Condition and Feed Conversion Ratios

Five fish from each replica were sampled on the days 14, 28, 42, 56, 70. Primary data
obtained from the samples was entered into the Excel® 2016 software, and subsequently,
the following indices were determined:

Absolute growth rate [26]: AGR day−1 = (FW−IW)
T

Specific growth rate [27]: SGR(BW%) day−1 = (Ln FW−Ln IW)
T ∗ 100

Feed conversion ratio [28]: FCR = FG (g)
WG (g)

Survival rate [29]: SR (%) = final # of subjects
initial # of subjects ∗ 100

Length-to-weight relationship [30]: TW = a ∗ (TL)ˆb
Fulton Condition Factor [31]: K = BW

TL̂3 ∗ 100

Where FW = final average total weight (g), IW = initial average weight (g), T = number
of days of the period, BW = Body weight (g), Ln = natural logarithm, FG = feed given (g),
WG = weight gain (g), TW = total weight of fish (g), a = regression constant, TL = total
length (cm), b = regression growth coefficient

Survival and food consumption were determined daily per tank by calculating the
difference in the weight of food delivered and the weight of food not eaten.

2.2.2. Hepatosomatic Index (HSI) and Viscero-Somatic Index (VSI)

To obtain the baseline value of the initial population N in the natural conditions of
the adjacent seawater, the first sampling was conducted on juveniles (n = 8: 49.57 ± 5.0 g)
on day one of the experimental phase. During the experimental phase, the first sampling
was conducted on day 38 (n = 4/treatment: 82.7 ± 9.7 g) and the second on day 70
(n = 8/treatment: 109.5 ± 31.9 g).

Juveniles were dissected to remove the liver and visceral fat. Whole fish, the liver
and fat, were weighed on the analytical balance. Primary data obtained from the sam-
ples was entered into the Excel® 2016 software, and subsequently, the following indices
were determined:

Hepatosomatic index [32]: HSI = LW
BW ∗ 100

Viscero-somatic index [33]: VSI = VW
BW ∗ 100

Where LW is the liver weight (g), BW is the body weight (g) and VW is the viscera
weight (g).

2.2.3. Blood Biochemical Tests

Blood samples were taken from the initial population N (n = 8; BW = 64.8 ± 3.7 g) on
day one of the experimental phase to determine the composition of electrolytes (Na+, Cl−,
K+), cortisol, and osmolality. Tests were taken from fish from the experimental phase on
day 38 (n = 4/treatment: 94.7 ± 6.6 g) and 70 (n = 8/treatment; BW = 121.6 ± 28.4 g).

Blood was obtained directly from the fish heart using a hypodermic needle attached
to a 1–3 mL syringe and placed in a tube with EDTA and Vacuette® coagulation activator
(Greiner Bio-One, Kremsmünster, Austria). To minimize handling stress, each fish was
individually netted, and blood was sampled within 3 min of capture. Serum from samples
placed in tubes without anticoagulant was separated in a Centurion Scientific Pro-Vet
centrifuge at 4500 revolutions m−1, for 5 m. Electrolytes (Na+, Cl−, K+) were determined
with an automated clinical chemistry spectrophotometer (Spin 200 E; Spinreact, S.A.U.,
Sant Esteve de Bas, Spain). Sodium was determined enzymatically via sodium-dependent
β-galactosidase activity with O-nitrophenyl-β-D-galactopyranoside (ONPG) as the sub-
strate [34]. Potassium was determined using a kinetic coupling assay system that utilizes
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potassium-dependent pyruvate kinase [31]. Chloride ions were determined by chlorime-
try [35]. Cortisol levels were determined using an AIA-360® Automated Immunoassay
Analyzer (Tosoh Corporation, Tokyo, Japan), via a competitive fluorescent enzyme im-
munoassay [36,37]. Osmolality was measured in plasma and tank water using a freezing
point depression osmometer (Osmo1®, Advanced Instruments, accuracy ≤ 2 mOsm kg);
the freezing point depression method was used for all osmolality measurements [38,39].
Glucose was determined by drawing blood from the fish tail vein and placing it directly on
TRUEtest test strips. Glucose levels were measured using a NIPRO DIAGNOSTICS TRUE
METRIXTM glucose meter (Trividia Health, Inc., Fort Lauderdale, FL, USA).

2.2.4. Histological Analysis

Gill and intestine samples were taken on day 70 (n = 8/treatment; BW = 111.4 ± 30.0 g)
for subsequent histological analysis. The anterior intestine and second-gill arch were
removed from each selected fish. Samples were fixed in 10% buffered formalin for 48 h;
subsequently, the fixative was replaced by 70% ethanol. Samples were dehydrated using
increasing concentrations of ethanol, cleared with xylol, and embedded in paraffin us-
ing a Myr Automated Tissue Processor (Especialidades Médicas Myr, Tarragona, Spain)
and a Leica Histocore Arcadia Embedding Center (Leica Biosystems, Nussloch, Baden-
Württemberg, Germany). Serial sections (4 µm) were obtained using a Leica RM2125 RTS
semi-automated microtome and stained with Hematoxylin & Eosin (H&E) staining. The
slides were examined under a light microscope (Leica DM LB, Leica Microsystems, Wet-
zlar, Hesse Germany) and images were captured using an Olympus DP70 digital camera
(Olympus Europa, Hamburg, Germany) and processed with Analysis software (Olympus
Soft Imaging Solutions, Hamburg, Germany) to observe the effect of salinity on tissue
morphology. The general appearance of the tissue was described. The number and size
of ionocytes and goblet cells in the gills, as well as fold height, enterocyte height, and
the number of goblet cells in the anterior intestine, were recorded (n= 120 data points
per treatment).

