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ABSTRACT

The knowledge of salinity tolerance is essential for aquaculture production in different water sources,
as well as for stocking enhancement programs. In the present experiment, salinity tolerance was
investigated in laboratory reared juveniles of the fat snook Centropomus parallelus. Fish of 52 days
(22.0 mm =+ 0.4: mean total length £ SEM), 59 days (22.6 mm + 0.5) and 73 days (25.8 mm = 0.5)
after hatching (DAH) were directly transferred from 35 to 0, 5, 15 and 35 ppt. Survival was checked
every 24 h during a 96-h period. The experiment was carried out with fed (for all salinities) and unfed
individuals (except for 5 ppt). Direct transfer resulted in less than 40% mortality in all treatments and
ages tested. At the same salinity level, no difference in survival rates was found between fed and
unfed juveniles, at the different ages and exposure time tested. Juveniles of 52 DAH presented lower
tolerance to 0 ppt compared to other salinities. In older juveniles (59 and 73 DAH), mortality after 96
h was very low (> 95% survival), regardless the salinity treatment or feeding condition. Therefore,
the present study showed that juveniles of 52 DAH are less tolerant to abrupt transfer to freshwater,
indicating that a salinity acclimation procedure prior to release in freshwater areas would be
necessary, and that tolerance increased with increasing age.

REsumo

O conhecimento da tolerancia a salinidade é essencial para produgdo em aquacultura em diferentes
ambientes aquaticos, bem como para programas de repovoamento. No presente experimento, a
tolerancia a salinidade foi investigada em juvenis de robalo-peva Centropomus parallelus. Peixes de
52 dias (22,0 mm =+ 0,4: média comprimento total = EP), 59 dias (22,6 mm + 0,5) ¢ 73 dias (25,8 mm
+0,5) apos eclosdo (DAE) foram diretamente transferidos de 35 para 0, 5, 15 e 35 ppt. Sobrevivéncia
foi monitorada a cada 24 h durante um periodo de 96 h. O experimento foi conduzido com animais
alimentados (todas as salinidades) e em inanigdo (exceto para 5 ppt). Transferéncia direta resultou em
menos de 40% de mortalidade em todos os tratamentos e idades testadas. No mesmo nivel salino, ndo
foram encontradas diferencas nas taxas de sobrevivéncia entre juvenis alimentados e em inani¢ao nas
diferentes idades e tempos de exposicdo testadas. Juvenis de 52 DAE apresentaram menor tolerancia
a 0 ppt em comparagdo as demais salinidades. Em animais mais velhos (59 e 73 DAE), mortalidade
apés 96 h foi muito baixa (> 95% sobrevivéncia), independentemente do tratamento salino ou
condi¢do de alimentagdo. Portanto, o presente estudo mostrou que juvenis de 52 DAE s3o menos
tolerantes a transferéncias abruptas a agua doce, indicando que procedimento de aclimatagdo a
salinidade antes da liberagdo em areas dulcicolas é necessario, e que a tolerancia aumenta com o
aumento da idade.

Descriptors: Salinity tolerance, Fat snook, Centropomus parallelus, Juveniles.
Descritores: Tolerancia a salinidade, Robalo-peva, Centropomus parallelus, Juvenis.

INTRODUCTION husbandry  procedures and

variations in water

The fat snook Centropomus parallelus is a
commercial valuable fish species with wide
distribution along the Brazilian coast, being captured
by artisanal and sportive fisheries. It is considered as
an euryhaline fish as it is naturally found in marine,
brackish and freshwater environments (Chavez, 1963).

Some species of the Centropomus genus
present potential for aquaculture, as they adapt well to
captivity and accept artificial diets, are resistant to

quality, and have a high market price due to the
quality of their flesh (Chapman et al., 1982; Tucker
Jr., 1987; Cerqueira, 2002). Previous works have dealt
with some aspects of reproduction and larviculture
of fat snook (Alvarez-Lajonchére er al., 2002a, b;
Ferraz et al., 2002; Cerqueira, 2004, Temple et al.,
2004; Cerqueira, 2005), and nowadays a massive
production of juveniles is obtained under laboratory
conditions (Alvarez-Lajonchére et al., 2002b).
Nevertheless, growout studies are still necessary in
order to determine the viability of its production ata
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commercial level. In this context, there is an
increasing interest in growing fat snook in floating
cages and earthern ponds in Brazil, using high quality
water bodies available in coastal, estuarine and
freshwater areas. Stocking enhancement programs that
are also being established will release newly weaned
laboratory reared fat snook in different bays of the
country, where enviromental paramenters, especially
water salinity can fluctuate significantly.

It is well known that salinity is one of the
most significant environmental parameters influencing
survival, growth and distribution of fish (Holliday,
1969; Beamish, 1970; Boeuf & Payan, 2001). Water
salinity can affect survival by diminishing fish feeding
(Dendrinos & Thorpe, 1985; Fielder & Bardsley,
1999), and by modifying the energetic cost for osmotic
and ionic regulation (De Boeck et al., 2000; Boeuf &
Payan, 2001).