Cell counts in gill and intestinal tissues were performed within a standardized square
area of 1000 µm × 1000 µm (1 mm2) located in the middle portion of the gill filaments and
the intestinal folds (n = 15 measurements per fish), using ImageJ v. 1.54p software (National
Institutes of Health, Bethesda, MD, USA). The same program, with its calibrated line tool,
was also used to obtain measurements of individual cells in the gills and intestine, as well
as of the intestinal folds. The percentage of aneurysm, hyperplasia, and parasitized fish
was calculated as the number of fish exhibiting each lesion relative to the total number of
fish analyzed per treatment. Monogeneans were counted on one slide per fish analyzed.

2.3. Statistical Analysis

All blood osmolality and growth parameters were evaluated with a one- or two-way
Analysis of Variance (ANOVA), using growth time and salinity concentration as factors.
Means were compared using Tukey’s Honest Significant Difference test (Tukey’s HSD
test, p < 0.05) for a statistically significant analysis of variance (ANOVA) (p < 0.05). All
statistical assumptions were verified a priori. All statistical analyses were conducted with a
significance level of α = 0.05 in the R programming language [40]. The number and size
of ionocytes and goblet cells in the gills, as well as fold height, enterocyte height, and the
number of goblet cells in the anterior intestine, were compared among salinities using
one-way Analysis of Variance (ANOVA) tests. Means were compared using Tukey’s Honest
Significant Difference test (Tukey’s HSD test, p < 0.05) for a statistically significant analysis
of variance (ANOVA) (p < 0.05).
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3. Results
During all phases of the trial, water quality parameters remained stable and within the

recommended ranges for the species. Mean (± SD) values recorded across all treatments
were: temperature 28.5 ± 1.2 ◦C; dissolved oxygen 6.1 ± 0.8 mg L−1; pH 8.0 ± 0.2; and total
ammonia nitrogen < 0.1 mg L−1. Fish adapted well to all four tested salinities, resulting in
100% survival throughout the research period (Table 1).

Table 1. Biological indices of spotted rose snapper (L. guttatus) in tanks with different salinity
concentrations (8‰, 16‰, 24‰, and 32‰) during the first 70 days of research. (AGR, Absolute
Growth Rate; SGR, Specific Growth Rate; FCR, Feed Conversion Ratio; HSI, Hepatosomatic Index;
VSI, Viscerosomatic Index; K, Fulton’s Condition Factor).

Salinity Treatments (‰)

8 16 24 32 p Model

Initial weight (g) 45.9 ± 0.7 45.7 ± 0.7 46.2 ± 0.7 46.1 ± 0.7 n.s.

Final weight (g) 126.8 a ± 2.6 123.4 ab ± 2.4 116.0 b ± 2.3 116.0 b ± 2.3 **

Initial total length (mm) 140.5 ± 0.7 139.0 ± 0.7 140.0 ± 0.7 140.4 ± 0.8 n.s.

Final total length (mm) 192.4 a ± 1.2 191.3 ab ± 1.2 187.6 b ± 1.2 187.7 b ± 1.2 **

Weight gain (%) 176.2 a ± 0.0 170.4 ab ± 0.0 151.1 b ± 0.1 151.6 b ± 0.0 *

AGR (g day−1) 1.2 ± 0.0 1.1 ± 0.0 1.0 ± 0.6 1.0 ± 0.0 n.s.

SGR (% BW day−1) 1.5 ± 0.0 1.4 ± 0.0 1.3 ± 0.1 1.3 ± 0.0 n.s.

Survival (%) 100 ± 0.0 100 ± 0.0 100 ± 0.0 100 ± 0.0 n.s.

FCR 1.9 ± 0.0 2.00 ± 0.0 2.1 ± 0.1 2.1± 0.1 n.s.

HSI 1.7 ± 0.2 1.5 ± 0.1 1.8 ± 0.1 1.5 ± 0.2 n.s.

VSI 4.9 ± 0.6 4.8 ± 0.3 6.9 ± 0.6 5.6 ± 0.6 n.s.

K 1.8 ± 0.0 1.8 ± 0.0 1.8 ± 0.0 1.8 ± 0.0 n.s.
Values are means of 4 replicates ± standard error of the mean. Means within a row sharing a common superscript
letter are not significantly different (Tukey’s HSD, p > 0.05). A one-way ANOVA was used to determine the
statistical significance of the factors. p model: represents the statistical significance value for the overall effect of
salinity treatments from the one-way ANOVA. Asterisks highlight statistically significant differences between
treatments: *: p < 0.05 and **: p < 0.01. n.s.: not significant.

Regarding somatic growth, at the end of the trial, spotted rose snapper reared in 8‰
showed the best growth performance with significantly higher final body weight, body
weight gain and final body length compared to fish reared in 24‰ and 32‰ (p < 0.05;
Table 1). Fish reared in 16‰ were intermediate, with no significant difference compared to
other treatments. No significant differences in terms of AGR and SGR were found among
groups (p > 0.05; Table 1), even though their numerical values followed the same trend
observed for final body weight and weight gain. This apparent discrepancy can be at-
tributed to the nature of these metrics; final body weight is a cumulative measure reflecting
total growth over the entire 70-day trial, whereas AGR and SGR represent average daily
growth rates. Small, consistent daily growth advantages in the low-salinity group, while
insufficient to be statistically significant on an average daily basis, accumulated over the ex-
perimental period to result in a significantly higher final body weight. The same numerical
trend was found with regard to FCR values (p > 0.05). Regarding body condition indexes,
no statistically significant differences were found in HSI, VSI and K (p > 0.05; Table 1).

Regarding the evolution of fish growth during the trial, a constant linear growth
pattern in weight and length of the spotted rose snapper was observed during the 70-day
experiment for all tested water salinity concentrations (Figure 2), with statistically signifi-



Fishes 2025, 10, 472 8 of 23

cant differences noted at days 56 and 70. In both sampling points, the weight of fish reared
in 8‰ salinity was statistically higher than that of fish in 24‰ and 32‰, and values from
the 16‰ group were intermediate (Figure 2A; p < 0.05). However, fish length exhibited
similar differences, only on day 70 when the length of fish reared in 8‰ salinity was
statistically higher than fish in 24‰ and 32‰, and values from the 16‰ group were inter-
mediate (Figure 2B). Fish length at 56 days evidenced no statistically significant difference
at salinities of 8‰ and 16‰ or between 8‰ and 24‰, while fish length was greater in
16‰ than at 24‰ and 32‰.

 
Figure 2. Weight (A) and length (B) gain of spotted rose snapper (L. guttatus) over time in different
salinity concentrations. A two-way ANOVA (salinity and time) was used to determine the statistical
significance of the factors. Asterisks highlight statistically significant differences in salinity concen-
trations between samples: *: p < 0.05, **: p < 0.01, and ***: p < 0.001. Bar graphs highlight mean
comparisons between salinity concentrations at days 56 and 70. The same letters indicate that there
are no statistically significant differences between salinity concentrations (Tukey’s HSD test, p > 0.05).
Mean ± standard error of the mean.

The feed conversion ratio (FCR) showed significant changes with slight increases
over time, but at no point during sampling did it show significant differences between
salinity concentrations (Figure 3A; p > 0.05). However, AGR and SGR showed significant
differences between salinity concentrations at some sampling dates (Figure 3B,C; p < 0.05).
AGR values in spotted rose snapper kept at 8‰ and 16‰ salinity were significantly higher
than 24‰ and 32‰ at sampling times of days 42 and 56 (p < 0.05). SGR values at 8‰
salinity were significantly higher than at 32‰ salinity. However, the SGR of fish reared in
16‰ and 24‰ salinity were intermediate between 8‰ and 32‰ groups. The fish reared in
16‰ had similar SGR as fish in 8‰ and 24‰ and were significantly higher than fish in
group 32‰ (p < 0.05). The fish reared in 24‰ had similar SGR as fish in 16‰ and 32‰
and were significantly lower than fish in group 8‰ (p < 0.05). Finally, K values remained
constant between sampling dates and showed no significant changes between salinity
concentrations (Figure 3D).



Fishes 2025, 10, 472 9 of 23

 
Figure 3. Growth parameters of spotted rose snapper (L. guttatus) over time for different salinity
concentrations: (A) Feed conversion rate; (B) Absolute growth rate; (C) Specific growth rate; and
(D) Condition index. A two-way ANOVA (salinity and time) was used to determine the statistical
significance of the factors. Asterisks highlight the statistically significant differences between the
salinity concentrations in each sample: **: p < 0.01 and ***: p < 0.001. The same letters indicate that
there are no statistically significant differences between salinity concentrations (Tukey’s HSD test,
p > 0.05). Mean + standard error of the mean.

Regarding blood biochemistry, Na+ and K+ levels increased significantly between
sampling dates (Figure 4A,B; p < 0.05). In contrast, the Cl− levels and serum osmolality
decreased between sampling dates (Figure 4C,D; p < 0.05). Finally, Na+, K+, Cl−, and serum
osmolality only showed statistically significant differences between salinity concentrations
at 70-day sampling. In particular, Na+ values at 8‰ salinity were greater than at 24‰
and 32‰, whereas at 16‰ values were intermediate (p < 0.05). The parameters, K+ and
Cl− showed the same pattern, displaying greater levels at 8‰ and 16‰ than at 24‰
and 32‰ (p < 0.05). On the contrary, No significant differences in serum osmolality were
observed among treatments, although values at 8‰ and 16‰ were numerically lower
than those in fish kept at 24‰ and 32‰ (p > 0.05). No statistically significant differences
were found in terms of serum cortisol and glucose among salinity groups regardless of
the sampling point considered (Figure 4E,F, p > 0.05). Regarding body condition indexes
like the HSI and VSI, groups did not differ amongst salinity treatments or sampling
point (Figure 4G,H, p > 0.05).
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Figure 4. Blood osmoregulation parameters and somatic indexes of spotted rose snapper (L. guttatus)
over time for different salinity concentrations. Panels correspond to: (A) Sodium; (B) Potassium;
(C) Chloride; (D) Osmolality; (E) Cortisol; (F) Glucose; (G) Hepatosomatic index; and (H) Visceral fat
index. A two-way ANOVA was used to determine the statistical significance of the factors. Factors:
Time (blood osmoregulation parameters: 38 and 70 days) and salinity concentration (8‰, 16‰, 24‰,
and 32‰). The same letters indicate that there were no statistically significant differences amongst
fish reared in different salinity concentrations (Tukey HSD, p > 0.05; n.s.: not significant) or at different
sample times. Mean + standard error.