So far, many aspects about the influence of
salinity on young fat snook are uncertain. Therefore,
the aim of this work is to determine the salinity
tolerance limits of fat snook juveniles as an initial
step in order to determine the viabilility and potential
of fat snook cultivation at different salinities, as well
as to select the best sites for natural stock
enhancement.

MATERIALS AND METHODS
Animals and General Rearing Conditions

The experiment was held at the Laboratério
de Piscicultura Marinha (LAPMAR), Universidade
Federal de Santa Catarina, Florianopolis, SC, Brazil,
27°37°S and 048727°W.

Larvae of the fat snook Centropomus
parallelus, obtained by natural spawn of hormonally
induced broodstock (Ferraz et al., 2002), were reared
following methods described by Alvarez-Lajonchére
et al. (2002b). Juveniles were weaned to an artificial
diet (49.1% protein, 20.9% fat) approximately 45 days
after hatching. Until the start of the experiments, they
were kept at 25°C, 35 ppt salinity, under natural
photoperiod, fed a commercial dry pellet (50.0%
protein; 7.0% fat).

In all tests, salinity levels were obtained by
mixing dechlorinated tap water with natural seawater.
Salinity was measured with a Bernauer Model F3000
optical refractometer (1.0 ppt precision (Bernauer
Aquacultura, Blumenau, Brazil).

Salinity Tolerance Tests

Juveniles of the fat snook of 52 days (0.10 g
+ 0.0; 22.0 mm + 0.4: mean wet weight and total
length +£ SEM), 59 days (0.13 g + 0.0; 22.6 mm =+ 0.5)

and 73 days after hatching (DAH) (0.18 g + 0.0; 25.8
mm =+ 0.5) were directly transferred from 35t0 0, 5, 15
and 35 ppt salinity, and kept for 96 h. Treatments were
performed with fed (at all salinities) and unfed animals
(except at 5 ppt). Fish were fed dry pellets (> 0.02 g
per experimental unit). All treatments were run in
triplicate.

Stocking densities were 20 juveniles (52 and
59 DAH), and 15 juveniles (73 DAH) per 2.5 L glass-
containers. Water temperature was kept at 25.3 =+
0.1°C.

Dissolved oxygen was 6.73 = 0.1 mg 1" (0
ppt); 6.50 = 0.1 (5 ppt); 6.04 + 0.1 (15 ppt); 5.39 + 0.1
(35 ppt), measured with a YSI Model 51 oxygen meter
(Yellow Springs Instrument Company, Yellow
Springs, Ohio, USA). Total ammonia (NH;/NH,") was
measured with a Tetratest® Kit (Tetra Werke, Melle,
Germany) and ranged from 0 to 0.25 mg 1.

Every 24 h, live and dead fish were counted,
and 80% of the water was exchanged. Fish were
considered dead when respiratory movement of the
opercula stopped and there was no response to touch.

Statistical Analysis

As mortality rates did not reach 50% after a
96-h exposure, salinity tolerance limits, defined as the
lethal time for 50% mortality (LTs,) and median lethal
salinity (LS s50), could not be calculated by Probit
Analysis as initially planned. Therefore, survival rates
(after arcsine transformation) were compared by
ANOVA, followed by Tukey test (P<0.05).

REsuLTs AND DiscussioN

The fat snook Centropomus parallelus can
be found in coastal areas, bays, estuaries and brackish
lagoons, freshwater environments and occasionally in
hypersaline lagoons (Cervigén et al., 1992), however,
its natural distribution during the ontogenetic
development has not been characterized. It is known
that many juvenile fish species are found in
intermediary to lower salinities of estuaries and coastal
lagoons where they find advantageous conditions for
growth.  Nevertheless, the ability of each
developmental stage to cope with salinity depends on
their capacity of osmoregulation, a function resulting
in given levels of salinity tolerance and ultimately,
enabling them to occupy various habitats (Varsamos et
al., 2006). Therefore, the present work focused on the
evaluation of the salinity tolerance of fat snook at the
juvenile phase at intermediate to lower salinities, as an
initial step to determine the viabilility and potential of
fat snook cultivation at these conditions, as well as to
select the best sites for natural stock enhancement.
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Direct transfer from 35 to 0, 5, 15 and 35 ppt
resulted in less than 40% mortality in all treatments, in
fed and unfed animals of different ages. As the highest
mortality rates occurred during the first 24 h after
salinity change, data was presented as survival rates at
24 h (Table 1) and 96 h (Table 2). Survival rates at the
end of the 96-h period were considered as the final
response of the fish.

After 24 h, fed juveniles of 52 DAH had
lower survival rates at 0 ppt (83.1%) than juveniles at
5 ppt (100% survival) (P<0.05). No statistical
difference was observed among treatments after 96 h.
Unfed juveniles, after 24 and 96 h had lower survival
rates at 0 ppt (around 60%) than juveniles at 15 and 35
ppt (> 87%). In older juveniles (59 and 73 DAH),
mortality rates after 96 h were very low (> 95%
survival) regardless the salinity treatment, in fed and
unfed animals.