Histological analysis of the gills (Figure 5) revealed that ionocytes, responsible for
ion transport, were more abundant and prominent in the low-salinity treatments (8‰
and 16‰) than in the higher salinity treatments (24‰ and 32‰) (Table 2). In low-salinity
conditions, these ionocytes exhibited a triangular shape and paler staining (Figure 5A,B),
whereas in fish exposed to higher salinities, they appeared rounded and more intensely
stained (Figure 5C,D). Additionally, in fish exposed to low salinity, ionocytes were observed
not only at the basal part of the lamellae, as in the high-salinity treatments, but also along
both sides of the proximal third of the lamellae (Figure 6A). Conversely, a greater number
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of goblet cells—responsible for mucus secretion—was observed in the higher salinity
treatments (24‰ and 32‰) compared to the lower salinities (8‰ and 16‰). These mucous
cells were not only more numerous with increasing salinity but also larger in size (Table 2).

Figure 5. Histological sections of the gills of spotted rose snapper (L. guttatus) exposed to salinities
of 8‰, 16‰, 24‰, and 32‰. (A) Gill of a fish exposed to 8‰ showing abundant large ionocytes
(arrows) with granular cytoplasm and a pale appearance. (B) Gill of a fish exposed to 16‰, where
the ionocytes (arrows) are also clearly visible. (C) Gill of a fish exposed to 24‰ showing abundant
large goblet cells (arrowheads) and a few rounded ionocytes (arrow) with intense pink staining. (D)
Gill of a fish exposed to 32‰. Note that the ionocytes (arrows) are barely visible, while the goblet
cells (arrowheads) are abundant. H&E Staining.

Table 2. Histological variables and pathologies measured in the gills of spotted rose snapper (L. gutta-
tus) juveniles reared at different salinities for 70 days.

Salinity

Gill Variables 8 16 24 32 p Model

Ionocyte count 123.3 ± 4.8 c 122.4 ± 4.9 c 82.6 ± 4.2 a 90.4 ± 4.4 b ***

Ionocyte Size 8.0 ± 0.7 d 7.4 ± 0.7 c 4.9 ± 0.4 a 5.2 ± 0.4 b ***

Goblet Cell Count 92.3 ± 12.3 b 71.4 ± 12.5 a 153.9 ± 7.9 c 154.9 ± 7.9 c ***

Goblet Cell Size 5.6 ± 0.4 b 5.4 ± 0.4 a 9.0 ± 0.6 c 9.0 ± 0.6 c ***

Aneurysms (%) 25.0 ab 62.5 b 62.5 b 0 a *

Hyperplasia (%) 0 a 62.5 b 100 b 100 b ***

Parasitized fish (%/No. Monogenean) 0 a (0) 37.5 ab (8) 87.5 b (22) 50 ab (18) **

Mean values ± standard deviation are presented. Different superscript letters within a row indicate statistically significant
differences among salinity groups (Tukey HSD; p < 0.05). Ionocyte and goblet cell metrics are based on n = 120 data points
per treatment. Histological alterations (Aneurysms, Hyperplasia, and Parasitized fish) were quantified on day 70 from
n = 8 fish per treatment. Cell counts were performed within a standardized square area of 1000 µm × 1000 µm (1 mm2).
The values for these alterations are presented as the prevalence (percentage of affected fish). The number in parentheses
for “Parasitized fish” indicates the total count of monogeneans found across all infected fish within that treatment group.
Statistical significance between treatments is denoted by asterisks derived from one-way ANOVA (for cell metrics) or a
chi-square test (for pathologies): * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 6. Histological sections of the gills of spotted rose snapper (L. guttatus) exposed to salinities
of 8‰, 16‰, 24‰, and 32‰. (A) Gill of a fish exposed to 8‰ salinity showing ionocytes on both
sides of the first third of the lamella (arrows) and focal edemas at the basal and lateral parts of the
lamellae (arrowheads). (B) Gill of a fish exposed to 8‰ salinity exhibiting aneurysms (arrowhead).
(C) Monogenean parasite in the gill of a fish exposed to 16‰ salinity. Note the inflammatory reaction
(*) and lamellar fusion around the monogenean hooks (arrowheads). (D) Gill of a fish exposed to
32‰ salinity showing areas of hyperplasia (arrowhead) and marked thickening of the filaments
(arrows). H&E Staining.

Fish exposed to 8‰ salinity showed focal edema at the base of the lamellae (Figure 6A).
Lamellae with aneurysms were also observed in fish exposed to 8‰ (Figure 6B), 16‰, and
24‰, but not in those exposed to 32‰ (Table 2). The opposite was observed regarding
hyperplasia, which were more prevalent and showed higher intensity at high salinities
(24‰ and 32‰) compared to low salinities (8‰ and 16‰). Although the study was not
designed to evaluate pathogen presence in relation to salinity, unidentified monogenean
parasites were detected in fish exposed to 16‰, 24‰, and 32‰, but not in those exposed
to 8‰. The prevalence and number of these monogeneans increased with salinity (Table 2),
causing focal necrosis and inflammation with lamellar fusion (Figure 6C), hyperplasia, and
lamellar thickening (Figure 6D) in infected fish.

The histological analysis of the anterior intestine at the end of the experiment showed
no tissue alterations in any of the treatments (Figure 7). Overall, the intestinal epithelium
exhibited good structure, integrity, and an abundance of goblet cells. The submucosa
showed no signs of alteration, inflammatory infiltrate, or edema in any of the treatments
analyzed. No significant differences (p > 0.05) in fold height, enterocyte height, or goblet
cell number were observed between treatments (Figure 8).
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Figure 7. Histological sections of the anterior intestine of spotted rose snapper (L. guttatus) exposed
to salinities of 8‰, 16‰, 24‰, and 32‰. (A) Intestine of a fish exposed to 8‰. (B) Intestine of a fish
exposed to 16‰. (C) Intestine of a fish exposed to 24‰. (D) Intestine of a fish exposed to 32‰. Outer
muscle layer (OML); inner muscle layer (IML); mucosal fold (Mf); serosa (arrowhead); goblet cells
(arrow); enterocyte height (double arrow). H&E Staining.

Figure 8. Box-plot graph of fold height (A), enterocyte height (B), and goblet cells number (C) in the
anterior intestine of spotted rose snapper (L. guttatus) exposed to salinities of 8‰, 16‰, 24‰, and
32‰. The same letters indicate that there are no statistically significant differences (p > 0.05). Mean
line within the boxplot indicates the average value of the series; * = outlier points of the series.

4. Discussion
This study demonstrates that juvenile L. guttatus, a euryhaline marine species, exhibits

significantly better growth performance when reared at a low salinity of 8‰ compared to
higher salinities. Crucially, this improved growth was strongly associated with a complete
absence of parasitic monogenean infestations at 8‰, whereas parasite prevalence and
associated gill pathologies increased markedly at higher salinities. This suggests that the
optimal rearing condition for this species in aquaculture is the result of a net energetic ben-
efit, where the minor physiological cost of osmoregulation in a hypoosmotic environment
is far outweighed by the major advantage of avoiding the energetic burden of parasitic
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disease. These findings confirm the species’ potential for culture in low-salinity estuarine
environments and highlight the role of salinity as a tool for health management.

Salinity is considered one of the most influential abiotic factors in the growth of many
coastal euryhaline fish [41]. Previous studies have shown that marine species respond
directly to variations in their environment because maintaining an adequate osmotic
balance is essential for their survival and growth [9]. The effects of salinity on the growth
and survival of L. guttatus exposed to four levels of salinity (15‰, 25‰, 35‰, and 45‰)
have been previously reported [23,24]. Given that the species’ growth improved at salinities
lower than 30‰, with acceptable performance down to 15‰, it was concluded that this
species had the potential for culture in lagoon-estuarine environments. However, this study
has shown that this species has a broader culture range of salinities towards lower salinity
values (8‰). This result may benefit culture in estuarine waters and even in land culture
systems such as ponds and RAS.

Other marine species, such as yellowtail kingfish (Seriola lalandi), have shown similar
results, with the highest growth obtained at lower salinities of 14‰, 18‰, and 22‰,
compared to the higher salinities like 26‰ and 30‰ [8]. Similarly, juvenile Plata pompano
(Trachinotus marginatus) exposed to low salinities (3‰ and 6‰) showed greater growth
(body length and weight) than those raised at 32‰ for 28 days [3]. Juvenile Florida
pompano (Trachinotus carolinus), commonly found in saltwater, similarly showed improved
growth performance when grown at low salinity (5‰) for 110 days [42]. This performance
is also observed in other teleost fish, such as cobia (Rachycentron canadum) and gilthead
sea bream (Sparus aurata), which have much lower optimal salinities for growth than those
found in oceanic waters [3]. Some species do not adapt well to low-salinity waters, such as
the meagre (Argyrosomus regius), as they have low survival rates (58.3%) when exposed to
8‰ salinity compared to 24‰ or 32‰ [43].

During the experimental phase of this research, the best results were obtained at a
salinity of 8‰. The average absolute growth rate (AGR) obtained, 1.2 ± 0.0 g day−1, is
considered normal within the range reported in other culture studies of this species and
slightly higher than other studies. For instance, Gil and Sinisterra [44] obtained an AGR of
0.7 g day−1 in L. guttatus juveniles grown in floating cages and fed with formulated feed
(35% protein and 7% fat) at an average temperature of 29 ◦C and 12.9‰ salinity. Castillo-
Vargasmachuca et al. [45] reported an AGR of 0.93 g day−1 in the culture of juveniles in
floating cages from 24.5 g to 155.2 g at a temperature of 25.6 to 32.3 ◦C, fed with formulated
feed (protein 35%, lipids 7%). SGR equivalent to 1.45 ± 0.0 BW day−1 was lower than
that reported by Gil and Sinisterra [44] (1.59), but higher than that reported by Castillo-
Vargasmachuca et al. [45] (1.2% BW day−1). The FCR of 1.9 ± 0.0 was better than the one
obtained by Gil and Sinisterra [44] (2.5 and 2.9) and by Castillo-Vargasmachuca et al. [45]
(2.0), which indicated an improvement in diet formulation for this species.