Therefore, the present study showed that 52
DAH juveniles are less tolerant to abrupt transfer to

freshwater, especially in unfed animals, indicating that
a salinity acclimation procedure prior to release in
freshwater areas would be necessary. However,
tolerance to 0 ppt increased with increasing age (59
and 73 DAH). Hence, the best age for releasing newly
weaned fat snook in stocking enhancement programs
is from 59 DAH onwards, as almost 100% survival
was obtained after direct transfer to fresh water.
Increase in salinity tolerance with the ontogenetic
development has been also reported for other marine
fish (Holliday & Jones, 1967; Lein et al., 1997,
Zydlewski & McCormick, 1997; Estudillo et al.,
2000). A gradual change in tolerance to extreme
salinities has been reported throughout the larval
development, with transition to the juvenile phase
often marking the time of occurrence of the salinity
tolerance level of adults (Holliday & Blaxter, 1960;
Holliday, 1969).

Although fat snook juveniles showed high
tolerance to abrupt salinity changes, Tsuzuki et al.

Table 1. Survival rates (%) of fed and unfed fat snook juveniles of different ages, 24 h after direct transfer from 35 to 0, 5, 15
and 35 ppt salinity. Values are means + SEM of three replicates. Means in the same column followed by different letters are

significantly different (P<0.05).

52 DAH' 59 DAH 73 DAH
Salinity fed unfed fed unfed fed unfed
(ppt)
0 83.1+72a 65.0+50a 983+ 1.7 100.0£ 0.0 97.8£2.2 100.0 £0.0
5 100.0+0.0b - 100.0 £0.0 - 100.0 £ 0.0 -
15 983+ 1.7ab 983%1.7b 100.0 £ 0.0 100.0 £0.0 100.0 £ 0.0 100.0 £ 0.0
35 983+ 1.7ab 95.0£29b 100.0 £0.0 100.0 £ 0.0 100.0 £ 0.0 100.0 £ 0.0
! Days After Hatching

Table 2. Survival rates (%) of fed and unfed fat snook juveniles of different ages, 96 h after direct transfer from 35 to 0, 5, 15
and 35 ppt salinity. Values are means + SEM of three replicates. Means in the same column followed by different letters are

significantly different (P<0.05).

52 DAH' 59 DAH 73 DAH
Salinity fed unfed fed unfed fed unfed
(ppt)
0 83.1+7.2 60.0+7.6a 948+3.0 98.4+1.7 97.8+2.2 95.6+2.2
5 100.0 £ 0.0 - 100.0 £ 0.0 - 100.0 £ 0.0 -
15 93.4+44 93.4+44b 984+ 1.7 984+ 1.7 97.8£2.2 100.0 £ 0.0
35 93.6+42 86.7+1.7b 95.0+29 91.7+£6.0 100.0 £ 0.0 100.0 £ 0.0

! Days After Hatching
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(2006) obtained best results for food conversion ration
(FCR) and activity of digestive enzymes at 15 ppt in
animals of 76 DAH. At this salinity level, animals
presented higher potential for a more efficient
digestibility and nutrient absorption for the energetic
metabolism. This could be directed to fish growth, as
at this salinity probably the metabolic demand is
reduced by the isosmotic medium.

Usually, fish are not fed in 24-96 h salinity
tolerance tests (Anyanwu, 1991; Hotos & Vlahos,
1998; Estudillo et al., 2000). Duenas & Young (1983)
and Estudillo ef al. (2000) used 48 h as the maximum
time to test for tolerance without non-salinity related
complications such as starvation and poor water
quality in milkfish Chanos chanos and mangrove red
snapper Lutjanus argentimaculatus, respectively.
However, due to the aggressive and cannibal
behaviour of fat snook, and a long salinity exposure
time (96 h), the present experiment was performed
with fed and unfed fish. Cannibalism is frequently
cited as the major mortality cause among juveniles of
this species, mostly observed after 30 days after
hatching  (Alvarez-Lajonchére et al., 2002b).
Surprisingly, no statistical differences between
survival rates was verified in fed and unfed fat snook
juveniles at the same salinity level, age and exposure
time. Therefore, cannibalism did not affect mortality
rates in the present experiment.

Fielder & Bardsley (1999) observed that
juveniles of mulloway Argysomus japonicus, an
estuarine  scianidae, were able to survive in fresh
water for two days, but did not feed. After three
days, some fish died, while others lost equilibrium and
swan upside down. From the results obtained here, we
can conclude that laboratory reared juveniles of fat
snook can cope well with an abrupt decrease in
salinity (below 35 ppt), at least for 96 h, even without
being fed. This fact is important, particularly when
animals are submitted to a food restriction or a
starvation period due to food inadequacy, food
shortage, or when fish refuse to eat as a stress or
disease response. This could be the case when they
are released in fluctuating salinities or in different
saline waters for growout.
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