Growth results coincide with the statement that, at higher salinity, there is greater
use of energy for osmoregulation, and that at low salinity, there is an opposite effect that
contributes to higher somatic growth since more energy may be diverted to growth rather
than osmoregulation [46]. Several studies estimate that the percentage of metabolic energy
required for adequate osmoregulation ranges between 10% and 50%, depending on the
conditions and the species [47,48]. Therefore, a higher energy need for osmoregulation
implies a lower percentage of energy available for tissue and muscle formation in fish.
In this balance of energy metabolism, plasma glucose serves as a key indicator of the
organism’s energy status, as it is the primary source of energy for metabolic processes.
Since there were no statistically significant differences in glycemia between treatments and
over time, the present study suggests that the energy availability of spotted rose snappers
was not affected by changes in salinity. Although a decrease in glycemia was evident by
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day 70 in 8‰ and 16‰ salinities, which is an expected physiological response, energy
demand to meet the requirements of osmoregulation in these salinities was lower [8].

While the optimal growth at 8‰ suggests significant energy savings, this result
appears to challenge the general principle that maximum energy savings occur at a fish’s
isosmotic point, typically 10–14‰ for marine teleosts. Based on the plasma osmolality
values recorded in this study (370–395 mOsm kg−1), the estimated isosmotic point for L.
guttatus is approximately 12–14‰, a range consistent with values reported for other snapper
species such as L. campechanus [49]. The higher growth observed at 8‰, a salinity clearly
below this isosmotic range, suggests that this species handles hypo-osmotic conditions
exceptionally well. However, osmoregulatory cost is not the only factor influencing the
energy budget. Our histological findings provide a critical insight: fish at 8‰ were
completely free of monogenean parasites, whereas parasite prevalence and associated
pathologies, such as hyperplasia, increased significantly at higher salinities (Table 2). The
energetic cost of mounting an immune response and repairing gill tissue damage caused by
these ectoparasites can be substantial, often leading to reduced growth as energy is diverted
from somatic processes [50]. Therefore, we propose that the optimal growth at 8‰ is not
solely a function of osmoregulatory efficiency, but rather the result of a trade-off. The minor
energetic cost of osmoregulation in a hypo-osmotic environment is likely far outweighed
by the significant energy savings from the absence of a parasitic burden, leading to a net
positive energy balance available for somatic growth.

A key finding of this study is that the optimal growth performance was observed at
the lowest salinity tested, 8‰. This naturally raises the question of whether L. guttatus
could exhibit even better growth at salinities below this level. Physiologically, growth
performance in euryhaline fish is often maximized at or near their isosmotic point, where
the energetic cost of osmoregulation is minimized [10]. While it is plausible that the
true optimum for this species lies slightly below 8‰, further decreases in salinity would
eventually lead to significant hypo-osmotic stress, increasing the energetic demands for ion
uptake and water excretion, which would in turn impair growth. Therefore, further research
is warranted to pinpoint the precise optimal salinity for L. guttatus and to determine its
lower physiological tolerance limit. Such studies would be invaluable for optimizing
culture protocols for this species in low-salinity environments.

These results align with previous studies in teleost fish, which suggest that these
organisms have lower energy requirements for osmoregulation when grown at salinities
close to or equal to the isosmotic point of plasma, which in euryhaline fish is within a
relatively narrow range of salinities (10–14‰) [8,51–53].

In addition to glucose metabolism, the stability of the hepatosomatic (HSI) and vis-
cerosomatic (VSI) indices across treatments further reflects the species’ efficient energy
management. Unlike in some stenohaline species where HSI often increases at suboptimal
salinities [54,55], the stable HSI in L. guttatus suggests no undue metabolic stress, a find-
ing consistent with studies on other euryhaline species like juvenile cobia (Rachycentron
canadum), which also showed no significant differences in HSI when reared at different
salinities [56]. Similarly, while VSI increased over time with somatic growth, it showed
no significant differences among salinities. Notably, the numerically lower VSI at 8‰ and
16‰ suggests less accumulation of visceral fat, which is often associated with a better
metabolic condition and is consistent with the superior growth performance observed in
these groups [57].

In relation to the physiological stress generated by exposure to extreme salinities in
marine fish, it has been determined that high salinity levels can induce osmotic stress,
negatively affecting appetite and feed conversion efficiency [58]. In this context, cortisol is
the hormone that intervenes in the metabolic and osmoregulatory processes [59]. There-
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fore, fluctuations in its plasma concentration are an indicator of the degree of stress in
marine fish. In this research, the fact that the concentration of cortisol did not present
statistically significant differences between treatments and remained stable throughout the
experimental phase with a clear tendency to decrease at the end of the period suggests
that snappers were able to cope and regulate their physiological and endocrine response to
environmental conditions and adapt to the different salinities without experiencing chronic
or severe stress, a common condition in species with a good osmoregulatory capacity.
In this sense, Ruiz-Jarabo et al. [60] indicate that, in order to acclimate to variations in
salinity, fish go through a period of adaptation that modifies their osmoregulatory system,
reallocates energy resources, and then achieves chronic regulation and homeostasis [11].

It is also important to address the marked differences observed between the initial
measurements at day 0 and the final measurements at day 70, particularly for cortisol
and chloride levels, even within the 32‰ control group. The elevated cortisol levels at
day 0 are indicative of acute handling stress, a common response in fish subjected to
selection, measurement, and transfer to a new experimental system [61]. The significant
decrease in cortisol across all treatments by day 70 demonstrates that the fish successfully
acclimated to the culture conditions and that the initial stress had dissipated, reaching
a stable physiological baseline. Similarly, the shift in chloride concentrations between
day 0 and day 70 in the 32‰ group suggests a homeostatic adjustment to the stable
environment of the recirculating aquaculture system. Therefore, the values recorded at
day 70 should be interpreted as the true, long-term physiological response to the different
salinity treatments, whereas the day 0 values represent a transient state influenced by the
initial experimental procedures.

The overall good condition, health, and absence of chronic stress in the fish is sup-
ported by multiple indicators. The assertion that lower salinities resulted in a more favor-
able energy balance is supported by the feed conversion ratio (FCR) trends. Although not
statistically significant, FCR values were numerically lower in the 8‰ and 16‰ groups
(Table 1), indicating a more efficient conversion of feed into biomass and suggesting that
less net energy was expended on basal maintenance. Furthermore, the Fulton’s condition
index (K) remained high and stable across all treatments, showing that osmotic stress did
not compromise the overall condition of the fish. The K values obtained in this research
(1.76–1.78) were higher than those previously reported for L. guttatus at various salini-
ties [23]. regius) [43]. While direct comparisons of K between species should be interpreted
with caution [62], these results collectively suggest that the fish were able to efficiently
control osmotic challenges and adapt successfully to all tested salinities.

The physiological adaptation of L. guttatus to different salinities is clearly reflected
in its plasma ion exchange and osmolality. As expected for a euryhaline species [63,64],
the transfer to different salinities induced changes in plasma parameters. At day 70, a
notable finding emerged: fish in lower salinities (8‰ and 16‰) exhibited significantly
higher plasma concentrations of Na+, K+, and Cl−, yet lower total plasma osmolality com-
pared to fish in higher salinities. This apparent paradox can be explained by the interplay
between inorganic ions and organic osmolytes [13,65]. Plasma osmolality in marine teleosts
is also maintained by neutral organic osmolytes (e.g., free amino acids, urea), which are
typically reduced in hypoosmotic conditions to prevent cell swelling [66]. unmeasured
compounds. In parallel, the elevated inorganic ion levels demonstrate a successful com-
pensatory response. To maintain homeostasis in a hypoosmotic environment, L. guttatus
actively absorbed more Na+, K+, and Cl− through the gills and retained them via the
kidneys [67–70]. This strong compensatory uptake, also seen in other euryhaline species
like the shi drum (Umbrina cirrosa) [10], confirms that by day 70 the fish had successfully ad-
justed to the low-salinity conditions, supporting their robust osmoregulatory capacity [71].



Fishes 2025, 10, 472 17 of 23

Takei and Hwang [63] indicated that fish could maintain the homeostasis of body
fluids in response to osmotic stress. In this case, the spotted rose snapper has proven to
be no exception. In addition, Maetz [64] explained that, in the euryhaline fish, the transfer
between waters of different salinity levels induces changes in plasma osmotic parameters
and the consequent activation of the osmoregulatory system to try to recover the original
values. Therefore, from an osmoregulatory perspective, the results in this study indicate
that the spotted rose snapper (L. guttatus) is a euryhaline osmoregulatory fish.

Although this study did not monitor the activity of ion transporters in gill cells,
such as Na+/K+-ATPase that pumps sodium into the blood to prevent excessive loss, or
Na+/Cl− cotransporters, which recover sodium and chlorine from the aquatic environment,
histological analyses in gills show that, as a physiological response, the fish organism
attempted to compensate for the passive loss of sodium, potassium, and chloride with
greater reabsorption and retention. This is reflected in the morphological changes found in
this tissue.

The histological alterations observed in the gills provide compelling evidence of
physiological adaptation to varying salinity conditions in this euryhaline snapper species.
The increased abundance and prominence of ionocytes in fish reared at low salinities
(8‰ and 16‰) are consistent with their essential role in ion uptake under hypoosmotic
environments, where active transport is required to maintain ionic balance [72,73]. The
triangular shape and paler staining of these ionocytes at low salinities are characteristic of
cells specialized for ion absorption, in contrast to the rounder, darker-staining ionocytes
seen at higher salinities, which are typically involved in ion secretion [74]. Furthermore,
the broader distribution of ionocytes along the lamellae in the low-salinity treatments
suggests an upregulation of osmoregulatory capacity, a well-documented response in
euryhaline teleosts acclimated to dilute environments [58]. In contrast, the increased
number and size of goblet cells observed at higher salinities (24‰ and 32‰) likely reflect
elevated mucus production as a defensive response to osmotic stress and potential epithelial
damage. Mucus not only serves as a physical barrier against environmental irritants
and pathogens, but also contributes to the regulation of ion permeability across the gill
epithelium [75,76]. Together, these patterns highlight the snapper’s robust osmoregulatory
plasticity and suggest that low-salinity rearing conditions are physiologically tolerable and
do not compromise gill function or health [66,77].

Gill histopathology further supports the suitability of low-salinity aquaculture not
only in physiological terms but also in reducing parasite-associated damage. While minor,
non-degenerative lesions such as focal edema and occasional lamellar aneurysms were ob-
served in fish at 8‰ and 16‰, more severe alterations—including hyperplasia and lamellar
fusion—were markedly more frequent and intense at higher salinities (24‰ and 32‰).
These lesions coincided with the presence of monogenean parasites, which were detected
only in fish exposed to salinities ≥16‰ and showed increased prevalence and intensity
with rising salinity. Infected fish exhibited characteristic pathological changes such as necro-
sis, inflammation, hyperplasia, and lamellar thickening. Monogeneans are well-known
ectoparasites of marine fish and are particularly problematic in snapper species such as
Lutjanus campechanus and L. guttatus, where species like Neobenedenia melleni, Euryhaliotrema
tubocirrus, E. perezponcei and Haliotrema guttati have been reported [25,78,79]. These para-
sites attach to the gills or skin and feed on epithelial tissues and mucus, triggering chronic
lesions, respiratory impairment, secondary infections, and in severe cases, mortality [80,81].
The gill damages observed in the present study—including epithelial lifting, fusion, and
inflammation—are consistent with those described in monogenean infections. Interest-
ingly, no monogeneans were found in fish reared at 8‰, supporting prior evidence that
many monogenean species are highly sensitive to hyposaline conditions. Lowering salinity
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has been shown to suppress monogenean reproduction, attachment, and survival [82,83],
providing a natural and effective tool for parasite control. Thus, low-salinity rearing not
only aligns with the snapper’s physiological tolerances but also reduces parasite risk and
improves fish welfare by potentially decreasing the need for antiparasitic treatments.

Complementing the gill observations, the anterior intestine showed no histological
alterations under any of the tested salinities, further indicating the species’ resilience to
hyposaline environments. Across all treatments, the intestinal epithelium displayed in-
tact morphology, normal enterocyte height, and abundant goblet cells. The submucosa
remained free of edema, inflammation, or structural disruption, suggesting that digestive
and osmoregulatory functions were not impaired. This is particularly important given
the intestine’s role in water and ion absorption in teleosts [84,85]. Although hypoosmotic
stress can sometimes lead to mucosal damage or altered mucus production [86] no such
signs were evident, even at the lowest salinity (8‰). The stable number of goblet cells
across treatments indicates consistent mucosal protection and homeostasis [87]. These
findings align with previous studies showing that euryhaline fish can regulate intestinal
ion and water transport effectively under salinity shifts [88]. In summary, the combina-
tion of preserved gill and intestinal integrity, reduced parasite burden, and maintained
epithelial function under low-salinity conditions underscores the biological feasibility of
snapper culture in hyposaline environments. These findings provide robust support for the
development of low-salinity aquaculture systems as a sustainable and health-promoting
strategy for this euryhaline species.

An important aspect to note is that, following the completion of the experimental
phase of the study, two additional phases of validation for the results obtained in the first
phase were developed (unpublished data). In the second phase, from day 71 to 156, 30 fish
from each treatment were maintained in four 10,000 L tanks. With 100% survival in all
tanks, it was determined that the values of weight and length gained, AGR, SGR, K, FCR,
HSI, and VSI tended to equalize between the fish maintained at 8‰ and 16‰ salinities,
although significant differences persisted at 24‰ and 32‰ salinities. In the third phase,
25 fish from the initial treatment at 8‰ salinity were maintained in a 10,000 L tank until
they surpassed the commercial size (484.5 ± 81.5 g) after a 278-day culture, with 100%
survival. With these additional phases of result validation, it was determined that the
spotted rose snapper grows adequately without health problems at a low salinity (8‰), up
to commercial size. In addition, blood electrolyte analyses were conducted at 278 days of
culture. Electrolyte averages obtained then showed lower values than those obtained at
day 70 (Na+ = 241.3 mmol L−1, K+ = 5.9 mmol L−1, and Cl− = 247.3 mmol L−1). Values
at day 278 shared greater similarity to those found at the beginning of the experiment,
which indicates that, after an initial period of crisis (70 days), spotted rose snappers tend
to achieve ionic homeostasis that allows them to survive and maintain adequate health
conditions up to commercial size, and to be able to stabilize their ionic osmoregulation,
similar to what was described by He et al. [13]. The former authors demonstrated that the
acclimatization of the Chinese sturgeon (Acipenser sinensis) involved physiological periods
of crisis and subsequent stabilization [13].

5. Conclusions
In conclusion, juvenile spotted rose snapper (L. guttatus) can be successfully reared

in salinities ranging from 8‰ to 32‰, but optimal growth and health are achieved at
lower salinities of 8–16‰. The superior performance at 8‰ is not simply a function of
reduced osmoregulatory costs but is strongly linked to the complete absence of parasitic
monogeneans at this salinity. The species demonstrated a robust capacity to manage the
physiological demands of a hypoosmotic environment, maintaining homeostasis without
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signs of chronic stress. Therefore, low-salinity rearing (near 8‰) represents a highly
promising strategy for the aquaculture of this species, as it simultaneously enhances growth
performance and serves as an effective, non-chemical method for parasite control.
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